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INTRODUCTION 

TO  THE  ARTICLES  RELATING  TO  ORGANIC  CHEMISTRY. 

IN  the  present  volume  the  nomenclature  is  the  same  as  that  adopted  in  the  first 
volume.  It  has  been  explained  in  the  Introduction  to  that  volume,  pp.  viii-xiv.  Thus, 
to  take  a  single  instance,  the  products  of  condensation  between  hydrazines  and  ketouic 
compounds  are  still  called  hydrazides,  although  Emil  Fischer  has,  since  the  publication 
of  the  last  volume,  changed  their  name  to  hydrazones.  Even  supposing  the  latter 
name  to  be  preferable,  its  abrupt  introduction  would  greatly  confuse  the  nomenclature 
by  depriving  it  of  uniformity. 

Since  the  publication  of  the  first  volume  I  have  been  assisted  in  the  work  of  reading 
and  making  abstracts  of  original  memoirs  by  Drs.  T.  A.  Lawson  and  Samuel  Bideal, 
Messrs.  J.  Wilkie,  J.  T.  Norman,  V.  H.  Veley,  G.  N.  Huntly,  S.  H.  Collins,  Dr.  G.  McGowan, 
and  Mr.  D.  A.  Louis.  I  have  also  been  ably  assisted  by  Mr.  Arthur  G.  Green  in  the  work 
of  revising  the  proof  sheets.  I  have  great  pleasure  in  thanking  these  gentlemen  for 
the  energetic  and  efficient  manner  in  which  they  have  carried  out  their  share  of 
the  work. 

II.   FORSTER   MORLEY. 

Nomenclature  of  Ring  Formulae. 

Hydrocarbons. 

Indonaphthene. 


CH2 
/  \ 

CH.—  CH2 

CH2-CH2 
CH,—  CHa 


Trimetliylene. 


Telramethylene. 


CH=CH 

|        Tetramethcnyl. 
CH=CH 


Nitrogen  ring  compounds. 
|  ^>NH    Pyrrole  or  Pyrrol. 

HN— CH. 


II.C—N; 


Pyrazole. 


^CH    Meiapyrazole. 


CH-NH 

II 

CH  — 


\ 


,CH   Glyoxalinc. 


Pyrimidinc. 


N:CHv  HN.Cl 

>NH  or      | 
\r.pTT/  N-m 


INTRODUCTION. 

Nitrogen  ring  compounds — cont. 

Triazolc. 


N:CH" 


CH=N 


H 


N=  N. 
N=CH/ 


OsotriazoU. 
NH    Tetrazole. 


Indole. 
NH    Indazine, 


/CH 
4/| 


& 

vN 

CH=CH, 
CH=CH' 


C0H4<C^ 


4     Acridine. 

Phenazine* 

NaphtJtazinc. 


Triazoline. 


Osotetrazoie. 


.CH=CH 

C  H4<^  |         Quinoline. 

\N  =  CH 

XH=CH 

C.  H  £  \         Isoquinoline. 

\CH=N 

C  H,\  Quinoxaline. 

\N-CH 


II<f 
*\N  =  CH 


C  H 


CH=CH 

| 


Quinazolinc. 


Cinnoline. 


Furfiirane. 
Coumarone. 


Oxygen  ring  compounds. 

0    —    CH; 

I 


f  Phenazoxine  or  Di-phenyl- 


CH=CH 
CH=CH 


\S     Thiopliene. 


Carbizine. 


Sulphur  ring  compounds. 

S  —  CH, 


CH=CH 

I 

C  =  C 
I 


Thiophtlienc. 


)N     Thiazole. 

f  Di-phenyl-thiazine     (thiodi- 
4  {      phenylamine  or  Imido-di- 
L     phenyl  sulphide). 

n  TT  ,/Nx  ^TT  f  Methenyl-amido-phemjl-mer- 
CA<S>CH\     captan. 


In  many  of  tlie  above  formulae  the  exact  structure  is  not  known;  alternative  ways 
of  writing  some  of  them  will  be  found  in  vol.  i.  p.  xii. 


INITIALS   OF  SPECIAL   CONTRIBUTORS. 


H.  C.      .  i 
F.W.  C.. 
I.  F. 
A.  G.  G. . 

D.  H.      . 
J.  J.  H.  . 


HAKBY    BAKER,    Esq.,    F.C.S.,   Chemist   to   the   Aluminium   Company,   Oldbury. 
Contributes  CKYSTALLISATION. 

FEANK  WIGGLESWOETH   CLARKE,  Esq.,  B.Sc.,  Chief  Chemist,   United  States 
Geological  Survey.     Contributes  ELEMENTS. 

Miss   IDA  FEEUND,  Lecturer  in  Chemistry,  Neiunham  College,  Cambridge.    Con- 
tributes DENSITIES,  RELATIVE. 

AETHUE  G.  GEEEN,  Esq.,  F.I.C.,  Research  Chemist  to  the  Atlas  Works,  Hackney 
Wick.     Contributes  INDIGO. 

DAVID  HOWAED,  Esq.     Contributes  CINCHONA  BARK. 
J.  J.  HOOD,  Esq.,  D.Sc.     Contributes  EARTHS. 


The  article  '  Chlorophyll '  is  by  Dr.  EDWARD  SCHUNCK,  F.R.S. 


I.E. 


S.  R. 


A.  S. 
C.  O'S. 
J.  J.  T. 


E.  T. 


T.  E.  T. . 


V.  H.  V. . 


IEA    EEMSEN,    Ph.D.,    Professor    of    Chemistry   in    Johns    Hopkins    University, 
Baltimore.     Contributes  EQUIVALENCY  and  FORMULAE. 

SAMUEL  EIDEAL,  D.Sc.,  Lecturer  on  Chemistry  at  St.  George's  Hospital  Medical 
School.     Contributes  FERMENTATION. 

ALFEED   SENIEE,  M.D.,  Ph.D.     Contributes  CYANIC  ACIDS. 

C.  O'SULLIVAN,  F.E.S.,  Burton-on-Trent.     Contributes  DEXTRIN. 

J.  J.  THOMSON,  M.A.,  F.E.S.,  Professor  of  Experimental  Physics  in  tlic  University 
of  Cambridge.     Contributes  EQUILIBRIUM,  CHEMICAL. 

E.  THEELFALL,  M.A.,  Professor  of  Physics  in  the  University  of  Sydney,  N.S.VS. 
Contributes  DISSOCIATION  and  EXPLOSION. 

T.  E.  THOEPE,  Ph.D.,  F.E.S.,  Professor  of  Chemistry  at  the  Royal  School  of  Mines. 
Contributes  COMBUSTION  and  FLAME. 

V.  H.  VELEY,  M.A.,  Public  Lecturer  and  Demonstrator  in  the  University  of  Oxford. 


Contributes  FORMIC  ACID. 
Articles  by  Mr.  MUIE  are  initialed  M.  M.  P.  M. 
UNSIGNED  ARTICLES  are  by  Dr.  MOELEY. 


VI 


N:CH 
.N 


HN.CH 
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Nitrogen  ring  compounds — cont 

:v^nv  mx  .v-n-i.^ 

>NH  or      |         ^N    Triazolf. 
:CHX  N:CH' 

\NH  Osotriazcle. 

\NH    Tetrazole. 
(Hr 
CH 


CH 

C0H  NH    Indazine. 


/\ 

0H/  |     j> 

\N  ^ 


N    Pseudo-indazinc. 


C.H/1     \GJ14    Acridine. 
\N   / 

/N\ 

CuH4\  I  /G.iH4    Phcnasine* 

C..H  /  I  \C..,H..     Nanhtliazinc. 


Triazoline. 


Osotetrazole. 


,CH=CH 

C  H  ,<"  I         Quinoline. 

=  CH 


C  H4 


Isoqidnollne. 


.N 


C  H.<  Quinoxalinc. 

\N=C 


H 


11  ^  | 

\K  —  CH 


Quinazolinc. 


CH=CH 

C  H  <  |         Cinnoline. 

\N  =  N 


CH=CH 
C 

CH=CH 

I 

C  =  C 


V 

>S     Thioplwne. 
/ 


Thiophtlicnc. 


Sulphur  ring  compounds. 
S  — 

I 


S 

/ 


CH=CH 


N     Thiazole. 

f  Di-phenyl-thiazine  (thiodi- 
i  phenylamine  or  Imido-di- 
t  phenyl  sulphide). 

Metlienyl-amido-phenyl-mcr- 


In  many  of  the  above  formulas  the  exact  structure  is  not  known ;  alternative  ways 
of  writing  some  of  them  will  be  found  in  vol.  i.  p.  xii. 
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ABBREVIATIONS. 


I.  JOURNALS  AND  BOOKS. 

When  an  author  has  been  mentioned  in  an  article,  he  is  usually  referred  ft>  thereafter 
in  that  article  by  his  initial  only. 

Liebig's  Annalen  der  Chemie. 

Annales  de  la  Sociedad  Cientifica  Argentina. 

Annales  de  Chimie  et  de  Physique. 

Proceedings  of  the  American  Academy  of  Arts  and  Sciences. 

American  Chemical  Journal. 

Annales  des  Mines. 

American  Journal  of  Science. 

Journal  of  the  American  Chemical  Society. 

American  Chemist. 

American  Journal  of  Pharmacy. 

The  Analyst. 

Proceedings  of  the  American  Philosophical  Society. 

Archives  neerlandaises — The  Hague. 

M6moires  de  1'Acade'mie  des  Sciences. 

Archiv  der  Pharmacie. 

Archives  des  Sciences  phys.  et  nat. 

Berichte  der  deutschen  chemischen  Gesellschaft. 

Beports  of  the  British  Association. 

Bulletin  de  la  Soci6te"  chimique  de  Paris. 

Berliner  Akademie-Berichte. 

Biedermann's  Centralblatt  fiir  Agricultur-Chemie. 

Berzelius'  Jahresberichte. 

Berliner  Monatsberichte. 

Memoirs  of  the  Chemical  Society  of  London. 

Journal  of  the  Chemical  Society  of  London. 

Proceedings  of  the  Chemical  Society  of  London. 

Chemical  News. 

Comptes  rendus  hebdomadaires  des  Stances  de  I'Academie  des  Sciences- 
Paris. 

Chemisches  Central-Blatt. 

Dingler's  polytechnisches  Journal. 

Fresenius'  Zeitschrift  fiir  analytische  Chemie. 

Gazzetta  chimica  italiana. 

Gilbert's  Annalen  der  Physik  und  Chemie. 

Hoppe-Seyler's  Zeitschrift  fiir  physiologische  Chemie. 

Proceedings  of  the  Koyal  Irish  Academy. 

Jahresbericht  iiber  die  Fortschritte  der  Chemie  und  verwandter  Theik 
anderer  Wissenschaften. 

Jahresbericht  fiir  Chemische  Technologie. 

Jahrbuch  fiir  Mineralogie. 

Journal  de  Physique  et  des  Sciences  accessoires. 

Journal  de  Pharmacie  et  de  Chimie. 

Journal  fiir  praktische  Chemie. 

Jahresbericht  iiber  Thierchemie. 

Journal  of  the  Eussian  Chemical  Society. 

Jenaische  Zeitschrift  fiir  Medicin  und  Naturwissenschaft. 

Landwirthschaftliche  Versuchs-Stationen. 

Monatshefte  fiir  Chemie  und  verwandte  Theile  anderer  Wissenschaften. 

Le  Moniteur  Scientifique. 

M6moires  de  la  Societe"  d'Arcueil. 

Memoires  couronnes  par  I'Academie  de  Bruxelles. 


A.  .  . 
A.  A..  . 
A.  Ch.  . 
P.  Am.  A. 
Am.  .  . 
Ann.  M. . 
Am.  S.  . 
A.  C.J.. 
Am.  Oh. 
Am.  J. 
Pharm. 
An.  .  . 

A.  Ph.  S. 
Ar.  N.     . 
Acad. 
Ar.  Ph.  . 
Ar.  Sc.   . 
B..     .     . 
B.A.      . 
Bl.     .    . 

B.  B.      . 
B.C.      . 
B.J..    . 
B.M.     . 
C.S.Mem. 
C.J..    . 
C.J.Proc. 
C.N.      . 
C.R.      . 

C.C..    . 
D.  P.  J. 
Fr. 
G.. 
G.A. 
H. 
I.  . 
J. 

J.  C.  T.  . 
J.M.  , 
J.  de  Ph. 
J.  Ph.  . 
J.  pr. 
J.  Th.  . 
J.R..  . 
J.Z..  . 
L.  V.  . 
M.  .  . 
M.  S.  . 
Mem.  S. 

#A. 
Mem.  B. 


ABBREVIATIONS. 


N.  .  . 
N.Ed.P.J. 
N.  J.  P. 
N,  R.  P. 
N.  J.  T. . 
P.  M.  . 
P..  .  . 
P.B..  . 
P./'.  .  . 
Pr.E.  . 
Ph.  .  . 
Ph.  C.  . 
Pr.  .  . 
P.  R.  I. . 
P.Z.  . 
R.  T.  C. . 
JR.  P.  . 

g.  J.  s. . 

s..   .   . 

Seller.  J. 

S.  C.  I.  . 

Sitz.W.  . 

T.  or  Tr. 

T.E..    . 

W.     .    . 

W.J.      . 

Z.      .     . 

Z.B.      . 

Z.f.d.g. 
Natur- 
wiss.  . 

Z.K..     . 

Z.  P.  C. 

Bn.    .     . 

E.  P.      . 

G.  P.      . 

Gm.   .     . 

Gm.-K.  . 

Gerh.      . 

K..     .    . 

G.O.      . 

Stas. 
Rech. 

Stas. 
Noiiv.  R. 

Th. 


Nature. 

New  Edinburgh  Philosophical  Journal. 

Neuer  Jahresbericht  der  Pharmacie. 

Neues  llepertorium  f  iir  die  Pharmacie. 

Neues  Journal  von  Trommsdorff. 

Philosophical  Magazine. 

Poggendorff's  Annalen  der  Physik  und  Chemie. 

Beiblatter  zu  den  Annalen  der  Physik  und  Chemie. 

Ptiiiger's  Archiv  fiir  Physiologie. 

Proceedings  of  the  Eoyal  Society  of  Edinburgh. 

Pharmaceutical  Journal  and  Transactions. 

Pharmaceutisches  Central-Blatt. 

Proceedings  of  the  Eoyal  Society. 

Proceedings  of  the  Royal  Institution  of  Great  Britain. 

Pharmaceutische  Zeitschrift  fiir  Eussland. 

Eecueil  des  travaux  chimiques  des  Pays-Bas. 

Eepertorium  fiir  die  Pharmacie. 

Quarterly  Journal  of  Science. 

Schweigger's  Journal  der  Physik. 

Scherer's  Journal  der  Chemie. 

Journal  of  the  Society  of  Chemical  Industry. 

Sitzungsberichte  der  K.  Akademie  zu  Wien. 

Transactions  of  the  Eoyal  Society. 

Transactions  of  the  Eoyal  Society  of  Edinburgh. 

Wiedemann's  Annalen  der  Physik  und  Chemie. 

Wagner's  Jahresbericht. 

Zeitschrift  fur  Chemie. 

Zeitschrift  fiir  Biologic. 

Zeitschrift  fiir  die  gesammten  Naturwissenschaften. 


Zeitschrift  fiir  Krystallographie  und  Mineralogie. 

Zeitschrift  fiir  physikalische  Chemie. 

Handbuch  der  organischen  Chemie :  von  F.  Beilstein,  2te  Auflage. 

English  Patent. 

German  Patent. 

Gmelin's  Handbook  of  Chemistry — English. Edition. 

Gmelin-Kraut :  Handbuch  der  anorganischen  Chemie. 

Traite  de  Chimie  organique :  par  Charles  Gerhardt. 

Lehrbuch  der  organischen  Chemie  :  von  Aug.  Kekul6. 

Graham-Otto  :  Lehrbuch  der  anorganischen  Chemie  [5th  Ed.] 

Stas'  Eecherches,  &c.  ~| 

Aronstein's   German  translation 
Stas'  Nouvelles  Recherches,  &c.  J          ferred  to  as  Chcm.  Proport. 

Thomson's  Thermochemische  Untersuchungen. 


Aq. 

aq. 

A' 

A" 

A"' 

B'B"etc. 


cone. . 
dil.  . 
g.  •  • 
mgm. 
mm.  . 
mol.  . 
oil.  . 
pp.  . 
to  ppt. 

PPg-  • 
pjxL  . 


II.  TERMS  AND  QUANTITIES,  &c.,  FREQUENTLY  USED. 

Water  ;  e.g.  NaOHAq  means  an  aqueous  solution  of  caustic  soda. 

18  parts  by  weight  of  water. 

Eesidues  of  mono-,  di-,  and  tri-basic  acids.     Thus,  in  describing  the  salts 

of  a  monobasic  acid  NaA',  CaA'2,  A1A'3  may  be  written,  HA'  standing 

for  the  acid.  For  a  dibasic  acid  we  should  write  Na2A",  CaA",  A1.,A"3  &c. 
Stand  for  bases  of  the  ammonia  type,  in  describing  their  salts.     Thus  the 

hydrochloride  would  be  B'HCl  or  B"2HC1,  according  as  the  base  is 

monacid  or  diacid,  &c. 
Concentrated. 
Dilute, 
gram, 
milligram, 
millimetre, 
molecule. 

liquid,  nearly,  or  quite,  insoluble  in  water, 
precipitate, 
to  precipitate, 
precipitating, 
precipitated. 


ABBREVIATIONS. 


XI 


S.H.  . 
S.H.  v. 
S.H.  p. 
H.C.  . 


H.C.  v.   . 

H.C.  p.  . 
H.F. 


H.F.v.   . 

H.F.  p.    . 
H.V.  . 


T.C. 

s.v. 


s.v.s.   . 

E.G.  .     . 

C.E.  (10° 
to  20°) 

S.  .     .     . 

S.    (alco- 
hol) 


Bn      . 

WD  : 

MJ   • 


soluble  in. 
insoluble  in. 
very  easily 
very 

moderately 
slightly 
very  slightly 


soluble  in. 


compare. 

about. 

a  melting-point. 

a  boiling-point. 

Hardness  (of  minerals). 

Atomic  weight. 

Molecular  weight. 

Density. 

corrected. 

uncorrected. 

in  vapour. 

vapour-density,  i.e.  density  of  a  gas  compared  with  hydrogen  or  air 

Specific  gravity  compared  with  water. 

,,  ,,        at  10    compared  with  water  at  0°, 

»  15°         „  „         „      „  4°. 

M.          it         *t  12°  ;  compared  with  water  of  which  the  temperature  is 
not  given. 
Specific  heat. 

,,          ,,     of  a  gas  at  constant  volume. 
„          ,,         „          ,,          „        pressure. 

Quantity  of  heat,  in  gram-units,  produced  during  the  complete  com- 
bustion of  the  mass  of  a  solid  or  liquid  body  represented  by  its 

formula,  taken  in  grams. 
Heat  of  combustion  in  gram-units  of  a  gram-molecule  of  an  element  or 

compound,  when  gaseous,  under  constant  volume. 
The  same,  under  constant  pressure. 
Quantity  of  heat,   in  gram-units,  produced  during  the  formation  of  the 

mass  of  a  solid  or  liquid  body  represented  by  its  formula,  taken  in 

grams,   from  the  masses  of  its  constituent  elements  expressed  by 

their  formulae,  taken  in  grams. 
Pleat  of  formation  of  a  gram-molecule  of  a  gaseous  compound  from  the 

gram-molecules  of  its  elements  under  constant  volume. 
The  same,  under  constant  pressure. 
Heat  of  vaporisation  of  a  liquid,  i.e.  gram-units  of  heat  required  to  change 

a  gram-molecule  of  the  liquid  compound  at  B.  P.  into  gas  at  same 

temperature  and  pressure. 
Thermal  conductivity  (unit  to  be  stated). 
Specific   volume  ;  or  the  molecular  weight  of  a  gaseous  compound  divided 

by  the  S.G.  of  the  liquid  compound  at  its  boiling-point  compared  with 

water  at  4°. 
Specific  volume  of  a  solid ;   or  the  mass  of  the  solid  expressed  by  its 

formula,  taken  in  grams,  divided  by  its  S.G. 
Electrical  conductivity  (the  unit  is  stated  in  each  case). 
Coefficient  of  expansion  (between  10°  and  20°). 

fof  a  gas  =  volume  dissolved  by  1  volume  of  water. 

Solubility  in  water      J  of  a  liquid  or  solid  =  number  of  grms.  dissolved  by 
„  ,,  alcohol  ]  100  grms.  of  water.     In  both  cases  the  temperature 

[is  stated. 
Index  of  refraction  for  hydrogen  line  )8. 

„  „  „    sodium       ,,     D,  &c. 

Molecular  refraction  for  sodium  light,  i.e.  index  of  refraction  for  line  n 
minus  one,  multiplied  by  molecular  weight,  and  divided  by  S.G.  at  15° 
compared  with  water  at  0°. 

The  same  ;  S.G.  being  determined  at  15°-20°  and  referred  to  water  at  4°. 
The  same  for  line  of  infinite  wave-length,  index  being  determined  by 

Cauchy's  formula  (BriihPs  RA)- 
Specific  rotation  for  sodium  light. 

,    neutral  tint.     [«]«=— -  x  i.    a  ^'observed  rotation  for 


100  mm.  of  liquid,    d  =  S.G.  of  liquii 
substance  in  100  grammes  of  liquid. 


p  =  no.  of  grammes  of  active 
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ABBREVIATIONS. 


Ac  . 

Bz  . 

Cy  . 

Et  . 

Me  . 

Ph  . 

Pr  . 

B,  B'  etc 
prim  . 
sec  . 
tert  . 
n  .  . 
w,  o,  p 
c  .  . 


.    . 

f 

o   .     . 
0    .     .    < 
7   .    . 


o,/3,7,etc. 

1,2,3,  etc. 

(a),     (/3), 

etc. 

(B.)    .    . 
(Py.)  .     . 


(A.)    .    . 

eso-  . 
exo-  . 
allo-  . 

thio-  . 
sulpho 
sulphydro 


M.  M.  Molecular  magnetic  rotatory  power   =  d  *  a'  x  m'    whcre  m  =  molecular 

weight  of  the  body  of  S.G.  =  d,  a  =  angle  of  rotation  under  magnetic 
influence,  a' =  angle  of  rotation  of  water  under  same  influence,  and 
m'  =  molecular  weight  of  water  (18). 

Acetyl  C2H30. 

Benzoyl  C7H3O. 

Cyanogen  CN. 

Ethyl  C.jH5.  \ 

Methyl  CH3. 

Phenyl  C6H5.  Mn  formulas. 

Normal  Propyl  CH.,.  CH,.  CH3. 

Isopropyl  CH(CH3),. 

Alcohol  radicles  or  alkyls. 

primary. 

secondary. 

tertiary. 

normal. 

meta-  ortho— para. 

consecutive. 

irregular. 

symmetrical. 

unsymmetrical. 

pseudo. 

attached  to  nitrogen. 

Employed  to  denote  that  the  substituent  is  attached  to  a  carbon  atom 
which  is  next,  next  but  one,  or  next  but  two,  respectively,  to  the 
terminal  carbon  atom.  The  end  to  be  reckoned  from  is  determined 
by  the  nature  of  the  compound.  Thus  CH3.CHBr.C02H  is  o-bromo- 
propionic  acid. 

denotes  that  the  element  or  radicle  which  follows  it  is  attached  to  a  ter- 
minal carbon  atom. 

indicate  position  in  an  open  chain,  only. 

indicate  position  in  a  ring  only. 

Used  when  o,  0,  &c.  are  employed  in  a  sense  different  from  the  above, 
e.g. :  (a)-di-bromo-camphor. 

Baeyer's  Nomenclature : 
benzene  ring, 
pyridine  ring. 

Thus  (B.  1:3)  dichloroquinoline,  means  a  meta-dichloroquinoline  in 
which  the  chlorine  atoms  are  both  in  the  benzene  ring. 
While  (Py.  1:3)  dichloroquinoline,  means  a  similar  body,  only  the 
chlorine  atoms  are  in  the  pyridine  ring.  The  numbers  are  counted 
from  two  carbon  atoms  which  are  in  different  rings,  but  both  united 
to  the  same  carbon  atom. 

denotes  the  central  ring  in  the  molecule  of  anthracene,  acridines,  and 
azines. 

means  that  the  element  or  radicle  it  precedes  is  in  a  closed  ring. 

,,        ,,  ,,  ,,  ,,  not  in  a  benzene  ring. 

denotes  isomerism  that  is  not  indicated  by  ordinary  formulae ;  thus  maleic 
acid  may  be  called  aZZo-fumarie  acid. 

denotes  displacement  of  oxygen  by  sulphur. 

„      the  group  S03H,  except  in  the  word  sulphocyanide. 
„      the  group  SH. 

Tribromonitrobenzene  sulphonic  acid  [1:2:3:4:5]  means  that  the  three 
bromines  occupy  positions  1,  2,  and  3;  the  nitro-  group  the  position  4, 
and  the  sulpho-  group  the  position  5. 

x  Denotes  that  the  formula  to  which  it  is  affixed  has  not  been  determined  by 
analysis.  But  it  by  no  means  follows  that  formulae  without  this  mark  are  those  of 
analysed  compounds. 

All  temperatures  are  given  in  degrees  Centigrade  unless  when  specially  stated 
otherwise. 

Wave-lengths  are  given  in  10'7  mm. 

Formulae,  when  used  instead  of  names  of  substances,  have  a  qualitative  meaning 
only. 

Thomsen's  notation  is  used  in  thermochemical  data. 
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CHENOCHOLIC  ACID  C27H4404.  Formed  by 
boiling  taurochenocholic  acid,  from  goose-bile, 
with  baryta-water  (Heintz  a.  Wislicenus,  P.  108, 
547).  Amorphous  mass  (from  alcohol  or  ether), 
insol.  water.  Gives  Pettenkofer's  reaction  with 
H,S04  and  sugar.  Insol.  cold  KOHAq,  but  dis- 
solves on  warming,  forming  a  solution  that  is 
ppd.  by  Bad.,  and  CaCl.,.— BaA'2  (dried). 

CHENOPODINE  C(iH13N04.  This  base,  which 
occurs  in  white  goosefoot  (Chenopodium  album) 
(Keinsch,  N.  J.  P.  20,  268  ;  21,  132  ;  27,  193 ; 
J.  pr.  [2]  22,  188),  is  probably  leucine  (Gorup- 
Besanez,  B.  7,  147). 

CHICA.  A  red  dye  obtained  from  the  leaves 
of  Bignonia  Chica  growing  in  South  America. 
The  colouring-matter  may  be  extracted  by  alco- 
hol. It  is  insol.  ether  and  Na2C03Aq,  but  sol. 
NaOHAq.  Chromic  acid  oxidises  it  to  anisic 
acid  (Erdmann,  J.  pr.  71,  198). 

CHICORY.  The  blue  blossoms  of  CicJiorium 
Intybus  contain  a  glucoside  C32H34019  4f  aq 
[215°-220°],  which  may  be  extracted  by  dilute 
alcohol.  It  crystallises  from  water,  in  which  it 
is  slightly  soluble,  in  needles.  Aqueous  alkalis 
and  alkaline  carbonates  form  yellow  solutions. 
Boiling  dilute  acids  split  it  up  into  glucose  and 
C20H1409  [250°-255°],  which  also  occurs  in  the 
blossoms.  This  forms  needles,  v.  si.  sol.  boiling 
water,  coloured  dark  green  by  Fe2Cl6  (Nietzki, 
J.  1876,  851 ;  Ar.  Ph.  [3]  8,  327). 

CHICLE  ALBAN  C10H160.  [145C].  S.  (al- 
cohol of  S.G.  -82)  -66  at  14°.  Obtained  by 
extracting  chicle  gum  (Mexican  rubber  juice), 
from  Chrysophyllum  glycyplacum,  with  weak 
alcohol  (Prochazka  a.  Endemann,  A.  C.  J.  1, 
50).  The  mother  liquor  deposits  chicle  fluavil 
C,0H320  (?) ;  S.  (alcohol  of  S.G.  -82)  2-6  at  13-5°. 
The  residue  of  the  gum,  after  extracting  with 
alcohol,  contains  two  terpenes  and  arabin. 

CHIN-.  Substances  beginning  with  CHIN- 
will  be  described  under  the  alternative  names 
which  begin  with  QUIN-.  Thus  Chinidine,  Chi- 
none,  and  Chinoline  are  described  as  QUINIDINE, 
QUINONE,  and  QUINOLINE. 

CHIRATIN  C2i;H480I5.  Extracted  by  dilute 
alcohol  from  the  stalks  of  Ophelia  chirata 
(Hohn,  Ar.  Ph.  [2]  139,  213).  Kesinous  mass, 
decomposed  by  hot  dilute  HC1  into  ophelic  acid 
and  morphous  chiratogenin  C13H2403. 

CHITENIDINE  C19H,2N,04.  Formed  by  oxi- 
vlation  of  quinidine  with  KMn04.  Thin  plates 
(containing  2aq).  Sol.  alkalis  and  hot  water,  si. 
sol.  alcohol.  —  B"H2S04  3aq  :  white  prisms. — 
B"H2Cl2PtCl4  3aq  :  large  orange -red  needles 
(Forst  a.  Bohringer,  B.  15,  1659). 

CHITENINE  CI9H22N204.  Prepared  by  oxi- 
dation of  quinine  with  KMn04.  White  prisms 
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(containing  4aq).  Insol.  alcohol  and  ether,  si. 
sol.  water.  Very  weak  base.— B.,(H2S04),  15aq  : 
fine  needles.— BH2Cl,PtCl4  3aq  (Skraup,  B.  12, 
1104). 

CHITIN  v.  PROTEIDS,  Appendix  C. 

CHLOEAL  C2HC130  i.e.  CC13.CHO.  Tri- 
chloro-acetic  aldehyde.  Mol.  w.147'5.  [c. -75°] 
(Berthelot,  Bl.  [2]  29,  3).  (98°  cor.)  (Perkin) ; 
(97-2°)  (Thorpe,  C.  J.  37,  191).  V.D.  5-13. 
S.G.  |  1-5292  (Perkin,  C.  J.  51,  808)  ;  2,n  1-5121 
(Briihl,  A.  203,  11) ;  £  1-5417  (Pa.).  C.E. 
(0°-10°)  -001123;  (0°-100°)  -001295  (Laura 
Passavant,  C.  J.  39,  53).  /*D  1-4623.  B^  43-06. 
M.M.  6-591  at  16°  (Perkin).  S.V.  107'4. 

Formation. — 1.  By  the  action  of  chlorine  on 
aqueous  aldehyde  (Pinner,  B.  4,  256 ;  Wurtz  a. 
Vogt,  Z.  1871,  679).— 2.  From  tri-chloro-acetal 
and  H2S04  at  150°  (Paterno,  A.  150,  256  ;  Z.  [2] 
4,733). — 3.  By  distilling  starch  or  sugar  with 
HC1  and  Mn02  (Stadeler,  A.  61,  101).— 4.  By 
distilling  tetra-chloro-ether,  CCls.CHCl(OEt), 
with  H2S04  (W.  a.  V.). 

Preparation.— Chlorine  gas  is  passed  into 
absolute  alcohol,  which  must  be  cooled  at  first, 
but  afterwards  may  be  heated  gradually  to  boil- 
ing. The  crystalline  chloral  alcoholate  formed 
is  decomposed  by  shaking  with  H2SO,  and  the 
liquid  chloral  rectified  (Liebig,  .4.1, 189  ;  Dumas, 
A.  Ch.  [2]  56,  125  ;  Miiller  a.  Paul,  B.  2,  541 ; 
Thomson,  Z.  [2]  6,  156 ;  Eoussin,  Z.  [2]  6,  96; 
Personne,  C.  E.  69,  1363 ;  Paul,  Ph.  [3]  1,  621 ; 
C.  J.  24,  134).  By-products  are  ethylidene 
chloride,  ethylene  chloride,  and  chloro-ethylene 
chloride  (115°).  The  chlorination  is  promoted 
by  the  presence  of  5  p.c.  Fe2Cl6  (Page,  D.  P.  J. 
252,  343.  7.  also  CHLORAL  HYDRATE). 

Theory  of  tlie  process.— Chlorine  oxidises 
alcohol  to  aldehyde,  this  combines  with  alcohol 
forming  acetal  CH3CH(OEt)2,  which  is  then  con- 
verted into  tri-chloro-acetal  CCl3CH(OEt)2, 
which  is  saponified  by  the  HC1  formed  in 
the  previous  reactions:  CCl3.CH(OEt)2  +  HCl 
=  CCl3.CH(OH)(OEt)  +  EtCl  (Lieben,  C.  R.  44, 
1345  ;  B.  3,  910).  Wurtz  (C.  R.  74,  777)  con- 
siders that  chloro-ether  is  first  formed,  thus: 
CH3CHO  +  HOEt  +  HC1  =  H.,0  -f  CH3.CHCl(OEt), 
and  this  is  then  converted  into  tetra-chloro-ether 
CCl3.CHCl(OEt),  which  is  converted  by  alcohol 
into  tri-chloro-acetal  CCl3CH(OEt)2,  which  is 
then  decomposed  by  HC1  as  above. 

Estimation. — By  shaking  with  standard 
NaOH  and  determining  the  amount  of  alkali 
neutralised. 

Properties.— A.  liquid  with  odour  resembling 
aldehyde.  It  solidifies  when  shaken  with  a  little 
water,  forming  so-called  chloral  hydrate,  but  it 
dissolves  in  much  water.  It  reduces  ammonia- 
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cal  silver  nitrate  with  formation  of  a  mirror.  It 
is  not  affected  by  distillation  over  quicklime  or 
BaO  as  long  as  the  oxide  is  covered  by  the  liquid. 
It  combines  with  NH3.  When  introduced  into 
the  blood  it  is  split  up  into  chloroform  and  for- 
mic acid  (Liebreich ;  Personne,  C.  E.  69,  979 ; 
Byasson,  C.  R.  72,  742 ;  Arloing,  C.  R.  89,  245, 
526;  cf.  Thoinaszewicz,  Pf.  9,  35).  Tanret  sup- 
posed that  its  physiological  action  was  due  to 
the  liberation  of  CO  in  the  blood  (J".  Ph.  [4]  20, 
355).  Some  of  the  chloral  passes  into  the  urine 
as  urochloralic  acid  CsHnCl307. 

Reactions. — 1.  Split  up  at  once  by  NaOH 
into  chloroform  and  sodium  formate,  thus  : 
CC13.CHO  +  NaOH  -  CC13H  +  NaCHO,. 
Alcoholic  KOH  and  NaOEt  act  similarly,  forming 
formic  ether  and  chloroform  (Kekule,^.  119, 187). 
2.  Zn  and  HC1  reduce  it  to  aldehyde  (Personne, 
A.  157, 113 ;  C.  R.  71,  227).  Zinc-dust  and  water 
reduce  it,  on  heating,  to  CH,,  CH.CL,  and  CH3C1 
(Cotton,!?/.  [2]  42,  622).— 3.  Fuming  HN03  oxi- 
dises it  to  tri-chloro-acetic  acid.  CrO,  or  HgO 
gives  CO  and  CO2.  KMn04  gives  CO.,,  chloroform, 
oxygen,  and  chlo'rine  (Cotton,  Bl.  [2]  43,  420).— 
4.  Chlorine  in  sunlight  forms  CC14,  hydric  chlo- 
ride, and  COCL,  (Gautier,  Bl.  [2]  45,  86  ;  C.  R. 
101,  1161).— 5.  Bromine  forms  CCl3CO.Br, 
CCl,Br,  CO,  and  HBr  {Oglialoro,  B.  7,  1461).— 
6.  PC15  forms  CC13.CC1.,H  (Paterno,  G.  1,  590 ; 
Z.  [2]  5,  245).— 7.  PCf3Br2  forms  CCl3CBr,H.— 
8.  H.,S04  forms  chloralide  crystals  (g.  v.). 
Fuming  H2S04  forms  a  crystalline  compound  (v. 
infra). — 9.  KIAq  forms  iodine  and  chloroform. 
10.  A1,C16  forms  parachloral  (240°)  and  C.,C14 
(Combes,  A.  Ch.  [6]  12,  298).— 11.  P2S,  forms 
C,HC13  (88°)  (Paterno  a.  Oglialoro,  G.  3,  538). 
12.  Aniline  reacts  violently  forming  tri-chloro- 
ethylidene-di-phenyl-di-amine  CCl3.CH(NHPh)2 
[101°]  (Wallach,  B.  5, 251).— 13.  A cetamide  com- 
bines forming  CCl3.CH(OH)(NHAc)  (v.  CHLORAL- 
AMMONIA).— 14.  Acetonitrile  form&CCl3CH(NHAc)2 
(Hiibner,  B.  6,  109 ;  Z.  1871,  712  ;  Hepp,  B.  10, 
1651) :  needles  (from  HOAc).— 15.  Heated  with 
syrupy  lactic  acid  at  160°  chloral  forms  tri- 
chloro-ethy Helen e  mono-lactate  : 

CHrCH<C°'°>CH.CCl,  [45°]  (223°)  (Wal- 
lach, A.  193,  36).  This  body  may  also  be  got 
by  dissolving  chloral  hydrate  (1  pt.)  in  syrupy 
lactic  acid,  and  adding  H2S04  (1  pt.)  (M.  Nencki, 
J.pr.  125,  239).  In  a  similar  way,  tri-chloro- 
lactic  acid  heated  with  chloral  forms  chloralide 
(q.  v.) ;  tri-bromo -lactic  acid  forms  tri-chloro- 
ethylidene  tri-bromo-lactate 

CBr3.CH<C^°>CH.CCl3      [132° -135°] ;     tri- 
chloro-a-oxy -valeric  acid  forms 
CSH4C13.CH<C^°>CH.CC13  [88°],  (297°) ;  gly- 

collic  acid  forms  CH2<;C^-0>CH.CC13  [42°] ; 

malic  acid  forms  tri-chloro-ethylidene  malate 
C02H.CH2.CH.Ov 

>CH.CC13  [140°]  (Wallach,  A. 

co.o' 

193,  37) ;  tartaric  acid  gives 
CC1,CH<°CO>CH.CH<°CO>CH.CC13; 

salicylic  acid  forms  CeH4<;CQ-0>CH.CCl3 
[124°] ;  while  mandelic  acid  produces 


C6H3.CH<C0-°>CH.CC13    [82°].  —  16.  When 

mixed  with  benzene  (1  mol.)  and  concentrated 
sulphuric  acid,  di  -  phenyl  -  tri  -  chloro  -  ethane 
CC13.CH(C6H5)2  is  formed  (Goldschmiedt,  B.  6, 
985).  Brorno-  and  chloro-benzene  and  toluene 
act  similarly  (Zeidler,  B.  7,  1180  ;  Fischer,  B.  7, 
1191). — 17.  By  acting  on  benzene  with  chloral  in 
the  presence  of  aluminium  chloride  a  liquid  is 
obtained  having  the  formula  CdH3.CCl2.COH,HCl 
which  by  oxidation  forms  the  acid 
CtiH5.CCl2.COOH  (Combes,  C.  R.  98,  678;  Bl.  [2] 
41,  382). — 18.  Zinc  methide  (1  mol.)  followed  by 
water  forms  CC13.CH(OH).CH3.  Excess  of  ZnMc, 
followed  by  water  forms  (CH3)2CH.CMe2.OH.  — 
19.  Zincethide  folio  wed  by  water  forms  tri-chloro- 

i  ethyl  alcohol  CC13.CH2.OH. — 20.  Hydroxylamine 

\  forms  chloro-glyoxirn  C2H3C1N202. 

Combinations. — 1.  With  water  v.  Chloral 
hydrate. 

2.  With  alcohols  v.  Chloral  hydrate. 

3.  With    hydric    sulphide:    (C2C13HO)2H,S. 
[128°].     Formed  by  passing  H2S  into  a  solution 
of  chloral  (Hagemann,  B.  5, 154 ;  Wyss,  B.  7, 211 ; 
Paterno  a.  Oglialoro,  G.  3,  533).    Khombohedra 
(from  chloroform).     Insol.  water,  sol.  alcohol 
and  ether.     Decomposed  by  heat.     With  PCL,  it 
gives  CC13.CHC12.    Gives  with  AcCl  a  di-acetyl 

(  derivative  [78°]. 

4.  With  phosphuretted  hydrogen : 

i  (CC13CHO)2PH3.    [143°].    From  chloral  (3  g.)  and 

j  PH4I  (2g.).    Small  prisms  (from  ether).    Decom- 

j  posed  by  cone.  NaOH  into  formate,  hypophos- 

phite,  and  hydrogen  (Girard,  A.  Ch.  [6]  2,  43). 

5.  With  mercaptan :  ad3HO,HSEt.     Crys- 
talline. 

6.  With   acetyl    chloride  :    CCl3CHCl(OAc). 
(c.  187°).     S.G.  i£  1-476  (V.  Meyer,  B.  3,  445  ; 
A.  171,  67  ;  cf.  Curie  a.  Millet,  C.  R.  83,  745). 

7.  With   acetic   anhydride  :    CCl3CH(OAc)2. 
(222°).     S.G.  ii  1-422.     Oil. 

8.Witliethylamine:  CCl3.CH(OH)NHEt.  On 
distillation  this  forms  CHC13  and  ethyl-form- 
amide  H.CO.NHEt. 

9.  With  fuming  sulphuric  acid  : 
(C2C1?HO)5,S03)2H2S04.     [70°].     Chloral  (I  pt.) 
is  mixed  with  fuming  sulphuric  acid  (5  pts.). 
The  product  is  washed  with  cold  water  and  crys- 
tallised from  ether  (Grabowski,  B.  6,  225,  1070). 
A  mixture  of  chloral  with  an  equal  volume  of 
fuming  sulphuric  acid  forms  large  crystals  of 
(CC13.CHO)4,H2S207. 

10.  With  alkaline  bisulphites  : 
C2C13HO,KHS03  (Stadeler,  A.  106,253;  Eathke, 
A.  161, 154).   This  compound  is  also  formed  when 
K2S03  is  used,  but  if  the  solution  be  heated  to 
80°  (SO.K^CH.CHO.KHSO,  aq  crystallises  out, 
while  the  mother  liquor  contains  Cj32.>ClsS7031K7. 

11.  With  hydrogen  cyanide:  CC13CH(OH)CN. 
Tri-chloro-lacto-nitrile.    [61°].     (c.218°).     Pre- 
pared by  the  action  of  anhydrous  prussic  acid  at 
120°  upon  chloral  (Hagemann,  B.  5,  151)  or  by 
borling  chloral  with  strong  prussic  acid  (Bischoff 
a.  Pinner,  B.  5,  113;  A.  179,  77).     Trimetric 
plates  (from  CSJ.     Saponified  by  HC1  forming 
tri-chloro-lactic  acid.    Saponified  by  KOH  form- 
ing potassic  formate  and  cyanide  and  chloro- 
form. With  urea  it  forms  CC13CH(NH.CO.NH2)2 
(Pinner,  B.  20,  2345).    Acetyl  derivative.— 
CCl3CH(OAc)CN.  [31°].     (208°).     From  acetic 
anhydride    and   the   above   (Pinner  a.  Fucha, 
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B.  10,  1059).  Ehombohedra.  Insol.  water, 
sol.  alcohol.  Cone.  H.SO.  in  the  cold  forms 
CCl;!.CH(OAc).CO.NH2. 

12.  Another  compound  with  hydrogen  cyan- 
ide:  (CC13.CHO)3.CNH.     [123  J.      From    cone, 
solutions  of  chloral  and  of  KCN  (Cech,  B.  9, 
1020).    Prisms  (from  ether  or  benzene).     Insol. 
water.    Alcoholic  potash  (or  even  alcohol  alone) 
forms  di-chloro-acetic  ether.     On  distillation  it 
splits  up  into  chloral  and  chloralide  (Wallach, 
B.  6,  114).     Alcoholic,  or  dilute  aqueous,  solu- 
tions of  KCN   convert  chloral  into  di-chloro- 
acetic  acid  (or  ether). 

13.  With    cyanic    acid:    (C2C13HO)2CNOH 
[c.  169°].    Formed  by  passing  vapour  of  cyanic 
acid  into  chloral,  boiling  the  product  with  HC1 
and  crystallising  the  residue  from  ether.    Small 
prisms  (Bischoff,  B.  5,  86). 

14.  With    both  cyanic  and    prussic  acids. 
C2C13HO,   CNH,  CNOH.     [80°].     Prepared  by 
pouring  a  solution  of  CNOK  upon  a  mixture  of 
solutions  of  chloral  and  KCy.    Needles.   Decom- 
posed by  hot  water.     Converted  by  ethylamine 
into  CCl.2(NEtH)CHO.     [45°]  (Cech,  B.  8, 1174 ; 
9,  1253  ;  10,  880). 

15.  With  sodium  acetate:  CCl3CH(OAc)(ONa). 
Minute  white  crystals,  decomposed  by  water  and 
alcohol  (Eebuffat,  G.  17,  406). 

16.  With  carbamic  ether  : 

CCl3.CH(OH).NH.CO2Et.     [103°].     Flaky  mass 
(from  ether-alcohol),  formed  by  adding  cone. 
HC1  to  a  solution  of  carbamic  ether  in  chloral 
(Bischoff,  B.  7,  631).    Kesolved  into  its  compo- 
nents by  hot  water  or  by  heating  at  100°. 

17.  With  urea  :    CC13.CH(OH).NH.CO.NH2. 
[150°J.    From  chloral  and  a  cone,  aqueous  solu- 
tion of  urea.     Scales.    Decomposed  on  melting 
into  chloral  and  cyanuric  acid.     The  compound 
(CC13.CH(OH).NH)2CO  [190°]  is  also  formed,  and 
differs  from  the  preceding  in  being  nearly  insol. 
boiling  water  (Jacobsen,  A.  157,  246). 

18.  With  benzamidoxim:  C9H9N2C1302-  [135°]. 
White  powder,  insol.  water,  v.  sol.  alcohol  and 
ether.     Eesolved  by  boiling  dilute  H.,S04  into  its 
constituents  (Falck,  B.  19,  1481). 

19.  With  hexamidoxim:  C8H13N2C1302.  [130°]. 
White  pearly  plates.    Formed  by  heating  the 
components  together  for  a  long  time  (Jacoby, 
B.  19,  1505). 

20.  With  thio-benzamide : 

CCl3.CH(OH).NH.CS.CtiH5.  [104°].  From  chloral 
and  thio-benzamide  (Spica,  G-.  16, 182).    Ehom- 
boidal  prisms  of  alliaceous  odour,  si.  sol.  water, 
sol.  alcohol  and  ether. 

Chloral-ammonia  CC13.CH(OH).NH2.     [64°]. 

Formed  by  passing  NH3  into  a  solution  of 
chloral  in  chloroform  (Stadeler,  A.  106,  253; 
Schiff,  B.  10,  167).  Insol.  cold  water,  decom- 
posed by  hot  water  into  CHC13  and  ammonic 
formate  (Personne,  A.  157,  114).  Boiling  alco- 
holic KCN  converts  it  into  di-chloro-acetamide 
(E.  Schiff  a.  Speciale,  O.  9,  338).  With  benzoic 
aldehyde  it  gives  CCl3.CH(OH).N:CHPh  [130°], 
which  crystallises  from  benzene  in  white  leaflets, 
resolved  by  dilute  acids  into  benzoic  aldehyde, 
chloral,  and  NH3  (Schiff,  G.  9,  436). 

Acetyl  derivative.  —  CCl3CH(OH)NHAc. 
Chloral-acetamide.  [156°].  Formed  by  the 
action  of  acetyl  chloride  or  acetic  anhydride  on 
the  above;  or  from  chloral  and  acetamide.  Tri- 
uietric  plates  (from  water).  Insol.  ether.  De- 


composed by  heat  into  chloral  and  acetamide. 
Alcoholic  KCN  forms  C.^^Cl^NA-  [120°] 
(S.  a.  S.). 

Di-acetyl  derivative. 

CCl:,.CH(OAc)(NHAc).  [118°].  Formed  by  the 
action  of  ClAc  at  120°  on  the  preceding.  De- 
composed by  warm  water  into  the  preceding  and 
acetic  acid,  the  group  (OAc)  being  unstable  in 
presence  of  so  much  chlorine. 

Dichloracetyl  derivative. 
CC13.CH(OH).NH.CO.CHC12.  [105°].  From  chlo- 
ral and  di-chloro-acetamide  (S.  a.  S.).    Large 
prisms  (from  water). 

Benzoyl  derivative. 

CCl3.CH(OH).NHBz.  [151°].  From  benzamide 
and  chloral  (Jacobsen,  A.  157,  245)  or  bypassing 
HC1  into  a  mixture  of  chloral-hydrate  and  ben- 
zonitrile  (Pinner  a.  Klein,  B.  11,  10).  Tables 
(from  alcohol).  Alcoholic  KCN  forms  a  com- 
pound C20H14C1,N40  [131°J,  which  separates  in 
small  crystals  from  ether  (S.  a.  S.). 

Chloral  hydrate  C2HaCl302  i.e.  CCl3.CH(OH)r 
Tri-chloro-acetic  ortho-aldehyde.     Mol.w.  165-5. 
[57°J.  (97°).     S.G.  fg  1-6415  (Perkin,  C.  J.  51, 
.G.   (solid)   1-901.    V.D.  2-« 


1-575;    S 

(corresponding  to  a  mixture  of  water  and  chloral). 
S.  (in  CS2)  2  at  15° ;  20  at  46°.  E^  47-94  (in 
a  33-2  p.c.  aqueous  solution)  (Kanonnikoff,  J.pr. 
[2]  31,  347).  M.M.  (fused)  7'151  at  54-6°;  (in 
aqueous  solution)  7-02  at  14°. 

Formation. — By  direct  union  of  chloral  with 
water,  absorption  of  heat  taking  place  (Phipson, 
C.  N.  25,  257). 

Preparation. — Alcohol  (400g.  of  97  per  cent.) 
I  is  poured  upon  crystallised  ferric  chloride  (5g. 
!  of  Fe2Cle  12aq)  and  a  large  excess  of  chlorine  is 
!  passed  in.     The  product  is  distilled.     The  distil- 
late contains  chloral  and  chloral  hydrate  but  not 
chloral  alcoholate.  After  rectification  the  portion 
boiling  between  94°  and  97°  is  converted  by  water 
into  chloral  hydrate  (525  g.)  (Page,  A.  225,  220 ; 
cf.  Detsenyl,  C.  C.  1873,  767).    Chloral  hydrate 
may  also  be  purified  by  crystallisation  from  CS., 
(Fliickiger,  Z.  6,  432). 

Properties. — Monoclinic  plates,  v.  sol.  water 
and  alcohol.  By  shaking  with  cone.  H-^SO^  it  is 
at  once  converted  into  chloral.  In  doses  of  more 
than  5  g.  it  produces  sleep  (Liebreich,  B.  2, 269). 
It  is  antiseptic,  preventing  putrefaction  of  pro- 
teids.  The  vapour  of  chloral  hydrate  is  split  up 
by  heat  into  chloral  and  water  ;  the  dissociation 
is  complete  at  100°  at  the  ordinary  pressure,  and 
even  at  61°  under  a  pressure  of  9  mm.  (Wurtz, 
C.  E.  89,  190  ;  cf.  Moitessier  a.  Engel,  C.  R.  86, 
971 ;  Troost,  C.  R.  84,  708 ;  85,  32,  400 ;  100, 
834;  A.Ch.  [5]  13,411;  22,155;  Friedel,  Bl.  [2J 
43,  56 ;  C.  R.  100,  891 ;  Naumann,  B.  9,  822). 

The  molecular  magnetic  rotation  indicates 
that  chloral  hydrate  exists  as  such  in  its  aqueous 
solution.  In  amyl  oxide  solution  it  begins  to 
dissociate  between  30°  and  40°(Perkin,  C.  J.  51, 
808).  Chloral  hydrate  differs  from  chloral  in 
not  exhibiting  Schiff  s  test  for  aldehydes  with 
rosaniline  and  S02  (V.  Meyer  a.  Caro,  B.  13, 
2343). 

Detection.— Chloral  hydrate  may  be  extracted 
by  ether  from  its  aqueous  solution  (e.g.  urine) 
and  the  following  tests  may  then  be  applied: 
(a)  Warming  with  alcoholic  KOH  and  aniline 
gives  (even  with  -OOOOlSg.)  the  disgusting  odour 
of  phcnyl  carbamine.  (b)  Wanning  at  "0°  with 
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cone.  KOHAq  and  a  little  phenol  gives  a  blue 
colour  (with  -00005g.).  (c)  After  boiling  with  pot- 
ash formic  acid  may  be  detected  (with  -OOOllg.). 
(d)  Lime-water  and  H2S  give  a  pink  colour  (with 
•00066g.)  (Dragendorff  a.  Tiesenhausen,  C.  C. 
1886,  636).  The  valuation  of  chloral  hydrate 
may  be  effected  by  decomposing  it  with  ammonia, 
KOHAq,  or,  better,  with  H2S04  (Versmann,  Ph. 
[3]  1,  701,  965;  Wood,  Ph.  [3J  1,  703;  cf. 
Muller,  Z.  [2]  7,  66 ;  C.  J.  24, 444 ;  Paul,  Ph.  [3] 

I,  621 ;  C.  J.  24,  134). 

Reactions. — 1.  With  KCy  it  forms  di-chloro- 
acetic  acid. — 2.  Heated  with  glycerin  it  forms 
chloroform,  formic  acid,  and  allyl  formate  (Byas- 
son,  C.  B.  75,  1628).— 3.  Boiled  with  ammonic 
acetate  it  forms  chloralimide,  CC13.CH:NH  (Pin- 
ner a.  Fuchs,  B.  10,  1068).— 4.  Warmed  with 
aqueous  KHS  deposits  sulphur,  and  then  crystals 
of  C4H7C130,S  [97°]  (Michael,  B.  9,  1267 ;  cf. 
Nicol,  C.  N.  43,  43). — 5.  With  aqueous  ammonic 
sulphide  it  forms  a  red  powder  C18H24SI3N406. 
This  dye  separates  from  petroleum  in  lustrous 
green  crystals  (E.  Davy,  P.  M.  (4],  68,  247; 
Lerch,  C.  C.  1887,  299).— 6.  Melted  with  KC103 
it  reacts  violently  with  production  of  tri-chloro- 
acetic  acid  and  decomposition  products  (Seubert, 
B.  18,  3336).— 7.  Boiled  with  zinc-dust  it  is  de- 
composed with  formation  of  chloride  and  oxy- 
chloride  of  zinc  and  liberation  of  hydrogen  and 
CH4  (Cotton,  Bl.  [2]  42, 622). —8.  HgO  decomposes 
chloral  hydrate  with  formation  of  COC12,  carbonic 
oxide,  and  C02.— 9.  KMn04  liberates"  chlorine, 
C02,  and  oxygen  with  formation  of  CHC13  (Cotton, 
Bl.  [21,  43,  420).— 10.  Heated  with  ammonic 
sulphocyanide  forms  a  white  crystalline  body 
C5H.C16N3S,  insol.  water,  sol.  alcohol  (Nencki  a. 
Schaffer,  J.  pr.  126,  430  ;  Brodsky,  M.  8,  27).— 

II.  Camphor  forms  an  unstable  compound  (vol.i. 
670).— 12.  Acetyl  chloride  forms  CCl3.CHCl(OAc) 
(Meyer  a.  Bulk,  B.  4,  963).— 13.  With  di-methyl- 
aniline  and  ZnCl2  it  gives  CC13.CH  (OH)  .C^NMe-j 
(Knoeffler  a.  Boessneck,  B.  20,  3193). 

Acetyl  derivative  CCl3.CH(OAc)2.  (222° 
tmcor.).  S.G.  i1- 1-422.  From  chloral  and  Ac20. 
Liquid,  insol.  water,  not  attacked  by  cold  KOHAq 
(Geuther,  A.  106,  249). 

Ethyl  ether  CCl3.CH(OH)(OEt). 

Chloral  alcoholate,  Mol.  w.  193-5.  [56°]. 
(Jacobsen);  [46°J  (Lieben,  B.  3,  909).  (115°) 
(Martius  a.  Bartholdy,  B.  3,  443).  S.G.  656  1-329. 
V.D.  (air  =  1) :  3-49  at  200°  (theory:  6-68).  The 
vapour-pressure  has  been  examined  by  Eamsay 
a.  Young  (C.  J.  49,  686).  Formed  by  the  union 
of  chloral  with  alcohol  (Personne,  C.  B.  69, 1363; 
cf.  Koussin,  C.  B.  69,  1144;  Thomsen,  B.  2, 
597;  Lieben,  B.  3,  907;  Jungfleisch,  Lebaigne 
a.  Boucher,  J.  Ph.  [4]  9,  208).  Its  vapour  is 
dissociated  by  heat.  Separated  from  aqueous 
solution  by  CaCl2.  Decomposed  by  H2S04  with 
liberation  of  chloral.  With  PC15  it  gives  tetra- 
chloro-ether,  CCl3.CHC1.0Et  (Henry,  C.  J.  24, 
255,696;  £.4,101,435). 

Ethyl-acetyl  derivative 
CCl3(OAc)(OEt).  (198°  uncor.).     S.G.  ii   1-327. 
From  chloral  alcoholate  and  AcCl.    Also  from 
tetra-chloro-ether  and  AgOAc  (Busch,  B.  11, 447). 

Methyl-ethyl  ether  CCl3(OMe)(OEt). 
(193-4°).  S.G.  2±  1-32.  From  tetra-chloro-ether 
and  MeOH  (Magnanimi,  G.  16,  330).  Liquid, 
smelling  like  camphor. 


Chloro-ethyl  ether 

CC13.CH(OH)OCH2.CH2C1.  From  chloral  and 
glycolic  chlorhydrin.  Converted  by  PC15  into 
CC13.CHC1.0.CH2.CH2C1  (Henry,  B.  7,  763). 

Methyl  ether  CCl3.CH(OH)(OMe).  Chloral 
methyl-alcoholate.  [50°].  (106°)  (Jacobsen,  A. 
157,  243) ;  (98°)  (Bartholdy  a.  Martius,  B.  3, 
443).  From  chloral  and  methyl  alcohol. 

Di-methyl  ether  CCl3.CH(OMe)2.  (183°). 
S.G.  1-28.  From  CC13.CHC1.0.CH3  and  MeOH. 
Liquid,  smelling  of  camphor  (Magnanimi,  G.  16, 
330). 

Di- ethyl  ether  CCl3.CH(OEt)2.  Tri-chloro- 
acetal.  (197°)  (B.) ;  (200°)  (W.  a.  V.) ;  (205° 
cor.)  (P.  a.  P.).  S.G.  fi-281  (P.  a.  P.).  S.  -5. 
Formed  by  passing  chlorine  into  dilute  (75  p.c.) 
alcohol ;  or  by  treating  chloral  alcoholate  with 
chlorine  at  80°  (Byasson,  Bl.  [2]  32,  304  ;  C.  B. 
87,  26).  Formed  also  by  treating  tetra-chloro- 
ethyl  oxide  CCl3.CHC1.0Et  with  alcohol  in  sealed 
tubes  (Wurtz  a.  Vogt,  C.  B.  74,  777 ;  Paterno  a. 
Pisati,  G.  2,  333).  Liquid,  smelling  like  di- 
chloro-acetal.  Miscible  with  alcohol  and  ether. 
By  heating  with  water  or  H2SO4  it  is  resolved 
into  chloral  and  alcohol.  Hot  alkali  has  no 
action.  HN03  gives  tri-chloro-acetic  acid.  A 
solid  isomeride  is  described  under  CHLOBO-ACETIC 

ALDEHYDE. 

Allyl  ether  CC13.CH(OH)(OC3H5).  Chloral 
allyl-alcoholate.  [21°].  (116°).  From  chloral 
and  allyl  alcohol.  Needles  (Oglialoro,  B.7, 1462). 

Acetyl  derivative  CCl3.CH(OAc)(OC3H6). 
(106°)  (Oliveri,  G.  14,  13). 

Isoamyl  ether  CC13.CH(OH)(OC5HH). 
Chloral  amyl-alcoholate.  [56°].  (146°).  S.G. 
(liquid)  25  1-234. 

Cetyl  e*/ierCCl3.CH(OH)(C16H33).  Chloral 
cetyl-alcoholate.  Very  small  needles. 

Ethylene  ether 

CC13.CH(OH).OC2H4O.CH(OH).CC13.  Chloral 
glycolate.  From  chloral  and  glycol  (Henry,  B. 
7,  762). 

Isomeride  of  chloral  hydrate.  Chloral 
mixed  with  glacial  HO  Ac  and  evaporated  quickly 
is  converted  into  an  isomeride  of  chloral  hydrate 
[80°J,  although  the  same  solution  when  evapo- 
rated slowly  deposits  ordinary  chloral  hydrate 
[57°]  (V.  Meyer,  B.  6,  449  ;  A.  171,  74). 

Meta-chloral  (C2Cl3HO)n.  Formed  by  leav- 
ing chloral  to  stand  with  H,SO4.  Chloral  that 
has  been  freed  from  all  traces  of  H2S04  by  dis- 
tillation over  BaO  remains  liquid"  for  years 
(Byasson,  C.  B.  91,  1071).  Amorphous  solid, 
insol.  water.  HN03  oxidises  it  to  tri-chloro- 
acetic  acid.  Alkalis  form  formate  and  chloro- 
form. At  180°  it  is  converted  into  ordinary 
chloral  (Kolbe,  A.  54,  183).  Trimethylamine 
also  polymerises  chloral. 

Parachloral  (C2Cl:lHO)n.  (240°).  Formed, 
together  with  tetra-chloro-ethylene,  by  treating 
chloral  with  A12C16  (Combes,  A.  Ch.  [6]  12,  268). 
Liquid ;  oxidised  by  HN03  to  tri-chloro-acetic 
acid. 

'  Para-chloralide '  (C2Cl3HO)n.  (182°).  S.G. 
--  1-577.  An  isomeride  of  chloral  said  to  be 
formed  by  the  action  of  chlorine  on  methyl 
alcohol  (Cloez,  A.  Ill,  178). 

CHLORALIDE  C5H2C1B03 

i.e.  CCl3.CH<°-°°>CH.CCl:j. 

Tri-chloro-ethylidcne  tri-chloro-lactate.     [115°]. 
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(273°).  V.D.  11-3  at  300°  (calc.  11-2).  Formed, 
together  with  metachloral,  by  the  action  of 
H.,80,  on  chloral.  Also  by  heating  chloral  with 
tri-chloro  -lactic  acid  at  150°  (Wallach,  A.  l'J3,  1  ; 
B.  8,  1578). 

Preparation.  —  Chloral  hydrate  (1  vol.)  is 
heated  at  90°  with  a  mixture  of  cone.  H.,S04 
(1£  vols.)  and  fuming  H,S04  (1$  vols.  of  S.G.  1*86) 
in  a  flask  with  inverted  condenser  until  crystal- 
lisation begins  in  the  neck  of  the  flask.  The 
contents  are  shaken  till  cold,  and  then  poured 
into  water.  The  insoluble  chloral!  de  is  washed 
with  water  and  recrystallised  from  ether  or 
chloroform  (Otto,  A.  239,  262  ;  cf.  Stadeler,  A. 
61,  104  ;  Grabowsky,  £.  8,  1433  ;  Kekule,^.  105, 
293). 

Properties.  —  Monoclinic  prisms  (from  ether). 
Insol.  water,  si.  sol.  cold  alcohol.  Distils  without 
decomposition.  Boiling  KOH  splits  it  up  into 
chloroform  and  formic  acid.  Alcohol  at  150° 
gives  chloral  alcoholate  and  ethyl  tri-chloro- 
lactate  [67°].  Zn  and  HC1  in  alcoholic  solution 
reduce  it  to  aldehyde  and  di-chloro-acrylic  acid. 
PC15  forms  an  oil  C5HC1708.  S.G.  24°  1-7436 
(Anschiitz  a.  Haslam,  A.  239,  300). 

CHLOilANIL  v.  TETRA-CHLORO-QTJINONE. 

CHLOK-ANILIC  ACID  v.  DI-CHLORO-DI-OXY- 

QUINONE. 

CHLOBATES  and  PERCHLORATES—  Salts 
of  chloric  and  perchloric  acids,  v.  CHLORINE, 

OXY-ACIDS  OF. 

CHLORHYDBIC  ACID.  HC1  (Hydrochloric 
acid.  Hydrogen  chloride.  Muriatic  acid  gas). 
Mol.  w.  36-37.  [-112-5°]  (solidifies  at  -115-7°) 
(Olszewski,  M.  5,  127).  V.D.  18-2.  S.H.p. 
(13°-100°)  (equal  mass  of  water  =  1)  -194 
(Strecker,  W.  17,  85)  ;  (27°-214°)  -1867  (Reg- 
nault,  Acad.  26,  1).  S.H.v.  (equal  mass  of 
water  =  1)  -1304  ;  (equal  volume  of  air  =  1)  -975 
(Clausius,  Mechan.  Warmetheorie,  1,  62  [1876]. 


1'389; 
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19,  85;  experimentally  determined).  C.E. 
(0°-33°)  Vt  =  V0  (1  +  at+bF),  values  of  a  for 
HC1  +  6-5H20  =  -000446  ;  for  HC1  +  50H20  = 
•000  0625  ;  values  of  b  for  HC1  +  6-5H20  = 
•000  000  43  ;  for  HC1  +  SOH.,0  =  -000  008  71  ;  for 
HC1+  200EUO  -  -000  0153  ;~for  HC1+  200H20  = 
•000  009  768"  (Marignac,  A.  Suppl.  8,  335).  S  at 
760mm.  (0°)503;  (4°)  490;  (10°)  470;  (20°)  440; 
(24°)  427;  (36°)  396  ;(44°)  377  ;  (48°)  367  ;  (60°) 
342.  S.  at  0°  with  varying  pressure  (60  mm.)  374  ; 
(100  mm.)  400;  (200  mm.)  431;  (300  mm.)  450; 
(400  mm.)  465  ;  (600mm.)  487  ;  (800  mm.)  507; 
(1000  mm.)  522  ;  (1300  mm.)  545  (Koscoe  a. 
Dittmaiv4.  112,  328  ;  v.  also  Deicke,  P.  119,  156). 
S.  (alcohol,  S.G.  -836)  327  (Pierre,  A.  Ch.  [3] 


'  [H,  Cl]  =  22,000;  [H,  Cl,  Aq]  =  39,315  (Th.  2,20). 
Critical  point  =  51-25°  (Ansdell,  Pr.  30,  117). 
S.G.  liquid  HC1  (0°)  -908,  (7-5°)  -873,  (33°)  -748, 
(47-8°)  -619  (A.).  Coefficient  of  compressibility 
(liquid  HC1)  for  pressure  from  52-8  to  208-19 
atmos.  at  47°  =  '00166,  at  33°  =  '00096,  at 
15-85°  =  -00062,  at  5-7°  - -000397  (A.). 

Occurrence. — In  the  gases  of  volcanoes,  and 
in  streams  issuing  in  volcanic  districts  (Bunsen, 
P.  83,  197).  In  the  gastric  juice  of  mammals 


(Boedeker  a.  Troschel,  3.  B.  1854.  486).  An 
aqueous  solution  of  HC1  has  been  known  for 
many  centuries;  the  gas  was  first  prepared 
approximately  pure  by  Priestley  in  1774.  The 
acid  was  thought  to  be  the  oxide  of  an  unknown 
element,  murium,  until  Davy  proved  in  1810 
that  it  was  a  compound  of  H  and  Cl. 

Formation. — 1.  By  the  action  of  diffused 
sunlight  on  a  mixture  of  equal  volumes  H  and 
Cl.  The  mixture  is  best  prepared  by  electro- 
lysis of  cone.  HClAq,  using  carbon  electrodes 
(Koscoe,  C.  J.  8,  16).  Combination  occurs  ex- 
plosively in  direct  sunlight,  or  in  electric,  or 
magnesium,  light,  or  in  the  light  produced  by 
burning  NO  in  CS2  vapour.  Combination  may 
also  be  caused  by  heating  to  150°,  or  by  bring- 
ing the  gases  into  contact  with  Pt  black,  or  by 
absorbing  them  in  charcoal.  The  gases  do  not 
combine  in  the  dark  at  ordinary  temperature. 
For  details  regarding  the  rate  of  combination  by 
exposure  to  light  v.  CHEMICAL  CHANOE,VOI.  i.  p.  749. 
2.  By  the  action  of  Cl  on  HjO  in  sunlight ;  or 
Cl  on  H2S,  HI,  turpentine,  and  many  other 
organic  compounds.— 3.  By  the  action  of 
H2S04Aq  or  other  acid  on  various  metallic 
chlorides. — 4.  By  the  action  of  superheated 
steam  on  MgCl2,  or  on  CaCl2  mixed  with  sand. 

Preparation.— I.  By  adding  to  100  parts 
pure  NaCl,  in  a  flask  with  an  exit  tube  and 
safety  funnel,  about  170  parts  pure  H2S04Aq, 
prepared  by  diluting  the  cone,  acid  with  |  to  £  ite 
weight  of  H20  and  cooling,  and  gently  warming. 
The  gas  is  passed  through  a  little  cone.  HClAq, 
and  then  dried  by  CaCl2;  it  is  collected  over 
Hg,  or  by  downward  displacement  of  air.  If 
the  materials  react  in  the  proportionsNaCl:H,SO  „ 
NaHS04  and  HC1  are  formed  at  ordinary  tem- 
peratures ;  then  adding  NaCl  and  strongly  heat- 
ing, NaHS04  and  NaCl  give  Na,S04  and  HC1. 
If  HClAq  is  to  be  prepared,  the  gas  is  led  into 
cold  water,  the  exit  tube  passing  only  a  little 
way  under  the  surface:  the  HClAq  may  be 
purified  by  redistillation  in  contact  with  a  little 
Cu  (to  remove  Cl),  after  standing  with  pure 
SnCl2  (to  remove  As),  (v.  Bettendorff,  Z.  [2] 
5,  492  ;  Zettnow,  D.  P.  J.  205,  247  ;  Hager,  Fr. 
1872.  306;  Oster,  Fr.  1872.  463;  Houzeau, 

A.  Ch.  [4]  7,  484 ;  Beinsch,  J.  pr.  24, 244  ;  Otto, 

B.  19,  1903).-  2.  By  dropping  cone.  H,S04Aq, 
through  a  tube  with  glass  stop-cock,  into  a  flask 
about  one-third  filled  with  commercial  HClAq  ; 
the  liquid  gets  warm  and  all  the  HC1  except 
about  -32  p.c.  is  evolved  (P.  Hoffmann,  B.  1,  272). 
Liquid  HC1  may  be  prepared  on  a  small  scale 
by  placing  a  few  pieces  of  NH4C1  in  the  closed 
end  of  a  W  shaped  tube,  running  a  little  cone. 
H.,SO,  by  means  of  a  bent  funnel  tube  into  the 
second  bend  of  the  tube,  closing  and  thickening 
the  open  end,  and,  after  cooling,  allowing  the 
acid  to  flow  on  to  the  NH4C1,-  and  cooling  the 
other  limb  of  the  tube.    After  a  little  the  limb 
containing  the  reacting  bodies  is  gently  warmed 
when  liquid  HC1  collects  in  the  cooled  limb  (Davy 
a.  Faraday,  T.  1823.  164). 

Properties.— HC1  is  a  colourless  gas  with 
most  irritating,  acrid  odour ;  it  fumes  in  moist 
air.  The  dry  gas  does  not  redden  litmus  paper. 
At  10°  under  pressure  of  40  atmospheres  B 
condenses  to  a  colourless  liquid  (Faraday,  T. 
1845,  155).  HC1  is  largely  absorbed  by  water 
with  production  of  much  heat;  [  [Cl.Aq]- 
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17,314  (Th.  2,  19).   The  solution  is  strongly  acid  ; 

the   affinity  is   taken    by   Ostwald  as   100   (v. 
AFFINITY,   vol.  i.  p.  75).     When  heated,   cone. 

Acid  of  Sp. 
Gr.  1-2. 
p.  ct. 

Specific 
Gravity 

Chlorine  p.c. 

HOI  p.c. 

HClAq  gives  off  HC1  and  H20;    the  tempera- 

ture rises  to  110°  at  mean  barometric  pressure 

89 

1-1802 

35-310 

36-292 

when  a  liquid  S.G.  1-1 

and  containing  79'8  p.c. 

88 

1-1782 

34-913 

35-884 

H,0  and  20-2  p.c.  HC1  distils  over  unchanged. 
This  composition  corresponds  with  the  formula 
HC1.8H..O  ;  but  it  is  not  probable  that  the  liquid 

87 
86 
85 

1-1762 
1-1741 
1-1721 

34-517 
34-121 
33-724 

35-476 
35-068 
34-660 

is  a  definite  hydrate  ;  the  B.  P.  and 
of  the  liquid  vary  with  the  pressure. 

composition 
The  follow- 

84 
83 

1-1701 
1-1681 

33-328 
32-931 

34-252 
33-845 

ing  numbers  give  the  B.  P.  of  HClAq,  and  the 

82 

1-1661 

32-535 

33-437 

composition  of  the  liquid  remaining  in  the  retort, 

81 

1-1641 

32-136 

33-029 

at  various  pressures  (Koscoe  a.  Dittmar,  A.  112, 

80 

1-1620 

31-746 

32-621 

328  ;  v.  also  Bineau,  A. 

Ch.  [3]  7,  257):- 

79 

1-1599 

31-343 

32-213 

Pressure  in  mm.         B.P. 

P.c.  HCl  in  residual  liquid. 

78 

1-1578 

30-946 

31-805 

100 

62° 

22-8 

77 

1-1557 

30-550 

31-398 

200 

76 

22-1 

76 

1-1536 

30-153 

30-990 

300 

84 

21-7 

75 

1-1515 

29-757 

30-582 

490 

97 

20-9 

74 

1-1494 

29-361 

30-174 

760 

110 

20-2 

73 

1-1473 

28-964 

29-767 

1520 



19-1 

72 

1-1452 

28-567 

29-359 

2280 



18-1 

71 

1-1431 

28-171 

28-951 

If  dry  air  is  passed  into  cone.  HClAq  the 
liquid  loses  HC1  ;  the  residual  liquid  has  a  con- 
stant composition  for  a  specified  temperature. 
The  following  numbers   give  the  composition 
of  the  HClAq  remaining  at  t°  after  passage  of 
dry  air  until  HC1  ceases  to  come  off  (Eoscoe  a. 
Dittmar,  A.  112,  328)  :— 

70 
69 
68 
67 
66 
65 
64 
63 

1-1410 
1-1389 
1-1369 
1-1349 
1-1328 
1-1308 
1-1287 
1-1267 

27-772 
27-376 
26-979 
26-583 
26-186 
25-789 
25-392 
24-996 

28-544 
28-136 
27-728 
27-321 
26-913 
26-505 
26-098 
25-690 

<°        P.c.  HCl.        t°        P.c.  HCl.           t°     P.c.  HC1. 

62 

1-1247 

24-599 

25-282 

0°      25-0 

35°        23-9          70°       22-6 

61 

1-1226 

24-202 

24-874 

5        24-9 

40          23-8          75 

22-3 

60 

1-1206 

23-805 

24-466 

10        24-7 

45          23-6           80 

22-0 

59 

1-1185 

23-408 

24-058 

15        24-6 

50          23-4          85 

21-7 

58 

1-1164 

23-012 

23-050 

20        24-4 

55 

23-2          90 

21-4 

57 

1-1143 

22-615 

23-242 

25        24-3 

60          23-0          95 

21-1 

56 

1-1123 

22-218 

22-834 

30        24-1 

65          22-8         100        20-7 

55 

1-1102 

21-822 

22-426 

The  following  table  (Koscoe  a.  Dittmar)  shows 
that  the  liquid  obtained  by  passing  air  into 
HClAq  at  a  specified  temperature  has,  in  many 
cases,  the  same  composition  as  the  liquid  which 
boils  at  that  temperature  under  a  certain  pres- 
sure :  — 

54 
53 
52 
51 
50 
49 

1-1082 
1-1061 
1-1041 
1-1020 
1-1000 
1-0980 

21-425 
21-028 
20-632 
20-235 
19-837 
19-440 

22-019 
21-611 
21-203 
20-796 
20-388 
19-980 

48 

1-0960 

19-044 

19-572 

Pres.  in 

MM. 

B.P.        P.c.  HCl    Temp,  with    ^  ^ 

47 

1-0939 

18-647 

19-165 

100         61°-C2       22-8             62°'         2'2-9 

46 

1-0919 

18-250 

18-757 

210        76  -77      22-1            77 

22-2 

45 

1-0899 

17-854 

18-359 

300        84  -85       21-7            85 

21-7 

44 

1-0879 

17-457 

17-941 

380        91              21-3            91 

21-4 

43 

1-0859 

17-060 

17-534 

490         97               20-9             98 

21-1 

42 

1-0838 

16-664 

17-126 

41 

1-0818 

16-267 

16-718 

The  S.G.  and  composition  of  HClAq  are  given 

40 

1-0798 

15-870 

16-310 

in  the  following  table 

(Ure).     Temp.  15°. 

39 

1-0778 

15-474 

15-902 

38 

1-0758 

15-077 

1  (v4Q4. 

Acid  of  Sp. 

37 

1-0738 

14-680 

J-tl  rr^/4: 

15-087 

Gr.  1-2. 

Specific 
Gravity 

Chlorine  p.c. 

HCl  p.c. 

36 

1-0718 

14-284 

14-679 

p.ct. 

35 

1-0697 

13-887 

14-271 

100 

1-2000 

39-675 

40-777 

34 
33 

1-0677 
1-0657 

13-490 
13-094 

13-863 
13-456 

99 

1-1982 

39-278 

40-369 

32 

1-0637 

12-697 

13-049 

98 

1-1964 

38-882 

39-961 

31 

1-0617 

12-300 

12-641 

97 

1-1946 

38-485 

39-554 

30 

1-0597 

11-903 

12-233 

96 

1-1928 

38-089 

39-146 

29 

1-0577 

11-506 

11-825 

95 

1-1910 

37-692 

38-738 

28 

1-0557 

11-109 

11-418 

94 

1-1893 

37-296 

38-330 

27 

1-0537 

10-712 

11-010 

93 

1-1875 

130-900 

37-923 

26 

1-0517 

10-316 

10-602 

92 

1-1857 

36-503 

37-516 

25 

1-0497 

9-919 

10-194 

91 

1-1846 

36-107 

37-108 

24 

1-0477 

9-522 

9-786 

90 

1-1822 

35-707 

-50-700                 23 

1-0457 

9-125 

9-379 
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Acid  of  Sp. 
Gr.  1-2. 
p.  ct. 

Specific 
Gravity 

Chlorine  p.c. 

HOI  p.c. 

22 

1-0437 

8-729 

9-971 

21 

•0417 

8-332 

8-563 

20 

•0397 

7-935 

8-155 

19 

1-0377 

7-538 

7-747 

18 

•0357 

7-141 

7-340 

17 

•0337 

6-745 

7-932 

16 

•0318 

6-348 

6-524 

15 

•0298 

5-951 

6-116 

14 

•0279 

5-554 

6-709 

13 

•0259 

5-158 

5-301 

12 

•0239 

4-762 

5-893 

11 

•0220 

4-365 

4-486 

10 

•0200 

3-968 

4-078 

9 

•0180 

3-571 

4-670 

8 

•0160 

3-174 

3-262 

7 

•0140 

2-778 

3-854 

6 

1-0120 

2-381 

3-447 

5 

1-0100 

1-984 

2-039 

4 

1-0080 

1-588 

2-631 

3 

1-0060 

1-191 

1-224 

2 

1-0040 

0-795 

1-816 

1 

1-0020 

0-397 

1-408 

Kolb  (D.  P.  J".  204,  322)  gives  the  following 
table :— 


S.G. 

P.c.  HC1 
atO°. 

100  parts  acid  at  15°  contain 

HC1 

Acid  of 
20° 

Beaum6 

Acid  of 
21°  B. 

Acid  of 
22°  B. 

1-000 

o-o 

0-1 

0-3 

0-3 

0-3 

1-007 

1-4 

1-5 

4-7 

4-4 

4-2 

1-014 

2-7 

2-9 

9-0 

8-6 

8-1 

1-022 

4-2 

4-5 

14-1 

13-3 

12-6 

1-029 

5-5 

5-8 

18-1 

17-1 

16-2 

1-036 

6-9 

7-3 

22-8 

21-5 

20-4 

1-044 

8-4 

8-9 

27-8 

26-2 

24-9 

1-052 

9-9 

10-4 

32-6 

30-7 

29-1 

1-060 

11-4 

12-0 

37-6 

35-4 

33-6 

1-067 

12-7 

13-4 

41-9 

39'5 

37-5 

1-075 

14-2 

15-0 

46-9 

44-2 

42-0 

1-083 

15-7 

16-5 

51-6 

48-7 

46-2 

1-091 

17-2 

18-1 

56-7 

53-4 

50-7 

1-100 

18-9 

19-9 

62-3 

58-7 

55-7 

1-108 

20-4 

21-5 

67-3 

63-4 

60-2 

1-116 

21-9 

23-1 

72-3 

68-1 

64-7 

1-125 

23-6 

24-8 

77-6 

73-2 

69-4 

1-134 

25-2 

26-6 

83-3 

78-5 

74-5 

1-143 

27-0 

28-4 

88-9 

83-8 

79-5 

1-152 

28-7 

30-2 

94-5 

89-0 

84-6 

1-157 

29-7 

31-2 

97-7 

92-0 

87-4 

1-161 

30-4 

32-0 

100-0 

94-4 

89-6 

1-166 

31-4 

33-0 

103-3 

97-3 

92-4 

1-171 

32-3 

33-9 

106-1 

100-0 

94-9 

1-175 

33-0 

34-7 

108-6 

102-4 

97-2 

1-180 

34-1 

35-7 

111-7 

105-3 

100-0 

1-185 

35-1 

36-8 

115-2 

108-6 

103-0 

1-190 

36-1 

37-9 

118-6 

111-8 

106-1 

1-195 

37-1 

39-0 

122-0 

115-0 

109-2 

1-199 

38-0 

39-8 

124-6 

117-4 

111-4 

1-205 

39-1 

41-2 

130-0 

121-5 

115-4 

1-210 

40-2 

42-4 

132-7 

125-0 

119-0 

1-212 

41-7 

42-9 

131-3 

126-6 

120-1 

Kremers  (P.  108,  115)  gives  a  table  by  which 


the  S.G.  of  HClAq  can  be  found  at  a  tempe 
rature  other  than  19-5°  which  temperature  is 
taken  as  normal.  (See  table  on  next  page.) 

Thus,  an  acid  containing  25-5  p.c.  HC1  has 
S.G.  =  1-101  at  the  normal  temp.  (19-5°),  at  40° 

the  S.G.  will  be1.00877-°l'092,  at  100°  the  S.G. 
will  be  *.nnnt.*  =>  1-06.  Thomsen,  using  the  num- 


bers  in  Ure's  table,  gives  the  S.G.  of  HClAq 
100     /100- 


where  p  =  p.c.  of  HC1  (P.  Jubelband,  144). 
Reactions.—  1.  Decomposed  by  Jieat,  at  about 
1500°,  into  H  and  Cl,  which  combine  again  on 
cooling.  If  a  silver  tube  kept  cold  by  running 
water  is  placed  inside  a  porcelain  tube  in  a 
wind  furnace,  and  HC1  is  passed  through  the 
latter  tube,  the  free  Cl  combines  with  the  Ag,  and  H 
remains  (Deville,  C.  B.  60,  317).—  2.  Moist,  but  not 
dry,  HC1  is  decomposed  by  oxygen  in  presence  of 
sunlight  (Kichardson,  C.  J.  51,801).  —  3.  Electric 
sparks  very  slightly  decompose  HC1.—  4.  Many 
metals  decompose  HC1  when  heated  in  it,  giving 
chlorides  and  H  ;  metallic  oxides  form  H20  and 
Cl  ;  many  metallic  peroxides  also  set  free  Cl.— 
5.  HC1  is  not  combustible.—  6.  Mixed  with  air 
and  passed  through  a  hot  porcelain  tube,  or 
over  hot  pumice,  H2O  and  Cl  are  formed  (comp. 
CHLOEINE  ;  Formation,  No.  3).—  7.  By  the  action 
oi  platinum  black  on  a  mixture  of  1  vol.  HC1 
with  £  vol.  0  water  is  formed  (Henry,  T.  1800. 
188).—  8.  HC1  is  completely  decomposed  by 
sodium  amalgam  at  the  ordinary  temperature. 
(This  is  applied  as  a  lecture  experiment  for 
demonstrating  the  composition  of  HC1,  by 
Hofmann  ;  v.  Einleitung  in  die  moderne  Chemie 
(5th  ed.),  73).—  9.  An  aqueous  solution  of  HC1 
exposed  to  air  and  sunlight  evolves  a  little 
Cl.—  10.  Cone.  HClAq  evolves  only  H  and  Cl  on 
electrolysis  ;  diluted  with  9  vols.  or  more  ILO, 
0  is  also  evolved.  Eiche  (C.  E.  46,  348)  says 
that  by  electrolysis  of  HClAq,  HC104Aq  is 
formed.—  11.  Cone.  HClAq  heated  to  200°  with 
amorphous  phosphorus  produces  PH3  and 
H3P04Aq.  —  12.  An  aqueous  solution  of  HC1  is 
decomposed  by  many  metals  with  formation  of 
chlorides  and  evolution  of  H.  Let  this  decom- 
position be  expressed  by  the  equation  E  +  2HClAq 
=  ECl2Aq  +  H2  ;  then  considered  thermally  this 
is  composed  of  the  parts  (1)  -  [H-,  Cl2,  Aq], 
(2)  +  [E,  Cl2,  Aq].  The  value  of  (1)  is  about 
79,000,  but  is  less  the  less  the  quantity  of 
water  used  ;  for  very  cone,  solutions  it  is  equal  to 
about  69,000  :  if  then  the  value  of  [E,  Cl-',  Aq] 
is  greater  than  79,000  we  should  expect  the  metal 
E  to  decompose  dilute  HClAq  ;  if  [E,  Cl2,  AqJ  is 
greater  than  69,000  we  should  expect  E  to 
decompose  cone.  PIClAq.  [E,  Cl2,  Aq]  is  greater 
than  79,000  when  E  =  K,,  or  other  alkali  metal, 
Ag.,,  Ca,  Ba,  Sr,  Mg,  Cd,  Zn,  Mn,  Fe,  Co,  Ni,  Sn. 
[E,"  Cl2,  Aq]  is  less  than  79,000  when  E  =  T12, 
Pb,  Cu,  Hg,  Pd,  Pt,  or  ^  Au2;  these  metals  do 
not  decompose  dilute  HClAq.  Now  [Pb,  CP,  Aq] 
=  75,970,  which  is  >  09,000;  Pb  decomposes 
cone.  HClAq.  The  following  quantities  of  heat 
are  produced,  per  2  grams  of  H  formed,  by  the 
action  of  certain  metals  on  HClAq;  these 
numbers  afford  approximate  values  of  the 
relative  intensities  of  the  actions:  Mg  =  108,300; 
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Temp,  of  19-5° 

S.G.  1'0401 
8-9  p.c.  HC1 

S.G.  1-0704 
16-6  p.c.  HC1 

S.G.  1-101 
25-5  p.c.  HC1 

S.G.  1-133 
35-8  p.c.  HC1 

S.G.  1-1608 
46-6  p.c.  HC1 

t° 
0 

0-99557 

0-99379 

0-99221 

0-99079 

0-98982 

19-5 

1-00000 

1-00000 

1-00000 

1-00000 

1-00000 

40 

1-00707 

1-00781 

1-00877 

1-00990 

1-01063 

60 

1-01588 

1-01665 

1-01794 

1-01969 

1-02108 

80 

1-02639 

1-02676 

1-02791 

1-02986 

100 

1-03855 

1-03801 

1-03867 

1-04059 

Al  =  79,920;  Mn  =  49,370;  Zn  =  34,210;  Fe 
=  21,320;  Co  =  16,190;  Ni- 15,070;  Sn  =  2,510. 
(Data  fromThomsen).— 13.  When  dilute  HClAq  is 
added  to  a  dilute  solution  of  a  chloride  of  an 
alkali,  alkaline  earth,  or  magnesian,  metal,  little 
or  no  thermal  change  occurs ;  but  when  a 
solution  of  chloride  of  Au,  Pt,  Pd,  Hg,  or  Sn  is 
used  a  considerable  quantity  of  heat  is  produced  : 
thus,  [Au2Cl6Aq,  2HClAq]  =  9,060.  Several 
acids  containing  H,  01,  and  Au,  Pt,  Hg,  or  Pd, 
have  been  prepared  as  solids ;  e.g.  H2Pt016.6H20, 
HAuCl^HX)  &c.  There  can  be  little  doubt  that 
solutions  of  AuCls,  &c.  in  HClAq  contain  definite 
acids ;  the  heats  of  formation  of  these  acids  have 
been  calculated  from  experimental  data  by 
Thomsen  (Th.  3,  536;  v.  also  the  various 
metals) : 


C.  R.  89,  705). — 3.  HClAq  forms  acids  with  the 
chlorides  of  Au,  Pt,  Pd,  and  Sn  (v.  Reactions, 
No.  13).  According  to  Ditte  (A.  Ch.  [5]  22,  551) 
some  metallic  chlorides,  e.g.  HgCl2,  dissolve 
in  HClAq  to  form  definite  compounds,  e.g. 
HgCl,.HC1.7H,0 ;  SbCl3.3HCl,  &c.— 4.  With 
water  to  f orm  ~HC1.2H,0 ;  prepared,  as  very  un- 
stable crystals  decomposing  quickly  in  air,  by 
passing  HC1  into  HClAq  at  -22°;  crystals 
separate,  and  the  temperature  suddenly  rises 
to  - 18°  (Pierre  a.  Puchot,  C.  R.  82,  45,  v.  also 
Berthelot,  A.  Ch.  [5]  14,  368). 

Thomsen  has  measured  the  heat  of  dilution  of 

HCl.wH20  with  wH20.  Assuming  that  when  n  =  1 

the  H20  is  in  combination  with  HC1  forming  the 

hydrate  HC1.H20,  then  the  heat  of  dilution  of 

I  HCl.HjO  is  a  continuous  hyperbolic  function  of 


B 

Sn 
Hg 
Pd 
Pt 


[B,  Cl2,  2HClAq] 
81,000 
61,780 
47,920 
41,830 


B 
Sn 
Pd 
Pt 


Cl«,  2HClAq] 
156,920 

72,940  (?) 

84,620 


B 
Au 


[B,  OP,  HClAq] 
31,800 


The  heats  of  neutralisation  of  these  acids  are  the 
same  as  that  of  HjCLjAq,  viz.  2  x  13,740  (v.  also 
GOLD,  MERCURY,  PALLADIUM,  PLATINUM,  TIN). — 14. 
HClAq  dissolves  many  metallic  oxides ;  most 
peroxides  evolve  Cl ;  carbonates  of  the  alkali  and 
alkaline  earth  metals,  and  of  the  heavy  metals 
except  Ag,  dissolve  with  evolution  of  C02  ;  most 
metallic  sulphides  are  decomposed  and  H2S  pro- 
duced.— 15.  Heated  with  bromic  or  iodic  acid, 
KjO  and  BrCl  or  IC1  are  formed.— 16.  With 
chloric  or  hypochlorous  acid,  and  the  salts  of 
these  acids,  Cl  is  evolved  (v.  further  CHLORIC 

ACID  AND  CHLORATES,  and  HYPOCHLOROUS  ACID  AND 

HYPOCHLORITES,  under  CHLORINE,  OXY-ACIDS  OF, 
p.  15). — 17.  When  cone.  HClAq  is  mixed  with 
cone,  aqueous  nitric  acid  a  yellow  liquid  is 
formed  which  dissolves  Au,  Pt,  &c.  metals 
which  are  insoluble  in  either  HClAq  or  HN03Aq. 
This  liquid  is  known  as  aqua  regia ;  its  solvent 
action  is  due  to  the  presence  of  Cl  and  NOC1 ; 
HN03Aq  +  SHClAq  =  2H,OAq  +  NOC1  +  C12.  By 
the  action  of  aqua  regia  on  metals  chlorides 
are  formed;  e.g.  2HN03Aq  +  6HClAq  +  3Cu 
=  SCuCloAq  +  2NO  +  4H,OAq. 

According  to  Gore  (PJlf.[4]  29,  541)  liquid  HC1 
does  not  act  on  metals,  except  Al  which  dissolves 
with  evolution  of  H ;  it  has  also  no  action  on 
many  oxides,  sulphides,  and  carbonates,  which 
are  decomposed  by  HClAq. 

Combinations.  —  1.  HC1  and  NHj  combine 
when  mixed  to  form  NH4C1 ;  [NH3,HC1]  =  41,900 
(Th.  2,  75).— 2.  HC1  and  PH3  combine  to  form 
1 '  1 1  ,C1,  at  14°  under  pressure  of  20  atmospheres,or 
at  —30  to  -  35°  at  the  ordinary  pressure  (Ogier, 


the  quantity  of  H20  added:  the  equation,  heat  of 
dilution  of  HCl.rcHjO  with  wH2oW  --  -i— 


11,980,  gives  values  which  agree  very  closely 
with  the  observed  results,  starting  with  n  =  2-62, 
and  varying  m  from  49  to  200  ;  the  constant 
11,980  is  found  from  the  experimental  results. 
The  above  formula  gives  the  heat  of  dilution  of 
HC1  with  300  H,0  as  11,940,  and  the  observed 
value  was  17,3i6;  the  difference,  5376,  re- 
presents the  quantity  of  heat  produced  by  the 
union  of  HC1  with  H2O  to  form  the  hydrate 
HC1.H20.  Thomson's  results  do  not  indicate  the 
formation  of  any  hydrate  except  HC1.H20  ;  it  is 
fairly  probable  that  the  reactions  of  HClAq  with 
hydroxides,  metals,  &c.,  are  the  reactions  of  the 
compound  HC1H2O  (?  =  H.,C1.0H),  and  not  of 
HC1  (Th.  3,  11-13;  and  68-72)  (v.  further 
CHLORIDES).  M.  M.  P.  M. 

CHLOEIC  ACID  v.  CHLORINE,  OXY-ACIDS  OF. 

CHLORIDES.  Binary  compounds  of  Cl  with 
more  positive  elements ;  i.e.  with  any  element 
except  F  or  0.  Cl  forms  compounds  with  all 
elements  except  F ;  it  combines  directly  with 
all  except  F,  O,  N,  and  C  :  much  heat  is  usually 
produced  during  the  combination,  thus  [K'J,C1-] 
=  211,220;  [Ca,CP]  =  169,820 ;  [Zn,CP]  =  97,210; 
[Fe2^!6]  =  192,080  ;  [Cu,Cl*]  =  51,630  ;  [Au.Cl3] 
=  22,820;  [H,C1]  =  22,000;  [1,01]  =  5,830  ; 
[S2,C12]  =  14,260;  [P,C13]  =  75,300, &c.  (Thomsen); 
Many  metallic  chlorides  are  produced  by  the 
action  of  Cl  on  the  oxides  e.g.  ZnCL,  PbCl2, 
MgCL,  BaCl2;  lower  oxides  of  metals  which 
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form  two  oxides— e.g.  FeO,  Sb203 — are  usually 
partly  chlorinated  and  partly  oxidised  by  Cl,  the 
higher  oxide  being  usually  eventually  changed 
to  chloride ;  all  metallic  oxides  are  converted 
into  chlorides  when  mixed  with  charcoal  and 
heated  in  a  stream  of  Cl,  thus  Cr203  +  30  +  601 
=  3CO  +  Cr2016.  Metallic  chlorides  are  also 
formed  by  the  action  of  01  on  many  bromides, 
iodides,  fluorides,  and  sulphides :  they  are 
usually  obtained  by  the  action  of  HClAq  on 
metals,  metallic  oxides,  hydroxides,  or  carbon- 
ates ;  in  some  cases  aqua  regia  (v.  CHLOBHYDBIC 
ACID  ;  Reactions,  No.  17)  is  employed,  e.g.  to 
form  Pt014.  Non-metals,  except  0,  N,  0,  and  F, 
combine  directly  with  Cl.  Nitrogen  chloride, 
NC13,  is  extremely  explosive,  it  is  formed  by 
the  action  of  Cl  on  various  ammonium  salts 
in  solution;  CC14,  C2C14,  C2C1(;,  and  C3C18,  are 
formed  indirectly  from  various  carbon  com- 
pounds; C120  is  formed  by  the  action  of  Cl  on 
HgO,C102  by  the  action  of  H2S04Aq  on  KC103 ; 
no  compound  of  Cl  with  F  is  known.  Most 
non-metallic  chlorides  are  gaseous  ;  they  are 
decomposed  by  H20  forming  acids  and  HC1,  e.g. 
PC13  +  3H20  +  Aq  =  H3P03Aq  +  3HClAq ; 
Si014  +  3H20  +  Aq  =  H2SiO3  +  4HClAq. 
Most  of  the  metallic  chlorides  are  gasifiable 
without  decomposition;  some  yield  lower  chlor- 
ides on  heating,  e.g.  Cu012  gives  Cu2Cl2  and  Cl ; 
a  few  are  completely  decomposed  into  Cl  and 
metals,  e.g.  PdCl4.  A  few  chlorides  are  in- 
soluble or  nearly  insoluble  in  water — the  chief 
are  AgCl,  HgCl,  Cu2Cl2,  PtCl2,  AuCl— the  others 
are  soluble  in  water.  Many  metallic  chlorides 
are  decomposed  by  water,  forming  oxychlorides 
and  HClAq,  e.g.  BiCl3,  SbCl3;  on  evaporating 
AlCl3Aq,  ZnCLjAq,  MgCL^Aq,  and  a  few  other 
solutions  of  chlorides,  decomposition  into  oxide 
and  HC1  or  into  oxychloride,  occurs.  Heated  in 
superheated  steam  chlorides  of  alkali  metals,  Ba 
and  Hg,  are  undecomposed ;  the  others  form 
oxides  and  HOI  (Kunheim,  J.  1861.  149).  Most 
metallic  chlorides  are  unchanged  when  heated 
in  dry  air ;  some,  however,  form  oxychlorides, 
e.g.  FeCl3,  CuCl2,  BiCl3  ;  very  many  are  de- 
composed by  heating  in  moist  air.  The  chlorides 
of  the  alkali,  alkaline  earth,  and  earth,  metals 
are  not  reduced  by  heating  in  H;  the  other 
metallic  chlorides  are  reduced  ;  some  chlorides 
not  reduced  by  H,  e.g.  A1C13,  MgCL,  are  dechlor- 
inated  by  heating  with  K  or  Na.  Very  many 
chlorides  are  reduced  to  metal  by  CO.  Some 
chlorides  of  heavy  metals,  e.g.  AgCl,  are  partially 
decomposed  by  digestion  with  aqueous  solutions 
of  bromides  of  alkali,  alkaline  earth,  or  mag- 
nesian,  metals  (v.  Potilitzin,  B.  18,  1522  ;  also 
Thorpe  a.  Rodger,  C.  J.Proc.  1887-88,  20).  Many 
metallic  chlorides  are  partly  decomposed  when 
heated  with  an  equivalent  quantity  of  Br  to 
270°-300°  (v.  Potilitzin,  B.  14,  1044 ;  15,  918 ; 
16,  3051.  For  action  of  Br  on  AgCl  in  presence 
of  H,0,  v.  Humpidge,  B.  17,  1838).  Metallic 
chlorides  are  decomposed,  with  evolution  of  Cl, 
by  heating  with  B203,  Si02,  or  P205,  in  presence 
of  steam.  Aqueous  acids  decompose  metallic 
chlorides,  forming  HC1,  or  in  the  cases  of  easily 
reducible  acids— e.g.  HN03— evolving  Cl;  Cl 
is  also  evolved  when  cone.  H2S04  is  used  in 
presence  of  peroxide  of  Pb,  Mn,  Cr,  &c.  Heated 
with  K,CrO,  and  cone.  H2S04,  metallic  chlor- 
ides form  CrOoCL,  which  may  be  easily  con-  • 


densed  to  a  red  liquid  ;  by  the  action  of  NH.,Aq 
on  this  liquid  (NH4)2CrO4Aq  is  formed  (this 
reaction  may  be  applied  to  detect  chlorides  in 
presence  of  bromides). 

Some  metallic  chlorides,  especially  those  of 
Hg,  Au,  Pt,  Pd,  and  Sn,  combine  with  HOI  to  form 
acids  (v.  CHLOBHYDBIC  ACID  ;  Reactions,  No.  13) ; 
many  form  double  salts  with  other  metallic  chlor- 
ides, especially  the  chlorides  of  the  less  posi- 
tive, with  those  of  the  very  positive,  metals ;  e.g. 
SnCl2.2KCl.H20,  HgCl2.2KCl.H20,  PtCl4.2NH4Cl, 
&c.  Many  chlorides  of  the  more  negative  metals, 
e.g.  SbCl3,  Bi013,  Sn012,  &c.,  combine  with  oxides 
of  the  same  metals  to  form  oxychlorides  :  some 
metallic  chlorides,  e.g.  HgCl^,  combine  with 
sulphides  of  the  same  metals  to  form  sulpho- 
chlorides.  Compounds  are  also  known  of 
chlorides  of  some  of  the  more  negative  metals 
with  non -metallic  chlorides,  e.g.  Sn014.P015, 
SnCl4.2SCl.,,  &c.  Many  metallic  chlorides,  e.g. 
CaCl2,  A1C13,  AgCl,  CoCl2,  CrCl3,  HgCl2,  Pt012, 
combine  with  NH3  to  form  stable  compounds 
(v.  AMMONIUM  COMPOUNDS  ;  and,  in  more  detail, 
the  various  metals,  especially  CHBOMIUM,  COBALT, 
COPPEB,  MEBCUBY,  PLATINUM). 

Thomsen  has  considered  the  isomorphism  of  the 
hydrated  metallic  chlorides  (v.  Th.2,  430).  Many 
chlorides  produced  by  the  action  of  HClAq  on 
metals  or  metallic  oxides  contain  water  of  crystal- 
lisation; they  may  be  divided  into  the  four  groups  : 
(1)  RC12.2H20;  (2)  RC12.4H20  ;  (3)  RCl^E^O; 
(4)  RC1,.8H2O  ;  when  R  =  an  atom  of  a  divalent, 
or  two  atoms  of  a  monovalent,  metal.  The 
members  of  group  (1),  where  R  =  Ba,  Cu,  or 
MnHg,  crystallising  in  the  trimetric  system,  are 
isomorphous  with  many  anhydrous  sulphates, 
formates,  perchlorates,  periodates,  and  perman- 
ganates, e.g.  BaS04,  PbSO4,  Ba(CHO,),,  KC1O4, 
KIO4,  K2Mn,08,  &c.  The  members  of  "group  (2), 
where  R  =  N~a2,  Mn,  Di,  Fe,  crystallising  in  the 
monoclinic  system,  are  isomorphous  with  sul- 
phates and  formates  containing  2H2O,  e.g.  with 
CaS04.2H20,  Zn(CH02)22H20.  Group  (3)  com- 
prises (a)  monoclinic  chlorides  where  R  =  Mg, 
Ni,  Co,  or  Mn,  these  are  most  probably  iso- 
morphous with  Cu(CH02)2.4H20,  MnS04.4H20, 
and  Ba(S03)2.4H20  ;  and  (b)  hexagonal  chlor- 
ides where  R  =  Ca  or  Sr,  and  also  the  class 
R"RiTCl6.6H20  which  includes  salts  derived  from 
H2PtCl6  and  H2SnCl(i,  these  are  isomorphous 
with  many  sulphites  and  double  nitrates  with 
4H20,  e.g.  Sr(S03)2.4H20,  Ce.Mg,(N03)2.4H20, 
LaNi(N03)2.4H2O,  &c.  Group  (4)  contains 
only  one  chloride,  CoCl2.8H20 ;  it  is  isomor- 
phous with  the  chlorates  of  Co,  Cu,  and  Ni,  and 
with  the  hypophosphites  of  Co,  Fe,  Mg,  Ni,  and 
Zn,  containing  6H20.  Each  group  of  chlorides 
is  isomorphous  with  other  salts  containing 
2H,O  less  than  the  chlorides.  Thomsen  con- 
cludes that  the  2H20  may  be  best  regarded  as 
forming  part  of  the  acid  radicle ;  he  would 
represent  the  four  groups  of  chlorides  as 

(1)  R(H.,C10)2;  (2)  R(H.,C10).,.2H.,0  ; 
(3)  R(H2C10).;4H20  ;  (4)  R(H,C10)2.6H,0 :  all 
being  derived  from  the  acid  H2C10H,  which 
possibly  exists  in  an  aqueous  solution  of  HC1 
(v.  CHLOEHYDRIC  ACID  ;  Combinations,  No.  4). 
Armstrong  (B.  A.  1885  Meeting;  Presidential 
address  to  Section  A.)  suggests  that  the  name 
chlorhydric  acid  should  be  given  to  the  acid 
present  in  an  aqueous  solution  of  HC1,  and  that 
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HC1  itself  should  always  be  called  hydrogen 
chloride.  M.  M.  P.  M. 

CHLORIDE  OF  LIME—  Bleaching  powder,  v. 

HYPOCHLOBITES    Under    ClLLORINE,    OXY-ACEDS     OF 
(p.  17). 

CHLOEIDES,  OEGANIC  v.  CHLOBO-  COM- 
POUNDS. 

CHLORINE.  Cl.  (Dephlogisticated  muriatic 
acid  gas.)  At.  w.  35-37.  Mol.  w.  70-74.  (-33-6° 
at  760  mm.)  (Regnault).  Solidifies  at  about 
-102°  (Olszewski,  M.  5,  127).  S.G.  (liquid) 
1-33  (Faraday,  T.  1823,  160  a.  198).  V.D.  35-8 
(v.  Properties,  p.  11).  S.H.p.  (13°  -202°)  (equal 
mass  of  H.,0  =  l)  -1241  (Regnault,  Acad.  26,  1). 
S.H.v.  (equal  mass  of  H2O=1)  '0928;  (equal 
volume  of  air  =  l)  1-35  (Clausius,  Median. 


Warmctheorie,  [1876]  1,  62).  il  (20°  -34°) 


1-323  (Strecker,  W.  13,  20;  experimentally 
determined).  Vol.  absorbed  by  1  vol.  H20  at 
760mm.  =  3-0361  -  -046  196i  +  -000  110  7J2(Schon- 

field,  A.  95,  1).    *—l  x  At.  w.  =  10-6  (Gladstone, 
a 

T.  1870.  9).  Emission-spectrum;  principal  lines 
are  a  group  of  4  about  6670,  followed  by  9  others 
and  then  by  one  with  wave-length  4130  (Salet, 

A.  Ch.  [4]  28,  24).    Absorption-spectrum  marked 
by  many  irregularly  distributed  lines  ;  the  violet 
is  nearly  wholly  absorbed  (Morren,  C.  R.  68, 
376;  Gernez,   C.  R.  74,  660). 

Chlorine  was  discovered  by  Scheele  in  1774 
and  supposed  by  him  to  be  hydrochloric  acid  de- 
prived of  phlogiston.  Berthollet  regarded  it  as 
oxygenated  hydrochloric  acid;  chlorine  and  hydro- 
chloric acid  were  long  supposed  to  be  oxygen 
compounds  of  an  unknown  element.  In  1809 
Gay-Lussac  and  Th6nard,  showed  that  chlorine 
behaves  like  an  element  ;  in  1810  Davy  estab- 
lished the  elementary  character  of  the  body  and 
gave  it  the  name  chlorine  (x^wpts  =  yellow- 
green)  (Scheele,  Opusc.  1,  247  ;  Berthollet,  A  cad. 
1785.  286  ;  Davy,  T.  1810  ;  Gay-Lussac  a. 
Th6nard,  G.  A.  35,  8  ;  A.  Ch.  91,  96). 

Occurrence.  —  Never  free  ;  but  in  combination 
with  very  many  metals  in  various  rocks  ;  in 
sea-water  as  NaCl  ;  chlorides  occur  in  plant-ash 
and  in  many  parts  of  animals. 

Formation.  —  1.  By  the  action  of  cone. 
HClAq  on  MnO.,  (Mn02  +  4HClAq 
=  MnCLjAq  +  2H.,O  +  C12)  ;  or  better  by  using 
1  part  Mn02,  2  parts  HClAq  (S.G.  1-14), 
and  1  part  cone.  H.,S04  diluted  with  its  own 
weight  of  water  "  (MnO2  +  2HClAq  +  H.2SO4 
-MnSO4Aq  +  2H,O  +  Cl2).  —  2.  By  the  action 
of  cone.  H.,S04  on  a  mixture  of  NaCl  and 
NaNOj  ;  the  N02  produced  is  absorbed  by 
cone.  H.,S04  (2NaCl  +  2NaN03  +  2H2S04 
=  2Na2SO4  +  2NO,  +  2H2O  +  C12)  (Dunlop, 
D.  P.  J.  151,  48).—  3.  By  the  action  of  a 
porous  substance,  e.g.  clay,  on  HC1  mixed  with 
air.  Deacon  (C.  N.  22,  157)  soaks  clay-bricks 
in  saturated  CuS04Aq,  and  heats  them  to 
370°  -400°  in  a  stream  of  5  vols.  air  and  4  vols. 
HC1  ;  Cl  is  evolved  (v.  Deacon,  C.  J.  [2]  10, 
Probably  CuCl2  is  formed  and  decom- 
posed to  Cu2Cl2  and  Cl,  and  the  Cu2Cl2  is  again 
decomposed  by  the  air  to  CuO  and'Cl,  the  CuO 
l.fing  changed  to  CuCL  by  the  HC1  (Hengsen, 

B.  9,  1674). 

Preparation.   —  1.     100    grams    pyrolusitc 


(Mn02)  free  from  carbonates  are  well  mixed 
with  130  grams  NaCl,  and  placed  in  a  capacious 
flask ;  a  cold  mixture  of  125  c.c.  cone.  H2S04 
(S.G.  1-85)  with  105  c.c.  water  is  added.  Cl  is 
evolved ;  after  a  time  the  flask  is  warmed  in  a 
water  bath ;  about  80  grams  of  Cl  are  obtain- 
able from  the  above  quantities.  The  Cl  carries 
over  with  it  a  little  HC1,  and  sometimes  MnCl2 ; 
it  is  passed  through  CuS04Aq  (CuCl2Aq  and 
H2S04  are  formed)  and  then  through  water.  If 
dry  Cl  is  required  the  gas  must  be  passed 
through  several  tubes  containing  CaCl2  and 
through  one  or  two  long  tubes  filled  with 
pumice  soaked  in  boiled  H2S04.  The  gas  may 
be  collected  by  downward  displacement,  or 
over  warm  water  or  saturated  NaClAq. — 2. 
Crystals  of  K2Cr207  are  acted  on  by  cone. 
HClAq  in  a  capacious  flask,  the  acid  being 
added  little  by  little  (14HClAq  +  K2Cr,O7 
=  Cr2Cl6Aq  +  2KClAq  +  7H20  +  3C12).—  3.  Chlor- 
ide of  lime  is  decomposed  by  HClAq 
(Ca(ClO),  +  4HClAq  =  CaCl,Aq  +  2H,0  +  201,). 
Kammerer  (B.  9,  1548)  describes  a  lecture- 
apparatus  for  the  convenient  preparation  of 
Cl,  based  on  this  reaction.  Dry  chloride  of 
lime,  intimately  mixed  with  burnt  gypsum, 
is  slightly  moistened  so  that  it  can  be  rolled 
with  difficulty  into  balls  between  the  fingers; 
the  mixture  is  powdered  in  an  iron  mortar 
and  then  beaten  into  an  iron  frame  10-12  mm. 
in  height;  the  frame  is  then  covered  with 
oilcloth  and  very  strongly  compressed ;  the  com- 
pressed plate  is  cut  into  cubes,  which  are  pre- 
served in  a  stoppered  bottle.  When  these  cubes 
are  used  in  a  Kipp's  apparatus  with  HClAq  of 
S.G.  1-124  (free  from  H2S04)  diluted  with  its 
own  volume  of  water,  a  steady  stream  of  chlorine 
is  obtained  (Winkler,  B.  20,  184). 

Liquid  Chlorine  is  prepared  (Faraday,  T. 
1823.  160  &  198)  by  placing  crystals  of  C1.5H2O, 
thoroughly  pressed  between  folds  of  paper 
at  0°,  in  the  closed  end  of  a  A.  tube,  closing 
the  other  end,  placing  the  C1.5H20  in  water  at 
35°,  and  the  other  limb  of  the  tube  in  a  mix- 
ture of  snow  and  salt  (v.  also  Biewend,  J.  pr. 
15,  440).  Mohr  (A.  22,  162)  places  a  mixture  of 
dry  KHS04,  NaCl,  and  MnO2  in  the  longer  limb 
of  a  A  tube,  and  above  this  a  layer  of  CaCl2 ; 
the  shorter  limb  is  closed,  and  placed  in  a  mix- 
ture of  snow  and  salt ;  the  mixture  in  the 
longer  limb  is  then  heated,  and,  when  liquid  Cl 
has  collected  in  the  other  limb,  is  again  cooled 
to  prevent  re-absorption  of  the  Cl.  The  opera- 
tion must  be  conducted  in  the  dark,  else  HC1 
andO  are  produced,  and  the  tube  is  liable  to  be 
broken.  Liquid  Cl  is  solidified  by  surrounding 
with  liquid  C2H4  and  lowering  the  pressure 
(Olszewski,  M.  5, 127). 

Properties. — A  greenish-yellow  gas,  becoming 
darker  in  colour  when  heated  ;  very  irritating 
odour ;  liquefied  at  15°  under  pressure  of  4  atmo- 
spheres (Faraday,  T.  1823. 160  &  198);  at  0°  under 
pressure  of  6  atmospheres,  and  at  12-5°  under 
8|  atmos.  (Niemann).  Liquid  Cl  is  dark  yellow ; 
immiscible  with  water ;  S.G.  1-33 ;  B.P.  -  33-6° 
at  760  mm. ;  non-conductor  of  electricity  (Reg- 
nault). Very  poisonous  ;  even  when  mixed 
with  much  air  it  attacks  the  mucous  membranes 
and  causes  irritation  and  even  blood-spitting. 
When  working  with  Cl,  the  nose  and  mouth 
should  be  protected  by  a  charcoal  respirator,  or 


CHLOBINE. 


11 


by  a  cloth  clipped  in  alcohol.  Absorbed  by 
porous  substances,  e.g.  charcoal,  with  production 
of  heat  (v.  Melsens,  C.  R.  76,  92) ;  not  combus- 
tible in  0,  but  burns  in  H  producing  HC1.  Dis- 
solves in  water  with  production  of  heat,  [Cl2,Aq] 
=  2600  (Th.  2,  400).  Schonfield  gives  these 
data  (A.  93,  26  ;  95,  8)  :— 

1  vol.  water  absorbs  x  vols.  Cl  at  760  mm. 


t°     X         t°     X         t°      X 

10  2-5852  |,  21  2-1148 

31  1-7104 

11  2-5413 

22  2-0734 

32  1-6712 

12  2-4977 

23  2-0322 

33  1-6322 

13  2-4543 

24  1-9912 

34  1-5934 

14  2-4111 

25  1-9504 

35  1-5550 

15  2-3681 

26  1-9099 

36  1-5166 

16  2-3253 

27  1-8695 

37  1-4785 

17  2-2828 

28  1-8295 

38  1-4406 

18  2-2405 

29  1-7895 

39  1-4029 

19  2-1984 

30  1-7499 

40  1-3655 

20  2-1565 

Solubility  is  greatest  at  10° ;  chlorine-water  is 
therefore  best  prepared  by  leading  Cl  into  H2O 
kept  at  about  10°  and  repeatedly  shaking. 
Solution  of  Cl  in  H20  has  smell  of  gaseous  Cl ; 
it  freezes  at  0°,  giving  Cl  hydrate  and  ice  (v.  Com- 
binations, No.  3) ;  loses  all  Cl  on  boiling  (on  loss 
of  Cl  from  Cl-water  at  100°  in  closed  vessels,  v. 
Pickering,  C.  J.  37,  139) ;  decomposes  quickly 
in  direct  sunlight  into  HC1  and  0.  The  pre- 
sence of  HC1  in  Cl-water  is  detected  by  shaking 
with  Hg  until  the  smell  of  Cl  is  removed,  filter- 
ing, and  testing  filtrate  with  blue  litmus  and 
with  AgNO3Aq. 

The  atomic  weight  of  Clhas  been  determined 
(1)  by  analyses,  and  determinations  of  V.D.,  of 
many  gaseous  compounds,  e.g.  C1H,  C1T1, 
CLjZn,  Cl,Bi,  C14C,  Cl5Ta,  C16W,  &o. ;  (2)  by 
comparison  of  chlorides,  &c.,  with  isomorphous 
bromides,  iodides,  &c. ;  (3)  by  conversion  of  Ag 
into  AgCl  by  Berzelius  (P.  8,  17) ;  by  conversion 
of  NaClO3  and  KC1O,  into  NaCl  and  KC1  by 
Penny  (T.  129,  25) ;  by  conversion  of  KC1O3  to 
KC1,  and  KC104  to  KC1,  by  Marignac  (A.  44, 18) ; 
by  conversion  of  KC103  to  KC1  by  heat,  and  by 
decomposition  of  KC103  by  HC1,  by  Stas  (Eecli. 
118) ;  by  heating  Ag  in  Cl,  by  ppg.  Ag  solution 
by  gaseous  HC1,  also  by  HClAq,  also  by 
NH4ClAq,  by  Stas  (Bech.  38,  42,  44) ;  by  reducing 
AgC103  by  SO,Aq  by  Stas  (Nouv.  R.  208). 

The  atom  of  Cl  is  monovalent  in  gaseous 
molecules.  Cl  acts  as  a  very  negative,  acid- 
forming,  element ;  it  appears  to  be  positive  to 
0,  and  probably  to  F.  Combines  with  all  ele- 
ments except  F,  directly  with  all  except  N,  0, 
C,  and  F  ;  with  many  elements  combination 
occurs  at  ordinary  temperatures  with  production 
of  much  heat  (v.  CHLORIDES).  Emplacement  of 
H  in  carbon  compounds  by  Cl  is  usually  accom- 
panied by  production,  or  increase,  of  acidic 
character;  e.g.  relative  affinity  of  CH2C1.CO_H 
is  greater  than  that  of  CH3.CO,H  (v.  AFFINITY, 
vol.  i.  p.  83).  Heats  of  formation,  in  solution, 
of  metallic  chlorides  are  greater  than  those  of 
corresponding  bromides  or  iodides ;  bromides  are 
wholly  or  partially  decomposed,  iodides  are  easily 
decomposed,  by  Cl.  At  least  two  oxides  of  Cl  are 
known  as  gases  ;  one  oxy-acid,  HC104,  has  been 
obtained  in  separate  and  definite  form  (v. 
CHLORIDES  ;  HALOGEN  ELEMENTS  ;  and  HALOGEN 

ELEMENTS,  BINARY  COMPOUNDS  OF). 


The  S.G.  of  Cl  gas  at  200°  was  found  by  Lud- 
wig  to  be  2-45  (air  =  1)  (B.  1,  232).  Many  deter- 
minations have  been  made  by  V.  Meyer  and  his 
pupils,  using  Cl  prepared  before  and  also  during 
the  experiments  ;  the  general  result  is  that  the 
S.G.  of  Cl  is  very  slightly,  if  at  all,  less  at  high 
temperatures,  1000°-1400°,  than  at  a  red  heat 
(v.  Langer  a.  Meyer,  B.  15,  2769 ;  also  Crafts, 
B.  16,  457)  ;  but  that  the  S.G.  of  Cl  formed  in 
the  apparatus  by  heating  PtCl2  at  1200°,  is  2-05 
(air  =  1)  in  place  of  2-45  calculated  for  CL,  (v. 
V.  Meyer,  B.  13,  721).  The  determinations  of 
Jahn  (B.  15,  1242)  show  that  Cl  does  not  attain 
the  S.G.  calculated  for  CLj  until  it  is  heated  to 
about  240°  above  its  B.P. ;  the  differences  be- 
tween the  observed  and  calculated  numbers  are 
however  very  small,  much  less  than  the  differ- 
ences in  the  case  of  Br  (q.  v.)  (v.  HALOGEN  ELE- 
MENTS). 

Reactions. — 1.  Cl  dissolves  in  water  with  pro- 
duction of  heat  [Cl'.Aq]  -  2,600  (Th.  2, 400) ;  the 
solution  decomposes,  rapidly  in  direct  sunlight, 
with  formation  of  HC1  and  0 ;  according  to 
Popper  (A.  227,  161)  HC103  is  also  formed. 
Chlorine  water  therefore  acts  as  an  oxidiser,  e.g. 
in  bleaching  (Poussaint,  A.  137,  114).  The 
thermal  value  is,  2[H,C1,  Aq]-[H2,O]  =  10,270 
(Thomsen). — 2.  Cl  decomposes  steam  rapidly 
when  a  mixture  of  the  two  is  passed  through  a 
red-hot  tube. — 3.  Aqueous  solutions  of  potash  (or 
soda)  absorb  Cl,  yielding  KC1  and  KC10  in  cold, 
and  KC1  and  KC1O3  in  hot,  solution :  Ca(OH)2 
absorbs  Cl  forming  CaOCl.Cl. — 4.  Aqueous  am- 
monia yields  NH4C1  and  N ;  if  Cl  is  in  excess 
chloride  of  N  is  formed. — 5.  The  more  basic 
metallic  oxides  are  decomposed  by  Cl,  when  dis- 
solved or  suspended  in  water,  with  formation 
of  metallic  chloride  and  peroxide,  or  metallic 
chloride  and  an  oxygen  compound  of  Cl  (v. 
CHLORINE,  OXIDES  OF).  Many  metallic  oxides 
when  heated  in  Cl  give  chlorides  and  0  ;  in 
some  cases,  e.g.  A1203,  B203,  0  is  removed  only 
when  Cl  is  passed  over  a  hot  mixture  of  the 
oxide  with  carbon. — 6.  All  compounds  of  hydro- 
gen, except  HF,  are  decomposed  by  Cl  with 
formation  of  HC1 ;  many  at  ordinary  tempera- 
tures ;  e.g.  H3P,H3As,  H2S,  HI.— 7.  All  metallic 
bromides,  iodides,  and  sulphides  are  decomposed 
either  at  ordinary  or  higher  temperatures. — 
8.  Carbon  compounds  containing  hydrogen  are 
usually  easily  decomposed  by  Cl,  with  formation 
of  HC1,  and  frequently  with  separation  of  C ; 
turpentine  e.g.  burns  in  Cl  with  a  deposit  of 
soot.  Some  vegetable  colours  are  bleached  by 
Cl  by  direct  removal  of  H ;  in  most  cases,  how- 
ever, the  action  requires  the  presence  of  H..O 
and  is  due  to  the  0  evolved  in  contact  with  the 
colouring  matter.  (For  the  reactions  of  Cl  with 
Ag  salts  v.  Krutwig,  B.  14,  304.)— 9.  An  aqueous 
solution  of  sodium  thiosulpliate  is  decom- 
posed by  Cl ;  the  chief  reactions  are  (1) 

Na.,S203Aq  +  5H20  +  8C1 
=  Na,SO>q  +  SHClAq  +  H2S04Aq ; 

(2)  Na.,S.(03Aq  +  2C1  +  H.,0 

=  Na,S04Aq  +  2HClAq  +  S ;  (3)  2Na,S203Aq  +  C12 
-  Na,S4OtiAq  +  2NaClAq.  On  dilution  H2S  is 
evolved ;  probably,  2Na.,S.,03Aq 

=  Na,S3OriAq  +  Na.,SAq  ;  and  then 

Na.,SAq  +  2HClAq  (formed  as  in  (1)) 

=  2NaClAq  +  H.,S  (v.  Lunge,  B.  12,  404).— 10. 

Many  salts  are  decomposed  by  Cl  with  formation 
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of  aqueous  solutions  of  HC10  :  e.g. 
Na.,C03Aq  +  H.,O  +  2Cl2 
=  2NaClAq  +  2HOClAq  +  C02; 
CaC03  (suspended  in  H20)  +  H20  +  2C1, 
=  CaCl.jAq  +  C02  -I-  2HOClAq  :  (v.  CHLORINE,  OXY- 
ACIDS  OF).— 11.  Iodine  suspended  in  water   is 
converted      into      HI03 :      I2Aq  +  5C1,  +  6H20 


Combinations.— 1.  Directly  with  all  elements 
except  O,  N,  C,  and  F ;  indirectly  also  with 
O,  N,  and  C.  In  most  cases  much  heat  is  produced 
(v.  CHLORIDES).  Dry  Cl  has  no  action  on  dry 
Na  (Wanklyn,  C.  N.  20,  271) ;  K,  Na,  and  Sb, 
do  not  combine  with  liquid  Cl  at  -80°;  P  and 
As  on  the  other  hand  combine  readily  (Donny  a. 
Mareska,  A.  56,  160).  The  combination  of  Cl 
and  H  takes  place  slowly  in  the  dark,  but  very 
rapidly  and  explosively  in  direct  sunlight,  in 
electric  light,  in  Mg  light,  or  in  the  light  pro- 
duced by  burning  CS,  in  NO;  [H,  Cl]  =  22,000 
(Thomsen).  For  more  details  regarding  the  com- 
bination of  Cl  and  H  v.  CHLORHYDRIC  ACID,  p.  5  ; 
also  CHEMICAL  CHANGE,  vol.  i.  p.  749. — 2.  Cl  con- 
densed in  charcoal  combines,  without  the  aid  of 
heat  or  light,  with  sulphur  dioxide  to  form  S02C12 
(Melsens,  C.  R.  76,  92).—  3.  Cl  combines  with 
water',  when  a  saturated  aqueous  solution  is 
cooled  to  0°,  or  when  Cl  is  led  into  H20  kept 
nearly  at  0°,  crystals  of  C1.5H..O  separate  out 
(Faraday,  Q.  J.  S.  15,  71).  This  hydrate  is 
best  prepared  by  passing  Cl  into  a  little  water 
in  a  flask  surrounded  by  ice,  till  the  water  is 
changed  to  a  thick  yellowish  magma ;  and  then 
pressing  strongly  between  thick  layers  of  paper 
kept  at  0°.  Cl.5H.jO  at  -  50°  forms  white  tri- 
metric  octahedra,  which  may  be  sublimed  (?  with 
partial  decomposition)  in  a  closed  vessel  filled 
with  Cl,  the  upper  part  being  kept  below  0°. 
Cl.5H.jO  decomposes  at  ordinary  temperatures 
and  pressures  with  evolution  of  Cl  and  formation 
of  Cl  water ;  in  a  closed  tube  it  separates  into 
Cl  and  H20  at  about  35° ;  on  cooling  to  15°  or 
so  the  CL5H.X)  is  re-formed  (v.  p.  10,  Liquid 
chlorine)  (compare  Wohler,  A.  85,  374). 

Detection  and  Estimation. — Chlorine  decom- 
poses KIAq  giving  KClAq  and  lAq,  the  I  is 
detected  by  the  blue  colour  it  produces  with 
starch  paste.  Soluble  chlorides  ppt.  Ag  as  white 
AgCl  from  AgNO^q.  Solid  chlorides  when 
heated  with  K2Cr207  and  cone.  H2S04  produce 
gaseous  CrO2Cl2  which  is  easily  condensed  to  a 
reddish-brown  liquid ;  bromides  and  iodides 
under  similar  conditions  give  Br  and  I  re- 
spectively. 

Chlorine  in  dilute  aqueous  solutions  may  be  I 
estimated  volumetrically  (1)  by  determining  the  ' 
mass  of  I  (by  means  of  standardised  Na.,S.,O3Aq) 
set  free  from  KIAq  by  the  Cl,  or  (2)  by  gently 
warming  in   a    closed   vessel  with    excess    of 
N;i  S.OjAq— whereby  part   of  the    Na,S,03    is 
changed  to  NaHS04— decomposing  the  remain- 
ing Na2S2O3  by  boiling  with  HClAq,  and  esti- 
mating the  sulphate   produced   by  the    usual 
methods.     Chlorides,  in  solution,  may  be  esti-  ' 
mated  (1)  by  ppg.    as  AgCl,  washing,    drying, 
slightly  fusing,  and  weighing  ;  or  (2)  volumetri-  I 
cally  by  means  of  standardised  AgNO.,Aq,  in  I 
presence  of  a  very  little  K^Cr04Aq ;  the  AgN03Aq 
is  added  until  the  whole  of  the  chlorine  is  ppd. 
as  AgCl,  the  completion  of  the  reaction  being  i 
determined  by  noticing  the  production  of  red 


Ag2Cr04 :  the  chloride  ought  to  be  present  in 
the  liquid  as  alkali  or  alkaline-earth  chloride ; 
the  liquid  must  be  neutral  to  litmus.  The  re- 
action of  chlorides  with  K2Cr207  and  cone. 
H2S04  may  also  be  applied  to  the  estimation 
of  Cl  in  presence  of  I  and  Br  (v.  Dechan,  C.  J. 
[2]  49,  682).  M.  M.  P.  M. 

CHLORINE,  BROMIDE  OF:  better  called 
Bromine  chloride ;  v.  BROMINE. 

CHLORINE,  CYANIDES  OF:  better  called 
Cyanogen  chlorides  ;  v.  CYANOGEN. 

CHLORINE,  HYDRATE  OF.  C1.5H20.  Ob- 
tained by  passing  Cl  into  H20  at  0°  ;  v.  CHLO- 
RINE ;  Combinations,  No.  3. 

CHLORINE,  IODIDES  OF:  IC1  and  IC13: 
better  called  Iodine  chlorides ;  v.  IODINE. 

CHLORINE,  OXIDES  OF.  Chlorine  and 
oxygen  do  not  combine  directly.  Two  oxides  of 
Cl,  C120  and  C102,  certainly  exist ;  a  third  is 
usually  described  as  C1203,  but  it  is  probably  a 
mixture  of  C102  and  Cl  (v.  CHLORINE  TRIOXIDE). 
They  are  all  unstable  bodies,  easily  decomposing 
into  their  elements.  C120  is  the  anhydride 
of  HC10,  but  this  acid  is  known  only  in  dilute 
aqueous  solutions.  The  anhydride  Cl^O  cannot 
be  obtained  from  solutions  of  the  acid ;  C12O 
is  prepared  by  the  action  of  Cl  on  dry  HgO. 
The  supposed  Cl.,03  is  said  to  be  obtained  by 
reducing  HC103Aq,  generally  by  As406.  C1O2  is 
not  an  anhydride  of  a  definite  acid ;  it  is  obtained 
by  the  action  of  H  ,S04Aq  on  KC103 ;  on  addition 
of  H.,O,  or  KOHAq,  it  forms  HC102Aq  and 
HClO3Aq,  or  KC10.2Aq  and  KC103Aq.  The  hypo- 
thetical anhydrides  of  HC103  and  HC104,  viz. 
C1205  and  Cl,07,  are  unknown.  The  heat  of 
formation  of  OLO  is  negative ;  [C12,0]  =  — 17,900 
(Thomsen).  The  heat  of  formation  of  the  only 
known  oxide  of  I,  viz.  I,05,  has  a  large  positive 
value  [F,05]  =  45,000  (Thomsen). 

Berthelot  discovered  KC103  in  1786  ;  it  was 
long  known  as  oxidised  potassiiLm  chloride. 
Other  compounds  containing  Cl  and  0  were 
prepared  and  examined  by  Chevenix  (1802), 
Stadion  and  Davy  (1815),  and  by  Balard  (1834). 
Millon  in  1843  added  much  to  the  knowledge  of 
the  oxy-  compounds  of  Cl.  In  more  recent  times 
Carius,  Brandau,  and  Pebal  have  examined 
these  compounds.  The  body  called  by  Davy 
eu  chlorine,  obtained  by  the  action  of  HClAq  on 
KC103,  and  supposed  by  him  to  be  an  oxide  of 
Cl,  has  been  proved  to  be  a  mixture  of  C1O2  with 
Cl.  Millon's  compounds  C16013  and  C16017  have 
also  been  shown  to  be  mixtures  (H.  Davy,  T. 
1815.  214;  Gay-Lussac,  A.  Ch.  8,  408;  Sou- 
beiran,  A.  Ch.  48, 113  ;  J.  Davy,  N.  Ed.  P.  J.  17, 
49  ;  Millon,  A.  Ch.  [3]  7,  298  ;  Pebal,  A.  Ill,  1). 

I.  CHLORINE  MONOXIDE.  C12O.  (Hijpochlorous 
anhydride.}  Mol.  w.  86*7.  "  (5°  at  738  mm.) 
(Garzarolli-Thurnlackh,  A.  230,  273).  V.D. 
43-5  at  10°.  [Cr-',0]  =  - 17,930  (Th.  2,  399).  S.G. 
2-977  (air  =  1).  Absorption-spectrum  shows 
bands  in  blue  and  violet  (Gernez,  C.R.  74,  803). 
S.  (0°)  about  200. 

Preparation. — Precipitated  HgO  is  heated  to 
about  300°  for  some  time,  and  cooled  (Pelouze, 
A.  46,  195)  ;  it  is  placed  in  a  long  tube  sur- 
rounded by  water ;  well  washed  and  thoroughly 
dried  Cl  is  passed  through  the  tube.  The  re- 
action is  HgO  +  2C12  =  HgCl2  +  Cl,0  ;  the  ClaO  is 
passed  into  dry  flasks;  as  each  is  filled  it  is 
closed  with  a  glass  stopper  which  is  then 
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covered  with  paraffin.  If  liquid  C120  is  required 
the  tube  containing  HgO  is  connected  with  a  Y 
tube,  the  upper  part  of  which  is  cooled  to  at 
least  —20°.  Ladenburg  (B.  17, 157)  recommends 
cooling  by  alcohol,  the  temperature  of  which  is 
reduced  to  —  40 J  by  a  small  ammonia-freezing 
machine — dry  test  tubes  surrounded  by  ice  and 
salt  are  placed  under  the  Y  tube,  and  a  few 
drops  of  C120  are  collected  in  each  tube.  In 
this  way  the  principal  reactions  of  liquid  C120 
may  be  demonstrated  without  danger  (v.  Laden- 
burg,  I.e.).  If  crystalline  HgO  is  used,  no  action 
occurs  between  it  and  Cl ;  if  ordinary  ppd.  HgO 
is  employed  the  action  is  too  rapid,  much  heat 
is  evolved,  and  no  C120,  but  only  0,  is  obtained. 

Properties. —  Reddish -yellow  gas,  with  very 
irritating  odour:  condenses  at  about  -20°  to  a 
blood-red  liquid  which  boils  at  about  —17° 
(Pelouze,  A.  Ch.  [3]  7,  176).  Both  gas  and 
liquid  are  very  easily  decomposed,  sometimes 
with  violent  explosion,  into  Cl  and  0  ;  pouring 
the  liquid  from  one  glass  vessel  to  another,  or 
contact  with  a  scratch  on  the  glass,  may  suffice 
to  bring  about  an  explosion.  Eise  of  tempera- 
ture, or  the  action  of  electric  sparks,  causes  the 
gas  to  explode,  with  production  of  Cl  and  0 
(Balard,  A.  Ch.  57,  225;  Gay-Lussac,  C.  B.  14, 
927).  The  gas  is  said  to  decompose  in  sunlight 
without  explosion  into  Cl  and  0,  the  volumes  of 
these  gases  being  as  2:1. 

Reactions  and  Combinations. — 1.  Powdered 
metals  form  chlorides  and  oxides,  or  oxychlor- 
ides,  frequently  with  explosion. — 2.  Many  me- 
tallic oxides  react  with  the  gas  to  form  chlorides 
and  higher  oxides  ;  Ag20  gives  AgCl  and  O. — 
3.  Phosphorus,  Sulphur,  and  Selenion,  form 
chlorides  and  oxides,  with  explosion. — 4.  Hy- 
drogen, in  sunlight,  decomposes  the  gas  ex- 
plosively, producing  HC1  and  H,0. — 5.  Freshly 
heated  carbon,  cooled  under  Hg,  detonates  in 
Cl,0 ;  Cl,  0,  and  a  little  C02  are  formed.— 6. 
Hydrochloric  acid  gas  forms  H20  and  Cl. — 
7.  Acetic  anhydride,  (C2H30)20,  absorbs  the  gas 
forming  the  very  unstable  compound  C2H3O.OC1 
(Schiitzenberger,  C.  B.  53,  538).— 8.  The  liquid 
Cl.,0  sinks  in  water,  and  then  slowly  dissolves 
forming  HClOAq  (q.  v.).  Water  at  0°  absorbs 
more  than  200  times  its  volume  of  gaseous 
C120  :  the  solution  contains  HC1O. 

Method  of  Analysis.  The  gas  was  slowly 
passed  through  a  narrow  glass  tube  with  three 
bulbs  blown  on  it,  the  part  of  the  tube  before 
the  first  bulb  being  heated ;  by  this  means  the 
gas  was  decomposed,  and  the  three  bulbs  were 
tilled  with  the  products  of  this  decomposition, 
viz.,  Cl  and  0.  The  bulbs  were  sealed  by  the 
blowpipe,  and  each  was  then  opened  under 
KOHAq  ;  the  Cl  was  thus  absorbed  while  the  0 
remained.  The  volume  of  KOHAq  was  mea- 
sured ;  the  bulbs  were  filled  with  KOHAq  and 
the  total  volume  was  determined.  The  result 
was  that  2  vols.  Cl  were  found  in  each  bulb  with 
1  vol.  0.  The  weights  of  Cl  and  0  formed 
were  calculated,  and  the  weight  of  the  volume 
of  the  undecomposed  gas  which  the  bulb  would 
contain  when  full  was  calculated  from  the 
observed  S.G.  of  the  gas.  It  was  thus  found 
that  2  vols.  of  the  gas  are  decomposed  by  heat 
into  2  vols.  Cl  and  1  vol.  0.  This  calculation 
assumes  that  the  gas  entering  the  small  bulb 
contains  no  free  Cl  or  0  (Hegnault). 


References.— Berthollet,  Statique  Chimique, 
2,  183.  Wagemann,  G.  A.  35,  115.  Geiger, 
R.  P.  15,  40.  Grouvelle,  A.  Ch.  17,  37.  Ber- 
zelius,  P.  12,  529.  Liebig,  P.  15,  541.  Sou- 
beiran,  A.  Ch.  48,  113.  Balard,  A.  Ch.  57,  225. 
Martens,  A.  Ch.  61,  193.  Gay-Lussac,  C.  B. 
14,  927.  Pelouze,  A.  Ch.  [3]  7,  176.  Kolb, 
A.  Ch.  [4]  12,266. 

II.  CHLORINE  PEROXIDE.  CIO.,.  (Chlorine 
dioxide  or  tetroxide.)  Mol.  w.  67*29.  V.D. 
38-5  ,  34-5  at  10-7°  and  718  mm.  (Pebal  a. 
Schacherl,  A.  213,  113).  S.G.  2-315  (air  =  1). 

Preparation.  —  1.  About  100  grams  pure 
cone.  H2S04  is  placed  in  a  platinum  dish 
surround'ed  by  snow  and  salt;  from  15  to  20 
grams  dry  finely  powdered  KC103  is  added  little 
by  little,  with  stirring  with  a  glass  rod  after 
each  addition.  When  so  much  KC103  has  been 
added  that  the  contents  of  the  dish  form  a  thick 
oily  liquid,  this  is  carefully  poured  through  a 
funnel  into  a  glass  flask,  with  the  neck  drawn 
out,  of  a  size  such  that  it  is  not  more  than  one- 
third  filled  with  the  liquid.  The  greatest  care 
must  be  taken  to  keep  the  neck  of  the  flask  per- 
fectly free  from  the  oily  liquid.  The  flask  is 
kept  cold ;  a  piece  of  glass  tubing  of  the  same 
diameter  as  the  end  of  the  drawn-out  neck  of 
the  flask  is  pressed  closely  against  the  end  of 
this  neck,  and  the  joint  is  made  tight  by  caou- 
tchouc. The  flask  is  then  placed  in  a  water  bath 
and  very  slowly  heated  to  20°,  and  after  some 
time  to  30°-40°  ;  the  gas  is  collected,  by  down- 
ward displacement,  in  small  dry  flasks,  or  it 
may  be  liquefied  by  passing  into  small  tubes 
surrounded  by  snow  and  salt.  The  whole  opera- 
tion is  best  conducted  by  gas-light  (Millon, 
J.  pr.  29,  401 ;  Cohn,  J.  pr.  83,  54).  If  the 
liquid  is  prepared  each  tube  should  not  contain 
more  than  1  or  2  drops  ;  the  liquid  is  frightfully 
explosive.  The  gas  prepared  as  above  always 
contains  a  little  Cl  and  0. — 2.  According  to 
Jacquelain  (A.  Ch.  30,  339)  fairly  pure  C1O2 
may  be  obtained  by  the  action  of  a  mixture  of 
equal  volumes  of  cone.  H2S04  and  water  on 
pure  KC10;j,  in  a  flask  with  a  long  neck,  placed 
in  water  at  70°  so  that  half  the  neck  is  im- 
mersed.— 3.  If  a  very  intimate  mixture  of  3  pts. 
finely  powdered  KC1O3  with  13  pts.  finely  pow- 
dered crystallised  oxalic  acid  is  warmed  in  an 
oil  bath  to  70°  a  mixture  of  CIO,  and  CO,  is 
evolved  regularly  and  without  danger ;  five- 
sixths  of  the  Cl  of  the  KC103  forms  C102  and 
one-sixth  remains  as  KC1  (Calvert  a.  Davies, 
C.  J.  11,  193;  v.  also  Schacherl,  A.  206,  75). 

Properties. — Yellowish-green  gas,  condens- 
ing (by  snow  and  salt)  to  a  red-brown  liquid ; 
and  solidifying  at  about  -  59°  (ether  and  solid 
CO2  in  vacuo)  to  hard,  brittle  crystals,  resem- 
bling K,Cr207  in  appearance  (Faraday,  T.  1845. 
155).  Both  gas  and  liquid  are  frightfully  ex- 
plosive ;  explosions  often  occur  without  any 
assignable  cause.  S.G.  of  liquid  C102  about  1-5. 
B.P.  about  9°  (Pebal,  A.  177,  1).  In  a  vessel 
wholly  made  of  glass,  liquid  C102  boils  at  9'9° 
under  pressure  of  730*9  mm.  without  explosion 
(Schacherl,  A.  204,  68).  The  gas  has  an  irri- 
tating odour,  resembling  that  of  NO, ;  it  does 
not  affect  litmus  paper;  it  is  unchanged  in 
the  dark,  but  decomposes,  usually  explosively, 
in  sunlight. 

Reactions  and  Combinations.—!..  Easily  oxi- 
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dised  bodies,  e.g.  P,  or  S,  burn  in  C1O2,  usually 
with  explosion.— 2.  Mercury  absorbs  the  gas 
and  decomposes  it  with  detonation. — 3.  Hydro- 
gen (8  vols.  H  +  3  vols.  C102)  decomposes  C102 
explosively  in  presence  of  spongy  Pt,  or  of  elec- 
tric sparks,  forming  H20  and  HC1  (Blundell,  P. 
2,  216 ;  Stadion,  G.  A.  52,  197  a.  339).— 4.  Ac- 
cording to  Kammerer  (P.  138,  404)  bromine  and 
iodine  do  not  react  with  gaseous  C102. — 5.  Many 
organic  compounds  cause  explosion  of  C102  at 
ordinary  temperatures.  —  6.  Liquid  C102  ex- 
plodes when  a  piece  of  potash  is  placed  in  it ;  if 
water  is  present,  a  mixture  of  equal  equivalents 
of  KC1O,  and  KC10a  is  formed,  much  heat  being 
produced. — 7.  Liquid  C102  sinks  in  water ;  on 
shaking,  much  gas  is  given  off,  an  explosion 
usually  takes  place,  and  the  water  contains 
HC1O2  and  HC103.  If  the  water  is  kept  at  0° 
yellow  crystals  are  formed  which  cannot  be 
melted  without  evolution  of  considerable  quan- 
tities of  gas  (Millon,  A.  Ch.  [3]  7,  298).  Water 
at  4°  absorbs  about  20  times  its  own  volume 
of  gaseous  CIO.,,  with  formation  of  HCKXAq 
and  HClOaAq  (Millon,  I.e.)  ;  this  solution  de- 
composes in  sunlight,  giving  off  01  and  O,  and 
after  a  time  only  HC1OS  remains  in  solution.— 
8.  Cone,  sulphuric  acid  at  -18°  absorbs  about 
20  times  its  own  volume  of  gaseous  C102,  be- 
coming yellow  in  colour;  on  removing  the 
acid  from  the  freezing  mixture  the  colour 
changes  to  reddish  ;  at  10°-15°  C102,  C1203  (?), 
and  a  mixture  of  Cl  and  0  in  the  proportion  of 
2  vols.  to  3  vols.,  are  evolved ;  when  gas  ceases 
to  come  off,  the  residue  contains  HC104  (Sta- 
dion, Q.  A.  52, 197  a.  339 ;  Millon,  A.  Ch.  [3]  7, 
298). 

MetJwd  of  Analysis.— (Peb&l,  A.  177,  1; 
213,  112).  The  gas  was  prepared  by  gently 
warming  H2SO4Aq  (1  vol.  cone,  acid  to  2  vols. 
water)  with  a  mixture  of  oxalic  acid  and  po- 
tassium chlorate;  it  was  washed  by  passing 
through  a  little  water,  dried  by  CaCl2,  and 
liquefied  in  a  small  glass  bulb  with  two  glass 
necks  surrounded  by  CaCl2  and  snow.  When 
about  3  c.c.  of  the  liquid  were  obtained,  the 
evolution  of  gas  was  stopped ;  one  neck  of 
the  glass  bulb  was  closed,  and  the  other  was 
connected  with  a  glass  tube,  furnished  with 
glass  stop-cocks,  placed  in  water.  The  freezing 
mixture  was  removed,  and  gaseous  C102  was 
allowed  to  pass  slowly  through  the  glass  tube 
till  all  air  was  removed ;  the  stop-cocks  of  the 
tube  were  then  closed,  and  the  temperature  of 
the  water  and  the  reading  of  the  barometer  were 
determined.  The  glass  tube  full  of  C102  was 
surrounded  by  fine  wire  gauze  (in  case  an  explo- 
sion should  occur),  and  the  water  was  gently 
warmed  until  decomposition  of  the  gas  oc- 
curred ;  the  temperature  of  the  water  was  then 
allowed  to  come  back  to  the  first  reading.  The 
mixed  gases,  or  a  portion  of  them,  were  then 
transferred  to  a  similar  graduated  glass  tube, 
filled  with  saturated  NaClAq  containing  a  little 
ClAq  and  placed  in  a  cylinder  full  of  the  same 
solution;  this  solution  absorbs  hardly  any  01 
from  a  mixture  of  Cl  and  0.  The  volume  of  01 
in  the  known  volume  of  the  mixed  gases  was 
determined  by  absorption  by  KIAq.  The  fol- 
lowing results  were  obtained : 

(1)  Volume  -  expansion     on     decomposition 
23-9:30- 14  =  2:3-05; 
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(2)  Ratio  of  Cl-volume  to  0-volume  !M:23-2 
=  1:2-09; 

(3)  Ratio      of      0-volume      to      expansion 
24-65:12-54  =  1-96:1; 

that  is,  2  vols.  chlorine  peroxide  yields  2  vols.  0 

and  1  vol.  Cl.  Then  from  the  weights  of  0  and 
Cl  obtained,  and  the  weight  of  chlorine  peroxide 
used  (calculated  from  the  observed  S.G.  of  the 

[  three  gases)  the  formula  C102  is  deduced.     It  is 

I  possible  that  the  gas  at  low   temperatures,  or 

1  the  liquid,  may  have  the  composition  C12O4. 
C102  may  also  be  analysed  by  allowing  the 
liquid  to  act  on  FeS04Aq  and  determining  the 
Fe23S04  and  the  HC1  produced  ; 

10FeS04Aq  +  5H,S04Aq  +  2C10,, 
=  5Fe23S04Aq  +  2HClAq  +  4H20    (v.  Garzarolli- 
Thurnlackh,  A.  209,  205). 

References.— Stadion,  G.  A.  52,  197  a.  339. 
Davy,  T.  1815.  214.  Gay-Lussac,  A.  Ch.  8, 408. 
Soubeiran,  A.  Ch.  48, 113.  J.  Davy,  N.  Ed.  P.  J. 
17,  49.  Millon,  A.  Ch.  [3]  7,  298.  Calvert  a. 
Davies,  C.  J.  11,  193.  Cohn,  J.  pr.  85,  53. 
Faraday,  27.  1845.  155.  Blundell,  P.  2,  216. 
Kammerer,  P.  138,  404.  Pebal,  A.  177,  1. 
Garzarolli-Thurnlackh,  A.  209,  184. 

III.  CHLORINE  TBIOXIDE.  C1203.  (Chlorous 
anhydride.)  The  existence  of  this  body  is 
very  doubtful.  The  results  obtained  by  Millon, 
Carius,  Schiel,  Ac.  differed  considerably:  thus 
Millon  could  not  liquefy  the  gas  he  obtained ; 

!  Schiel  and  others  obtained  a  dark  reddish-brown 

|  liquid  by  passing  the  gas  into  a  tube  in  snow 
and  salt.  Brandau  determined  the  S.G.  of  the 

!  gas  to  be  4-07  at  9°,  4-02  at  13°,  and  317  at 
16°;  Millon  gave  the  S.G.  as  2-65  and  Schiel 
as  2-6-2-73.  (The  calculated  S.G.  of  C1203  is 
4-109,  air  =  l.)  The  gas  was  analysed  by 
Millon  by  passing  it  over  hot  Cu  and  deter- 
mining the  CuCLj  formed ;  Brandau  dissolved  in 
water  and  titrated  with  KIAq,  he  also  reduced 
by  HN02Aq  and  estimated  the  Cl.  The  results 
cannot  be  regarded  as  satisfactory.  Garzarolli- 
Thurnlackh  (B.  14,  28;  more  fully,  A.  209,  184) 
in  1881  determined  the  relation  between  the 
expansion  of  the  gas  on  decomposing  it  by  heat 
and  the  volume  of  O  thus  obtained ;  he  em- 
ployed Pebal's  method  for  analysis  of  C102 

j  (q.  v.)  ;  the  gas  examined  was  prepared  by  the 
action  of  (1)  KC103  and  HN03Aq  on  As406 

!  (Millon's  method),  (2)  KC103  and  H,S04Aq  on 
C6H..  (Carius's  method  modified  by  Brandau), 

1  (3)  KC103  and  HNOsAq  on  sugar  (Schiel's 
method).  In  every  case  the  volume  of  0  ob- 
tained was  almost  exactly  double  the  total 
expansion  of  the  gas ;  but  if  the  gas  were 
CLj03  the  volume  of  0  must  be  equal  to  the 
total  expansion,  and  this  result  would  hold 
good  if  free  Cl  were  mixed  with  the  CLOa. 

i  Garzarolli-Thurnlackh  concludes  that  the  gas 
supposed  to  be  C12O3  by  Millon  and  Brandau 

j  was  really  a  mixture  of  C102,  with  varying 
quantities  of  Cl,  a  little  O,  and  C02. 

Preparation  of  compound  said  to  be  C1203.— 
1.  Millon  (A.  Ch.  [3]  7,  298)  used  15  pts. 
finely-powdered  As4OH  and  20  pts.  powdered 
KC1O3  made  into  a  thin  cream  with  water ;  to 
this  he  added  60  pts.  pure  HN03Aq  (free  from 
HC1  and  H2S04)  S.G.  1-33,  diluted  with  20  pts. 
H20 ;  the  mixture  was  placed  in  a  flask  of  a 
size  such  that  the  liquid  partly  filled  the  neck, 
an  exit  tube  was  attached,  and  the  contents 
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gradually  warmed  in  a  water-bath  to  about 
25°.  The  gas  may  be  dried  by  CaCl2;  it  is 
collected  in  dry  flasks  by  downward  displace- 
ment. The  flask  should  be  covered  with  a 
thick  cloth  in  case  of  explosion.  Slight  ex- 
plosions sometimes  occur,  but  if  the  process 
is  conducted  carefully  it  is  unattended  with 
danger.— 2.  Schiel  (A.  109,  319)  used  a  mixture 
of  2  pts.  KC103,  '6  to  '8  pts.  cane  sugar,  and 
3.  pts.  HNO.,Aq,  S.G.  1-3  diluted  with  3-4  pts. 
H.,0 ;  the  gas  contained  CO.,.— 3.  Carius  (A. 
140,  317 ;  v.  also  Brandau,  A.  151,  63)  dissolved 
10  pts.  C.H.;  in  100  pts.  cone.  H2S04,  diluted  with 
100  pts.  H20,  after  cooling  added  12  pts.  pow- 
dered KC1O3,  and  heated  to  about  50°  on  a 
water-bath.  The  exit  tube  of  the  flask  was 
connected  with  a  series  of  small  bulbs  contain- 
ing water ;  from  these  the  gas  passed  into  a 
tube  kept  at  — 18° ;  the  liquefled  oxide  was 
separated  from  crystals  of  hydrated  chloric 
acid  (q.  v.).  About  5-7  c.c.  liquid  was  obtained 
from  54  grams  KC103 ;  the  liquid  contained  a 
little  water  and  traces  of  C102  and  HC103. 

Properties  of  the  supposed  compound. — The 
properties  said  to  belong  to  CLO3  resemble  those 
which  characterise  C102 ;  the  former  is  however 
less  explosive.  It  is  described  as  a  greenish- 
yellow  gas,  condensing  to  a  dark  red-brown 
liquid ;  S.G.  about  1-5 ;  the  liquid  volatilises  at 
about  0°,  the  latter  portions  boiling  at  8°-9°. 
The  gas  is  decomposed  into  Cl  and  0  at  about 
57°  with  slight  explosion.  In  contact  with 
most  non-metals,  and  with  Te  and  As  detonation 
occurs.  Pb,  Cu,  Sn,  Sb,  Ag,  Zn,  and  Fe  are 
unchanged  in  the  gas ;  Hg  absorbs  it.  One 
volume  H20  absorbs  8|  vols.  of  the  gas  at  8°  ; 
the  solution  contains  HC1O2,  and  after  a  time 
also  HC103.  Brandau  says  that  if  the  water  is 
at  0°,  a  solid  hydrate  of  HC1O2  containing  from 
50  to  67'5  p.c.  H20  is  produced. 

References.  —  Millon,  A.  Ch.  [3]  7,  298  ; 
De  Vrij,  A.  61,  248  ;  Schiel,  A.  108,  128;  109, 
317 ;  112,  73  ;  116,  115 ;  Carius,  A.  140,  317  ; 
142,  129;  143,  321;  Brandau,  A.  151,  340; 
Garzarolli-Thurnlackh,  B.  14,  28 ;  A.  209,  184. 

M.  M.  P.  M. 

CHLORINE,  OXY-ACIDS  OF.— Four  com- 
pounds are  known,  HC10,  HC102,  HC103,  and 
HC104.  The  anhydride  of  HC10,  viz.  C120,  is 
known ;  the  anhydride  of  HC102,  viz.  C1203,  is 
generally  stated  to  be  known,  but  the  evidence 
is  not  conclusive  (v.  CHLORINE  TRIOXIDE).  Of 
the  acids,  only  HC104  has  been  obtained  in 
definite  form  apart  from  water.  Aqueous  solu- 
tions of  HC10  and  HC10.2  are  easily  decomposed 
on  heating,  giving  HC103Aq  and  HClAq  ;  the 
most  cone,  solution  of  HC103Aq  obtained 
contains  the  acid  and  water  in  the  ratio 
HC10a:4|H2O,  this  solution  decomposes  on 
heating  yielding  HC104Aq,  Cl,  and  0 ;  HClO4Aq 
is  stable,  it  may  be  concentrated  by  distillation 
until  crystals  of  HC104.H,,O  are  obtained;  by 
carefully  heating  these  crystals  the  acid  HC1O4 
is  formed,  this  acid  is  very  easily  decomposed 
with  explosion.  The  following  thermal  data 
are  given  by  Thomsen  (Th.  2,  400)  :— 
[H,Cl,Aq]  =  39,315 

Diff.=  - 9,385 
[H,Cl,0,Aq]  =  29,930 

Diff.=  - 5,990 
[H,Cl,03,Aq]  =  23,940 


These  numbers  would  lead  us  to  expect  that 
neither  HClOAq  nor  HC103Aq  would  be  produced 
by  the  direct  addition  of  0  to  HClAq ;  nor  should 
we  expect  to  form  KC10.,Aq  by  adding  O  toKClAq, 
for  [KClAq,03]  =  -15,370  (Thomson)  ;  the  pro- 
duction of  HClOAq  by  the  direct  combination  of 
Cl  and  0  in  presence  of  H2O  is  also  improbable, 
considering  that  [Cl2,0,Aq]  =  -  8,490  (Thomsen). 
Cl  and  O  do  not  unite  directly,  but  if  a 
moderately  basic  oxide,  e.g.  HgO  or  ZnO,  is 
acted  on  by  Cl  and  H,0,  HClOAq  is  produced  ; 
if  a  strongly  basic  oxide,  e.g.  K2O  or  Na^O,  is 
used,  a  salt  of  HC10  is  formed  in  solution. 
Odling  (Ph.  [2]  1,  469)  says  that  HClOAq  is 
formed  when  a  current  of  air  laden  with  HC1 
is  passed  into  a  warm  solution  of  K.,Mn2O8 
containing  H2S04.  HClOAq  is  also  said  to 
yield  HClO4Aq  by  the  action  of  ozone.  In  the 
ordinary  processes  whereby  HClO3Aq  and 
HC104Aq  are  obtained  from  HClOAq  (or  salts 
of  the  higher  acids  from  salts  of  HC10)  much 
heat  is  produced  in  the  decomposition  of  the 
lower  acid,  or  salt,  and  0  is  set  free  at  the  same 
time  ;  under  these  conditions  the  higher  acids, 
or  salts,  are  formed.  When  KClOAq  is  heated 
KClAq  and  KC103Aq  are  produced  ;  when 
KC103  is  heated,  0  is  evolved  and  KC104  and 
KC1  are  produced ;  on  raising  the  temperature 
KC1  remains  and  all  the  0  is  evolved.  Thom- 
sen (Th.  2,  145)  gives  the  following  thermal 
values  for  the  possible  reactions  between  Cl  and 
K20:— 

,  73,935  if  3KC10Aq  +  3KClAq 

[Cl6,3K-OAq]  =  I    97,945  if   KC103Aq  +  5KClAq 

1 113,315  if  30  +  6KClAq 

are  formed. 

Chloric  acid  is  as  strong  an  acid,  i.e.  its  affinity 
is  as  great,  as  hydrochloric  acid  (v.  AFFINITY, 
vol.  i.  pp.  82,  83)  (comp.  BROMINE,  OXY-ACIDS  OF. 
v.  also  HALOGEN  ELEMENTS). 

Detection  and  Estimation  of  salts  of  HC10, 
HC102,  HC103,  and  HC104. 

I.  Salts  of  HC10  in   solution  react  as  oxi- 
disers  much  in  the   same  way  as   ClAq ;    on 
adding  a  little   extremely  dilute  HN03Aq  and 
distilling,  a   dilute  solution   of  HClOAq  is  ob- 
tained which  (1)    bleaches  indigo  at  once,  but 
does  not  bleach  if  As4O6Aq  is  present,  (2)  gives 
a  brownish  pp.  of  HgO.HgCL,  when  shaken  with 
Hg,  (3)  with  SO._>Aq  forms  a  solution  containing 
1    equivalent     HC1    to     2    equivalents    H2S04 
(HClOAq  +  S02Aq  +  H20  =  H2S04Aq  +  HClAq). 
Hypochlorites  may    be  estimated  by  titration 
with  KIAq  and  Na2S,03Aq. 

II.  Salts   of  HC10,  in   solution  react  very 
much  as  mixtures  of  chlorates  and  chlorides; 
they   are  decomposed  by  H2S04Aq   (1   acid  to 
8-10  water)  with  formation  of  a  yellow  colour 
probably  due  to  C102  and  Cl,  whereas  a  mixture 
of  chloride    and   chlorate  is   not   decomposed. 
They  bleach  acidulated  indigo  at  once  even  in 
presence   of  As4OtiAq.     With   SOoAq  a  solution 
is   formed   containing  HC1  and  H,S04   in   the 
ratio     HC1:2H,S04    (HC102Aq  +  2S(XAq  +  2H.,O 
=  2HS04Aq  +  HClAq).     Chlorites  may  be  esti- 
mated by  allowing  them  to  oxidise  a  standard- 
ised acidulated  solution  of  FeS04,  and  determin- 
ing the  residual  FeS04  by  K,Mn208Aq. 

III.  Salts  of  HC10S  in  solution  do  not  bleach 
acidulated  dilute  indigo  solution  in    the  cold 
until  a  little  S02Aq  is  added  (Cl  is  then  set  free) ; 
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they  do  not  separate  I  at  once  from  KIAq. 
They  are  decomposed  by  digestion  with  warm 
cone.  HClAq;  salts  of  HC104  are  not.  Chlorates 
may  be  estimated  by  reduction  to  chlorides,  by 
Zn  and  H.,S04Aq,  or  by*  a  Cu-Zn  couple  (v.  Bo- 
thamley  and  Thompson,  C.  J.  53,  159).  They 
may  be  separated  from  chlorites  by  conversion 
into  K  salts,  and  repeated  evaporation  in  vacuo 

(V.    CHLOROUS    ACID    AND    CHLORITES).        KC103    IS 

fairly  soluble  in  water  at  15°  (8  =  6),  and  KC104 
is  nearly  insoluble  (S  =  1-6) ;  KC104  is  insoluble 
in  alcohol  containing  a  little  K.C2H302;  a  method 
of  separation  of  KC103  and  KC104  may  be 
based  on  these  facts. 

IV.  Salts  of  HC104  are  not  decomposed  by 
digestion  with  cone.  HClAq  at  100°  ;  their  solu- 
tions do  not  bleach  acidulated  indigo  even  in 
presence  of  SO.Aq,  nor  are  they  reduced  by  a 
Cu-Zn  couple  a~t  100°.  Perchlorates  may  be 
estimated  by  converting  them  into  KC104  and 
determining  the  0  in  them  by  heating,  and  the 
K  and  Cl  in  the  residue  by  the  usual  methods. 

I.  HYPOCHLOROUS  ACID  AND  HYPOCHLORITES. 
HClOAq;  MClOAq.  In  1788  Berthollet  ob- 
tained a  liquid  with  bleaching  properties  by 
the  action  of  chlorine  on  aqueous  alkalis; 
Berthollet  thought  the  liquid  contained  a  com- 
pound of  the  alkali  and  chlorine,  the  latter 
being  then  regarded  as  oxidised  hydrochloric 
acid.  Berzelius  supposed  that  a  mixture  of 
alkali  chloride  and  chlorite  was  formed.  In 
1834  Balard  proved  that  the  bleaching  liquid 
contained  a  salt  of  a  new  acid  (Berthollet, 
Statique  Chimique,  2,  183;  Berzelius,  P.  12, 
529 ;  Balard,  A.  Ch.  57,  225).  The  acid  is 
known  only  in  aqueous  solutions;  one  salt 
Ca(C10)2.a:H20  has  been  obtained  as  a  solid. 

Formation. — 1.  By  the  action  of  Cl  on  ZnO 

in  presence  of  water  ;  ZnCLAq  is  formed  at  the 

same  time.— 2.  By  the  action  of  Cl  on  (1)  CaC03 

suspended  in  water;    (CaCO.,  +  H20  +  Aq  +  2C12 

-  CaCLAq  +  2HC10Aq  +  C02) : 

(2)  Na,C03Aq  ;  (2Na.,CO,Aq  +  2H20  +  2C12 
=  2NaClA~q  +  2HC10Aq  +  2NaHC03Aq  ;      then 

2NaHC03Aq  +  2C12 
=  2NaClAq  +  2C02  f  2HC10Aq) : 
(3)  Na.,S04Aq  ;  (Na2S04Aq  +  H.,0  +  C12 
=  NaHS04A"q  +  NaClAq  +  HClOAq).— 3.  By  the 
action  of  Cl  on  AgC03  suspended  in  water  ;  AgCl 
is  also  formed. — 4.  By  the  action  of  Cl  on 
Ca02H.Aq;  Ca02Cl2  and  CaCl,  are  probably 
formed  (v.  p.  17) ;  when  to  an  aqueous  solution  of 
this  product  as  much  very  dilute  HN03Aq  is 
added  as  suffices  to  convert  less  than  the  half 
of  the  Ca  into  Ca2N03,  and  the  liquid  is  dis- 
tilled, dilute  HClOAq  is  obtained  (Gay-Lussac, 
A.  43,  153;  Schorlemmer,  B.  6,  1509;  Kopfer, 
C.  J.  [2]  13,  713).— 5.  By  passing  C120  into  H20, 
HClOAq  is  formed  (v.  CHLORINE  MONOXIDE). — 6. 
Addition  of  H._.02Aq  (containing  2-45  p.c.  HZ02) 
to  a  large  excess  of  ClAq  produces  HClOAq, 
according  to  Fairley  (B.  A.  1874,  57);  if  much 
H.O.J  is  added,  the  HClOAq  is  decomposed 
forming  HClAq,  H20,  and  evolving  O.~7. 
According  to  Odling  (J.  I860.  65)  HClOAq  is 
formed  by  leading  air  laden  with  HC1  into  a 
warm  solution  of  K2Mn208  containing  H2S04Aq. 
or  into  a  mixture  of  Mn02  and  H,S04Aq.— 8. 
HClOAq  is  also  formed,  along  with  other  salts, 
by  the  action  of  Cl  on  aqueous  solutions  of 
Na,HP04,  FeS04,  ZnS04,  MnS04,  CuS04, 


Zn(C,H;J02)2.— 9.  Alkali  salts  of  HC10  are 
produced  by  electrolysis  of  NaClAq  or  KClAq 
(Lidoff  a.  Tichomiroff,  J.  R.  1882.  212). 

Preparation.— A.  flask  of  somewhat  under 
1000  c.c.  capacity,  with  a  good-fitting  glass 
stopper,  is  filled  with  air-free  Cl  in  the  dark ; 
ppd.  HgO,  which  has  been  heated  to  300°  and 
cooled,  suspended  in  a  little  H20,  is  added,  in 
the  proportion  of  15  grams  to  1  litre  Cl ;  the 
flask  is  shaken  for  about  15  minutes,  and  the 
liquid  is  poured  off  from  the  Hg2OGl2  formed : 
this  solution  contains  from  2  to  3  p.c.  of  HC10 
(Carius,  A.  126,  196).  If  the  Cl  used  contains 
much  air  the  reaction  proceeds  very  slowly ;  if 
the  HgO  has  not  been  heated  to  300°  much 
Hg2ClO3  is  formed.  2HgO  +  2C12  +  H20  4  Aq 
=  HgO.HgCl2  +  2HC10Aq.  The  solution  of 
HClOAq  is  best  kept  in  contact  with  a  little  HgO  ; 
any  Cl  set  free  is  thus  continually  converted 
into  HC10. 

Properties.— An  aqueous  solution  of  HC1O 
smells  like  C120.  It  is  very  easily  decomposed 
into  Cl  and  HC103Aq ;  in  sunlight  this  change 
proceeds  rapidly,  the  more  cone,  the  solution  the 
more  rapid  is  the  decomposition,  and  traces  of 
HC104  are  also  formed  (Popper,  A.  227,  161).  A 
dilute  solution  of  HC10  may  be  distilled  with 
I  partial  decomposition,  the  distillate  is  richer 
|  in  HC10 ;  Gay-Lussac  found  that,  on  distilling 
a  dilute  solution  to  one-half,  the  distillate  con- 
tained five-sixths  of  the  total  HC10  (C.  R.  14, 
927).  HClOAq  is  a  monobasic  acid;  added 
to  KOHAq  or  Ca(OH)2Aq,  KClOAq  or 
Ca(C10)2Aq  is  formed.  Thomsen  gives  the  heat 
of  neutralisation  as  [HClOAq,  NaOHAq]  =  9,980, 
which  is  about  f  of  the  value  of  the  heat. of 
neutralisation  of  one  of  the  stabler  monobasic 
acids  (e.g.  HC1,  HC103,  HN03),  and  is  a  little 
greater  than  the  value  for  HSHAq,  viz.,  7,740. 
HClOAq  does  not  dissolve  bases  insoluble  in 
water,  nor.  does  it  decompose  the  carbonates  of 
these  bases. 

Reactions.- -I.  HClOAq  acts  generally  as  an 
oxidiser ;  it  easily  parts  with  0  while  HClAq 
remains.      Thus,  As   is   rapidly  oxidised  with 
evolution  of  light ;  P,  S,  Se,  Br,  I  are  converted 
to    H:{P04Aq,  H2S04Aq,  &c.,   even    by    dilute 
HClOAq;  lower  oxides  or  salts  are  converted 
into    higher,  e.g.  SO.,Aq  to  H2S04Aq,  FeO   to 
Fe203,     As.,03Aq     to     As.XXAq,    FeS04Aq     to 
i  Fe2(S04)3Aq,  Fe.2CltiAq,  and  Fe,03,  MnS04Aq  to 
Mn02;    sulphides  yield  sulphates,  e.g.   H2SAq 
gives"  H.,SO,Aq  and  S  ;  NH3  gives  N,  H20,  and 
NH4ClAq ;  HC1  forms  H.,0  and  Cl.  The  quantity 
I  of  the  acid   expressed  "by  the  formula  HC1O 
'  oxidises  the  same  mass  of  an  oxide  &c.  as  can 
i  be  oxidised  by  C12  in  presence  of  H.,0 ;   thus 


MnO  +  H20  + 


Cl., 


=  Mn02 


2HC1 
HC1  +  H20. 


2.  On  many  carbon  compounds  HClOAq  acts  partly 
as  an  oxidising,  partly  as  a  chlorinating,  agent  ; 
e.g.  H,C2O4Aq  +  HClOAq  =  2C02  +  H20  +  HClAq. 
Some  organic  compounds  combine  with  the 
acid  :  e.g.  C6H,.  +  3HC10Aq  -  C,.HrCl3(OH)3, 
C,H4  +  HC10Aq  =  C.2H4C10H.—  3.  Indigo  solu- 
tion, and  various  other  vegetable  colours,  are 
rapidly  bleached  by  HClOAq  ;  one  formula- 
weight  of  HC10  in  solution  exerts  as  great  a 
bleaching  action  as  C12  (HClOAq  = 
HClAq  +  0  ;  C12  +  H,0  =  2HC1  +  0).—  3.  HClOAq 
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is  said  to  be  oxidised  to  HC104Aq  by  ozone 
(Fairley,  B.  A.  1874.  58). 

Hypochlorites  are  very  easily  decomposed ; 
even  in  dilute  solutions  boiling  suffices  to  con- 
vert them  into  chlorides  and  chlorates,  in  cone, 
solutions  boiling  produces  chlorides  and  0. 
Their  solutions  are  also  decomposed  by  heating 
with  Co,O3.  CuO,  Mn02  &c.,  O  is  evolved  and 
chlorides  remain;  e.g.  Ca(ClO)2Aq  +  Co203  = 
CaCLAq  +  Co203  +  O2  (Co03  is  perhaps  formed 
and  again  reduced  to  Co.,03  with  evolution  of  0  ; 
Winkler,  J.  pr.  98,  340).  As  Ca(OCl)2Aq  is 
formed  by  the  action  of  Cl  on  CaOAq,  it  is  easy 
to  obtain  0  by  lea-cling  Cl  into  strong  warm  milk 
of  lime  containing  a  little  Co,O.,(Co.2N03  is 
used).  Solutions  of  KC10  and  NaCIO,  along  with 
KC1  and  NaCl,  are  obtained  by  leading  Cl  into 
cold  dilute  KOHAq  or  NaOHAq.  Solutions  of 
hypochlorites  bleach  rapidly  on  addition  of  a 
little  HNO:jAq,  H,SO,Aq,HClAq,or  even  CO2Aq; 
these  solutions  act  as  oxidisers  towards  P,  S,  I,  &c. 
As  the  hypochlorites  are  so  easily  decomposed 
it  is  difficult  to  obtain  them,  even  in  solution, 
free  from  chlorides.  Kingzett  (C.  J.  [2]  13, 404) 
obtained  crystals  of  nearly  pure  calcium  hypo- 
chlorite,  Ca02Cl2.#H20,  by  exhausting  bleaching 
powder  with  cold  H20,  filtering,  and  placing 
the  filtrate  in  vacua  over  cone.  H2S04.  The 
crystals  very  easily  decomposed,  even  by  drying 
in  vacua,  with  evolution  of  Cl.  The  greater 
part  of  the  Cl  was  lost  by  heating  the  moist 
crystals  to  100°,  the  residue  probably  contained 
chlorate,  it  also  contained  much  carbonate.  The 
crystals  dissolved  in  H20 ;  this  solution  was 
decomposed  by  C02  with  evolution  of  most,  but 
not  all,  of  the  chlorine.  That  an  aqueous  solu- 
tion of  bleaching  powder  contains  Ca02Cl2  has 
been  confirmed  by  O'Shea  (C.  J.  43,  422),  who 
proved  that  when  such  a  solution  is  diffused 
without  a  membrane  the  diffusate  contains  con- 
siderably less  active  Cl  (i.e.  Cl  which  is  so  com- 
bined  with  Ca  and  0  that  it  is  capable  of  bleach- 
ing), and  the  residue  considerably  more  active 
Cl  than  the  original  liquid,  in  proportion  to  the 
Cl  or  CaCl2 ;  that  is,  diffusion  sufficed  to  render 
the  diffused  liquid  relatively  poorer  in  active  Cl 
and  richer  in  chloride. 

Bleaching  powder. — Cl  is  absorbed  by 
slaked  lime  and  the  product  possesses  strong 
bleaching  properties.  Gay-Lussac  regarded 
bleaching  powder  as  containing  CaCl202  and 
CaCl2  in  the  ratio  CaCl202:CaCl2.  Odling 
(Manual  of  Chem.  1,  56)  suggested  the  com- 
position Ca.OClCl,  chiefly  because  bleaching 
powder  is  not  deliquescent  nor  is  CaCl2  removed 
from  it  by  treatment  with  alcohol.  Gopner 
(J.pr.  [2]  7,  441)  asserted  bleaching  powder  to 
be  a  compound  of  CaO  with  Cl,  and  to  have  the 
composition  CaO.CL.  Stahlschmidt  (B.  8,  869) 
suggested  the  composition  Ca.OH.OCl.  Bleaching 
powder  prepared  by  the  action  of  pure  dry  Cl  on 
pure  dry  Ca(OH)2  always  containssome  Ca(OH)2 ; 
but  the  quantity  of  this  is  variable  and  can  be 
much  diminished  by  repeated  treatment  with 
dry  Cl,  the  Ca(OH)2  is  not  therefore  an  essential 
part  of  the  bleaching  compound  (v.  Kopfer, 
C.  J.  [2]  13, 713  ;  O'Shea,  C.  J.  43, 422  ;  Lunge  a. 
Schappi,  D.  P.  J.  239,  63).  That  CaCl2  is  not 
present  as  such  in  bleaching  powder  is  shown 
by  the  facts  that  it  is  not  deliquescent,  that 
when  treated  with  small  successive  quantities 
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of  water  the  first  washings  contain  much  less 
Cl  than  would  be  the  case  were  CaCl2  present  in 
the  liquid,  and  that  in  the  presence  of  a  little 
moisture  almost  the  whole  of  the  Cl  can  be  re- 
moved from  bleaching  powder  by  the  action  of 
C02  (Lunge  a.  Schappi,  D.  P.  J.  237,  63;  v. 
also  Lunge  a.  Xaef,  B.  16,  840). 

The  composition  CaO.Cl2  assigned  by  Gop- 
ner to  the  bleaching  compound  in  bleaching 
powder  was  disproved  by  the  experiments  of 
Kopfer  (C.  J.  [2]  13,  713),  who  showed  that 
when  an  extremely  dilute  mineral  acid  (HC1, 
HN03,  or  H2SO,)  is  added  to  a  solution  of  bleach- 
ing powder,  in  quantity  sufficient  to  saturate  all 
the  lime  and  the  Ca(OCl)2  present— calculated 
on  the  assumption  that  the  active  (bleaching) 
Cl  exists  as  Ca(OCl)2—  and  the  liquid  is  distilled, 
almost  the  theoretical  quantity  of  HC10  is 
obtained  in  the  distillate.  The  formula 
Ca.OH.OCl  given  to  the  bleaching  compound  by 
Stahlschmidt  assigns  a  limit  to  the  amount  of 
active  Cl,  i.e.  Cl  available  for  bleaching,  in  the 
powder  :  Stahlschmidt  represents  the  formation 
of  the  bleaching  powder  thus— 3Ca(OH)2  +  2C12 
=  2Ca.OH.OCl  +  CaCl2  +  2H20.  The  strongest 
bleaching  powder  cannot  therefore  contain  more 
than  about  33  p.c.  of  available  Cl ;  but  Lunge  a. 
Schappi  (D.  P.  J.  237,  63)  prepared  bleaching 
powder  containing  43-4  p.c.  available  Cl.  More- 
over, according  to  Stahlschmidt's  view,  when 
water  acts  on  bleaching  powder,  the  reaction  is 
2Ca.OH.OCl  =  Ca(OH)2  +  Ca02Cl2 ;  therefore  no 
bleaching  powder  can  be  represented  as  con- 
taining Ca02Cl2  and  CaCl2  in  a  greater  ratio  to 
Ca(OH)2  than  1:1:1.  Now  O'Shea  (C.  J.  43,  422) 
determined  the  ratio  of  Ca(OCl)2  (supposing  all 
available  Cl  to  exist  in  this  form) :  CaCl2:Ca(OH)2 
in  six  samples  of  bleaching  powder  made  from 
pure  Ca(OH)2  ;  in  2  out  of  the  6  samples 
the  ratio  was  3Ca02Cl2:3CaCl2:2Ca(OH)2.  Finally 
O'Shea  removed  any  CaCl2  present  as  such 
from  various  samples  of  bleaching  powder,  pre- 
pared from  pure  Ca(OH)2  by  repeated  treatment 
with  alcohol,  and  determined  the  total  CaO,  the 
total  Cl,  and  the  available  Cl,  in  the  residue,  i.e. 
in  the  bleaching  compound;  the  results  in 
every  case  were— (1)  CaO  :  total  Cl  =  1:2  ;  (2) 
available  Cl :  total  Cl  =  1:2 ;  (3)  CaO :  available 
01-1:1. 

Stahlschmidt's  formula  Ca.OH.OCl  requires 
for  (1)  the  ratio  1:1 ;  for  (2)  1:1 ;  for  (3)  1:1. 

Gay-Lussac's  formula  Ca02Cl2  requires  for 
(1)  the  ratio  1:2  ;  for  (2)  1:1 ;  for  (3)  1:2. 

Odling's  formula  Ca.OCl.Cl  requires  for  (1) 
the  ratio  1:2  ;  for  (2)  1:2  ;  for  (3)  1:1. 

The  experiments  of  Kingzett  already  referred 
to  (v.  supra)  showed  that  when  water  acts  on 
bleaching  powder  Ca02Cl2  is  contained  in  the 
solution.  There  can  be  little  doubt  that  the 
formula  Ca.OCl.Cl  better  expresses  the  com- 
position and  properties  of  the  bleaching  com- 
pound in  bleaching  powder  than  any  other 
formula  yet  suggested ;  and  that  the  reaction 
which  occurs  when  water  is  added  to  this  com- 
pound is  2Ca.OCl.Cl  +  Aq  =  CaO-.Cl^q  +  CaCLAq. 

II.  CHLOROUS  ACID  AND  CHLOUITES.  HClO,Aq  ; 
MC102.  Chlorous  acid  is  known  only  in  aqueous 
solution ;  it  is  indeed  doubtful  whether  even  a 
solution  of  HC102  has  been  obtained  free  from 
HC103.  KC102  may  be  prepared  by  adding  an 
aqueous  solution  of  C102  of  known  strength  to 
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the  proper  quantity  of  KOHAq,  evaporating  at 
45°- 50°  in  vacua,  separating  from  KC10,  which 
crystallises  out,  repeating  the  evaporation  and 
separation  of  KC103,  then  adding  alcohol  to  the 
mother  liquor,  evaporating  in  vacuo,  and  col- 
lecting the  second  crop  of  crystals  which  form 
(Garzarolli-Thurnlackh  a.  J.  Hayn,  A  209,  203). 
HClO-Aq  could  not  be  obtained  by  the  action  of 
acids  on  this  salt.  When  the  gas  obtained  by 
acting  on  KC103  with  HN03Aq  and  As406  is  led 
into  water,  a  yellowish-red  acid  solution  is 
obtained,  which  on  warming,  or  on  exposure  to 
sunlight,  contains  HC1  and  HC103.  This  solu- 
tion when  freshly  prepared  is  generally  supposed 
to  be  HC102Aq ;  but  the  experiments  of  Garza- 
rolli-Thurnlackh (v.  CHLORINE  TKIOXIDE)  render 
it  almost  certain  that  the  gas  obtained  as  above 
is  a  mixture  of  CIO.,  and  Cl,  and  that  the 
solution  contains  both  HC102  and  HC103. 

The  soluiion  prepared  as  described  reacts 
with  many  metals ;  e.g.  Hg  forms  an  oxy- 
chloride,  Cu  a  mixture  of  CuCL,  and  Cu(C103)2, 
Zn  and  Pb  form  chlorides  and  probably  chlorites, 
and  finally  chlorates ;  with  the  lower  salts  of 
Sn,  Fe,  Hg,  &c.,  the  solution  reacts  to  form 
higher  salts  of  these  metals  ;  As203Aq  is  not 
oxidised  to  As205Aq ;  HC1  decomposes  the 
solution  forming  Cl  and  H.20,  HIAq  gives  HC1 
and  I ;  HNO-jAq  is  oxidised  to  HN03Aq  ;  S02Aq 
is  oxidised  to  H2S04Aq.  According  to  Brandau 
(A.  151,  340)  if  the  gas  supposed  to  be  Cl.,03  is 
led  into  H20  at  0°  a  solid  hydrate  of  HClb2  is 
obtained  ;  when  pressed  between  paper  the 
hydrate  is  a  lustrous  mass  remaining  unmelted 
at  10°,  and  volatilisable  without  residue.  Two 
specimens  gave  50  and  67'5  p.c.  water  respec- 
tively. 

Chlorites.  Very  few  of  these  salts  have 
been  prepared.  Potassium  chlorite,  KC102, 
prepared  as  above  described,  forms  needles, 
which  deliquesce  after  standing  some  time  in 
the  air.  The  silver  and  lead  salts,  AgC102  and 
Pb(C102).>  are  obtained  by  adding  AgN03Aq  and 
Pb(C,H302).Aq  respectively,  to  KC102Aq.  AgClO2 
crystallises  from  hot  H20  in  greenish-yellow 
scales;  it  is  slowly  decomposed  in  direct  sunlight; 
SCXAq  rapidly  reduces  to  AgCl ;  dilute  H2S04Aq 
evolves  a  gas  the  colour  and  smell  of  C102. 
KClO-fAq  quickly  oxidises  FeS04Aq;  KC102 
mixed  with  S  and  rubbed  ignites  the  S. 
Pb(C102)2  after  washing  with  hot  H20  forms 
greenish-yellow  scales;  slightly  soluble  in  hot 
H20;  reactions  similar  to  those  of  KC10.,; 
soluble  in  KOHAq.  This  solution  is  reduced  by 
S02Aq  to  PbS04  and  PbCl,Aq  (Garzarolli- 
Thurnlackh  a.  J.  Hayn,  A.  209,  203).  Millon 
(A.  Ch.  [3]  7,  298)  described  Ba(C102)2  and 
Sr(C102)2  as  very  soluble  salts;  probably  the 
salts  contained  Ba  and  Sr(C103)2. 

III.  CHLORIC  ACID  AND  CHLORATES.  HC10.,Aq; 
MCIOS.  An  aqueous  solution  of  HC103  is 
formed  when  C102Aq  is  exposed  to  sunlight,  or 
is  heated.  KC103  and  NaC103  are  produced  by 
electrolysis  of  KClAq  and  NaClAq  respectively  : 
carbon  electrodes  are  employed  (Lidoff  a.  Ticho- 
miroff,  J.  R.  1882.  341). 

Preparation.— 1.  Ba(C103)2  is  obtained  by 
dissolving  3  pts.  crystallised  (NH4)2S04  and  3 
pts.  KC10,  in  15  pts.  hot  H20,  evaporating  to  a 
thin  syrup,  digesting  for  a  d'ay  at  a  gentle  heat 
with  alcohol  (80  p.c.),  filtering  from  K2S04, 


adding  BaOAq,  evaporating,  and  crystallising 
(Wittstein ;  v.  also  Bottger,  A.  57,  138).  A 
weighed  quantity  of  the  crystals  of  Ba(C103)2  is 
dissolved  in  H20  ;  a  quantity  of  dilute  H2S04Aq 
exactly  sufficient  to  pp.  all  the  Ba  as  BaS04  is 
added,  little  by  little ;  the  liquid  is  filtered— the 
filtrate  must  give  no  pp.  either  with  BaOAq  or 
H2S04Aq — and  the  filtrate  is  concentrated  in 
vacuo  over  H2S04. — 2.  Hot  KC103Aq  is  decom- 
posed by  excess  of  H2SiF6Aq  ;  after  cooling,  the 
liquid  is  filtered  from  K2SiF6  and  evaporated 
over  H2S04  and  KOH  in  vacuo ;  the  excess  of 
H,SiF6  volatilises  and  HC103Aq  remains. 

Properties.  —  By  evaporation  in  vacuo  of 
dilute  HC103Aq,  a  somewhat  oily,  colourless, 
strongly  acid,  liquid  is  obtained,  with  S.G.  1-282 
at  14°  ;  according  to'  Kammerer  this  liquid  con- 
tains HC103  and  H20  in  the  ratio  HC1O3:7H,0  ; 
the  same  chemist  says  that  if  this  liquid 
remains  longer  in  vacuo,  sudden  evolution  of  Cl 
and  0  occurs,  and  HC103.4|H,0  remains  (P. 
138,  390).  The  strongest  solution  of  HC103 
does  not  solidify  at  -  20°.  HC103Aq  reddens  lit- 
mus paper  and  then  bleaches  it ;  paper  or  linen 
soaked  in  fairly  cone,  acid  and  dried  takes  fire. 
Heated  to  about  40°  the  solution  decomposes 
into  HC104Aq,  Cl,  0,  and  H20  (Serullas,  A.  Ch. 
45,  204  a.  270).  Thomsen  gives  these  thermal 
values  [H,Cl,03,Aq]  =  23,940,  but  [Cl2,Or',Aq] 
=  -20,480;  [HC103Aq,  KOHAq]  =  13,760.  The 
affinity  of  HC103Aq  is  equal  to  that  of  the 
strongest  acids  (v.  AFFINITY,  vol.  i.  pp.  82,  83). 

Reactions.— 1.  Zinc  and  iron  dissolve  in 
HClO3Aq  with  evolution  of  H. — 2.  Iodine  is 
oxidised  to  HI03Aq.  —  3.  Oxidisable  oxygen 
compounds  are  converted  into  higher  com- 
pounds, e.g.  S02Aq  gives  H.,S04Aq,  Cl,  and  H20 ; 
H3P03Aq  gives  H3P04Aq.— 4.  Chlorhydric  acid 
forms  H20  and  Cl. — 5.  Sulphuretted  hydrogen 
produces  H2S04Aq  and  S.  —  6.  Iodine  gives 
HI03Aq;  bromine  only  traces  of  HBr03Aq 
(Kammerer,  P.  138,  399).— 7.  By  electrolysis 
HC103Aq  yields  first  HC102Aq,  and  then  Cl 
(Buff,  A.  110,  257).  —  8.  Heated  above  40° 

j  HC103Aq    decomposes    into    Cl,   0,  H20,   and 

.  HC104Aq. 

Chlorates.  HC103Aq  acts  as  a  monobasic 
acid.  Normal  chlorates  are  all  soluble  in  water; 

i  KC103  is  less  soluble  than  the  others.  Chlorates 
may  be  prepared  by  acting  on  Ba(C103)2Aq  with 
the  sulphate  of  the  metal  whose  chlorate  is 
required ;  many  are  also  obtained  by  the  action 
of  the  metallic  oxide,  or  carbonate,  on  HClO:jAq. 
Chlorates  easily  part  with  their  0  when  heated ; 
they  act  therefore  as  oxidisers  (v.  Potassium 
chlorate}.  Aqueous  solutions  are  not,  however, 
very  easily  reduced  (e.g.  H2S  has  no  action)  ; 
boiled  with  P,  chlorides  are  formed  (Slater, 
J.  pr.  60,  247) ;  chlorates  in  solution  are  also 
reduced  by  Zn  and  dilute  H2S04Aq,  and  by  a 
Cu-Zn  couple.  Fusible  chlorates  detonate  when 
rubbed  with  easily  combustible  bodies,  e.g.  S  or 
Sb2S3 ;  sometimes  violent  explosions  occur. 
H2S04Aq  decomposes  chlorates  with  evolution 
of  C1O2  and  Cl;  HClAq  evolves  euchlorine, 
which  is  a  mixture  of  C102  and  Cl.  Solutions 
of  chlorates  do  not  bleach ;  addition  of  a  little 
S02Aq  liberates  Cl  and  bleaching  occurs. 

Ammonium  chlorate.  NH4.C103.  By  adding 
NH3Aq,  or  (NH4)2CO,Aq,  to  HC103Aq;  or 
(NH,)2C03Aq  to  BatClO^Aq  and  filtering;  or 
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(NH4),SiFfiAq  to  KC103Aq  and  filtering  ;  the  so- 
lution in  each  case  is  evaporated,  the  salt  sepa- 
rates in  needles.  Soluble  in  H20,  and  alcohol ; 
sublimes  somewhat  above  100°  ;  at  higher  tem- 
perature decomposes  to  Cl,  N20,  and  H2O. 

Barium  chlorate.  —  By  adding  BaOAq,  or 
BaC03,  to  HC103Aq.  Thompson  (P.  M.  [3]  31, 
510)  mixes  solutions,  each  in  the  minimum  of 
water,  of  122  parts  KC103  and  167  parts 
NH,.H.C4H4Ob.,removesK.H.C,H10(i,adds  alcohol, 
niters,  decomposes  the  NH4.C103Aq  by  boiling 
with  freshly  ppd.  BaCO.,,  filters  and  crystallises. 
(v.  also  Bottger,  A.  57,  138;  Brandau,  A.  151, 
361 ;  Bolly  a.  Merz,  D.  P.  J.  153,  358).  Crys- 
tallises in  4-sided  plates.  S.  (0°)  22-8;  (40°) 
52-1;  (116°)  195;  (135°)  287'4  ;  (146°)  365-6; 
(180°)  522-6  (Tilden  a.  Shenstone,  T.  175,  23). 

Calcium  chlorate.  Ca(C10;1)2.  Prepared  like 
Ba(ClO3)2.  Very  deliquescent  and  difficult  to 
crystallise. 

Copper  chlorate.  Cu(C103)2.6H20.  By  dis- 
solving CuO  in  HC103Aq  and  evaporating.  Green, 
deliquescent,  octahedra ;  soluble  in  alcohol ; 
decomposed  at  100°  probably  forming  a  basic 
salt  '(Wachter,  A.  52,  233 ;  v.  also  Casselmann, 
Fr.  4,  24). 

Lead  chtorate.  Pb(C103)2.  By  saturating 
HC103Aq  with  PbO,  and  evaporating;  hot 
solutions  deposit  rhombohedral  deliquescent 
Pb(C103)2.H20  (Wachter,  A.  52,  233). 

Magnesium  chlorate.  Mg(C103)2.  Obtained 
as,  and  closely  resembles,  Ca(ClO3)2. 

Mercury  chlorates.  (1)  HgC103;  columnar 
crystals,  soluble  in  H20  and  alcohol;  by  dissolv- 
ing Hg20  in  HC103Aq  ;  heated,  gives  HgCl,  Hg, 
and  O.  (2)  Hg(C103)2  crystallises  from  solution 
of  HgO  in  warm  HC103Aq  in  needles.  S.  (about 
15°)  25.  Decomposed  by  heat  to  0,  HgCl, 
HgCl2,  and  a  little  HgO. 

Potassium  chlorate.  KC103.  By  passing  Cl 
into  warm  milk  of  lime  containing  KC1,  and 
crystallising  from  the  more  soluble  CaCl2 ; 
purified  by  recrystallisation,  or  by  rubbing 
with  water  to  a  thick  cream,  and  washing  with 
H.,0  until  KC1  is  removed  (v.  Lunge,  D.  P.  J. 
189,  488;  Hunt,  B.  5,  229).  White,  pearly, 
monoclinic  plates.  S.G.  2-35  (Kremers,  P.  97, 1 ; 
99,  25).  S.  (0°)  3-3  ;  (15°)  6 ;  (35°)  12 ;  (50°) 
19;  (75°)  36;  (104-8°  =  B.P.)  60.  S.  (120°) 
73-7;  (136°)  98'9 ;  (160°)  148;  (190°)  183 
(Tilden  a.  Shenstone,  T.  175,  23).  S.G.  of 
KC103Aq  at  19'5°  (Kremers,  P.  96,  62  ;  Gorlach, 
Fr.  8,  290)  1  p.c.  KC103  =  1-007;  2  p.c.  1-014; 
3  p.c.  1-02;  4  p.c.  1-026;  5  p.c.  1-033;  6  p.c. 
1-039  ;  7  p.c.  1-045  ;  8  p.c.  1-052  ;  9  p.c.  1-059  ; 
10  p.c.  1-066.  S.  (alcohol)  as  follows :  Gerardin 
(A.  Ch.  [4]  5,  129). 


M.P.  about  359°  (Carnelley,  C.  J.  [2]  18,  277). 
Heated  to  about  400°  evolution  of  0  begins  ;  if 
the  temperature  is  not  increased,  evolution  of  O 
ceases  when  KC1  and  KC104  are  formed  (v.  PEB- 
CHLORIC  ACID  ;  Preparation,  p.  20) ;  if  the  tempe- 
rature is  increased  the  whole  of  the  0  is  removed 
and  KC1  remains ;  when  the  temperature  is  lower 
than  that  at  which  KC104  is  decomposed  the 
reaction  approximates  to  that  represented  by  the 
equation  8KC103  =  5KC104  +  3KC1  +  202  (Teed, 
C.  J.  51,  283;  Frankland  a.  Dingwall,  C.  J.  51, 
274).  If  i  pt.  ppd.  Mn02,  Fe,03,  CuO,  or  spongy 
Pt,  is  mixed  with  KC103, 0  is  evolved  at  a  much 
lower  temperature ;  about  110°-120°  with  Fe2O3, 
200°-205°  with  Mn02,  230°-235°  with  CuO, 
260°-270°  with  Pt  black.  The  more  finely  divided 
the  CuO  the  lower  is  the  temperature  at  which 
evolution  of  O  begins;  the  temperature  is 
lowered  by  so  little  as  ^th  part  of  very  finely 
divided  CuO,  Mn02,  or  Fe203,  but  the  greater 
the  quantity  of  the  foreign  body  the  more  rapid 
is  the  evolution  of  0  (Mitscherlich,  P.  55,  220 ; 
Wiederhold,  P.  116, 171;  118, 186  ;  Baudrimont, 
J.  Ph.  [4]  14,  81  a.  161).  KC103is  an  energetic 
oxidiser ;  mixed  with  easily  oxidised  bodies,  e.g. 
S,  P,  Sb2S3,  and  heated  or  rubbed,  or  sometimes 
even  exposed  to  direct  sunlight,  explosions  occur. 
Charcoal,  S,  Sb,  Sb2S3,  finely  divided  Fe,  As,  very 
fine  Cu,  &c.  dropped  on  to  molten  KC103,  burn 
with  production  of  much  light  (Bottger,  A.  57, 
138).  Cone.  KC103Aq  boiled  with  P  produces 
KClAq,  K2HP04Aq,  and  K2HP03Aq :  with  As, 
KClAq  and  K2HAs04Aq  are  formed  (Slater,  J.pr. 
60,  247).  For  the  action  of  acids  on  KC103  v. 
CHLORINE,  OXIDES  OF  ;  CHLORINE  PEROXIDE,  and 
CHLORINE  TRIOXIDE. 

Rubidium  chlorate.  EbC103.  By  decom- 
posing Eb2S04Aq  by  Ba(C103)2Aq.  Small  tri- 
metric  crystals.  S.  (4-7°)  2-8;  (13°)  3-9;  (18-2°) 
4-9 ;  (19°)  5-1  (Keissig,  A.  127,  33). 

Silver  chlorate.  AgC103.  A  slow  stream  of 
Cl  is  passed  into  H20  containing  Ag20  or  Ag2C03 
in  suspension ;  liquid  is  decanted  from  AgCl  and 
is  again  treated  with  Cl;  after  standing  for  some 
time  at  60°,  to  convert  any  AgCIO  into  AgC10B, 
liquid  is  evaporated  at  100°  (Stas,  Chem.  Propert. 
90).  White,  onaque,  non-deliquescent,  trimetric, 
crystals.  8^4-93  (Schneider,  P.  106, 226 ;  107, 
113).  S.  (about  15°)  10  ;  (about  80°- 100°)  50 : 
insoluble  in  alcohol.  Decomposed  by  Cl  to  AgCl 
while  HC104  remains  in  solution;  gives  AgCl 
and  0  on  heating ;  mixed  with  S  explodes  more 
easily  than  KC103.  A  double  salt  KC103.AgC103 
is  formed  by  heating  equivalent  quantities  of 
KC103Aq  and  AgC103  to  200°  in  a  closed  tube 
(Pfaundler,  C.  C.  1862.  849). 

Sodium  chlorate.  By  action  of  Cl  on 
warm  NaOHAq ;  better  by  KC103Aq  +  Na2SiF6Aq. 


S.G.  of  alcohol 
•9904 

S.G.  -9793 

S.G.  '9573 

S.G.  -939 

S.G.  -8967 

S.G.  -8429 

S.  at  t° 

S.  at  t° 

S.  at  t° 

S.  at  t° 

S.  at  t° 

S.  at  t° 

4-9     13° 

3-2    14° 

1-9     13° 

1-1     14-5° 

•46    12° 

•09    25 

7-5     25 

5-4    26 

2-7    20 

2-2     28 

1-28     31 

•12    34 

10-2     35 

7-9    38 

4-3     36 

3-4     40 

1-95    43 

•24    56 

13-6    44 

12-2    51 

7-9    55 

4-3    50 

3-10     58 

•32    64 

16-2    50 

17-5    63 

10-5    63 

7-6    67 
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S  (0°)  82  ;  (40°)  123-5;  (100°)  204  (Kremers,  P. 
97,1;  99,  25).  S.  (alcohol,  83  p.c.  15°)  3.  Be- 
sembles  KC10S. 

Strontium  chlorate.  Sr(C10,)2.8H20.  Pre- 
pared as  Ba(C103),.  Deliquescent  needles; 
soluble  in  alcohol  (Souchay,  A.  102,  381). 

Zinc  chlorate.  Zn(C103)2.  By  dissolving 
ZnC03  in  HC103Aq,  or  decomposing  ZnSiF6  by 
KClO^q  (Henry,  J.  Ph.  25,  265). 

Thallium  chlorate.  By  adding  TlN03Aqto 
KC103Aq ;  the  solution  is  decomposed  by  heat 
and  on  evaporation  TC104  separates  out  (Crookes, 
C.  N.  8,  195).  A  chlorate  of  ytterbium  was 
obtained  by  Popp  (A.  131,  179). 

IV.  PERCHLORIC  ACID  AND  PERCHLORATES. 
HC104;  MC10,.  Mol.  w.  unknown  for  either  the 
acid  or  its  salts. 

Stadion  (G.  A.  52,  197  a.  339)  prepared 
potassium  perchlorate  by  the  action  of  H2S04Aq 
on  KC103 ;  he  obtained  the  acid  by  decomposing 
the  new  salt  by  H,S04Aq.  Serullas  (A.  Ch.  [2] 
45,  270;  46,  294  a.  323),  prepared  the  same 
perchlorate  by  heating  KC10S  until  the  melted 
mass  became  semi-solid.  The  acid  has  been 
•investigated  by  Koscoe  (A.  121,  346). 

Formation.— 1.  By  heating  HClC^q,  0  and 
Cl  being  also  evolved  (Serullas,  I.e.).  -2.  By  the 
electrolysis  of  ClAq,  or  HClAq  (Riche,  C.  R.  46, 
348).— 3.  By  electrolysis  of  KC10:,Aq,  with  Pt 
electrodes,  ozone  is  evolved  and  KC104  and 
traces  of  KC1  are  formed  (Lidoff  a.  Tichomiroff 
J.  R.  1882. 341).— 4.  By  adding  ozone  to  HClOAq 
Fairly  (B.  A.  1874.  58). 

Preparation. — 1.  KC104  is  prepared  by  fusing 
KC103  until  the  liquid  mass  becomes  pasty ; 
2KC1O3  =  KC1O4  +  KC1  +  02.  Marignac  (B.  J.  24, 
192)  says  that  when  6 1  litres  0  are  evolved  from 
100  grams  of  KC103  the  residue  contains  65-66  p.c. 
KC104.  The  fused  mass  is  repeatedly  digested 
at  100°  with  cone.  HClAq,  to  decompose  KC1O3 ; 
the  residue  is  dissolved  in  the  smallest  quantity 
of  boiling  H/) ;  the  crystals  which  separate  on 
cooling  are  again  digested  with  HClAq  at  100°, 
and  crystallisation  is  repeated  from  boiling 
water.  Pure  KC1O4  gives  no  yellow  colour  on 
digestion  with  cone.  HClAq.  One  part  KC104 
is  distilled  with  4  parts  very  cone,  pure  ILjSO4 
so  long  as  the  distillate  solidifies  in  the  receiver ; 
the  crystalline  distillate  is  melted,  poured  into 
a  small  retort,  and  gradually  heated  to  110° 
when  yellowish  fumes  come  off  and  a  brownish- 
yellow  distillate  is  formed.  This  distillate  is 
redistilled  very  slowly  and  cautiously,  heating 
being  stopped  whenever  crystals  begin  to  form 
in  the  neck  of  the  retort.  The  distillate  is  pre- 
served in  small  sealed  glass  bulbs.— 2.  600  grams 
KC1O,  are  boiled  with  the  H,,SiF0Aq  prepared 
from  1000  grams  CaF2;  after  cooling,  the 
K.SiF.  is  filtered  off  ;  the  solution  of  HC103Aq 
is  heated  until  white  fumes  of  HC104  appear ; 
the  liquid  is  then  slowly  distilled  from  a  retort ; 
the-  distillate  is  freed  from  HClAq  and  H.,SO4Aq 
by  shaking  with  AgClO4  and  Ba(C10,),,  filtered, 
and  again  distilled.  From  this  HClO,Aq,  the 
pure  acid  may  be  obtained  by  distilling  with  4 
volumes  cone.  H.,S04,  and  rectifying  as  described 
in  1  (Roscoe,  A.  121,  316). 

The  first  product  of  the  action  of  H,SO4  on 
KC1O4  is  nearly  pure  HC104 ;  this  is  succeeded 
by  a  liquid  containing  72-4  p.c.  HC1O4,  when  this 
drops  into  the  receiver  crystals  of  HC104.H20 


'.  are  formed.    When  these  crystals  are   slowly 

!  heated  HC1O4  distils  over,  but  after  a  time  the 
liquid  containing  72-4  p.c.  HC104  is  formed  in 
the  retort,  and  coming  into  contact  with  the 
HC1O4  forms  crystals  of  HC1O4.H,0. 

Properties. — HC1O4  is  a  colourless,  oily,  vola- 
tile, liquid ;  S.G.  1-782  at  15°.  Fumes  strongly 
in  moist  air.  Very  easily  undergoes  decom- 
position with  explosion,  even  when  kept  in 
glass  bulbs  in  the  dark.  Cannot  be  distilled 
without  decomposition ;  at  75°  change  begins  ; 
at  92°  white  clouds  come  off,  and  a  yellow  gas 
smelling  like  C1(X,  also  a  few  drops  of  a  liquid 
resembling  Br ;  at  a  higher  temperature  violent 
explosion  occurs  ;  the  residue  solidifies  to  white 

'  crystals  with  87*76  p.c.  HC104  (Boscoe).  HC104 
is  an  extremely  powerful  oxidiser  ;  one  drop  on 
charcoal,  paper,  wood,  &c.,  produces  combustion 
with  violent  explosions.  A  drop  falling  on  to 
the  skin  produces  a  severe  wound.  When  the 
hydrate  HC104.H.2O  (v.  Combinations,  No.  1)  is 
distilled  under  ordinary  pressure  nearly  pure 
HC104  passes  over  at  110°.  The  temperature 
then  rises  until  203°  is  reached,  when  it  becomes 
constant,  and  a  heavy  oily  liquid,  exactly  re- 
sembling cone.  H,S04,  distils  over;  the  same 
liquid  is  obtained"  by  distilling  HC104Aq  until 
203°  is  reached.  This  liquid  contains  72-1  p.c. 
HC1O4,  and  does  not  correspond  to  a  definite 
hydrate  (HC104.2H20  =  73-6,  HC104.3H,0  = 
65-05,  p.c.  H.,0)  (Roscoe,  I.e. ;  v.  also  Weppen,  A'. 
29,  318). 

Reactions     and     Combinations. — 1.  HC104 

'  combines  with  water  with  a  hissing  sound  and 
production  of  much  heat;  Berthelot  gives 

I  [HC10|fAq]  =  20,300  (4.  Ch.  [5]  27, 214).  If  water 
is  added  little  by  little,  crystals  of  the  hydrate 

i  HC104.H.2O  are  obtained ;  these  melt  at  about 

I  50°  ;  S.G.  {liquid)  1-81  at  50° ;  decomposition 
into  HC104  and  HC104.zH,O  begins  at  110°.— 
2.  HC104Aq  is  not  reduced  by  H,S,  SO.,,  or 
HX02Aq,  nor  by  any  known  substance  accord- 
ing to  Berthelot  (Bl.  [2]  38,  1).— 3.  HC104Aq 
dissolves  Zn  and  Fe  with  evolution  of  H. 

Perclilorates.— HC1O4  is  a  monobasic  acid 
forming  one  series  of  salts,  MC1O4  or  M«(C1O4)2; 
a  few  basic  salts  are  also  known,  e.g.  BiO.ClO4. 
These  salts  are  prepared  by  the  action  of  HC104  Aq 
on  metals,  oxides,  or  carbonates ;  or  by  the  de- 
composition of  Ba(C104)uAq  by  sulphates ;  or  by 
the  decomposition  of  chlorates  by  heat  (v.  POTAS- 
SIUM CHLORATE),  or  by  H,S04Aq,  or  by  HN03Aq 

'  (Penny,  A.  37,  203).  The"  perchlorates  are  gene- 
rally easily  soluble  in  water ;  KC104  is  one  of 
the  least  soluble  of  the  salts.  They  are  iso- 
morphous  with  the  permanganates.  They  are 
decomposed  by  heat  into  chlorides  and  0,  or 
into  oxides,  Cl,  and  O,  but  at  higher  temperatures 
than  chlorates.  When  KC104  is  heated  so  as  to 
evolve  only  a  part  of  its  O,  some  KC103  is  formed 
(Frankland  a.  Dingwall,  C.  J.  51,  278;.  Teed, 
C.  J.  51,  283).  Cone.  H,S04  forms  HC104  at 
100°  ;  cone.  HClAq  does  not  act  on  perchlorates 

'  at  100°.  Solutions  of  perchlorates  are  very 
slowly,  if  at  all,  reduced  by  reagents  which 

I  readily  reduce  chlorates. 

The  following  perchlorates  have  been  pre- 

I  pared :  NH,.C104  (Roscoe),  isomorphous  with 
KC104;  Ba(C104).(Groth,P.  133,226;  Potilitzin, 
C.  C.  1887.  1218);  Cd(C104).,,  very  deliquescent 
(Serullas,  A.  Ch.  [2]  45,  270;  46,  294  a.  323}; 
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Ca(Cl04)2,  very  deliquescent  (Serullas,  Z.c.) ; 
Cu(C104)2,  large,  blue,  deliquescent  crystals 
(Serullas,  Roscoe);  Fe(C104).,,  long  colourless 
needles,  stable  in  air  (Serullas)";  Fe(C104),.3H,O, 
greenish,  very  deliquescent,  crystals  (Roscoe)  ; 
Mn(C104)o,  deliquescent,  not  obtained  in  crystals  ! 
(Serullas) ;  HgC104,  non-deliquescent  needles  i 
(Serullas);  HgClO4.UH,O,  very  deliquescent 
(Roscoe);  Hg(C104), (Serullas) ;  KC104  (v. HC104, 
Preparation) ;  S.  (15°)  1-6,  nearly  insoluble  in 
alcohol ;  AgC104  (Serullas)  ;  NaC104  (Penny,  A. 
37,  203) ;  T1C1O4  decomposes  in  moist  air 
(Crookes,  C.  N.  8,  195) ;  Zn(C104).,  deliquescent 
needles.  M.  M.  P.  M. 

CHLORINE,  SULPHIDE  OF,  better  called 
Sulphur  chloride  ;  v.  SULPHUR. 

CHLORITES  —  Salts  of  Chlorous  acid,  v. 
CHLORINE,  OXY-ACIDS  OF,  p.  18. 

CHLORO-.  Use  of  this  prefix  applied  to  in- 
organic compounds  ;  for  Chloro-  compounds  and 
Chloro-  salts  v.  the  element  the  chloro-  com- 
pound of  which  is  sought  for,  or  the  salts  to  the 
names  of  which  Chloro-  is  prefixed.  Thus  Chloro- 
plwsphide  of  nitrogen  will  be  found  under  NI- 
TROGEN, and  Chloro-platinate  of  potassium  under 
PLATINATES. 

CHLO  3,0-ACETAL  v.  CHLORO-ACETIC  ALDEHYDE 
and  CHLORAL. 

CHLORO-ACETAMIDE  v.  CHLORO-ACETIC  ACID, 
and  ACETO-CHLORO-AMIDE,  vol.  i.  p.  5. 

CHLORO-ACETAMIDO-  v.  CHLORO-AMIDO-. 
CHLORO-ACETANILIDE  v.  CHLORO- ANILINE. 
v-Chloro-acetanilide  v.  ANILINE,  vol.  i.  p.  274. 
CHLORO-ACETENE.     Is  merely  a  mixture  of 
aldehyde,  paraldehyde,  and  COCL,  (Kekule  a. 
Zincke,  A.  162,  141 ;  cf.  Harnitzky,"^.  111,192). 
CHLORO  -  ACETIC      ACID     C-H.CIO.,     i.e. 
CH.,C1.C02H.    Mol.  w.  94-5.    [63°]. "  An  unstable 
modification  [52C]  (ToUens,  B.  17,  664).    (186°). 
S.G.  £|  1-366. 

Formation. — 1.  From  ethylene  and  chlorine 
peroxide  (Furst,  B.  11,  2188 ;  A.  206,  78).— 2. 
Together  with  AcCl  by  the  action  of  chlorine  on 
acetic  anhydride  (Gal,  A.  122, 374).— 3.  By  pass- 
ing chlorine  into  acetyl  chloride  mixed  with 
iodine  and  decomposing  the  product  with  water 
(Jazukowitsch,  Z.  1868,  234).— 4.  Chloro-acetyl 
chloride  is  formed,  together  with  di-chloro-acetyl 
chloride,  by  boiling  AcCl  (40g.)  with  PC15  (200g.) 
for  some  weeks  (Michael,  J.  pr.  [2]  35,  95). 

Preparation. — 1.  Dry  chlorine  is  passed  into 
a  retort  containing  acetic  anhydride  heated  to 
100°,  dry  acetic  acid  being  simultaneously  run 
in.  The  acetyl  chloride  which  is  formed  : 

(CH3.CO).,0  +  Cl,  =  CH,C1.CO,H  +  CH,.CO.C1 
is  at  once  reconverted  by  the  acetic  acid  into 
anhydride,  which  is  again  attacked  by  the  chlor- 
ine, and  so  on,  so  that  a  small  quantity  of  an- 
hydride suffices  for  the  chlorination  of  a  large 
quantity  of  acetic  acid.  When  the  absorption 
of  the  chlorine  slackens  the  mixture  is  fraction- 
ally distilled  (Hentschel,  B.  17,  1286;  cf.  R. 
Hoffmann,  A.  102,  1).— 2.  By  passing  chlorine 
through  a  heated  mixture  of  50  g.  iodine  and 
500  c.c.  nearly  glacial  acetic  acid  S.G.  1-065. 
The  rectified  product  contains  a  little  iodo-acetic 
acid  (Hugo  Miiller,  C.  J".  17,  398). 

Properties.^ Deliquescent  trimetric  tablets  or 
needles.  Blisters  the  skin;  nearly  inodorous. 
V.  sol.  water,  with  absorption  of  heat. 

Reactions. — 1.  Water  slowly  converts  it  on 


heating  into  glycollic  acid  (Buchanan,  B.  4,340, 
863).  Caustic  potash  acts  similarly,  while  baryta 
forms  di-glycollic  acid  C4H604  (Kekule,  A.  105, 
288  ;  cf.  Schwab,  E.  T.  C.  2,  46).—  2.  Chloro- 
acetic  acid  (10  g.)  boiled  with  PC15  (88  g.)  yields 
tetra-chloro-ethylene  and  other  bodies  (Michael, 
Am.  9,  216).—  3.  Sodium-amalgam  partially  re- 
duces it  to  acetic  acid.  —  4.  By  heating  with 
dimethylaniline  it  is  broken  up  into  methyl 
chloride  and  C02;  this  decomposition  is  pro- 
duced by  the  intermediate  formation  of  the 
body  PhMe.,ClN.CH.,.COja,  which  splits  up  into 
C02,  CH3C1",  and  drmethylaniline  (Silberstein, 
B.  17,  2661). 

Salts.  —  KA'  l£aq:  laminae,  v.  sol.  water  but 
not  deliquescent  and  not  dehydrated  at  100°,  but 
converted  into  glycollic  acid  at  a  higher.  tem- 
perature. The  same  change  takes  place  when 
its  aqueous  solution  is  evaporated  even  below 
100°.—  KHA'2:  small  pearly  crystals,  si.  sol. 
water.—  BaA'2aq:  prisms.  Decomposed  but 
slightly  when  its  aqueous  solution  is  evaporated, 
and  separates  almost  completely  on  cooling  a 
hot  saturated  solution.  —  AgA'  :  pearly  scales  ; 
detonates  at  110°-120°. 

Methyl  chloro-acetate  CH2Cl.CO.,Me 
(130°)  (Schreiner,  A  197,  1).  V.D.  3-71  (for  3-74). 
S.G.  ii  1-22;  M  1-235  (Henry,  C.  R.  101,  250). 
S.H.  -389  (R.  Schiff,  G.  17,  286).  Prepared  by 
passing  HC1  into  a  solution  of  chloro-acetic  acid 
in  MeOH  (Henry,  B.  6,  743)  or  from  CH.,C1.CO.C1 
and  MeOH  (P.  J.  Meyer,  B.  8,  1152)?  Insol. 
water.  Converted  by  ammonia  into  chloro- 
acetamide. 

Chloro-methyl  ether  CH,C1.CO,.CR,C1. 
(197°).  S.G.  HH  1-322.  From  CH2C1.CO.C1  and 
glycolic  chlorhydrin  (Henry,  C.  B.  97,  1308). 

Ethyl  ether  CH2Cl.C02Et.  Mol.  w.  122|. 
V.D.  4-24  (calc.  4-23).  (143°)  (Schreiner,  A.  197, 
1);  (144-5°)  (Schiff,  A.  220,  108).  S.G.  \° 
1-1585  (Briihl,  A.  203,  21).  S.H.  -401. 
HP  1-428.  R^  43-51.  S.V.  123-1. 

Formed  by  mixing  chloro-acetyl  chloride 
with  alcohol  in  the  cold  (Willm,  A.  Ch.  [3]  49, 
97  ;  A.  102,  109)  ;  or  by  heating  chloro-acetic 
acid  (200  g.)  with  alcohol  (120  g.)  and  H,S04 
(25  g.)  for  6  hours  at  100°  (Conrad,  A.  188,  218). 
Oil  with  ethereal  odour.  With  ammonia  it 
forms  chloro-acetamide.  It  unites  with  Me2S 
at  100°  forming  the  hydrochloride  of  di-methyl- 
thetine  (Crum  Brown  a.  Letts,  Pr.  E.  28,  583). 

Chloro-acetic  ether  (2  mols.)  heated  with  (1, 
3,  4)  tolylene-diamine  (3  mols.)   at  100°  forms 
oxy-toluquinoxaline  dihydride  thus  : 
SCeHaMeCNH.,)^  2CHaCl.CO.,Et 


When,  however,  chloro-acetic  ether  (2  mols.) 
is  heated  with  a  smaller  quantity  (1  mol.) 
of  tolylene-diamine  at  100°  a  compound 
C18H16N20,  [147°]  is  formed;  it  may  bo 

(Hinsberg,    A. 


237,  361). 

Chloro-cthyletherCK.£l.CO,.CH,.ClI2Cl. 
(198°  uncor.).  S.G.  —  1-322.  From  chloro- 
acetyl  chloride  and  glycolic  chlorhydrin  (Henry, 
C.  R.  97,  1308).  Also  from  ethylene  and  CLO 
(Mulder  a.  Bremer,  B.  11,  19-^). 

Propyl  ether  CH,Cl.CO.Pr.  (161°)  (Schrei- 
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ner,  A.  197,  1).  S.G.  *  Ml  (Henry,  J.pr.  [2]  31, 
127).  S.H.  -422  (Schiff,  G.  17,  486). 

n-Butyl  ether  CH.,C1.CO.,C4H9.  (115°). 
S.G.  ^  1-103  ;  1*  1-081.  V.D.  5-1  (Gehring,  Bl. 
[2]  46,  146 ;  C.  R.  102,  1399). 

Isoamyl  ether  CH2Cl.C02C5Hn.  (190°). 
S.G.  £  1-063  (Hugounenq,  Bl.  [2]  45,  328). 

sec-Octyl  ether  OEUILCO,GAr  (234°)- 
S.G.  i2  -990.  From  octyl  alcohol  of  castor  oil 
(Gehring,  C.  R.  104,  1000). 

Pfeeni/Z  e^erCH.,Cl.C02Ph.  [40°].  (230°- 
235°).  From  phenol  and  chloro-acetyl  chloride. 
Needles  (Prevost,  J.pr.  [2]  4,  379). 

Benzyl  ether  CHjPhA'.  (148°)  at  9mm. 
S.G.  J  1-222. 

Chloride  v.  CHLORO-ACETYL  CHLORIDE. 

Amide  CH.Cl.CO.NHj.  Chloro-acetamide. 
[119°]  (Menschutkin  a.  Jermolajeff,  Z.  [2]  7,  5)  ; 
[116°]  (Bauer,  A.  229,  165).  (225°).  S.  10  at 
24°.  S.  (alcohol)  9'5  at  24°.  From  chloro-acetic 
ether  and  aqueous  or  gaseous  NH3,  or  from 
chloro-acetyl  chloride  and  dry  ammonia  (Willm, 

A.  Ch.  [3]  49,  99).    Thick  monoclinic  prisms  or 
flat  plates  (from  alcohol).     Its  aqueous  solution 
after    treatment    with    HgO    deposits    slender 
needles  of  Hg(NH.CO.CH.,Cl)2.    Alcoholic  KCy 
forms  C14H1SC18N405  (?)  (Schiff  a.  Speciale,  G.  9, 
335).      Br    and  KOHAq    give    chloro-methyl- 
chloro-acetyl-urea  CH.Cl.NH.CO.NH.CO.CH.Cl. 
(Wallach,  A.  184,  30).  " 

Anilide  CH2Cl.CO.NPhH.  [134°].  From 
aniline  and  ethereal  CH.,C1.COC1  (Wallach  a. 
Kamensky,  A.  214,  221 ;  Tommasi,  BL  19,  400 ; 
Cech,  B.  10,  1376 ;  Meyer,  B.  8,  1152).  Crys- 
tallises from  benzene.  When  treated  with  PC15 
it  gives  off  HC1  and  forms  a  base  whose  hydro- 
chloride  is  insol.  water,  benzene  or  ether,  but 
crystallises  from  alcohol  in  long  yellow  silky 
needles  which  appear  to  be  C,6H,2Cl.jN2HCl. 

p-Toluide  CHJCl.CONHC0H4Me.  [162°] 
(Meyer ;  Tommasi,  C.  J.  26,  911 ;  27,  628). 

Nitrile  CH^CLCN.  (124°).  S.G.  ^  1-193. 
V.D.  2-62.  From  the  amide  and  P205.  The 
yield  is  50  p.c.  of  the  theoretical  (Bisschopinck, 

B.  6, 732 ;  Engler,  B.  6, 1003 ;  Bauer,  .4.  229, 165). 
Di  -  cWoro  -  acetic     acid      C.,H2CLj02     i.e. 

CB.CL.COja.    (190°).    S.G.  is  1-522. 

Formation.— 1.  By  the  chlorination  of  acetic 
or  of  chloro-acetic  acid  (Maumene,  .BZ.  [2]  1,  417). 
2.  By  the  action  of  aqueous  KCy  upon  chloral 
(Wallach,  A.  173,  295). 

Preparation.— By  boiling  chloral  hydrate 
(50  g.)  with  water  (250  g.)  and  K4FeCye  (84  g.) ; 
the  resulting  potassium  salt  being  extracted  by 
alcohol  (Wallach,  B.  9,  1212  ;  10,  1526). 

Properties. — Corrosive  liquid;  solidifies  be- 
low 0°. 

Reactions. — 1.  Converted  into  glyoxylic  acid 
by  heating  with  moist  Ag  ,O.  The  same  reaction 
is  slowly  effected  by  water  at  100°,  and  by 
alkalis  (Beckurts  a.  Otto,  B.  14,  583). 

Salts. — KA' :  laminae  (from  alcohol).-  Ag  A': 
prisms,  si.  sol.  cold  water;  decomposes  vio- 
lently at  80°.— CaA',  3  aq :  needles  (from  alcohol). 
— Na(UrO)2A':t  (Clarke  a.  Owens,  B.  14,  35). 

p-Toluidine  di-chloro-acetate 
C8H)Me.NH3O.CO.CHCl2:  [136°];  white  needles 
(Duisberg,  B.  18,  194). 

Methyl  ether  CHCl2.C02Me.  (144°)  (Wal- 
lach, A.  173,  299).  S.G.  &  1-381  (Henry,  C.  R. 
101,  250).  S.H.  -322  (Schiff,  G.  17,  280). 


E  thyl  ether  CHCl^CO^t.  (157°).  S.G.f 
1-2821  (Briihl,  A.  203,  22).  nff  1-444.  E^  52-19. 
V.D.  5-38  (for  5-42).  S.H.  -338  (S.).  S.V.  143-4. 
Formation. — 1.  Together  with  glyoxylic  ether  by 
heating  C2C14  with  NaOEt  at  100°-150°  for  13 
hours. — 2.  By  adding  chloral  hydrate  (1  mol.)  to 
potassium  cyanide  (1  mol.)  in  absolute  alcohol : 

CC13.CH(OH)2  +  EtOH  +  KCN 
=  CHCl2.C02Et  +  HCN  +  KC1  +  H20.  Or  by  gently 
heating  chloral  cyanhydrin  (1  mol.)  with  alcoholic 
NaOEt  (Wallach,  B.  6,  114;  10,  1527,  2120). 
Reactions. — 1.  Boiling  alcoholic  KCy  gives  acetic 
and  oxalic  acids  (Glaus,  B.  11,  496,  1044).— 

2.  Silver,  or  Na,  converts  it  into  maleic  ether. 

3.  Alcoholic  KOH  gives  glycollic  acid  (Glaus, 
B.  14,  1066). 

P  ropy  I  ether  CHCl2.C02Pr.     S.H.  -352. 

Isobutyl  ether  CHCl2.C02CH.,Pr.     (183°). 

s-Octyl  ether CHC12.C02C8H17."(244°) (Geh- 
ring, C.  R.  104,  1000). 

Benzyl  ether  CHCl2.C02.CH2Ph.  (179°)  at 
60  mm.  S.G.  ±  1-313  (Seubert,  B.  21,  281). 

Amide  CHCLj.CONH,.  [98°]  (Hantzsch  a. 
Zeckendorff,  B.  20,  1309).  (234°).  From  the 
ether  and  alcoholic  NH3,  or  from  chloral  cyan- 
hydrin CC13.CH(OH).CN  and  aqueous  NH3  (Pin- 
ner a.  Fuchs,  B.  10, 1066).  Monoclinic  columns. 
V.  sol.  hot  water.  It  unites  with  chloral  forming 
CC13.CH(OH).NH.CO.CHC12,  which  crystallises 
from  water  in  prisms.  PC15  converts  it  into 
CHCL,CC1:N.POC12  (Wallach,  A.  184,  28). 

Ethylamide  CHCl2.CONHEt.  [59°].  (226°). 
Converted  by  PC15  into  CHCl2.CCl2.NEt.POCl2 
(140° -150°)  and  CHCl2.CCl:NEt  (c.  163°). 

Anilide  CHCl2.CO.NHPh.    [118°].    Forma- 
tion.— 1.  By  the  action  of  aniline  on  chloral  in 
presence  of  KCy  or  on  chloral  cyanhydrin  (Cech, 
B.  9,  337;  10, 1265).— 2.  From  aniline,  di-chloro- 
,  acetic  acid,  and  P205  (C.). — 3.  By  warming  di- 
I  chloro-acetamide  with  aniline  (C.).    Properties. 
Crystalline  scales  (from  water) ;  si.  sol.  hot  water ; 
sol.  KOHAq  and  reppd.  by  acids. 

NitrileGH.GL.C8.  (113°).  V.D.  3-82.  S.G. 
li  1-374  (Bisschopinck,  B.  6,  732).  Formed  by 
distilling  the  amide  with  P205.  Absorbs  HC1 
forming  a  crystalline  compound  which,  when 
heated  in  a  sealed  tube  at  140°,  splits  up  into 
HC1  and  a  polymeride  of  dichloro-acetonitrile 
[70°]  (Weddige  a.  Korner,  J.pr.  [2]  31,  176). 

Di-chloro-ortho-acetic  ether 
CHCl2.C(OEt)3.  (205°).  Formed  together  with 
other  bodies  by  heating  C2C14  with  NaOEt  at 
100°-120°.  Decomposed  by  water.  Decomposed 
by  NaOEt  into  NaCl  and  di-ethyl-glyoxylic  ether 
(Geuther  a.  Brockhoff,  J.  pr.  [2]  7,  101). 

Tri-chloro-aeetic  acid  C.,HCl302*.e.  CC13.C02H. 
Mol.  w.  163£.  [55°].  (195°).  S.G.  ff  1-617.  V.D. 
5-3.  Formation. — 1.  By  the  action  of 'dry  chlorine 
(3  mols.)  on  glacial  acetic  acid  (1  mol.)  in  sun- 
shine (Dumas,  A.  Ch.  [2J  73,  75).— 2.  By  the 
oxidation  of  chloral  with  HC1  and  KC103,  and  of 
chloral  or  metachloral  with  fuming  HN03  (Kolbe, 
A.  54,  182).— 3.  Together  with  C2C1,.  bypassing 
chlorine  into  C2C14  under  water  in  sunlight  (K.). 
4.  From  CC1,.CO.C1,  which  is  formed  by  chlorin- 
ating ether  (Malaguti,  A.  Ch.  [3]  16,  10). 

Preparation.— 1.  Chloral  hydrate  (165£  pts.)  is 
just  melted  and  fuming  HN03  (63  pts.)  is  added. 
The  reaction  proceeds  without  application  of 
heat,  and  after  half  an  hour  the  liquid  is  frac- 
tionally distilled  (De  Clermont,  A.  Ch.  [6]  6, 135  ; 
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[5]  2,  401 ;  C.  R.  73, 112,  501 ;  74,  942  ;  76,  774  ; 
81,  1270  ;  cf.  Tommasi  a.  Meldola,  C.  J.  27,  314 ; 
Judson,  Z.  [2]  7, 40).— 2.  Chloral  hydrate  (165  g.) 
is  mixed  with  KC1O3  (37-5  g.) ;  as  soon  as  the 
mixture  is  melted  a  violent  action  sets  in,  with 
evolution  of  gas,  and  potassium  tri-chloro-acetate 
(120  g.)  is  formed  (Seubert,  B.  18,  3336,  3339). 

Properties.  —  Deliquescent  rhombohedral 
scales.  V.  sol.  water.  Blisters  the  skin.  Its  va- 
pour is  pungent.  Markedly  exhibits  superfusion. 

Reactions. — 1.  Cone.  H2S04  forms  CO,  C02, 
and  HC1. — 2.  Both  the  acid  and  its  salts  are 
decomposed  by  boiling  with  water  or  alkalis 
into  C02  and  chloroform.  Ammonia,  dimethyl- 
aniline,  and  KCy  also  liberate  chloroform  (Sil- 
berstein,  B.  17,  2664  ;  Bourgoin,  Bl.  37,  403 ; 
C.  It.  94,  448).— 3.  It  is  reduced  to  acetic  acid  by 
fuming  HI  at  100°  (Clermont),  by  electrolysis 
(K.),  or,  in  aqueous  solution,  by  (f  p.c.)  potas- 
sium amalgam  (Melsens,  A.  Ch.  [3]  10,  233).— 4. 
NaOEt  forms  sodium  chloride,  carbonate,  and 
formate.— 5.  K2S03Aqfor  CHCl(S03K)C02Kl|aq 
(Eathke,  A.  161,  149).— 6.  Forms  a  compound 
with  aluminum  chloride  which  is  decomposed 
by  steam  thus  :  (CC13.C02)2A12C14  +  6H20 
=  2CHC13  +  2CO.,  +  4HC1  +  A12(OH)6  (Elbs  a. 
Tolle,  J.  pr.  [2]"  32,  624). 

Salts. — KA'aq:  long  slender  needles.  Heated 
with  bromine  it  forms  C02,  KBr,  and  CBrCl3 
(Van  't  Hoff,  B.  10,  678).— KHA'2:  octahedra: 
S.  26-1  at  0°;  33'75  at  20°  (Seubert).— NaA'  3aq! 
On  dry  distillation  it  gives  NaCl,  CO,  C02,  COC12, 
tri-chloro-acetyl  chloride,  tri-chloro-acetic  acid 
and  its  anhydride,  and  a  little  C2C16  (Henry,  B. 
12,  1844).— NH4A'2aq:  [80°];  prisms.  Boils 
at  110°-115°,  giving  off  chloroform  and  am- 
monium bi-carbonate,  and  leaving  NH4A',  which 
is  solid  at  160°,  but  at  a  higher  temperature 
splits  up  into  NH4C1,  CO,  and  COC12  (M.).— 
NH4HA'.,  :  octahedra — LiA'  2aq  :  deliquescent 
prisms— Tl A'— T1HA'2— AgA':  laminfe,  si.  sol. 
water  ;  explodes  when  heated,  forming 
AgCl,  CO,  C02,  and  tri-chloro-acetic  anhydride. 
— CaA'26aq:  prismatic  needles. — CaA'23^aq. — 
8rA'26aq:  radiate  groups  of  prisms.— BaA'26aq  : 
very  thin  laminae.  —  MgA',  4aq. — ZnA'.,  6aq  : 
laminae.— CuA'26aq  (Judson,  B.  3,  782).— HgA'2 : 
prismatic  needles. — Hg2A'2:  small  needles,  si. 
sol.  water. — PbA'2aq:  large  prisms,  v.  sol.  water, 
si.  sol.  alcohol. 

Methyl  ether  CCl3.CO.,Me.  (154°)  (Henry, 
C.  R.  101,  250).  S.G.  L9!2 1-489.  S.H.  -277 
(Schiff,  G.  17,  286).  Obtained  by  distilling  the 
acid  with  methyl  alcohol  and  H2S04 ;  or  by  the 
action  of  methyl  alcohol  on  the  chloride  or  chlor- 
inated aldehyde.  Oil,  smelling  of  peppermint. 

Tri-chloro-methyl  etherCCl3.CO.OCCl3. 
S.G.  is 1-705.  (c.  200°).  From  the  preceding  or 
from  methyl  acetate  by  chlorine  in  sunshine. 
Said  to  be  identical  with  the  penta-chloro-ethyl 
ether  of  chloro-formic  acid  C1.CO.O.CC1.,.CC13, 
(180°-185°),  S.G.  m  1-724  (Cahours,  A.  6±,  315). 
Decomposed  by  moist  air  and  by  aqueous  alkalis 
into  HC1,  CO.,,  and  tri-chloro-acetic  acid.  Reac- 
tions.— 1.  Ammonia  gives  tri-chloro-acetamide. — 

2.  Alcoholgives  tri-chloro-acetic  ether  andchloro- 
fovmic  ether  ;  methyl  alcohol  acts  similarly. — 

3.  Its  vapour  passed  through  a  red-hot  tube  gives 
COC1.,  and  tri-chloro-acetyl  chloride. 

Ethyl  ether  CCl,.CO,Et.  (167°).  S.G.  f 
1-38-26  (Bnihl).  ^1-4567.  B  a,  60'57.  S.H. -296. 


V.D.  6-59  (for  6-61).  S.V.  163-8  (Schiff).  Ob- 
tained by  distilling  the  acid  with  alcohol  and  a 
little  H,S04  (Clermont,  A.  Ch.  [6]  6,  241).  Oil, 
smelling  of  peppermint.  Heated  with  KCy 
and  absolute  alcohol  it  yields  C02  and  chloro- 
form (Glaus,  A.  191,  58).  PCI5  at  150°  forms 
EtCl,  POC13,  and  CC1,.COC1  (Michael,  Am.  9, 
213).  Heated  with  NaOEt  (containing  NaOH) 
it  forms  orthoformic  ether,  NaCl,  and  NaEtCOs 
(Klien,  J.  1876,  521).  With  K2S03  it  forms 
CHC1(SO3K)2CO,K  liaq  (Eathke,  A.  161,  166). 

Penta-chloro  "ethyl  ether 
CC13.C02C2C15.  (245°).  S.G.  M  1-79  (Malaguti, 
A.  Ch.  [3]  16,  57 ;  Cloez,  A.  Ch.  [3]  17,  304). 
Formed  by  passing  chlorine  through  acetic 
ether,  finally  in  sunshine  (Leblanc,  A.  Ch.  [3] 
10,  200).  Liquid,  gradually  decomposed  by 
moist  air  into  HC1  and  tri-chloro-acetic  acid. 
Reactions. — 1.  Alcohol  forms  tri-chloro-acetio 
ether. — 2.  Ammonia  forms  tri-chloro-acetamide. 

3.  Prolonged  action  of  chlorine  forms  C2C16. — 

4.  Passage  through  a  tube  at  400°  yields  tri- 
chloro-acetyl  chloride. 

Propyl  ether  CCl3.C02Pr.  (187°)  (Cler- 
mont, C.  R.  96,  437).  S.H.  -306. 

Isobutyl ether  CCl3.C02.CH2Pr.  (188°)(J.). 

Isoamyl  ether  CCl3.C02C5Hn.  (217°)  (C.). 

s-Octyl  ether  CC13.C02C8H17.  (260°)  (Geh- 
ring,  C.  R.  104,  1001).  Light  oil. 

Benzyl  ether  CH2PhA'.  (179°) at 50° mm. 
S.G.  1 1-389. 

Anhydride  (CC13.CO)20.  (224°).  Formed 
by  treating  the  acid  with  PC13  or  CC13.COC1 
(Buckney  a.  Thomsen,  B.  10,  698 ;  Clermont, 
Bl.  [2]  30,  505;  C.  R.  86,  337).  Hygroscopic 
liquid,  rapidly  converted  into  the  acid  by  water. 

Chloride  v.  2Vi-CHLORO-ACETYL  CHLORIDE. 

Amide  CC13.CO.NH2.  Mol.  w.  162|.  [136°]. 
(239°).  Formed  by  the  action  of  ammonia  on 
tri-chloro-acetyl  chloride,  on  tri-chloro-acetio 
ether,  on  perchlorinated  acetic  ether  (y.  supra), 
and  on  perchlorinated  formic,  carbonic,  oxalic, 
and  succinic  ethers  (Malaguti,  A.  56,  286 ;  Cloez, 
A.  60,  261,  A.  Ch.  [3]  19,  352  ;  Gerhardt,  Compt. 
Chim.  1848,  277).  Preparation. — By  mixing 
NH3  (1  pt.)  dissolved  in  alcohol  (10  pts.)  with 
trichloracetic  ether  (11  pts.)  dissolved  in  alcohol 
(16  pts.).  The  mixture  is  kept  cool.  After  12 
hours  the  reaction  is  complete  (A.  Weddige,  J.pr. 
[2]  33, 78).  Properties.—  Monoclinic  tables  (from 
water)  ;  sweetish  taste.  SI.  sol.  water,  v.  sol.  al- 
cohol and  ether.  Reactions. — 1.  Ammonia  forms 
ammonium  tri-chloro-acetate.— 2.  P205  gives  the 
nitrile.— 3.  PC15  gives  CC13.CC1:N.POC12  [c.  81°J 
(c.  257°)  (Wallach,  A.  184,  23). 

Chloro-amide  CC13.CO.NHC1.  [121°]. 
Formed  by  the  action  of  chlorine-water  on  tri- 
chloracetamide  (Cloez,  A.  Ch.  [3]  17,  305). 
Very  volatile  with  steam.  Large  plates.  Sol. 
alcohol,  and  ether,  si.  sol.  water.  It  dissolves  in 
NH3Aq  with  re-formation  of  tri-chlor-acetamide. 
It  is  scarcely  altered  by  boiling  with  alcoholic 
KOH.  By  neutralising  the  alcoholic  solution  of 
the  chloro-amide  with  alcoholic  KOH  a  well 
crystallised  potassium  salt  (CC13.CO.NC1K)  is 
formed  (Steiner,  B.  15,  160'3). 

Methylamide  CCl3.CONHMe.  [106°].  From 
tri-chloro-acetic  ether  and  methylamine.  Crys- 
tals, si.  sol.  water  and  ether,  slowly  attacked  by 
HNO,  (Franchimont  a.  Klobbie,  R.  T.  C.  6,  234). 

Di-methyl-amide  CCl3.CONMe,,.  [c.  12°]. 
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S.G.  is  1-441.    v.D.  6-68.  Not  attacked 
by  HNO,  (S.G.  1-53)  (F.  a.  K.). 

Ethyl-amide  CCl3.CO.NHEt.  [74°].  (230°). 
Quadrangular  tables.  Insol.  cold  water,  v.  sol. 
alcohol,  ether,  or  chloroform  (Wallach  a.  Kamen- 
sky,  A.  214,  225).  PC1-,  appears  to  form  the 
imido-chloride  CCl3CCl:NEt,  but  this  gives  no 
basic  condensation  product. 

Di-ethyl-amide  CCl3.CONEt2.  [27°]. 
(F.  a.  K.) ;  [90°]  (Cloez).  V.D.  7-23  (F.  a.  K.). 
From  hexa-chloro-acetone  and  NEt.H  (Cloez, 
jun.,  A,  Ch.  [6]  9,  145).  Crystals.  Not  attacked 
by  pure  HN03  (S.G.  1-53)  (F.  a.  K.). 

A  llyl-amide  CC13.CO.NHC3H5.  [45°]. 
(190°).  From  allylamine  and  hexa-chloro-ace- 
tone (Cloez). 

Anilide  CCl3.CO.NPhH.  [94°].  Scales 
(from  alcohol) ;  gives  no  basic  condensation  pro- 
duct with  PC15. 

o-  To  luide  CCl3.CO.NH.C6H4Me.  [67°]. 
(215°).  From  hcxa-chloro-acetone  and  o-tolu- 
idine  (Cloez,  jun.,  A.  Ch.  [6]  9,  145). 

p-Toluide  CCl3.CO.NH.C6H4Me.  [80°]. 
(185°)  (Cloez). 

NitrileCC^C^.  (84°).  S.G.  ia  1-439.  V.D. 
5-03.  Formed  by  the  action  of  chlorine  on  ace- 
tonitrile  containing  iodine  (Beckurts,  B.  9, 1594). 
From  the  amide  and  P205 ;  the  yield  is  90  p.c. 
(Dumas,  Malaguti,  a.  Leblanc,  G.  R.  25,  442 ; 
Bisschopinck,  B.  6,  732;  Bauer,  A.  229,  105). 
Pungent  liquid,  insol.  water,  sol.  alcohol,  ether, 
and  light  petroleum.  Forms  a  crystalline  com- 
pound with  HBr  which  is  decomposed  by  water. 
Warmed  with  HC1  changes  to  trichloro-acetic 
acid.  Polymerises  when  kept.  NaOEt  forms 
ethyl  derivatives  of  the  nilriles  of  dichloro-gly- 
collic  acid,  and  of  chloro-glyoxylic  acid. 

Paranitrile  (CC1,.CN)S.  Per-chloro-tri- 
methyl-cyanidine.  [96°].  Formation. — 1.  Cyano- 
formic  ether,  CN.CO.,Et,  is  distiUed  with  PC15, 
and  the  liquid  product,  probably  CN.COC1,  is 
heated  in  a  sealed  tube  at  160°  -with  PC15.  The 
product  is  distilled  with  steam  and  crystallised 
from  alcohol.  The  yield  is  6  per  cent.  (A.  Wed- 
dige,  J.  pr.  [2]  28,  188  ;  33,  77).— 2.  From  ordi- 
nary tri-chloro-acetonitrile  by  saturating  it  with 
HC1  and  exposing  it,  in  sealed  tubes,  to  sun- 
light. In  about  a  year  the  contents  of  the 
.tubes  solidifies.  The  solid  nitrile  is  crystal- 
lised from  alcohol.  Properties. — Large  prisms 
(from  hot  alcohol).  Sol.  alcohol,  benzene,  ether, 
CSj,  and  chloroform.  Hardly  sol.  water.  Volatile 
with  steam.  Reactions. —  1.  Decomposed  by  al- 
coholic potash,  thus  : 

(CC13.CN),  +  3KOH  =  C3N,(OK)3  +  3CHC13, 
forming  chloroform  and  potassic  cyanurate. — 
2.  Boiled  with  alcoholic  ammonia  it  reacts  thus:  j 
C3N3(CC13)3  +  NH3  =  HCC13  +  C3N3(CC13),.NH2.  I 
The  latter  body  forms  flat  prisms  (from  alcohol) 
[166°].  It  is  sol.  alcohol,  ether,  and  benzene, 
scarcely  sol.  water.  It  is  not  a  base.  —  3.  When 
heated  with  alcoholic  NH3  in  sealed  tubes  at 
110°  tri-chloro-acetic  paranitrile  reacts  thus : 
C3N8(CC1,)S  *  2NH3  =  2CHC13  +  C3N3(CC13)(NH2)2 
The  diamide  crystallises  from  alcohol  either  in 
long  pyramids  containing  alcohol  or  in  short 
six-sided  prisms  without  alcohol  of  crystallisa- 
tion. It  melts  at  [236°].  It  is  si.  sol.  ether  and 
benzene,  hardly  sol.  cold  water.  It  forms  a  salt, 
CSN:<(CC13)(NH2)2HC1 2aq.,  crystallising  in  pearly 
plates.  This  salt  is  decomposed  by  boiling  water. 


Boiled  with  NH3Aq  it  forms  ammeline,  or  ati 
isomeride  C8N8(OH)(NH2)2.— 4.  Heated  with 
NH3Aq  at  120°,  or  alcoholic  NH3  at  170°  it 
forms C3N3(OH)(NH2)2-y.  AMMELINE. — 5.  Aqueous 
or  alcoholic  methylamine  at  20°  forms 
C3N3(CCl3),NHMe.  Small  crystals  [117°].  V. 
sol.  alcohol,  sol.  benzene.  Is  not  a  base. 
With  alcoholic  ammonia  at  110°  it  gives  rise  to 
C3N3(CCy(NH.,)(NHMe).  This  body  is  also  got 
from  C3N3(CC~13)2(NH2)  and  alcoholic  methyl- 
amine. It  forms  colourless  crystals  [153°-155°J. 
6.  Alcoholic  methylamine  at  110°  in  a  sealed 
tube  forms  C3N3(CCl3)(NHMe)2.  Small  white 
crystals  [207°].  Sol.  alcohol  and  benzene.  Forms 
salts. — 7.  Aqueous  methylamine  at  120°  forms 
C,N,(OH)(NMeH)2.  Slender  needles.  Forms  a 
piatino-chloride  (B'HCl)2PtCl4  (Weddige;  v.  also 
Hofmann,  B.  18,  2770). 

CHLOKO-ACETIC  ALDEHYDE  CH2C1.CHO. 
(85°). 

Formation. — 1.  From  vinyl  chloride,  HC10, 
and  HgO  (Glinsky,  Z.  1867,  678;  1868,  617; 
1870,  647). — 2.  From  di-chloro-ether  and  cone. 
H,S04  (Jacobsen,  B.  4,  216). 

Preparation.  —  A  mixture  of  chloro-acetal 
(1000  g.)  and  dry  oxalic  acid  (590  g.)  is  distilled 
at  100°-150°  in  an  atmosphere  of  C02.  The 
residue  consists  chiefly  of  oxalic  ether,  the  dis- 
tillate contains  formic  ether,  oxalic  acid,  and 
chloro-acetic  aldehyde.  A  portion  (87°-91°)  puri- 
fied by  fractional  distillation  is  obtained  in  the 
form  of  a  crystalline  hydrate  either  by  use  of  a 
freezing  mixture  or  by  means  of  NaHS03.  Water 
of  crystallisation  is  removed  by  distillation  over 
CaCl2  or  CuS04.  The  anhydrous  aldehyde  is, 
ho\yever,  best  obtained  by  distilling  its  poly- 
meride  (Natterer,  M.  3,  442). 

Properties.  —  Colourless  liquid  which  com- 
bines with  water,  forming  a  crystalline  hydrate, 
CH,C1.CHO  |aq  [43°-50°].  The  V.D.  (1-98)  of 
the  hydrate  shows  that  it  dissociates.  It  forms 
monoclinic  crystals.  Sol.  water,  alcohol,  and 
ether  ;  blisters  the  skin.  Eeduces  ammoniacal 
AgN03,  forming  a  mirror. 

Beactions. — 1.  Oxidised  by  HN03  to  chloro- 
acetic  acid.  -  2.  Potassium  cyanide  gives  an  oil 
(CH2CLCHO)(CH2Cy.CHO)  whence  HC1  forms 
acetic  and  chloro-oxy-propionic  acids.  —  3.  By 
heating  alone  or  with  some  H2S04  it  is  converted 
into  07-di-chloro-crotonic  aldehyde. — 4.  HC1 
passed  into  a  mixture  of  chloro-acetic  aldehyde 
and  alcohol  forms  di-chloro-ether. 

Combinations. — 1.  With  alcohol  it  forms  an 
alcoholate,  CH2Cl.CH(OH)(OEt).  (c.  94°).  Also 
formed  from  di-chloro-ether  with  water  (7  vols.) 
at  120°  (Abeljanz,  A.  164,  217).  Kepeated  dis- 
tillation converts  it  into  C8H)6C1.,0,  (164°). — 
2.  With  acetyl  chloride:  CH,CLCHCl(OAc). 
(c.  147°).  Formed  also  by  reducing  the  corre- 
sponding compound  of  chloral  with  acetyl 
chloride  by  Zn  and  acetic  acid  (Curie  a.  Milliet, 
B.  9,  1611).— 3.  With  bisulphite  of  soda: 
C2H  tC10NaHS03  2aq :  six-sided  tables  (from 
water).  Separates  from  alcohol  as  a  powder 
(containing  |aq).  Boiling  Na2C03  decomposes 
it  without  regenerating  the  chloro-acetic  alde- 
hyde.—4.  With  calomel :  C2H3C10Hg.,Cl2. 

Chloro-acetic  paraldehyde  (C2H,Cl"0)3.  [87°]. 
(140°)  at  10  mm.  S.G.  2-77.  V.D.  8-25  (calc.8-31). 
An  amorphous  porcelain-like  mass  into  which 
the  aldehyde  slowly  changes  on  keeping  (pro- 
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bably  when  not  perfectly  pure).  It  also  sepa- 
rates from  a  solution  of  the  hydrate  in  cone. 
H2S04.  Trimetric  crystals,  a :  6  :  c  =  1-51:1:  -941. 
Insol.  water,  si.  sol.  cold  alcohol,  v.  sol.  ether. 
At  245°  it  is  reconverted  into  the  ordinary  modi- 
fication. Not  acted  upon  by  iron  and  acetic  acid, 
by  AgOAc  and  HOAc,  by  alcoholic  NH,,  by 
KOHAq  at  100°,  or  by  cold  NaOEt  (Natterer, 
M.  0,  519). 

Chloro-acelc  orthaldehyde 
*CH,C1.CH(OH),.  Contrary  to  analogy,  the 
hydrate  of  chloro'-acetic  aldehyde  does  not  seem 
to  have  the  above  formula,  but  appears  to  be 
CH2C1.CH(OH).O.CH(OH).CH2C1  (v. supra).  The 
di-alkylated  derivatives  of  chloro-acetic  ortho- 
aldehyde  are  called  acetals. 

Ethyl  0£frerCH2Cl.CH(OH)(OEt).  Chloro- 
aldehyde  alcoholate.  (93°-95°).  Formed  by  the 
action  of  water  at  120°  on  dichlorinated  ethyl 
oxide  CH,Cl.CHC1.0Et.  On  distillation  it  forms 
an  anhydride,  (CH2Cl.CH.OEt),O,  (1633-165°), 
which  is  split  up  by  cone.  H2S04  into  chloro- 
acetic  aldehyde  and  alcohol.  This  body  is  also 
formed  from  di-chloro-di-ethyl  ether  and  potash. 

Acetyl  derivative  of  the  ethyl  ether 
CH2Cl.CH(OEt)(OAc).  (170°).  From  di-chloro- 
ethylether  and  silver  acetate  (Bauer,A  134, 176). 

Methyl  ethyl  ether  CH,Cl.CH(OEt)(OMe). 
(137°).  S.G.  11 1-056.  From  d"i-chloro-ethyl  ether 
and  sodium  methylate  (Lieben,  A.  146,  202). 

Di-ethyl  ether  CH2Cl.CH(OEt).,.  Chloro- 
acetal.  (157°).  S.G.  ^  1-042.  V.D.  "5-38  (calc. 
5-29).  Formation. —  1.  When  chlorine  is  passed 
into  dilute  alcohol  (80  p.c.)  for  some  time,  on 
adding  water  a  heavy  oil  separates.  By  fractional 
distillation  this  is  found  to  consist  chiefly  of  alde- 
.hyde,  chloro-acetal,  and  di-chloro-acetal.  The 
fraction  120°-170°  is  digested  for  several  days 
with  aqueous  KOH  and  rectified  (Lieben,  A.  Ch. 
[3]  56,  313 ;  Krey,  Jena.  Zeit.  10,  84).— 2.  From 
di-chloro-ethyl  ether  CH.,Cl.CHC1.0Et  and 
NaOEt  (Lieben,  A  146,193  ;  Natterer,  M.  3,444) ; 
or  by  long  boiling  with  alcohol  (Paterno  a.  Maz- 
zara,  B.  6,  1202). — 3.  From  di-chloro-ethylene 
and  alcoholic  NaOEt  at  40°-50°  (Klien,  J.  1876, 
336). — 4.  By  warming  chloro-acetic  aldehyde 
with  alcohol  (Natterer,  M.  5,  497).  Properties.— 
Aromatic  liquid,  insol.  water,  sol.  alcohol.  Not 
attacked  by  aqueous  KOH.  Does  not  pp. 
AgNOa.  —  Reactions.  —  1.  NaOEt  at  150° 
gives  CH2(OEt).CH(OEt).,.  — 2.  Sodium  forms 
CH2:CH.OEt  (Wislicenus,A  192, 106).— 3.  Boil- 
ing with  powdered  zinc  gives  EtCl  and  alcohol.— 
4.  Heating  with  oxalic  acid  gives  chloro-acetic 
aldehyde  and  oxalic  ether.  HOAc  acts  simi- 
larly.— 5.  HC1  gives  di-chloro-ethyl  ether 
CH,Cl.CHC1.0Et.— 6.  Poured  upon  Ucaching- 
powder,  no  action  ensues,  but  upon  heating  over 
a  water  bath  a  reaction  takes  place  and  a  green- 
ish liquid  collects  in  the  receiver.  This  distillate 
presently  decomposes,  the  products  being  chlor- 
ine, HC1,  undecomposed  chloro-acetal,  di-  and 
tri-chloro-acetals,  chloroform,  and  an  aldehyde 
(Goldberg,  J.  pr.  132,  109). 

D --chloro-acetic  aldehyde,  CHCL.CHO. 
Mol.  w.  113.  (89°). 

Formation. — 1.  By  distilling  di-chloro-acetal 
with  H.,SOl  (Grimaux  a.  Adam,  Bl.  34,  29;  Pa- 
terno, Z.  1868, 607).— 2.  By  boiling  CCUCH.OMe 
with  dilute  H,S04  (Denaro,  G.  14,  119").— 3.  By 
distilling  its  hydrate  obtained  by  chlorination 


of  chloro-acetic  paraUehyde  (v.  di-chloro -acetic 
ortho-aldehyde]  with  H  S04. 

Properties. — Liquid,  which,  in  presence  of 
some  HC1,  gradually  changes  to  an  amorphous 
solid  variety,  which  at  120°  returns  to  the  liquid 
form. 

Reactions.— 1.  Oxidised  by  HN03  to  dichloro- 
acetic  acid.— 2.  POL,  forms  CHCL.CHC1,  (147°) 
(Paterno,  Z.  1868,  667). 

Di-chloro-acetic  paraldehyde 
(CHCL.CHO)X.    [130°].    S.G.    1-69.    From   di- 
1  chloro-acetic  aldehyde    (or  di-chloro-acetal)   in 
j  presence  of  H2S04  in  the  cold  (Jacobsen,  B.  8, 
87  ;  cf.  Krey,  "j.  1876,  475).    Hexagonal  pyra- 
mids (from  alcohol).     V.  sol.  hot  alcohol.     May 
bs  sublimed,  but  at  240°  in  a  sealed  tube,  or  with 
cone.  H,SO,  at  130°,  it  changes  to  liquid  di- 
chloro-acetic  aldehyde. 

Amorphous  polymeride  (CHCl,.CHO)/(. 
Formed  spontaneously  by  the  polymerisation  of 
(impure  ?)  di-chloro-acetic  aldehyde  (Friedrich, 
A.  206,  252).  Paraffin-like  mass,  insol.  water, 
m.  sol.  ether,  si.  sol.  hot  alcohol.  Does  not 
melt  below  200°.  Converted  by  heat  into  ordi- 
nary di-chloro-acetic  aldehyde. 

Di-chloro-acetic  orthaldehyde 
CHC1.,.CH(OH) ,.  Di-chloro-acetic  aldehyde  hy- 
drate. [43°]  (F.);  [57°]  (Denaro,  G.  14,  120) 
(c.  120°).  Formed  as  a  by-product  in  the  pre- 
paration of  tri-chloro-butyric  aldehyde  by  the 
action  of  chlorine  upon  paraldehyde  (Friedrich, 
A  206, 251).  Micaceous  scales.  V.  sol.  water  and 
ether.  Oxidised  by  HN03  to  di-chloro-acetic  acid. 
Cone.  H,SO,  converts  it  into  di-chloro-acetic 
aldehyde  and  its  amorphous  polymeride. 

Di-ethyl  ether  CHCl2.CH(OEt)2.  Di-chloro- 
acetal.  Mol.  w.  187.  (184°).  V.D.  6-45  (calc. 
6-44).  S.G.  ±±  1-138.  Formed  by  chlorinating 
alcohol  (v.  supra)  or  acetal  (Lieben,  A.  104, 114  ; 
Pinner,  B.  5,  148;  Krey,  J.  1876,  474).  Also 
f rom  tri-chloro-ethyl  ether  CHCU.CHCl.OEt  and 
NaOEt  (Jacobsen,  B.  4,  217). 

Reactions. — 1.  Zinc-ethyl  at  140°  gives  pro- 
pylene,  ethylene,  and  other  gases,  leaving  ether : 
(Paterno,  G.  R.  77,  458).— 2.  PC15  gives  tri- 
chloro-ethyl  ether  CHCL.CHCl.OEt.— 3.  NaOEt 
gives  the  tetra-ethyl  derivative  of  ortho-glyoxal 
CH(OEt)2.CH(OEt),  (Pinner,  B.5, 151).— 4.  Cone. 
H2SO,  or  HClAq  converts  it  into  di-chloro-acetic 
aldehyde.  Fuming  H,S04  forms  a  crystalline 
compound  C6H5C1503  [129°]  (Grabowsky,  B.  6, 
1071).  According  to  Pinner  (A.  179, 34)  di-chloro- 
acetal  is  not  converted  into  di-chloro-acetic 
aldehyde  by  H2SO4,  and  does  not  give  di-chloro- 
acetic  acid  on  oxidation  by  HN03. 

Tri-chloro-acetic  aldehyde  v.  CHLORAL. 

Tri-chloro-acetic  orthaldehyde  v.  CHLORAL 
hydrate. 

Di-ethyl  ether  CCl3.CH(OEt)2  (v.  p.  4). 

An  isoineride,  possibly  having  the  consti- 
tution CHCL.CCl(OEt)2,  [72°]  (P.);  [83°]  (K.), 
(230°),  is  formed  as  a  secondary  product  in  the 
preparation  of  di-chloro-acetal  by  the  chlorina- 
tion of  80  p.c.  alcohol  (Paterno,  C.  R.  67,  765  ; 
Lieben,  A.  104, 114;  Kley,  J.  1876, 475).  Needles 
(from  ether).  Volatile  with  steam.  It  is  doubt- 
I  ful  whether  it  yields  chloral  on  treatment  with 
!  H..SO, ;  such  a  reaction  would  indicate  the  same 
formula  as  that  ascribed  to  the  liquid  isomeride 
(v.  p.  4). 
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TRI-CHLORO-ACETIC  ANHYDRIDE  v.  An- 
hydride Of  jPri-CHLORO -ACETIC  ACID. 

CHLORO-ACLTO-ACETIC  ETHER  CHHqC103 
i.e.  CH3.CO.CHCl.C02Et  or  CH.,Cl.CO.CH.,c62Et. 
(194°).  S.G.  i±  M9.  Formed,  together  with  S02 
and  HC1,  by  the  action  of  S02C12  (1  mol.)  or  of 
Cl  upon  aceto-acetic  ether  (1  mol.)  (Allihn,  B.  11, 
508;  Merves,  A.  245,  58).  Liquid.  Alcoholic 
KOH  liberates  chloro-acetic  acid.  (o)-Naphthyl- 
amine  forms  C16HlfiN02Cl  [75°]  (Bender,  B.  20, 
2747).  Fuming  HN03  forms  chloro-nitroso- 
aceto-acetic  ether  CH3.CO.CCl(NO).C02Et  (?) 
(Propper,  A.  222,  48).  Phenyl-hydrazine  in 
ethereal  solution  forms  C,2H,4N202  [51°],  which 
is  probably  CH3.C(N.J>h):CH.CO,Et,  which  may 
be  reduced  to  oxy-phenyl-methyl-pyrazole. 

Metallic  compounds. — Formed  as  precipitates 
by  shaking  the  ether  with  ammoniacal  solutions 
of  the  metallic  salts.— (C6HH03Cl)2Cu :  green 
leaflets.  —  (CtiH803Cl).,Mg  :  white  needles.  — 
(C6HH03Cl)2Ni  :  light  -  green  powder.  — 
(CgHsOaClj-jCo :  light-red  powder  (Hensgen,  B. 
12,  1300).— C6H,03ClNa :  crystalline  powder, 
v.  sol.  alcohol  (Conrad  a.  Guthzeit,  B.  16,  1554). 

Di-chloro-aceto-acetic  ether 
CHs.CO.CCL,.C02Et  or  CHCl2.CO.CH2.C02Et. 
(206°).  S.G.  •—  1-293.  Formed,  together  with 
SO2  and  HC1,  by  the  action  of  S02CLj  (2  mols.) 
on  aceto-acetic  ether  (1  mol.)  (Allihn,  .B.  11,  567). 
Formed  also  by  chlorinating  aceto-acetic  ether 
(Conrad,  A.  186,  232).  Liquid.  Decomposed  by 
dilute  HC1  at  180°  into  CO,,  alcohol,  and  di- 
chloro-acetone.  KOH  gives  di-ehloro-acetic  and 
acetic  acids.  Decomposed  by  KCN  into  HCN, 
acetic  ether,  and  potassium  di-chloro-acetate 
(James,  A.  240,  65;  C.  J.  51,287).  Di-chloro- 
aceto-acetic  acid  does  not  form  metallic  salts, 
nor  does  it  react  with  aldehydes  (difference  from 
di-bromo-aceto-acetic  ether). 

Tri  -  chloro  -  aceto  -  acetic  ether  C6H7C1303 
(223°).  From  aceto-acetic  ether  and  Cl  in  day- 
light (Merves,  A.  245,  70).  With  NaOEt  it  gives 
di-chloro-acetic  ether. 

CHLORO-ACETOL  v.  DI-CHLOBO-PBOPANE. 

CHLORO-ACETONE  C3H-C10  i.e. 
CH3.CO.CH,C1.    (118°).     S.G.  12  1-158  (Cloez). 

Formation.— I.  By  electrolysis  of  a  mixture 
of  acetone  and  HC1  (Biche,  C.  E.  49,  176).— 

2.  From  acetone  and  HC10  (Mulder,  B.  5, 1007). 

3.  By  passing  chlorine  (1  mol.)  into  well-cooled 
acetone  (M.).— 4.  By  dissolving  di-chloro-propyl- 
ene  CH2C1.CC1:CH2  in  cone.  H2S04  and  distilling 
the  product  with  water  (Henry,  B.  5, 190,  965). — 
5.  From  bromo-  or  chloro-propylene  by  the  action 
of  hypochlorous  acid  and  HgO  (Linnemann,  A. 
138,  122). — 6.  By  oxidation  of  propylene  chlor- 
hydrin   (from   propylene  glycol)  with   K2Cr,07 
and  H,SO,  (Morley  a.  Green,  B.  18,  24).     ' 

Preparation. — By  passing  chlorine  into  ace- 
tone at  15°  (Cloez,  A.  Ch.  [6]  9,  145). 

Properties.— Pungent  oil ;  v.  si.  sol.  water. 
According  to  Cloez  it  is  not  pungent  when  quite 
pure,  and  the  pungency  can  be  removed  by 
washing  with  very  weak  alkali.  Volatile  with 
steam.  It  gives  a  splendid  crimson  colour  with 
solid  KOH,  or  a  strong  aqueous  solution  of 
KOH.  With  NaH803  it  forms  crystalline 
C3H5Cl(OH)(S03Na)  (Barbaglia,  B.  6,  321). 

Reactions.— 1.  Zn  and  HC1  reduce  it  to 
acetone.— 2.  Moist  AgX)  oxidises  it  to  glycollic, 


acetic,  and  formic  acids. — 3.  K2S03  gives 
CH3.CO.CH,.S03K.— 4.  Potassium  acetate  forms 
CH3.CO.CH2.OAc.-5.  Alcoholic  KCN  produces 
CH3.CO.CH2CN.—  6.  FumingHN03 formscrystal- 
line  nitroso-chloro-acetone  C3H4C1N02  [110°] 
(Glutz,  J.pr.  [2]  1,141). — 7.  Alcoholic  ammonium 
sulphoci/anide  gives  the  crystalline  sulpho- 
cyanide  [114°]  of  imido-propyl  sulphocyanide 
CH3.C(NH).CH2.SCN  [42D]  (Norton  a.  Tcherniak, 
Bl.  [2]  33, 203). — 8.  Barium  sulphocyanide  forms 
CH3.CO.CH2SCN  which  is  an  oil  (Tcherniak  a. 
Hellon,  B.  16,  349).— 9.  Bromine  at  100°  forms 
chloro-tri-bromo-acetone. — 10.  Ammonia  forms 
a  compound  (CH3.CO.CH2NH2?)  which  gives 
methylamine  on  distillation  with  potash  (Cloez). 
11.  Chloro- acetone  (2  mols.)  added  to  an  aqueous 
solution  of  (1, 3, 4)-tolylene-diamine  at  60°  forms 

N:CH 
methyl-toluquinoxaline  C6H3Me<^     I  [54°] 

N:CMe 

(Hinsberg,  A.  237,  368).— 12.  Alcoholic  KOBz 
forms  CH3.CO.CH.,.OBz  (245°  at  380mm.)  (van 
Eomburgh,  E.  T~G.  1,  53).- 13.  Cone.  HCNAq 
forms  the  cyanhydrin  CH3.C(OH)(CN).CH2C1 
which  is  the  nitrile  of  chloro-oxy-isobutyric  acid 
(chloro-acetonic  acid)  (C.  Bischoff ,  B.  5,  865). 
Isomeride    of    chloro-acetone    C8H5C10  i.e. 
0 

CH2C1.CH.CH2(?)  Epichlorhydrin(W°).  S.G.ii 
1-194.  Obtained  from  glycerin  dichlorhydrin 
CH2C1.CH(OH).CH.,C1  and  warm  cone.  KOH  (Pre- 
vost,  P.  [2]  12,  160").  Liquid.  Combines  with 
HC1,  water,  and  HO  Ac  forming  derivatives  of 
di-chlorhydrin.  With  alcoholic  NH3  it  forms 
C3H12C1N02  (Cloez,  A.  Ch.  [6]  9, 145). 

w-Di-chloro-acetone  CHC12.CO.CH3.  Mol.  w. 
127.  (120°).  S.G.  i£  1-234. 

Formation. — By  heating  di-chloro-aceto-ace- 
tic  ether  with  water  at  180°  (Conrad,  A.  186, 
235)  or  by  boiling  it  with  HClAq  for  5  hours 
(V.  Meyer,  B.  15,  1165). 

Preparation.— By  the  prolonged  action  of 
chlorine  upon  well-cooled  acetone  (Fittig,  .4. 110, 
40  ;  133,  112  ;  Mulder,  B.  5,  1007 ;  Cloez,  A.  Ch. 
[6]  9,  145). 

Properties. — Pungent  liquid,  si.  sol.  water. 
Combines  with  bisulphite  of  soda  forming 
C3H4Cl2(OH)(S03Na)3aq. 

Reactions. — 1.  Ammonia  forms  the  compound 
CH3.CO.CHC1(NH2)  which  yields  methylamine 
when  distilled  with  potash.— 2.  PC15  gives  tetra- 
chloro-propylene  and  a  small  quantity  of  penta- 
chloro-propylene. — 3.  KHS  gives  a  yellow  viscid 
body  C3H4SO,  the  alcoholic  solution  of  which 
gives  with  lead  acetate  a  red  pp.  C.,H4SOPbOaq 
(Mulder,  B.  5,  1008).— 4.  Hydroxylamine  forms 
acetoximic  acid  CH3.C(NOH).CH(NOH)  (v.  vol.  i. 
p.  38). — 5.  Water  at  200°  gives  lactic  acid 
(Linnemann  a.  Zotta,  A.  159,  248).— 6.  Potash 
splits  it  up  into  acetic  and  formic  acids. — 7.  HCN 
gives  the  cyanhydrin  CH3.C(OH)(CN).CHC12 
or  the  nitrile  of  di-chloro-oxy-isobutyric  acid 
(Bischoff,  B.  8,  1333).— 8.  Aqueous  KCN  gives 
crystalline  tufts  of  (C3H4C120),HCN  (Glutz  a. 
Fischer,  J.pr.  [2]  4,  52). 

Isomeride  of  di- chloro-acetone  C.^Cl.,0. 
[44°].  (c.  168°).  The  entire  product  of  the  ac- 
tion of  chlorine  on  cooled  acetone  has  the  com- 
position of  di-chloro-acetone,  although  it  boils 
between  117°  and  170°.  This  appears  to  be  due 
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to  the  presence  of  this  crystalline  isomeride.  It 
only  differs  from  s-di-chloro-acetone,  derived 
from  dichlorhydrin,  in  yielding  with  bromine  a 
cli-chloro-di-bromo-acetone  identical  with  that 
obtained  from  w-di-chloro-acetone,  and  not  with 
that  obtained  from  the  said  s-di-chloro-acetone 
(Barbaglia,  B.  7,  468 ;  Cloez).  This  compound 
could  not  be  obtained  by  Bischoff  (B.  8,  1332). 
0 

Another  isomeride  /\         (?)  Chloro- 

CHC1,.CH:CH2 

epichlorhydrin  (?)  (170°),  is  formed  by  chlorin- 
ating epichlorhydrin  (Cloez,  A.  Ch.  [6]  9,  145). 
With  NH3  it  forms  unstable  C6H9C12N02. 

s-Di-chloro-acetone  CH2C1.CO.CH2C1.  [44°]. 
(173°  cor.).  V.D.  63-2. 

Formation. — 1.  By  the  oxidation  of  the 
corresponding  dichlorhydrin  of  glycerin 
CH,C1.CH(OH).CH2C1  with  K2Cr,O7  and  H,SO4. 
Purified  by  means  of  its  crystalline  compound 
with  NaHS03  which  is  subsequently  decomposed 
by  Na.,CO3.  'The  yield  is  very  small  (Glutz  a. 
Fische'r,  J.  pr.  [2]  4,  52  ;  Hermann,  B.  13,  1707  ; 
Markownikoff,  A.  208,  349).— 2.  By  the  union  of 
HC10  with  a-chloro-allyl  chloride  (di-chloro- 
propylene)  CH,C1.CC1:CH2  and  HC10  (Henry, 
C.  B.  94, 1428).— 3.  FromVdi-iodo-acetone  and 
AgCl  (Voelker,  A.  192,  89). 

Properties. — Long  needles  or  trimetric  tables. 
Extremely  pungent ;  blisters  the  skin.  M.  sol. 
water,  v.  sol.  alcohol  and  ether.  With  bisulphite 
of  soda  it  forms  long  four-sided  prisms  of 
C3H4Cl,(OH)(S03Na)  3aq. 

Reactions. — 1.  KI  forms  di-iodo-acetone 
[61°].— 2.  Dry  KCN  added  to  its  ethereal  solu- 
tion forms  crystalline  tetra-chloro-di-ace- 
tone  cyanhydrin  (C6H8C140,)HCN  which 
differs  from  the  isomeric  body  obtained  from 
w-di-chloro-acetone  in  being  insol.  water  (G-. 
a.  F.).— 3.  HCN  forms  (CH,C1)2C(OH)CN,  the 
nitrile  of  di-chloro-oxy-isobutyric  (di-chloro-ace- 
tonic)  acid.— 4.  Oxidised  by  K2Cr207  and  H,SO4 
to  chloro-acetic  acid. 

According  to  Cloez  (A.  Ch.  [6]  9, 145)  succes- 
sive treatment  with  bromine  and  HgCl2  gives 
tetra-chloro-acetone,  but  the  tetra-chloro-acetone 
prepared  in  this  way  from  the  di-chloro-acetone 
obtained  from  dichlorhydrin  is  different  from 
that  obtained  from  di-iodo-acetone.  They  also 
give  different  penta-chloro-acetones  when  treated 
with  chlorine  in  sunlight.  Cloez  considers  the 
derivative  from  dichlorhydrin  to  be  a  pseudo-di- 

0 
chloro-acetone  /\  It  does  not 

CH2C1.CH:CHC1. 

combine  with  HOAc,  but  reacts  violently  with 
HC1,  although  the  product,  exposed  over  H2S04, 
is  re-converted  into  vj>-di-chloro-acetone. 

Tri-chloro-acetone  CC13.CO.CH3.  (180°)  ! 
(Combes). 

Formation. — Obtained  in  an  impure  state  by 
passing  chlorine  into  acetone  that  is  not  kept 
cool,   especially  if   the   chlorine   be    somewhat 
moist,  or   the   acetone  be  mixed  with  methyl  j 
alcohol  (crude  wood  spirit)  (Bischoff,  B.  8,  1331).  ' 
The  crude  product  of  the  oxidation  of  isobutyl 
alcohol  with  chromic  mixture  may  also  be  used  I 
(Kramer,  B.  7,  252). 

Preparation. — 1.  By  passing  chlorine  into  an 


aqueous  solution  of  sodium  citraconate  at  100° 
(Gottlieb  a.  Morawsky,  J.pr.  [2]  12,  369).— 2.  By 
the  action  of  NaOH  (1  mol.)  upon  hexa-w-chloro- 
methylene  di  -  methyl  diketone  (hexa  -  chloro- 
acetyl-acetone)  (CC13.CO)2CH2  (Combes,  A.  Ch. 
[6]  12,  239). 

Properties. — Liquid,  heavier  than  water,  with 
fragrant  odour.  Converted  by  ammonia  into 
chloroform  and  acetamide.  Does  not  unite 
with  NaHS03;  but  with  HCN  it  forms 
CCl3.CMe(OH)CN  (Bischoff).  It  unites  readily 
with  water,  forming  a  hydrate  C3H3Ci80  2aq 
[44°]  crystallising  in  four-sided  prisms,  which  is 
resolved  by  distillation  or  by  dry  HC1  into  its 
constituents.  The  product  of  the  chlorination 
of  acetone  boils  at  172°,  and  has  S.G.  1-418. 
According  to  Cloez  it  is  a  mixture ;  for  it  solidi- 
fies incompletely  on  cooling,  when  it  deposits 
needles  [c.  -  5°].  With  aniline  and  KOH  it  gives 
phenyl-carbamine,  showing  the  presence  of 
CC13.CO.CH3.  Successive  treatment  with  am- 
monia and  KOH  gives  di-chloro-methyl-amine, 
indicating  the  presence  of  CHCl2.CO.CHjCl. 

Tri-chloro-acetone  CHCl2,CO.CH,Cl.  (172°). 
From  w-di-chloro-acetone  by  treating  with  bro- 
mine and  heating  the  resulting  CHCLj.CO.CH2Br 
with  HgCl2  in  presence  of  alcohol  (Cloez).  Gives 
no  chloroform  with  ammonia,  nor  phenyl-carba- 
mine with  aniline  and  KOH. 

u  -  Tetra  -  chloro  -  acetone  CHjCLCO.CCl,. 
(181°).  S.G.  il  1-482.  Formed  by  saturating 
acetone  containing  methyl  alcohol  or  wood 
spirit  with  chlorine  in  daylight,  the  tempera- 
ture being  allowed  to  rise  (Bouis,  A.  Ch.  [3]  21, 
111).  The  fraction  boiling  at  160°-180°  is  ex- 
posed to  a  low  temperature  in  contact  with 
water,  whereupon  the  hydrate  of  tri-chloro- 
acetone  crystallises  out  first,  then  a  compound 
of  this  with  tetra  -  chloro  -  acetone  hydrate 
(C?H3C130)(C3H.,C14O)  6aq  [32°],  and  finally  large 
prisms  of  the  hydrate  of  tetra-chloro-acetone 
C3H2C140  4aq  [39°]  (c.  179°),  which  may  be  re- 
solved by  dry  HC1  into  tetra-chloro-acetone  and 
water. 

Properties. — Colourless  hygroscopic  liquid, 
sol.  water,  with  pungent  odour.  Keadily  volatile 
with  steam.  Turned  brown  by  air  and  light. 
Partially  decomposed  by  distillation.  With 
aniline  and  KOH  it  yields  phenyl  carbamine. 
Aqueous  ammonia  at  a  low  temperature  forms 
chloroform  and  chloro-acetamide. 

s  -  Tetra  -  chloro  -  acetone  CHCLj.CO.CHCL,. 
(180°).  S.G.  a  1-48.  Formed  by  treating  w-di- 
chloro-acetone,  or  the  s-di-ehloro-acetone  derived 
from  s-di-iodo-acetone,  with  bromine  anil  de- 
composing the  resulting  CHCi.,.CO.CHBr,  with 
HgCl2  in  alcoholic  solution  at  100°.  Purified 
byconversion  into  its  crystalline  hydra  te  [48°] 
and  subsequent  dehydration  by  dry  HC1  (Cloez). 
This  tetra-chloro-acetone  does  not  give  the 
chloroform  and  carbamine  reactions.  The  cli- 
chloro-di-bromo-  derivative  obtained  by  the  action 
of  bromine  on  dichlorhydrin  yields  with  HgCL, 
an  oil  which  is  not  attacked  by  ammonia.  The 
product  of  the  oxidation  of  dichlorhydrin  gives 
with  bromine  CHClBr.CO.CHClBr  (Markowni- 
koff), whence  HgCl,  gives  a  fuming  liquid  (180°) ; 
this  liquid  does  not  combine  with  NaHSO3,  but 
yields  with  ammonia  di-chloro-acetamide,  and 
with  aniline  di-chloro-acetanilide.  Cloez  con- 


CHLORO-ACETON& 


siders  that  it  is  isomeric,  but  not  identical  with 
s-tetra-chloro-acetone  ;  thus  it  might  be 
0 

A 

CH.,C1.CH.CC12. 

Penta-chloro-acetone  CC13.CO.CHCL.  (192°). 
S.G.  Y  1-576.  S.  15. 

Formation.—  1.  By  passing  chlorine  into  a 
strong  solution  of  sodium  citraconate  (Planta- 
mour,  Gm.  11,  440).— 2.  By  the  action  of  HC1 
and  KC10S  on  various  organic  compounds,  e.g. 
quinic,  citric,  gallic,  and  salicylic  acids,  pyro- 
gallol,  quinone,  indigo,  tyrosine,  and  muscular 
flesh  (Stadeler,  A.  Ill,  277).— 3.  By  the  action 
of  chlorine  in  sunlight  upon  commercial  acetone 
or  on  di-chloro-acetone  (Cloez,  sen.,  A.  Ill,  180; 
Cloez,  jun.,  Bl.  [2]  39,  637).  Pure  acetone  gives 
only  di-chloro-acetone  when  chlorinated  at  100° 
in  sunlight  (Fittig). 

Preparation.— A  solution  of  citric  acid  in 
1^  pts.  water  is  allowed  to  fall  drop  by  drop  down 
a  tube  packed  with  pumice  heated  to  100°,  up 
which  a  current  of  dry  chlorine  is  passing 
(Cloez,  jun.,  A.  Ch.  [6]  9,  145). 

Properties.— Colourless  liquid,  smelling  (after 
exposure  to  air)  like  chloral.  With  water  at  4° 
it  forms  a  crystalline  hydrate  C3HCl504aq 
[15°],  which,  on  fusion,  separates  into  water  and 
penta  -  chloro  -  acetone.  Penta  -  chloro  -  acetone 
separates  completely  from  its  aqueous  solution 
at  60°.  Penta-chloro-acetone  dissolves  a  little 
water,  but  on  warming  this  separates  as  globules. 

Reactions.— I.  Ammonia-  gives  chloroform 
and  di-chloro-acetamide  [95°]  (235°).— 2.  Ani- 
line and  KOH  give  phenyl-carbamine.— 3.  EOH 
gives  di-chloro-acetic  acid,  KC1,  and  K2COS. 

Isomeride    of   penta  -  chloro  -  acetone 
0 

A 

CCls.CH.CCLj(?) .     Tetra  -  chloro  -  epichlorhydrin. 
(185°).     S.G.  £ 1-617.    By  the  action  of  chlorine 
in  sunlight  on  the  s-di-chloro-acetone  from  di- 
chlorhydrin  (Cloez,  jun.,  Bl.  [2]  39,  639).    Pun- 
gent liquid.    With  ammonia  it  gives  tri-chloro- 
acetamide  [139°]  (235°-240°)  but  no  chloroform. 
Another  isomeride  of  penta-chloro-acetone 
0 

CHC12.CC1.CC12(?).  (178°).  From  di-chloro-pro- 
pylene  oxide  and  chlorine  (Cloez,  jun.,  A.  Ch. 
[6]  9,  145).  Fuming  liquid.  With  ammonia  it 
gives  di-chloro-acetamide,  but  no  chloroform. 

Hexa-chloro-acetone  CC13.CO.CCL.  [-2°] 
(203°).  S.G.  12  1-744.  V.D.  9-62.  Formed  by 
saturating  a  cone,  aqueous  solution  of  citric 
acid  with  chlorine  in  sunshine  (Plantamour, 
B.  J.  26,  428).  The  yield  is  25  p.c.  of  the  weight 
of  citric  acid.  Formed  also  by  the  action  of 
chlorine  on  (commercial)  acetone  in  sunlight. 
On  distilling  the  product  a  considerable  quantity 
of  hexa-chloro-benzene  is  usually  formed. 

Properties.— Limpid  liquid,  which  has  a  feeble 
odour  in  the  cold,  but  becomes  very  pungent 
when  warmed.  Solidifies  when  cooled  in  large 
plates.  81.  sol.  water.  Forms  a  crystalline  hy- 
drate C3C16O  aq  [15°]  almost  insol.  water. 

Reactions.  — I.  With  aqueous  ammonia  it 

forms  chloroform  and  tri-chloro-acetamide. 

2.  Aniline  forms  chloroform  and  tri-chloro-acet- 
anilide.  —  3.  Water  at  120°  splits  it  up  into 
chloroform  and  tri-chloro-acetic  acid.— 4.  Potash 


gives  C02  and  tri-chloro-acetic  acid.—  5.  With 
o-toluidine  it  forms  tri-chloro-acetyl  o-toluidine 
C6H4Me.NH.CO.CCl3  [67°]  ;  with  p-toluidine  it 
forms  the  isomeric  body  [80°].  —  6.  Diethylamine 
gives  NEt,.CO.CCl,  [90°].—  7.  Allylamine  forms 
NHC3H..CO.CC1,  [45°].  —  8.  Ethylone-diamine 
gives  NH,.C.,H4.CO.CC13  [200°].—  9.  Urea  (Imol.) 
at  150°  forms  CO(NH.CO.CC13)2. 

Isomeride    of    hexa  -  chloro  -  acetone 
0 

CC13.CC1.CC12(?)  (c.  205°).  This  substance  ap- 
pears to  be  formed,  together  with  hexa-chloro- 
benzene,  by  the  action  of  chlorine  on  epichlor- 
hydrin in  sunlight  (Cloez,  jun.). 

CHLORO-ACETONIC   ACID   v.  CHLORO-OXY- 

ISOBUTYRIC   ACID. 

CHLOBO  -  ACETONITRILE    v.    Nitrite    of 
CHLOBO-ACETIC  ACID. 

eo-CHLORO-ACETOPHENONE 

C6H..CO.CH2C1.  Phenacyl  chloride.  Phenyl 
chloro-mcthyl  kctone.  [59°].  (245°).  Formed, 
together  with  di-  and  tri-chloro-acetophenone, 
by  passing  chlorine  into  boiling  acetophenone. 
The  fraction  (240°-250°)  solidifies  on  cooling, 
and  is  recrystallised  from  dilute  alcohol  (Grabe, 
B.  4,  35  ;  Stadel,  B.  10,  1830  ;  Gautier,  C.  Ri 
102,  1248).  Colourless  trimetric  plates  ;  a:b:c  = 
•9957:1:-2135  (Friedliinder)  ;  v.  e.  sol.  alcohol  and 
ether,  insol.  water.  Its  vapour  is  pungent. 

Reactions.  ~l.  KOAc  forms  the  acetyl  deri- 
vative of  ct>-oxy-acetophenone,  CdH5.CO.CH2OAc. 

2.  PC15  forms  di-chloro-styrene  C6H..CC1:CHC1.— 

3.  Chromic  acid  oxidises  it  to  benzoic  acid.  — 

4.  Ammonia  passed  into  its  ethereal   solution 
forms   two  isomerides    CMH13C102    [117°]   and 
[155°].     Boiling  aqueous  ammonia  forms  (o)- 
phenyl-amphinitrile  orisoindole  C1(iH14N2  [195°], 
which  crystallises  from  alcohol  in  blue  mono- 
clinic  needles  (V.  Meyer  a.  Treaclwell,  B.  16, 
342).—  5.  (1,  3,  4)-Tolylene-diamine  gives  phenyl- 


toluquinoxaline 


[135°] 


(Hinsberg,  A.  237,  370). 

^-Chloro-acetophenone  [4:1]C6H4C1.CO.CH3. 
Chloro-phenyl  methyl  ketone.  [20°].  (231°). 
S.G.  £Q  1-19.  From  chloro-benzene,  acetyl  chlor- 
ide, and  Al2Clti  (Gautier,  Bl.  [2]  43,  602).  V.  si. 
sol.  water,  miscible  with  alcohol  and  ether. 
KMn04  oxidises  it  to  £>-chloro-benzoic  acid. 

Di-co-chloro-acetophenone  C6H5.CO.CHC1.,. 
(248°).  S.G.  is  1-338.  From  di-chloro-acetyl 
chloride,  benzene,  and  A12C16  (Gautier,  C.  R. 
103,  812). 

Tri  -  w  -  chloro  -  acetophenone  C6HVCO.CC13. 
(249C).  S.G.  is  1-427.  From  tri-chloro-acetyl 
chloride  (60  g.),  benzene  (100  g.),  and  A12C18  (Gau- 
tier, C.  R.  103,  812).  Oil  ;  slowly  oxidised  by 
KMnO4  to  benzoic  acid. 

TRI-co-CHLORO-ACETOPHENONE  o-CARB- 
OXYLIC  ACID  CC13.CO.C6H4.C02H.  [144°]. 
Formed  by  passing  chlorine  into  a  hot  solution 
of  phthalyl  -acetic  acid  in  diluted  HOAc  (Michael 
a.  Gabriel,  B.  10,  1556).  Decomposed  by  alkalis 
into  chloroform  and  phthalic  acid. 

CHLORO-ACETOTHIENONE      v.      THIENYL 

CHLORO-METHYL  KETONE. 

CHLORO-ACETOXIM  (CH3),C:NOC1.  Acct- 
chloroxim.  (134°  uncor.)  ;  when  quickly  heated 
it  explodes  with  violence.  V.D.  4-1  (for  3-7). 
Obtained  by  adding  a  solution  of  hypochlorous 


CHLORO-ACRYLIC  ACID. 
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acid  to  an  aqueous  solution  of  acetoxim  at  0° ; 
the  liquid  that  separates  is  washed  with  water, 
and  dried  over  CaCl._,.  Colourless  mobile  liquid 
of  pleasant  odour,  which  solidifies  in  a  freezing- 
mixture  of  solid  C02  and  ether,  to  colourless 
prisms.  V.  sol.  alcohol  and  ether,  v.  si.  sol. 
water.  Warmed  with  HC1  or  HI  it  sets  free  the 
halogens  (Mohlau  a.  Hoffmann,  B.  20,  1505). 

TRI-CHLORO-/3-ACETYL-ACRYLIC  ACID  v. 
TRI-CHLOBO-PHENOMALIC  ACID. 

TRI-CHLORO-ACETYL-BENZOIC  ACID  v. 
TRI-CHLORO-ACETOPHENONE  CARBOXYLIC  ACID. 

CHLORO-ACETYL  BROMIDE  CH.,Cl.CO.Br. 
(127°)  (W.) ;  (134°)  (G.).  S.G.  a  1-913.  Pre- 
pared by  adding  bromine  (160  g.)  to  chloro-acetic 
acid  (94  g.)  and  red  phosphorus  (15  g.)  (De  Wilde, 
A.  130,  372;  132,  173;  Gal,  A.  132,  180). 
Fuming  liquid.  With  water  it  forms  HBr  and 
chloro-acetic  acid ;  alcohol  gives  EtBr  and 
chloro-acetic  ether. 

Tri-chloro-acetyl  bromide  CCl3.CO.Br.  (140°) 
(H.) ;  (143°)  (G.).  S.G.  if  1-900.  From  PBr3 
(2  mol.)  and  tri-chloro-acetic  acid  (3  mol.). 
300  grins,  of  the  acid  give  200  grms.  bromide 
(Hofferichter,  J.  pr.  128,  196 ;  Gal,  C.  R.  76, 
1019  ;  Bl.  [2]  20,  11).  Water  decomposes  it 
into  HBr  and  tri-chloro-acetic  acid  ;  alcohol 
gives  EtBr  and  tri-chloro-acetic  ether. 

CHLORO-ACETYL  CHLORIDE  CH,C1.CO.C1. 
Mol.  w.  113.  (107°).  S.G.  fi  1-495.  Formed  by 
the  action  of  chlorine  on  acetyl  chloride  in  sun- 
light (Wurtz,  A.  102,  93)  ;  or,  together  with  di- 
chloro-acetyl  chloride  by  boiling  acetyl  chloride 
with  PC15  (Michael,  J.  pr.  [2]  35,95).  ^  Formed 
also  by  treating  chloro-acetic  acid  with  PC13 
(De  Wilde,  A.  130,  372).  Liquid,  converted  by 
water  into  HC1  and  chloro-acetic  acid;  and  by 
dry  ammonia  into  chloro-acetamide. 

Reactions. — 1.  Successive  treatment  with  zinc 
methyl  and  water  forms  methyUisopropyl-car- 
binol  (Bogomoletz,  Bl.  [2]  34,  330).— 2.  With 
o-amido-phenol  it  forms  CtiH4(OH).NH.CO.CH2Cl 
[136°]  (Aschan,  B.  20,  1523).  It  reacts  simi- 
larly with  other  amido-  compounds. — 3.  PJwsphu- 
rctted  hydrogen  forms  chloro-acetyl-phosphide 
CH,C1.CO.PH2,  a  white  powder  slowly  decom- 
posed by  water  into  PH3  and  chloro-acetic  acid 
(Steiner,  B.  8,  1178). 

Di-ehloro-acetyl  chloride  CHCL.CO.C1.  Mol. 
w.  147i.  (108°).  Formed  by  the  action  of  PC13 
on  di-chloro-acetic  acid  (Otto  a.  Beckurts,  B.  14, 
1618) ;  or,  together  with  the  preceding,  by  boiling 
acetyl  chloride  with  PC15  (M.).  Pungent,  fuming 
liquid  :  decomposed  at  once  by  water.  Successive 
treatment  with  ZnMea  and  water  forms  (6  p.c.  of) 
di-methyl-propyl-carbinol  (B.). 

Tri  -  chloro  -  acetyl  chloride  CC13.CO.C1. 
(117-9°)  (Thorpe,  C.  J.  37, 189).  S.G.  £  1-6564. 
C.E.  (0°-10°)  -001095;  (0°-100°)  -0012013.  S.V. 
125-51.  • 

Formation.— I.  From  PC13  and  CC13.CO,H 
(Gal,  C.  R.  76,  -1019).  The  yield  is  very  small. 
2.  By  the  protracted  action  of  chlorine  on  ether, 
the  operation  boing  conducted  towards  the  end 
in  sunlight  (Malaguti,  A.  Ch.  [3]  16,  5).  Also 
by  the  distillation  of  peiita-chloro-ethyl  ether 
(C2Clr)2O,  or  of  perchlorinated  acetic  ether 
CCls.c6oC2Cls.— 3.  Together  with  S02  from  C.,C14 
and  S03  at  150°  (Prudhomme,  C.  R.  70,  1137). 
-  Also  from  C2Cla  and  S03. 

Properties. — Liquid  ;    decomposed  by  water 


into  HC1  and  tri-chloro-acetic  acid;  alcohol 
gives  tri-chloro-acetic  ether. 

Reactions.— 1.  Zinc  methide  folio  wed  by  water 
gives  the  heptyl  alcohol  CMe3.CMe2OH  (B.). — 2. 
PH3  gives  CC1,.CO.PH,  (Steiner,  B.  8,  1178 ; 
Cloez,  A.  Ch.  [3]  17,  309).— 3.  Tri-chloro-acetic 
acid  forms  the  anhydride  (CC13.CO),0  (Anschiitz, 
B.  10,  1881). 

TRI-CHLORO-ACETYL  CYANIDE 
CC13.CO.CN.      Tri-chloro-pyruvonitrile.     (118°) 
(H.)  ;  (122C)  (C.  a.  A.).     S.G.  is  1-559. 

Preparation.—  1.  By  adding  AgCy  slowly  to 
cooled  tri-chloro-aoetyl  bromide ;  the  reaction 
being  finished  by  heating  on  a  water-bath 
(Hotf'erichter,  J.  pr.  128,  200).— 2.  By  boiling 
tri-chloro-acetyl  bromide  with  mercurous  cyanide 
(Claisen  a.  Antweiler,  B.  13,  1935). 

Properties. — Pungent,  hygroscopic  liquid 
smelling  of  prussic  acid.  Exposed  to  air  it  first 
becomes  crystalline  (forming  a  hydrate?)  then 
deliquesces. 

Reactions. — 1.  Water  decomposes  it  into  tri- 
chloro-acetic  acid  and  prussic  acid. — 2.  HC1 
(S.G.  1-16)  at  50°  converts  it  into  tri-chloro- 
pyruvic  acid  CC13.CO.C02H. 

Polymeride  (CC^.CO.CN)^  [140°].  From 
AgCy  and  tri-chloro-acetyl  bromide  at  150°  (H.). 
Dimetric  tables  (from  ether-alcohol) ;  insol.  water. 

CHLORO  ACETYLENE  CHiCCl.  Formed  by 
boiling  j8-di-chloro-acrylic  acid  CC12:CH.CO2H 
with  baryta-water  (Wallach,  A.  203,  87).  Gas, 
which  explodes  spontaneously,  forming  carbon 
and  HC1.  It  is  stable  when  diluted  with  hydro- 
gen, and  then,  when  passed  into  bromine,  forms 
crystalline  C2HClBr4.  With  ammoniacal  cuprous 
chloride  it  forms  an  orange  pp.,  and  in  ammo- 
niacal silver  nitrate  a  white  pp.  These  pps.  ex- 
plode violently  when  heated. 

TRI-CHLORO-ACETYL  IODIDE  CC13.CO.I. 
(c.  180°).  From  tri-chloro-acetic  acid  and  PI3 
(Gal,  C.  R.  76,  1019). 

CHLORO-ACETYL-PROPIONIC  ACID 
C5H7C103.     Chloro-levulic  acid. 

Ethyl  ether  A'Et  (225°-230°).  S.G.fiM96. 
Prepared  from  0  -  acetyl  -  propionic  ether 
CH3.CO.CH.,.CH,.C02Et  and  chlorine.  Colourless 
pungent  liquid  (Conrad  a.  Guthzeit,.B.  17,  2286). 

CHLORO-ACETYL-UB  EA 

NH2.CO.NH.CO.CH2C1.  From  urea  and  chloro- 
acetyl  chloride  (Tommasi,  C.  R.  76,  640).  Thin 
needles  (from  alcohol).  SI.  sol.  boiling  water. 
With  thio-urea  it  forms  urea,  HC1,  and  thio- 
hydantoin. 

Tri-chloro-acetyl-urea  NH2.CO.NH.CO.CC13. 
[150°].  Formed  by  heating  tri-chloro-acetyl 
chloride  with  urea  (Tommasi  a.  Meldola,  C.  J. 
27,  404),  or  urea  tri-chloro-acetate  with  P205  (De 
Clermont,  C.  R.  78,  848).  Needles  or  plates ; 
insol.  cold  water. 

CHLORO-  ACIDS  v.  CHLORO-  COMPOUNDS. 

a-CHLORO-ACRYLIC  ACID  C3H3C102  i.e. 
CH,:CC1.CO,H.  [65°].  (c.  178°). 

'Formation. — 1.  From  aj8-di-chloro-propionic 
acid  CH.,C1.CHC1.C(XH  by  treatment  with  baryta 
or  alcoholic  KOH  (Werigo,  A.  170,  168 ;  B.  10, 
1499).  —  2.  From  a-di-chloro-propionic  acid 
CH,.CC12.CO.,H  and  alcoholic  KOH  (Otto  a. 
Beckurts,  B.'lS,  239). 

Properties.— Needles  ;  v.  sol.  water,  but  may 
be  extracted  by  ether.  Fuming  HC1  at  100° 
forms  aj3-di-chloro-propionic  acid. 
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CHLORO-ACRYLIC   ACID, 


Salt  s.— AgA':  white  crystalline  pp.— KA'aq: 
needles.— BaA'2  2aq  :  plates. 

/3-Cliloro-acrylic  acid  CHChCH.CO.H.    [84°]. 

Formation.— I.  From  ethyl  tri-chloro-lactate 
(or  from  chloralide),  zinc,  and  HC1  in  alcoholic 
solution  (Pinner  a.  Bischoff,  A.  179, 85  ;  Wallach 
a.  Hunaeus,  A.  193,  23).-2.  By  combination  of 
propiolio  acid  with  HC1  (Bandrowsky,  B.  15, 
2702). 

Preparation. — From  chloralide  (50  g.),  alcohol 
(150  g.),  Zn  (80  g.),  HC1  (80  g.  of  S.0. 1;24).  The 
reaction  is  moderated  by  cooling,  and  after  24 
hours  more  HC1  (20  g.)  and  Zn  (15  g.)  are  added. 
After  24  hours  HC1  (30  g.)  is  added.  The  alcohol 
and  by-products  are  evaporated  off  and  the  re- 
maining solution  is  extracted  with  benzene.  The 
8-chloro-acrylic  acid  which  is  dissolved  is  subse- 
quently distilled  with  steam.  1,000  g.  of  chloral- 
ide yield  12  g.  of  0-chloro-acrylic  acid  (Otto  a. 
Fromme,  A.  239,  264). 

Properties.— Flexible  laminae,  m.  sol.  chloro- 
form, v.  sol.  water,  v.  e.  sol.  benzene.  Above  15° 
it  separates  from  aqueous  solution  in  oily  drops. 
Aqueous  HC1  at  80°  gives  CHC12.CH,.CO,H.  Com- 
bines with  bromine  (1  mol.). 

Salt.— AgA'. 

Ethyl  etherEtA'.     (144°). 

a0-Di-chloro-acrylic  acid  CHC1:CC1.C02H. 
[86°]. 

Formation.— I.  By  the  action  of  KOH  on 
mucochloric  acid  (Hill,  Am.  3,  168  ;  B.  12,  656). 
2.  By  heating  per-chloro-pyrocoll  octo-chloride 
or  di-chloro-maleimide  with  water  at  130°  (Cia- 
mician  a.  Silber,  B.  16,  2392). 

Properties. — Monoclinic  prisms  ;  a:b:c  = 
l-1865:l:-3637  (Hill  a.  Melville,  P.  Am.  A.  17, 
131).  Volatilises  rapidly  in  the  air.  V.  e.  sol. 
water,  alcohol,  and  ether ;  v.  si.  sol.  benzene. 

Salts.— AgA':  slender  needles. — KA':  felted 
needles.— BaA'.,aq :  trimetrio  plates.  S.  6-6  at 
18°.— CaA'2  3aq :  soluble  needles. 

£-Di-chloro-acrylic  acid  CC1,:CH.C02H(?) 
[77°]  and  [64°].  This  acid  may  possibly  be  allo- 
o)3-di-chloro-acrylic  acid.  Formed,  together  with 
/8-chloro-acrylic  acid,  by  reducing  chloralide  in 
alcoholic  solution  with  Zn  and  HC1  (Wallach,  A. 
193,  20;  203,  84).  Slender  needles  or  mono- 
clinic  prisms  (from  chloroform).  Volatile  in 
air;  but  cannot  be  distilled.  After  heating  to 
120°  it  melts  at  64°,  but,  on  keeping,  the  melt- 
ing-point rises  to  77°.  V.  si.  sol.  water  ;  v.  sol. 
ether  and  chloroform.  Does  not  combine  directly 
with  Br.  Not  attacked  by  water  at  200°.  Boil- 
ing baryta-water  forms  chloro-acetylene. 

S  a  1 1  s.— KA'.— AgA'.—  Ca A'2 2aq.— Zn A'2 2aq. 

Ethyl  ether  EtA'.  (174°).  Saponified  by 
cold  KOHAq.  Converted  by  treatment  with 
AgoO  at  125°  and  saponification  of  the  product 
by  Ca(OH).,  into  malonic  acid. 

Chloride  CCL,:CH.COC1.     (Above  145°). 

Amide  CC12:CH.CONH2.    [113°].    Needles. 

Tri-chloro-acrylic  acid  CC12:CC1.C02H.  [76°]. 
S.  6  at  20°.  From  tri-chloro-bromo-propionic 
acid  and  cold  baryta-water  (Mabery,  Am.  9,  3). 
Trimetric  prisms,  si.  sol.  water,  m.  sol.  hot  CS2, 
v.  sol.  alcohol,  ether,  and  chloroform. 

Salts.— KA':  irregular  plates,  si.  sol.  cold 
water. — AgA' :  slender  needles,  v.  si.  sol.  cold 
water.  —  CaA'23$aq  :  tufts  of  needles.  — 
BaA'2  3^aq  :  branches  of  pearly  needles. 


CHLOKO-ALDEHYDE  v.  CHLORO-ACETIC  ALDE- 
HYDE. 

CHLORO-ALDOXIM  XCH3.CH:NOC1.  Formed 
by  mixing  solutions  of  aldoxim  and  hypochlorous 
acid ;  the  liquid  which  separates  being  washed 
with  water  and  dried  over  CaCl2.  Colourless 
liquid  of  powerful  odour.  Very  unstable.  De- 
composes explosively  on  heating.  Liberates 
iodine  from  HI  (Mohlau  a.  Hoffmann,  B.  20, 
1507). 

CHLORO-ALIZARIN       v.       CHLORO-DI-OXY- 

ANTHRAQUINONE. 

CHLORO-DIALLYL  v.  HEXINYL  CHLORIDE. 

a-CHLORO-ALLYL  ACETATE 
CH2:CCl.CH2.OAc.     (145°).    Formed    in  small 
quantity,  with  other  products,  by  the  action  of 
KOAc  on    di-chloro-propylene    CH2:CC1.CH2C1 
(Henry,  B.  5,  454). 

j8-Cliloro-allyl  acetate  CHCl:CH.CH.,OAc.  (c. 
158°).  Fromdi-ehloro-propyleneCHCl:CH.CH2Cl 
and  KOAc  (Martinoff,  B.  8,  1318). 

a-CHLORO-ALLYL  ALCOHOL  C,H5C10  i.e. 
CH2:CC1.CH,OH.  (136°)  (H.) ;  (c.  138°  i.V.)  (R.). 
S.G-.  M  1-164.  Formed  by  boiling  di-chloro- 
propylene  CH2:CC1.CH2C1  (95°)  with  a  dilute 
solution  of  K2C03  for  some  hours  (Henry,  C.  R. 
95,  849).  Formed  also  by  the  action  of  dilute 
KOH  or  Ag2O  upon  o-chloro-allyl  iodide 
CH2:CC1.CH.J  (Van  Eoniburgh,  E.  T.  C.  1, 
233). 

Liquid  with  faint  aromatic  odour.  Does  not 
attack  the  skin.  M.  sol.  water ;  gives  o-chloro- 
allyl  acetate  (145°)  with  Ac20.  When  distilled 
with  much  water  o-chloro-allyl  alcohol  yields 
acetyl-carbinol  CH3.CO.CH2OH.  HC10  gives 
CH2C1.CO.CH2OH. 

jS-chloro-allyl  alcohol  CHC1:CH.CH2OH. 
(153°  cor.).  S.G.  \5  1-162.  V.D.  3-3.  Formed 
by  treating  CHC1:CH.CH2C1  with  aqueous  KOH 
at  100°  (Bomburgh,  Bl.  [2]  36,  555).  Pungent 
liquid,  si.  sol.  water.  Blisters  the  skin.  Com- 
bines with  bromine. 

DI-CHLORO-DI-ALLYL-AMINE  C6H9C12N  i.e. 
(CH2:CC1.CH2)2NH(?)  (194°).  Froms-tri-chloro- 
propane  and  alcoholic  ammonia  by  heating  for 
a  few  days  at  140°  (Engler,  Bl.  [2]  9,  134 ;  A. 
142,  72).  Heavy  oil,  si.  sol.  water.— B'HCl :  de- 
liquescent needles.— B'2H2PtCl6. 

Tetra-chloro-di-allyl-amme  C(iH.Cl4N  i.e. 
(CHC1:CC1.CH2)2NH.  From  CH2C1.CC12.CH2C1 
and  alcoholic  NH3  at  120°  (Fittig  a.  Pfeffer,  A. 
135,  363).  Alkaline  liquid ;  cannot  be  distilled ; 
volatile  with  steam ;  si.  sol,  water. — B'HCl : 
needles.— B  H2C204. 

CHLORO-ALLYL-BROMIDEv.CHLORO-BROMO- 

PROPANE. 

CHLORO-ALLYL-CHLORIDE   v.   DI-CHLORO- 

PROPANE. 

CHLORO-ALLYLENE  v.  PROPARGYL  CHLORIDE. 
CHLORO-ALLYL  ETHYL  OXIDE  v.  ETHYL 

CHLORO-ALLYL  OXIDE. 

CHLORO-ALLYL    IODIDE  v.    CHLORO-IODO- 

PROPANE. 

o-CHLORO-ALLYL  NITRATE  C3H4C1N03  i.e. 
CH2:CCl.CHo.N03.  (140°).  From  o-chloro-allyl 
alcohol,  H2S04,  and  HN03  (Henry,  C.  R.  95,  849), 
or  from  o-chloro-w-iodo-propane  CH2:CC1.CH2I 
and  AgN03.  Oil  (Bomburgh,  R.  T.  C.  1,  238). 

a-CHLORO-ALLYL  THIO-CARBIMIDE 
C4H4C1NS  i.e.  CH2:CC1.CH2.NCS.    (181°).    From 
CHjtCCl.CHXl   and    potassium    sulphocyanide 


CHLORO-AMIDO-NAPHTHOIC  LACTAM. 


(Henry,  C.  E.  95,  849  ;  Bl  [2]  39,  5^6).  Liquid, 
smelling  like  mustard.  Converted  by  ammonia 
into  chloro-allyl  thio-urea  [91°]. 

CHLOKO-ALLYL  TK-0-UREA  C4H7C1N2S  i.e. 
CH,:CCl.CHi.NH.CS.NH2.  [91°].  Prepared  as 
above  (Henry,  B.  5,  188). 

CHLOKO-AMIDES  v.  CHLORO-COMPOUNDS. 

DI-CHLORO-AMIDO-ACETIC  ETHER 
C4H7C12N02  i.e.  CCl2(NH2).C02Et.  Di-chloro- 
glycocoll.  Oxamethane  chloride.  From  oxamic 
ether  and  PC15  (Wallach,  A.  184,  8).  Unstable 
crystals,  splitting  off  HC1  and  leaving 
NH:CCl.C02Et,  and  finally  NiC.CO,Et. 

Reactions. — 1.  Water  forms  HCland  oxamic 
ether.— 2.  Butyl  alcohol  forms  butyl  oxamate ; 
other  alcohols  and  phenols  act  similarly. — 
3.  POC13  forms  NH(POCl2).CCl,.C02Et  [130°], 
which  may  be  crystallised  from"  chloroform  or 
ligroi'n,  but  is  decomposed  by  water  or  heat. 

w-CHLORO-AMIDO-BENZENE  (a)-SULPHO- 
NIC  ACID  C6HaClNSO,z.e.  C6H3(C1)(NH2)(S03H) 
[1:3:?].  Prepared  by  reducing  ra-chloro-nitro- 
benzene  (a)-sulphonic  acid  with  ferrous  hydrate. 
Colourless  soluble  needles  (Post  a.  Meyer,  B.  14, 
1607). 

w-Chloro-amido-benzene  (jS)-sulphonic  acid 
C(iH3(Cl)(NH2)(S03H)  [1:3:?].  Prepared  by  re- 
duction  of  m-chloro-nitro-benzene  (#)-sulphonic 
acid  with  ferrous  hydrate.  Plates,  si.  sol.  water. 

Salts.— NaA'2aq  :  colourless  needles.  — 
BaA'27  jaq :  colourless  thick  needles,  v.  sol.  water 
and  alcohol  (Post  a.  Meyer,  B.  14,  1607). 

ra-Chloro-amido-benzene  (7)-sulphonic  acid 
OtH,(Cl)(NH2){SOtH)  [1:3:?].  Prepared  by  sul- 
phonation  of  m-chlor-aniline.  Sparingly  soluble 
crystals. 

Salts. — NaA'laq:  yellowish  needles.  — 
NaA'2aq:  colourless  needles. — BaA'2aq:  small 
yellow  needles,  sol.  alcohol. — SrA'29aq :  long 
colourless  needles,  sol.  alcohol  and  water  (Post 
a.  Meyer,  B.  14,  1607). 

Di-chloro-amido-benzene  sulphonic  acid 
CtiH,Cl2(NH,)(S03H).  From  amido  -  benzene 
m-sulphonic  acid  and  chlorine  (Beckurts,  A.  181, 
212).  Slender  needles  (containing  2aq) :  si.  sol. 
water. 

CHLORO-o-AMIDO-BENZOIC  ACID 
CaH3Cl(NH2)(C02H)  [1:4:5].     Chloro-anthranilic 
acid.    [204°]. 

Formation. — From  chloro-isatoic  acid  and 
cone.  HC1  (Drosch,  J.pr.  [2]  33,  50). 

Properties. — Long  white  needles  (from  alco- 
hol). V.  sol.  glacial  acetic  acid,  acetone,  and 
alcohol,  sol.  ether,  benzene,  and  water  contain- 
ing HC1,  m.  sol.  chloroform,  si.  sol.  water.  Its 
solutions  have  a  yellowish  colour  and  exhibit 
violet  fluorescence. 

4mi£»  GAGLfNHJ.CONH,.  [172°].  By 
the  action  of  hot  NH3Aq  upon  chloro-isatoic 
acid.  Flat  needles  (from  alcohol  or  from  water). 
Sol.  alcohol,  acetone,  and  glacial  acetic  acid,  less 
sol.  chloroform,  ether,  benzene,  and  water. 

Chloro-o-amido-benzoic  acid 
CtiH3Cl(NH,)(C02H)  [1:2:3]. 

Chloro-antliranilic  acid.  [148°].  From 
chloro-nitro-benzoic  acid  [136°]  by  reduction 
(Cunze  a.  Hiibner,  A.  135,  111 ;  Hiibner  a.  Weiss, 
B.  6,  175).  Long  needles,  v.  si.  sol.  water. — 
KA'2aq.  —  AgA'.  —  CaA'2l^aq.  —  BaA'2l|aq.  — 
PbA'2. 


Chloro-?u-amido-benzoic  acid 
CACltNEycO.H  [1:2:4].  [212°].  Obtained 
by  reducing  the  nitro-acid  [180°]  (Eeveill,  A. 
222,  184).  Formed  also  by  boiling  the  diazo- 
imide  of  benzoic  acid  with  HC1  (Griess,  B.  19, 
315).  Beduced  by  sodium  amalgam  to  ?H-amido- 
benzoic  acid.  Salts.  —  PbA'2.  —  Cu A' .  — 
HA'H,S04. 

Chloro-w-amido-benzoic  acid 
C,iH:jCl(NH,)CO,H[l:2:6].  [185°].  Formed  together 
with  the  [1:3:4]  isomeride  by  boiling  the  w-diazo- 
imide  of  benzoic-acid  C,.H4Na.CO2H  with  HC1 
(Griess,  B.  19,  315).  White  tables  or  small 
prisms.  V.  sol.  hot  water. 

Cb.loro-7ft-amido-benzoic  acid 
C8H3C1(NH2)C02H  [1:4:6].  [212°].  From  the 
nitro-  acid  [165°]  by  Sn  and  HC1  (Wilkens  a. 
Back,  A.  222,  198).  Brownish  needles  (from 
water);  v.  sol.  water  or  alcohol.  Beduced  by 
sodium  amalgam  to  m-amido-benzoio  acid. 

Salt  s.— Pb  A'2 1 £  aq.— (A'Cu)2O.— HA'HCl.— 
HA'H2S04.— HA'HN03. 

s-Chloro-m-amido-benzoic  acid 
C(iH,Cl(NH,)C02H      [1:3:5].      [216°].        From 
CtiH:{Cl(N02~)CO,H  [147°],  Sn,  and  HC1  (Hiibner, 
A.  222,  90).    Long  needles ;  v.  sol.  alcohol  or 
ether,  si.  sol.  water. 

Salts.—  BaA'2  4aq.— AgA'.— CuA'2. 

Di-cb.loro-0-amido-benzoic  acid 
C6H,CL,(NH,)CO,H  [1:2:4:5].  Di-chloro-an- 
thranilic  acid.  [222°-2240].  Formed  by  boiling 
di-chloro-isatoic  acid  with  cone.  HC1  (Dorsch, 
J.pr.  [2]  33,  52).  Needles.  V.  sol.  ordinary 
solvents,  except  water. 

Amide  C6H2C1,(NH2)CO.NH2.  [284°].  From 
di-chloro-isatoic  acid  and  aqueous  ammonia. 
Short  thick  needles  (from  alcohol-acetone).  81. 
sol.  all  solvents. 

Tri-chloro-amido-benzoic  acid 
CeHCl3(NH,)(C02H)  [1:3:5:2:4].  [210°].  From 
tri-chloro-nitro-benzoic  acid,  tin,  and  HC1  (Beil- 
stein  a.  Kuhlberg,  A.  152,  240).  Small  slender 
needles  (from  water) ;  si.  sol.  boiling  water.  Does 
not  unite  with  acids. — BaA'2  3aq. 

Tetra-chloro-amido-benzoic  acid 
C6C14(NH2).CO2H  [1:2:3:4:5:6].  Tetra-chloro- 
anthranilic  acid.  Obtained  by  reduction  of 
tetra-chloro-nitro-benzoic  acid  with  tin  and 
HC1.  Colourless  amorphous  solid.  V.  sol. 
alcohol,  nearly  insol.  water  (Tust,  B.  20,  2441). 
DI-CHLORO-o-AMIDO-BENZOIC  ALDEHYDE 
C6H,C1,(NH,)CHO.  [78°].  Obtained  by  reduction 
of  "di-chloro-nitro-benzaldehyde  with  FeS04 
and  NH3  (Gnehm,  B.  17,  754).  Yellow  needles. 
81.  sol.  water. 

CHLORO-  AMIDO-NAPHTHALENE  v.  CHLOBO- 

NAPHTH  YLAMINE . 

Chloro-di-amido-naphthalene      v.      CHLORO- 

NAPHTHYLENE  -DIAMINE. 

CHLORO-AMIDO-(a)-NAPHTHOIC   LACTAM 
NH-CO 


.  [270°].  Chloro-amido- 


(a)-naphthoid.  Chloro-naphthostyril.  Formed 
by  reduction  of  chloro-nitro-(a)-naphthoic  acid 
[225°]  with  FeS04  and  NH3.  Yellow  needles 
(from  alcohol)  (Ekstrand,  B.  18,  2881). 


OHLOROAMIDO-NAPHTHOIC  LAOTAM. 


Di-chloro-amido-naphthoic  lactam 
,CO 

|      Di-chloro-naphthostyril.    [265°]. 
^NH 

Formed  by  chlorination  of  the  lactam  of  arnido- 
(o)-naphthoic  acid.  Also  by  heating  nitro-(a)- 
naphthoic  acid  [215°]  with  excess  of  fuming  HC1 
for  two  hours  at  140°-150°.  Yellow  needles  (from 
acetic  acid).  SI.  sol.  alcohol  (Ekstrand,  B.  19, 
1132). 

CHLORO-o-AMIDO-PHENOL 
C6H3C1(NH,)(OH)  [1:3:4].    From  chloro-o-nitro- 
phenol,  tin,  and  HC1  (Faust  a.  Saame,X  Suppl. 
7,  193).— B'HCl:  laminae  (from  water). 

Methyl  ether  C6H3Cl(NH,)(OMe).  Chloro- 
anisidine  [52°].  (260°).  From  the  nitro-  com- 
pound. White  needles  or  prisms.  Sol.  alco- 
hol, ether,  and  benzene.  Salts. — B'HCl  : 
colourless  soluble  needles.— B2H2Cl2PtCl4:  soluble 
yellow  needles. 

Picrate  B'C6H2(NO,)SOH  :  [about  200°]; 
yellow  needles,  sol.  alcohol  and  ether,  si.  sol. 
water. 

Acetyl  derivative  [150°],  (326°), glisten- 
ing plates  (Herold,  B.  15, 1685). 

Chloro  -  p-  amido  -  phenol  C6H3C1(NH2)  (OH) 
[1:3:6].  [153°].  From  ^-nitro-phenol  by  treat- 
ment with  KC103  and  HC1  and  reducing  the 
product  with  tin  andHCl  (Kollrepp,  A.  234,  6). 
Unstable  needles,  v.  sol.  alcohol  and  ether. 
Bleaching  powder  and  HC1  give  chloro-quinone 
chlorimide  C6HaCl(NCl)0.  Salts.  — B'HCl: 
trimetric  plates.  —  B'2H.,S04  2aq  :  scales. — 
B'HjC  A  3  i  aq :  needles.  —  T  a  r  t  r  a  t  e  B'C4H606 : 
monociinic  crystals,  insol.  water. 

Di-chloro-o-amido-phenol 

C6H2C12(NH2)(OH)  [1:3:5:6].  From  di-chloro- 
nitro-phenol  [121°]  by  tin  and  HC1  (Fischer,  A. 
Suppl.  7,  189).  Unstable  scales  ;  reduces 
AgN08,  forming  a  mirror. — B'HCl:  ppd.  by 
HC1  from  solution.— B'2H,S04. 

Di-cb.loro-£>-amido-phenol 

CtiH2Cl2(NH,)(OH)  [1:3:5:2].  [167°].  From  di- 
chloro-nitro-phenol  [125°]  by  tin  and  HC1 
(Kollrepp,  A.  234,  10;  Seifart,  A.  Suppl.  7,  202). 
Needles  (from  water) ;  may  be  sublimed.  Oxi- 
dation gives  di-chloro-quinone.  HC1  and  bleach- 
ing powder  give  di  -  chloro  -  quinonimide. — 
B'HCL— B'HBr :  hexagonal  plates  ;  v.  si.  sol. 
cold  water.— B'2H.,SO4  3aq  :  needles.— B'HN03 : 
[110°] ;  plates.-B'H,CA :  needles. 

Di-chloro-^-amido-plienol  C6H2C12(NH2)  (OH) . 
[173°].  Formed  by  passing  HC1  into  an  ethereal 
solution  of  p-nitroso-phenol  (Jaeger,  B.  8,  895). 
Needles ;  may  be  sublimed.  Is  perhaps  identi- 
cal with  the  preceding. 

Methyl  ether  C(iH2Cl2(NH2)(OMe).  [72°]. 
Formed  by  passing  HC1  into  a  solution  of 
^-nitroso-phenol  in  MeOH  (J.).  Long  slender 
needles  (from  dilute  alcohol). 

Ethyl    ether.     C6H2Cl2(NH2)(OEt).  [46°]. 

Ti  i-chloro-w-amido-plienol 
CaHCl3(NH2)(OH)  [1:3:5:6:2].  [95°].  Formed 
from  tri-chloro-nitro-phenol  C6HC13(N02)(OH)  by 
reduction  with  tin  and  HC1  (Daccomo,  B.  18, 
1166).  Colourless  silky  needles.  V.  sol.  alcohol, 
ether,  benzene,  and  hot  water ;  Fe2Cl8  gives  a 
splendid  violet-red  colouration. 

Tri-chloro-p-amido-phenol 

CBHC13(NII2)(OH).  [159°]. 


Formation. — 1.  From  p-amido-phenol  by 
chlorination  ;  the  by-products  are  tri-  and 
tetra-  chloro-hydro-quinone  (Lampert,  J.  pr.  [2] 
33,  371). — 2.  From  quinone  chloro-imide  and 
cone.  HC1  (Hirsch,  B.  11,  1981 ;  13,  1907). 

Preparation. — By  passing  chlorine  gas  into 
cone.  HC1  in  which  _£>-amido-phenol  hydro- 
chloride  is  suspended.  The  reaction  is  ended 
as  soon  as  a  portion  of  the  crystalline  product 
dissolves  completely  in  water  and  gives,  on  add- 
ing bleaching-powcler  solution,  flocculent  tri- 
chloro-quinone  chloro-imide,  while  the  super- 
natant liquid  shows  no  turbidity  (which  would 
be  due  to  oily  di-chloro-quinone  chloro-imide). 
The  base  is  precipitated  by  Na.,C03  (R.  Sclnnitt 
a.  M.  Andresen,  J.  pr.  [2]  24,  42*6). 

Properties. — Glittering  needles  (from  alco- 
hol). Is  a  weak  base,  its  hydrochloride  being 
decomposed  by  boiling  with  water  (Hirsch,  B. 
13,  1903). 

Reactions. — 1.  NaOH  solution  and  air  convert 
it  into  tri-chloro-quinone. — 2.  By  diazo-  reaction 
it  yields  tri-chloro-phenol  [54°]. — 3.  Bleaching- 
poiuder  and  HC1  give  tri-chloro-quinone  chlori- 
mide. Salts.— B'HCL— B'2H.,S04:  small  needles. 

CHLORO-p-AMIDO-PHENOL  y-SULPHONIC 
ACID  C6H3C1(OH)(NH.S03H)  [1:2:5].  Formed 
by  adding  cone,  aqueous  NaHS03  to  mono-  or 
di-chloro-quinone  chlorimide,  air  being  excluded 
(Kollrepp,  A.  234, 21).  Anhydrous  needles  (from 
hot  water),  which  change  under  water  to  trimetric 
prisms  (containing  2.|aq).  SI.  sol.  cold  water, 
insol.  ether.  Eeduces  boiling  Fehling's  solution. 
Gives  a  silver  mirror.  Converted  by  nitrous 
acid  into  the  diazo-  acid  C6H3C1N2S04  3aq  which 
crystallises  in  prisms.  Salts. — ZnA'2:  trime- 
tric prisms. — NiA'2. — CuA'2:  minute  yellowish- 
brown  needles,  insol.  cold  water. 

CHLORO-o-AMIDO-DIPHENYL  C12H10C1N 
i.e.  C12H8C1(NH2).  [48°].  Formed  by  reducing 
o-nitro-diphenyl  with  tin  and  HC1  (Hiibner  a. 
Osten,  A.  209,  349).  Long  needles  (from  dilute 
alcohol) ;  si.  sol.  water,  v.  e.  sol.  alcohol  and 
ether.  Its  salts  are  partially  decomposed  by 
water.— B'HCl :  laminae.— B'JBjPfcCL  :  orange 
tables.-B'HN03.-B'2H2S04. 

Chloro-di-amido-diphenyl 

C6H4(NH2).C6H3C1.NH2.  Formed  by  allowing  an 
alcoholic  solution  of  benzene-azo-^-chloro-ben- 
zene  mixed  with  SnCl2  and  a  couple  of  drops  of 
H2S04  to  stand  in  the  cold.  The  base  was  not 
isolated  in  a  pure  state.  The  hydrochloride 
B"H2C12  forms  white  concentric  needles  (Mentha 
a.  Heumann,  B.  19,  2970). 

Di-chloro-di-amido-diplienyl 
CtiH3Cl(NH2).CtiH3Cl(NH2).     [60°].     Formed  by 
treating  p-chloro-benzene-azo-^-chloro-benzene 
C6H4Cl.N,.CdH4Cl  with   SnCl,  (Schultz,  B.   17, 
464).     Glittering  lamina}.— B'~H,S04. 

CHLORO-DI-AMIDO-DI-PHENYL-AMINE-o- 
CARBOXYLIC  ACID 

C6H2C1(NH2)2.NH.C6H4.C02H.  [c.  240°].  Formed 
by  reduction  of  chloro-di-nitro-di-phenyl-amine- 
o-carboxylic  acid  with  tin  and  HC1  (Jourdan,  B. 
18,  1455).  Colourless  felted  needles.  SI.  sol. 
hot  water  and  ether,  nearly  insol.  benzene  and 
ligrom.  Fe2Cl6  gives  a  brownish-violet  coloura- 
tion. 

DI- CHLORO  -  TRI  -  AMIDO  -TRI- PHENYL- 
CARBINOL  C19H17C1,N8O  i.e. 
C(0:i)(C0H3CLNH)).,(CtjHlNH.().  Di-chloro-para- 
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rosaniline.  Formed  by  heatmg^-toluidine  (21  g.), 
o-chloro-toluidine  (50  g.),  and  aqueous  arsenic 
acid  (106  g.  of  75  p.c.)  at  190°  (Heumann  a. 
Heidlberg,  B.  19,  1989).  Lustrous  green  mass. 
Dyes  a  much  bluer  shade  than  ordinary  rosani- 
line. 

CHLORO-AMIDO-PHENYLENE  MERCAP- 
TAN  CaHdClNSa  i.e.  CGH2C1(NH2)(SH),  [3:5:2:1], 
From  the  chloride  of  m-chloro-nitro-benzene 
disulphinic  acid  by  tin  and  HC1  (Allert,  B.  14, 
1436).  Does  not  react  with  formic  acid. 

CHLORO-AMIDO-PHENYL-ETHYLENE  v. 
CHLORO-AMIDO-STYRENE. 

CHLORO  -  AMIDO  -  PHENYL  -  GLYOXYLIC 
ACID  v.  ISATIN. 

CHLORO  -  AMIDO  -  PHENYL  MERCAPTAN 
C?HaCl(NH2)(SH).  [130°].  From  m-chloro- 
nitro-benzene  sulphonic  acid,  tin,  and  HC1 
(Allert,  B.  14,  1435).— B'HCl. 

Exo  -  CHLORO  -  eso-AMIDO  -  PROPYL  -  PYRO- 
CATECHIN  Mono-methyl  ether 
C3HHCl.C6H.,(NH2)(OMe)(OH)  [1:5:3:4].  [97°]. 
From  nitro-eugenol  C3H5.CtiH2(N02)(OMe)(OH) 
by  tin  and  HC1  (Weselsky  a.  Benedikt,  M.  3, 
389).  Pearly  plates  (from  alcohol).— B'HCl  aq. 

TRI-CHLOR  0- AMIDO-P  YRIDINE  C5H3C13N2 

probably  N<^};^>C.NH2.   [158°].    Formed 

in  small  quantity,  together  with  di-chloro-di- 
oxy-amido-pyridine,  tri-chloro-oxy-amido-pyri- 
dine,and  tetra-chloro-amido-pyridine,  by  heating 
glutazine  with  PC15  (6  to  7  pts.).  Long  felted 
colourless  needles.  Sublimable.  V.  sol.  alcohol, 
si.  sol.  hot  water.  Dissolves  in  aqueous  acids, 
but  not  in  alkalis.  Its  bromo  -derivative 
forms  flat  colourless  needles  [223°]  (Stokes  a. 
Pechmann,  B.  19,  2710  ;  Am.  8,  392). 

Tetra-chloro-amido-pyridine   C5H2N2C14  pro- 

bably  N<gg;gg>O.NH4.      [212°].     Formed, 

together  with  an  equal  quantity  of  tri-chloro- 
oxy-amido-pyridine,  and  small  quantities  of  di- 
chloro-di-oxy-amido-pyridine  and  tri-chloro- 
amido-pyridine,  by  heating  glutazine  with  PC15 
(6  to  7  mols.).  Thin  colourless  plates  or  cubical 
crystals.  Sublimable.  Sol.  hot  benzene,  m.  sol. 
hot  alcohol,  si.  sol.  cold  alcohol,  insol.  water.  It 
does  not  dissolve  in  aqueous  alkalis,  and  only 
slightly  in  cone.  HC1.  Alcoholic  NaOEt  forms 
C,H2N2Cl3(OEt)  [83°]  and  C5H,N2Cl2(OEt)2 
[98°]  (Stokes  a.  Pechmann,  B.  19,  2710 ;  Am. 
8,  396). 

DI-CHLORO-DI-AMIDO-QUINONE 
C6C1,(NH2)202.  Chloranilamide.  Prepared  by 
adding  crystallised  tetra-chloro-quinone  rubbed 
up  with  alcohol  to  a  boiling  alcoholic  solution 
of  ammonia  ;  after  the  tetra-chloro-quinone  has 
dissolved,  the  compound  separates  in  brown 
needles  (Laurent,  Rev.  Scient.  19,  141 ;  A.  52, 
347  ;  Knapp  a.  Schultz,  A.  210,  183).  Dark  lus- 
trous needles,  insol.  water,  alcohol,  and  ether ; 
readily  sublimed.  Its  solution  in  alcoholic 
KOH  is  violet.  Boiling  SnCl2  forms  unstable 
C?C12(NH2),(OH)2.  Fuming  HN03  forms  chloro- 
picrin  and  oxalic  acid. 

a>-CHLORO-o-AMIDO-STYRENE 
C6H4(NH2).CH:CHCJ.  o-Amido-plienyl-u-cliloro- 
ethylene.  White  concentric  prisms.  V.  sol. 
alcohol  and  ether,  v.  si.  sol.  cold  water.  Formed 
by  reduction  of  co-chloro-o-nitro-styrene  with  tin 
and  HC1.  By  heating  with  sodium  ethylate  at 

VOL.  II. 


about  170°  it  gives  indole.— B'HCl :  colourless 
needles,  v.  sol.  water  and  alcohol  (Lipp,  B.  17, 
1071). 

CHLORO-AMIDO-SULPHO-BENZOIC  ACID 
C7H6C1NS05  i.e.  C6H2Cl(NH2)(SO:iH)(CO.,H) 
[1:2:2:3].  From  chloro-o-amido-benzoic  acid  and 
fuming  H2S04  (Cunze  a.  Hiibner,  A.  135,  113).— 
BaA":  clumps. 

CHLORO-AMIDO-THYMOL 
C6HClMePr(NH2)(OH).    [101°]  (A.) ;  [103°]  (8.). 

Preparation.— 1.  By  pouring  4  vols.  cone.  HC1 
upon  thymo-quinone-chloro-imide  (q.v.) ;  the 
liquid  begins  to  boil  and  yellow  crystals  separate. 
The  liquid  is  shaken  with  ether,  and  the  ether, 
containing  chloro-thymo-quinones,  is  decanted  ; 
the  residue,  in  which  the  chloro-amido-thymol 
hydrochloride  is  suspended,  is  then  filtered  and 
decomposed  by  Na2CO3.  It  dissolves  in  excess 
of  Na2C03  giving  the  solution  a  green  colour. 
This  must  be  avoided.— 2.  In  a  similar  way 
from  chloro-thymo-quinone-chloro-imide  (q.v.). 
3.  From  thymo-quinone-oxim  (nitroso-thymol) 
:  and  cold  fuming  HClAq  (Sutkowski,  B.  19,  2315). 

Properties. — Glittering  crystals  (from  water). 
V.  sol.  alcohol  and  ether  (Andresen,  J.  pr.  [2]  23, 
175).  Bleaching-powder  forms  chloro-thymoqui- 
none  chlorimide.  Heating  with  chloranil  in 
HO  Ac  produces  a  red  dye  C30H35C13N203  [232°]. 

CHLORO-AMIDO-TOLUENE  v.  CHLORO -TOLUI- 

DINE. 

CHLORO-AMIDO-XYLENE  v.    CHLORO-XYLI- 

DINE. 

exo-Chloro-amido-o-xylene 
C1CH2.C6H4.CH2NH2.    Formed  by  the  action  of 
HClAq  at  200°  on  its  phthalyl  derivative  (Strass- 
mann,  B.  21,  581). 

Phthalyl  derivative 

[1-2]C1CH2C6H4.CH2.N(CO)2C6H4[1'2].  Exo- 

chloro-xylene-phthalimide.  [140°].  Formed  by 
the  action  of  exo-di-chloro-o-xylene  (1  mol.)  on 
potassium  phthalimide  (1  mol.)  at  200°  (Strass- 
mann,  B.  21,  580).  Prisms  (from  alcohol). 
Heated  with  HClAq  to  200°  it  is  converted  into 
phthalic  acid  and  exo-chloro-amido-xylene. 

w-CHLORO-ISOAMYL  ACETATE 
C4H9.CHC1.0Ac.  (118°-128°).  S.G.^-987.  From 
isovaleric  aldehyde  and  AcCl  (Maxwell  Simpson, 
Pr.  27,  120).     Liquid  ;    slowly  decomposed  by 
water. 

Tri-chloro-sec-amyl-acetate 
CHMe(C3H4Cl3).OAc.     (129°-134°)  at  25  mm.; 
(227°)  at  726  mm.     S.G.  }}|  1-305.    From  nie- 
thyl-tri-chloro-propyl  carbinol  and  AcCl  (Garza- 
rolli-Thurnlackh,  A.  223,  151). 

CHLORO-AMYL-ALCOHOL  C^.CIO  i.e. 
C6H10C1(OH).  Amyleneglycolchlorhydrin.  (155°). 
From  crude  amylene  and  aqueous  HC10  (Carius, 
A.  126,  199  ;  Eltekoff,  J.  R.  14,  360).  V.  sol. 
water.  Decomposed  by  potash  with  formation 
of  amylene  oxide.  Na,S03  forms  oxy-pentane 
sulphonic  acid  (q.  v.). 

Tri-chloro-amyl  alcohol  C5H9C13O  i.e. 
CH3.CHCl.CCl.,.CHMe.OH.  [50-5°j.  (109°)  at 
20mm.;  (124°)  at  41  mm.  Fromtri-chloro-butyric 
aldehyde  and  ZnMe2  in  ether,  followed  by  water 
(Garzarolli-Thurnlackh,  A.  223,  149). 

Properties.— Silky  needles  grouped  in  rosettes 
(from  ether).  Smells  of  camphor.  Volatile  with 
steam.  Faintly  soluble  in  water,  v.  sol.  alcohol 
and  ether.  Carbonised  by  cone.  H,SO> 
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Reactions. — 1.  Warm  fuming  HNOS  gives 
CO.,  and  tri-chloro-butyric  acid. — 2.  H.2S04  and 
K,Cr207  give  the  ketone  C3H4Cl3.CO.Me  (191°- 
193°).— 3.  Finely  divided  iron  and  acetic  acid 
reduce  it  to  chloro-pentenyl  alcohol  (q.  v.). 

CHLORO-AMYL-ANTHRACENE  C19H19C1  or 

!  C6H4^^Hll)>C0H4.  [71°].  Prepared  by  chlo- 

rination  of  amyl-anthracene  in  CHC13.    Light 
yellow  needles  with  blue  fluorescence. 

Picric  acid  compound :  red  needles  (Lie- 
bermann  a.  Tobias,  B.  14,  797). 

a-CHLOBO  -  n  -  AMYLENE  C5H,,C1  i.e. 
CHs.CH2.CHa.CCl:CH,.  (96°).  S.G.^-872.  From 
amylene  chloride  and  alcoholic  KOH  (Bruylants, 
B.  8,  411). 

w-Chloro-iso-amylene  (CH3)2CH.CH:CHC1. 
(86°).  Fromisoamylidene  dichloridePrCH2.CHC!2 
and  alcoholic  KOH  (B.). 

Chloro-amylene  C5HUC1.  Valerylene  hydro- 
chloride.  (100°).  From  valerylene  and  fuming 
aqueous  HC1  at  100°  (Keboul,  Z.  1867,  173). 

Isoprene  hydrochloride  C5H9C1.  (85° -91°). 
S.G.  2  -885  (Bouchardat,  C.  R.  89,  1317). 

Di-chloro-amylene  CH3.CH:CCLCHC1.CH3. 
(142°-144°)  at  736  mm.  From  chloro-pentenyl 
alcohol  C3H4C1.CH(OH).CH3  by  PCI,.  Partly 
converted  by  boiling  water  into  chloro-pentenyl 
alcohol  (Garzarolli-Thurnlackh,  A.  223,  160). 

Di-chloro-amylene  C5H8C12.  (146°).  Fromtri- 
chloro-hexoic  aldehyde  and  cone.  KOHAq  (Pin- 
ner, A.  179,  35 ;  B.  10,  1052).  Gives  with  bro- 
mine CsHgCLjBr,  (230°-240°). 

Tri-chloro-amylene  C,H7C13.  (200°).  From 
tetra-chloro-pentane  (240°)  and  alcoholic  KOH 
(Bauer,  C.  R.  51,  572). 

CHLORO-AMYLENE  DI-CARBAMIC  ETHER 
CUH21C1N204  i.e.  C5H9Cl(NH.C02Et)2.  [130°]. 
From  isovaleric  aldehyde,  carbamic  ether,  and 
HC1  (Bischoff,  B.  7,  633). 

CHLORO-DI-AMYL   SULPHONE 
C5H10Cl.S02.C5Hn.     (330°).     Formed    together 
with  di-chloro-di-amyl  sulphone  (C5H10C1)2S02  by 
treating  di-amyl  sulphone  with  IC13  at   130° 
(Spring  a.  Winssinger,  Bl.  [2]  41,  307). 

CHLORO-ANETHOL  CIOHnC10.  [6°1.  (258°) 
(Ladenburg) ;  (229°)  (Landolph).  S.G.  a  1-115 
(Lad.)  ;  ^  1-191  (Lan.).  Prepared  by  the  action 
of  PCI.  on  anethol  (Ladenburg,  A.  Suppl.  8,  90). 
By  treatment  with  KOH  it  gives  a  mixture  of  two 
liquids,  the  first  of  which,  CI(iH.)003,  boils  at 
(268°-270°),  and  the  second  can  be  converted  into 
the  first  by  more  prolonged  action  of  the  KOH 
(Landolph,  B.  13,  148). 

CHLORO-ANGELIC  ACID 

CH3.CC1:CH.CH2.C02H  (?)  [104°].  The  ethyl 
ether  is  formed  by  treating  di-chloro-angelic  acid 
in  alcoholic  solution  with  zinc  and  HC1  (Pinner 
a.  Klein,  B.  11,  1498). 

E t h y I  ether  Et A'.    Liquid. 
Isomeride  v.  CHLORO-TIOLIC  ACID. 
Di-chloro-angelic      acid       C.HaCLO.,      ie 
CH3.CC1:CH.CHC1.C02H(?).    From    chloro-oxy- 
angelic  acid  and  PC15  (Pinner  a.  Klein,  B.  11, 
1498).     Oil. 

CHLORANILIC  ACID    v. 

OXY-QUINONE. 

o-CHLORO-ANILINE     CLH.C1N    ie 
e^Cl(NHJ  [1:2].    Mol.  w.  127J.   (207°  i.  V.). 


Formation. — By  reduction  of  o-chloro-nitro- 
benzene.  May  be  separated  from  p-chloro-ani- 
line  by  distilling  the  sulphates  with  steam,  that 
of  o-chloro-aniline  being  decomposed  (Beilstein 
a.  Kurbatoff,  A.  176,  27). 

Salts.— B'HCl:  trimetric  plates:  S.  12  at 
15°.— B'HN03:  S.  10  at  13-5°.— Picrate  :  v.  si. 
sol.  cold  water  ;  si.  sol.  alcohol. 

Acetyl  derivative  C6H4Cl(NHAc).  [88°]. 
Long  flat  needles  (from  dilute  HOAc)  (Beilstein 
a.  Kurbatoff,  A.  182, 100). 

m-Chloro-aniline  C6H4C1(NH2)  [1:3].  (230° 
i.  V.).  S.G.  2  1-243.  From  m-chloro-nitro-benz- 
ene  (B.  a.  K.).  Its  salts  are  hardly  decomposed 
by  boiling  water.— B'HCl.— B'HBr :  long  red 
needles  (Staedel,  B.  16,  28).  — B'HN03.— 
B'2H2S04 :  si.  sol.  cold  water. 

Acetyl  derivative  C6H4Cl(NHAc).  [73°]. 
Needles. 

p-Chloro-aniline  CaH4Cl(NH2)  [1:4].  [70°]. 
(231°  i.  V.). 

Formation. — 1.  By  distilling  chloro-isatin 
with  KOH  (Hofmann,  A.  53, 1).— 2.  By  reducing 
jp-chloro-nitro-benzene  with  SnCl2. — 3.  From  its 
acetyl  derivative  obtained  by  chlorinating  acet- 
anilide  (Mills,  P.  M.  49,  21). 

Properties. — Trimetric  prisms.  Is  a  strong 
base.  . 

Salts.— B'HCl.- B'2H2PtCl6.—B'HN03 :  la- 
minae, S.  6-7  at  12-5°.— B'2H2S04 :  si.  sol.  cold 
water.— B'H2C204  £aq. 

Acetyl  derivative  C6H4Cl.NHAc.  [173°]. 
Thick  needles  (from  dilute  HOAc). 

c-Di-chloro-aniline  C6H3C12(NH2)  [1:2:3]. 
Mol.  w.  162.  [24°].  (252°).  From  nitro-benzene 
by  chlorination,  in  presence  of  SbCl5  and  reduc- 
tion (Beilstein  a.  Kurbatoff,  A.  196,  214;  B.ll, 
1860).  Needles  (from  ligroin). 

Acetyl  derivative  GtKyClyCSHAo).  [157°]. 

c-Di-chloro-aniline  C6H3C12(NH2)  [3:1:2]. 
[39°].  From  di  -  chloro  -  nitro  -  benzene  [71°] 
(B.  a.  K.).  Needles,  v.  sol.  ligroin. 

Acetyl  derivative  C8H,Cl.,(NHAc).  [175°]. 

s-Di-ehloro-aniline  C6H3C12(NH2)  [1:3:5]. 
[50-5°].  (260°  i.  V.).  From  s-di-chloro-nitro'- 
benzene  (Witt,  B.  8,  145 ;  B.  a.  K. ;  Langer,  At 
215,  120). 

Acetyl  derivative  C^Cl^HAc).  [187°]. 

Di-chloro-aniline  C6H3C12(NH,)  [1:4:2].  [50°]. 
(251°).  From  di-chloro-nitro-benzene  [55°] 
(Jungfleisch,  A.  Ch.  [4]  15,  252  ;  B.  a.  K.).  (251°). 
Formed  also  by  chlorinating  m-chloro-aniline 
and  by  heating  nitro-benzene  with  fuming  HC1 
at  245°  (Baumhauer,  A.  Suppl.  7,  209).  Cr03 
gives  di-chloro-quinone. 

Acetyl  derivativeG^Cl^HAG).  [132°]. 

Di-chloro-aniline  C6H3C12(NH2)  [1:3:4].  [63°]. 
[245°).  From  acetanilide  (1  mof.)  and  chlorine 
(2  mols.).  Obtained  also  by  chlorinating  o-  or  p- 
chloro-aniline  (Griess,  A.  121,  268;  Beilstein, 
4.  182,  95;  Witt,  B.  7,  1602).— B'HCl.— 
B'2H2PtClti. 

Acetyl  derivative  C«H3Cl2(NHAc).  [143°]. 

Di-chloro-aniline  CtiH,Cl.,(NH2)  [1:2:41. 
71-50].  (272°).  From  di-chloro-nitro-benzene 
;43°],  or  by  chlorinating  m-chloro-aniline 
13.  a.  K.).  Long  needles  ;  strong  base. 

Acetyl       derivative        CaH3Cl2(NHAc). 

c-Tri-chloro-aniline  C,.H2C13(NH.,)  [1:2:3:4]. 
Mol.  w.  196-5.  [67-5°].  (292°  i.  V.). 
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Formation. — 1.  From  its  acetyl  derivative. 
2.  By  reducing  C(JH,(NO,)C1,  [1:2:3:4]. 

Acetyl  deriva'tiveG.H.^NB.A.G)^.  [122°]. 
When  chlorine  is  passed  into  a  solution  of  acetyl 
w-chloro-aniline  in  strong  (90  p.c.)  acetic  acid, 
two  acetyl-trichloro-anilines  are  formed  ;  one  of 
these,  C«H,Cl3(NHAc)  [1:2:4:5]  [185°]  is  hardly 
soluble  in  dilute  (50  p.c.)  acetic  acid,  the  other 
[1:2:3:4]  is  soluble  (Beilstein  a.  Kurbatoff,  A. 
192,  234). 

Tri-chloro-aniline  CtiH2Cl3(NH2)  [1:3:5:6]. 
[77-5°].  (262°  i.  V.).  From  aniline,  _p-chloro- 
aniline,  or  (1,  3,  4)-di-chloro-aniline  in  glacial 
acetic  acid  by  chlorine  (Hofmann,  A.  53,  35 ; 
Beilstein  a.  Kurbatoff,  B.  11,  1862;  Langer, 
A.  215,  114).  Also  from  aniline  and  S02C12 
(Wenghoffer,  J.  pr.  [2]  16,  449).  Long  needles 
(from  ligroi'n). 

Acetyl  derivative  C6H2C13(NH2).     [204°]. 

Tri-chloro-aniline  CHH,C13(NH2)  [1:2:4:5]. 
[96°].  From  C(iH.,(NO,,)Cl3  [58°]  (Lesimple, 
A.  137,  125;  Beilstein  a.  Kurbatoff,  A.  192, 
231).  Obtained  also  by  chlorinating  (2,  5,  1)- 
or  (3,  4,  l)-di-chloro-aniline,  or  m-chloro-aniline. 
Needles  (from  ligroi'n). 

Acetyl  derivative  C6H2Cl3(NHAc). 
[185°]. 

i  -  Tetra  -  chloro  -  aniline  C6HC14(NH,) 
[1:2:3:5:6].  [88°].  Formed  by  chlorinating  m- 
chloro-aniline  (B.  a.  K.).  Gives,  by  eliminating 
NH2,  tetra-chloro-benzene  [51°]. 

Acetyl  derivative  C6HCl4(NHAc)  [174°]. 

s  -  Tetra  -  chloro  -  aniline  C6HC14(NH2) 
[1:2:4:5:6].  [90°].  Prepared  by  reducing  s-tetra- 
chloro-nitro-benzene  (Lesimple,  Z.  1868,  227). 

c-Tetra-chloro-aniline  CGHC14(NH2).  [118°]. 
From  c-tetra-chloro-nitro-benzene  (B'eilstein  a. 
Kurbatoff,  B.  11,  1862). 

Acetyl  derivative  [154°](Tust,J3.21,1533). 
Penta  -  chloro  -  aniline  C6C15NH2  [232°]. 
From  s-di-cbloro-aniline  by  chlorinating  it  in 
ethereal  solution  (Langer,  A.  215,  120).  Ob- 
tained also  by  reducing  penta  -  chloro  -  nitro  - 
benzene  (Jungfleisch).  Long  white  needles 
(from  alcohol).  V.  sol.  alcohol  and  ether,  m.  sol. 
benzoline.  By  further  chlorination  in  acetic 
acid  solution  it  gives  penta  -  chloro  -  phenyl 
hypochlorite  CHC15OC1. 

CHLORO-ANISIC-ACID  v.  Methyl  derivative 
of  CHLORO-OXY-BENZOIC  ACID. 

CHLORO  -  ANISIDINE  v.  Methyl  ether  of 
CHLORO-AMIDO-PHENOL. 

CHLORO-ANTHRACENE  C14H9C1.  [103°]. 
Obtained  by  fusing  anthracene  dichloride  (Per- 
kin,  C.  N.  34, 145).  Golden-yellow  needles,  v.  sol. 
ether,  alcohol,  and  benzene.  The  picric  acid 
compound  forms  scarlet  needles. 

Di-(4) -chloro-anthracene  C^H^j^C^H,. 

[209°].  Formed  by  the  action  of  (2  mols.  of) 
chlorine  upon  anthracene-(.4)-carboxylic  acid  or 
upon  (A.  1) -chloro-anthracene- (J..  2)-carboxylic 
acid  (Behla,  B.  20,704).  Prepared  by  chlorinating 
anthracene  (Laurent,  A.  34,  294  ;  Perkin,  C.  J. 
24,  14;  Graebe  a.  Liebermann,  A.  160,  137; 
Suppl.  7, 284).  Long  yellow  needles  ;  v.  sol.  ben- 
zene, si.  sol.  alcohol  and  ether.  Not  affected  by 
boiling  KOH.  Gives  anthraquinone  on  oxidation. 


Di-chloro-anthracene 


*H4 


[255°].  From  tetra-chloro-anthraquinon^  by 
heating  with  zinc-dust  and  aqueous  ammonia 
(Kircher,  A.  238,  347;  B.  17,  1169).  Slender 
needles.  On  oxidation  it  gives  di- chloro- anthra- 
quinone. 

Tri-chloro-anthracene  C14H7C13.  [163°].  From 
di-chloro-anthracene  dichloride  and  alcoholic 
KOH  (Schwarzer,  B.  10,  378 ;  cf.  G.  a.  L.).  Long 
golden  needles  (from  alcohol).  The  alcoholic 
solution  shows  blue  fluorescence. 

XHv 

Tetra-chloro-anthracene    G.d^Q   |     ;>C6H4. 

Nsar 

[149°].  From  tetra-chloro-benzoyl-benzoic  acid 
(1  pt.),  red  phosphorus  (£  pt.),  and  fuming  HI 
(4|  pts.)  at  215°  (Kircher,  A.  238,  346).  Slender 
needles,  sol.  benzene  and  chloroform.  Cr03  gives 
the  corresponding  tetra-chloro-anthraquinone. 

Tetra-chloro-anthracene  C14H6C14.  [152°]. 
Prepared  by  the  action  of  boiling  alcoholic  KOH 
on  the  di-chloro-anthracene  tetrachloride  [206° 
obtained  from  nitroso-anthrone  and  PC15  (Lieber- 
mann a.  Lindermann,  B.  13,  1589).  Yellow 
needles,  sol.  hot  acetic  acid,  si.  sol.  alcohol.  On 
oxidation  with  Cr03  it  gives  crystalline  dichlor- 
anthraquinone. 

Tetra-chloro-anthracene  C,,H4C14.  [164C] 
(H.) ;  [220°]  (G.  a.  L.).  Formed  by  the  action 
of  alcoholic  KOH  upon  pure  di-chloro-anthra- 
cene tetra-chloride  [187°]  (Hammerschlag,  B.  19, 
1108 ;  Grtebe  a.  Liebermann,  A.  Suppl.  7,  283). 
Golden  yellow  needles.  SI.  sol.  nearly  all  sol- 
vents. By  Cr03  and  acetic  acid  it  is  oxidised  to 
di-chloro-anthraquinone  [205°]. 

Hexa-cnloro-anthracene  C14H4C16.  [320°-330°]. 
Yellow  needles.  Prepared  by  the  action  of  SbCl5 
on  di-chloro-anthracene  dichloride.  Oxidation 
with  K2Cr207  and  H2S04  gives  tetra-chloro-an- 
thraquinone (Bolas,  C.  N.  28, 167  ;  Diehl,  B.  11, 
175). 

Hepta-chloro-anthracene  C14H3C17.  [above 
350°].  Prepared  by  the  prolonged  action  of 
SbCl5  on  di-chloro-anthracene-dichloride  at  260°. 
Sublimes  in  yellow  needles  (Diehl,  B.  11,  176). 

Octo-chloro-anthracene  C14H2C18.  [above 
350°].  Feathery  crystals.  Prepared  by  the  pro- 
longed action  of  SbCl5  at  280°  on  the  lower  chlo- 
rinated anthracenes  (Diehl,  B.  11,  177).  Buoff 
(B.  9, 1488)  could  only  obtain  hexa-chloro-benz- 
ene. 

DI-CHLORO-ANTHRACENE  TETRA-BRO- 
MIDE  C10H8Cl2Br4.  [166°]  (S.);  [178°]  (Hammer- 
schlag, B.  19,  1106).  Obtained  by  exposing  di- 
chloro-anthracene  [209°]  to  bromine-vapour  for 
a  considerable  time  (G.  a.  L. ;  Schwarzer,  B.  10, 
376).  Satiny  needles  (from  benzene);  si.  sol. 
alcohol  and  ether;  v.  sol.  benzene  and  CHC13. 
At  180°-190°  it  is  converted  into  di-chloro-bromo- 
anthracene  [168°].  Boiling  alcoholic  KOH  gives 
di-chloro-di-bromo-anthracene. 

(A.  1)-CHLORO-ANTHRACENE-(A  2)-CARB- 


[259°]-   Obtained  by 

heating  anthracene  with  carbonyl  chloride  under 
pressure  at  240°-250° ;  or  by  passing  chlorine 
(1  mol.)  into  a  solution  of  anthracene-(^l)-carb- 
oxylic  acid  in  CHC13.  Long  yellow  glistening 
needles.  Sublimes.  Sol.  alcohol,  ether,  and 
acetic  acid ;  si.  sol.  benzene,  chloroform,  and 
xylene ;  v.  si.  sol.  water  and  ligroin.  Its  solu- 
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tions  have  a  blue  fluorescence.  At  its  melting- 
point  it  evolves  CO.,,  leaving  (^)-chloro-anthra- 
cene.  By  Cr03,  KMn04,  or  dilute  HN03  it  is 
oxidised  to  anthraquinone.  Alcoholic  KOH  at 
160°-170°  reduces  it  to  anthracene- (A) -carboxy- 
lic  acid.  Chlorine  converts  it  into  di-(^)-chloro- 
anthracene.  Salts.— KA':  very  slender  yellow 
needles.— AgA' :  minute  yellow  prisms. — BaA'2 : 
thick  yellowish  glistening  prisms  (from  water)  or 
needles  (from  alcohol). 

Methyl  ether  MeA':  [123°];  yellow  needles 
or  large  six-sided  tables ;  sol.  alcohol,  ether,  &c., 
with  a  blue  fluorescence;  insol.  water  (Behla, 
B.  20,  701). 

DI-CHLORO-ANTHRACENE    DI-CHLORIDE 

C«H4<£c}p>C.H4.     [150°].    Formed  by  passing 

chlorine  into  anthracene  dissolved  in  chloroform 
(Schwarzer,  B.  10,  377).  Prisms  (from  chloro- 
form) ;  si.  sol.  alcohol  and  ether,  v.  sol.  benzene. 
At  170°  it  yields  tri-chloro-anthracene  [163°]. 
Boiling  alcoholic  KOH  converts  it  into  anthra- 
quinone. 

Di-cMoro-anthracene-tetra-chlorideC14H8Cl6. 
[187°]  (H.);  [145°]  (D.).  Thin  white  needles. 
Prepared  by  passing  chlorine  for  a  long  time 
through  a  benzene  solution  of  anthracene  or  di- 
chloranthracene  [209°].  By  treatment  with 
alcoholic  KOH  it  yields  tetra-chloro-anthracene 
[164°]  (Hammerschlag,  B.  19,  1107 ;  cf.  Diehl, 
B.  11,  174). 

Di-chloro-anthracene-tetrachloride 
CMH8C12.C14.  [205°-207°].  White  needles.  Does 
not  fluoresce.  Prepared  by  heating  nitroso- 
anthrone  with  PC15  to  180°.  By  boiling  with 
alcoholic  KOH  it  gives  tetra-chloro-anthracene 
[152°].  (Liebermann  a.  Lindermann,  B.  13, 
1588). 

DI-CHLORO-ANTHRACENE  DISULPHONIC 
ACID  C14H6C12(S03H)2.  From  (1  pt.)  di-chloro- 
anthracene  [209°]  and  (5  pts.)  fuming  H2S04  at 
100°  (Perkin,  C.  J.  24,  15).  Orange  needles ; 
v.  sol.  water  but  ppd.  by  HC1  or  H2S04.  Dilute 
solutions  of  the  acid  and  its  salts  fluoresce  blue. 
On  oxidation  it  gives  anthraquinone  disulphonic 
acid.— Na2A"x  aq.— BaA".— SrA". 

CHLORO-ANTHRANILIC   ACID  v.  CHLORO- 

AMIDO-BENZOIC  ACID. 

7H-CHLORO-ANTHRAQUINONE  C14H7C102 
t.e.C6H3Cl<^>C6H4.  [204°].  Formed  by  heat- 
ing w-chloro-benzoyl-benzoic  acid  with  sul- 
phuric acid  at  160°-175°.  Yellowish-grey 
needles;  v.  sol.  hot  CfiH6,  si.  sol.  acetic  acid 
CS2,  and  hot  alcohol.  Sublimes  without  decom- 
position (Grsebe  a.  Bee,  C.  J.  49,  531). 

Di-chloro-anthraquinone  C6H4(C202)C6H2C12. 
[205°].  Formed  by  oxidation  of  tetra-chloro- 
anthracene  [164°]  with  Cr03  and  acetic  acid 
(Hammerschlag,  B.  19,  1109;  cf.  Graebe  a. 
Liebermann,  A.  Suppl.  7,  290).  Formed  also  by 
heating  anthracene  with  SbCl5  at  100'  (Diehl, 
B.  11,  179).  Glistening  golden  needles  (from 
acetic  acid).  By  NaOH  fusion  it  gives  alizarin. 

Di-chloro-anthraquinone  C6C12H2(C.,02)C6H4. 
[261°].  Formed  by  oxidising  di-chloro-anthra- 
cene  [255°].  Needles  (from  chloroform-alcohol). 
Gives  alizarin  when  fused  with  potash  (Kircher, 
B.  17,  1169). 

Tri-chloro-anthraquinone  Cl4H.&Clt02  [284°- 
290°].  Got  by  heating  anthraquinone  with  SbCl5 


at  180°  (Diehl,  B.  11,  180).    Yellow  needles. 

Tetra-chloro-anthraquinone  CeCl4(C,02)C6H4. 
[191°].  Fromtetra-chloro-o-benzoyl-benzoic  acid 
and  H2S04  at  100°  (Kircher,  A.  238,  344  ;  B.  17, 
1167).  Golden  needles  (from  benzene-alcohol). 
J  Oxidised  by  fuming  HN03  at  140°  giving  tetra- 
chlorophthalic  acid.  Beduced  by  distillation 
with  zinc-dust  to  anthracene.  Yields  phthalic 
acid  on  fusion  with  NaOH. 

Di-sulphonic  acid  xCi4H.,Cl402(S03H).,. 
Salts.— BaA".— CaA". 

Tetra-chloro-anthraquinone  C ,  jH4C!402. 
[320°-330°].  Prepared  by  long  heating  of  di- 
chloro-anthraquinone  with  6  pts.  of  SbCl3  at  200° 
(Diehl,  B.  11,  180).  Yellow  needles. 

Penta-chloro-anthraquinone  C14H3C1502. 
Prepared  by  heating  di-chloro-anthraquinone 
with  8  pts.  SbCl5  at  250°  (D.).  Sublimes  with- 
out melting.  Insoluble  in  the  ordinary  solvents. 

CHLORO-ATROPIC  ACID  CnH7C102.  [85°]. 
From  tropic  acid  and  PC15.  Needles  (Laden- 
burg,  B.  12,  948). 

CHLORO-AZO-BENZENE    v.    BENZENE-AZO- 

CHLOBO-BENZENE,  Vol.  i.  p.  374. 

Di-chloro-azo-benzene    v.     CHLOKO-BENZENE 

AZO-CHLORO-BENZENE,  Vol.  i.  p.  381. 

CHLORO-AZOPHENINE  C30H,3C1N4.   [230°]. 
Formed  by  heating  £>-chloro-p-nitroso-di-phenyl- 
'  amine  with  aniline  and  aniline  hydrochloride  at 
1  100°.     Very  similar  to   azophenine,  but  more 
sol.  benzene  (0.  Fischer  a.  Hepp,  B.  20,  2481). 
Tri  -  chloro  -  azophenine       C30H21C13N. 
[246°]  (Fischer  a.  Hepp,  B.  21,  676). 

TRI-CHLORO-AZO-PHENOL  v.  OXY-BENZENE- 
AZO-PHENOL,  vol.  i.  p.  388. 

DI-CHLORO-BARBITURIC  ACID  C4H2C12N203 

1.  e.  CC12<^'^>CO.    Formed  by  oxidising 

di-chloro-oxy-methyl-uracil  with  fuming  HN03 
(Behrend,  A.  236,  64).  Trimetric  crystals, 
a:b:c  =  -777:1:  -893.  V.  e.  sol.  alcohol  and  ether ; 
sol.  water. 

CHLORO  -  BENZALDEHYDE     v.     CHLORO  - 

BENZOIC  ALDEHYDE. 

CHLORO-ISOBENZALPHTHALIMIDINE  v. 
CHLORO  -  ox  Y  -PHEN  YL-ISOQUINOLINE  . 

CHLORO-BENZAMIDE  v.  Amide  of  CHLORO- 

BENZOIC  ACID. 

CHLORO-BENZENE  C6H5C1.  Mol.  w.  112^. 
[-40°].  (132°).  S.G.  2f  1-1066.  ^  1'5369.  B^ 
50-67  (Briihl).  H.F.p.— 11,220.  H.F.v.— 12,380 
(Th.).  S.H.  (7°-64°)  -326  (Schiff,  G.  17,  486). 
Vapour-pressure,  Bamsay  a.  Young  (C.  J.  47, 
654).  S.V.  114-3  (Schiff,  A.  220,  98);  114-5 
(Kamsay). 

Formation.  —  1.  From  phenol  and  PC15 
(Laurent  a.  Gerhardt,  A.  75,  79 ;  Williamson  a. 
Scrugham,  C.  J.  7,  238;  Biche,  A.  121,  357).— 

2.  By  the  action  of  chlorine  on  benzene  in  pre- 
sence of  iodine  or  other  carriers  (Hugo  Miiller, 
C.  J.  15,  41 ;  Fittig,  A.  133,  49).— 3.  From  benz- 
ene and  SO,C12  at  150°  (Dumas,  Z.  1866,  705). 
4.  From  S2C12  and  benzene  at  250°   (Schmidt, 
B.  11,  1173).— 5.  By  heating  benzene   sulpho- 
chloride  with  PC15  at  210°  (Barbaglia  a.  Kekule, 
B.  5,  875). — 6.  A  solution  of  diazobenzene  chlo- 
ride, prepared  from  30  grms.  of  aniline,  and  a 
large  excess  of  HC1  is  slowly  run  into  a  nearly 
boiling  solution  of  Cu2Cl2  in  HC1  (150  grms.  of  a 
10  pc.  solution  of  Cu,CL).     The  bromo-benzene 
is  distilled  off  with  s'team     (Sandmeyer,  B.  17, 


1633). — 7.  By  heating  diazobenzene  with  a  large 
excess  of  strong  HC1 ;  the  yield  is  40  p.c.  of  the 
theoretical  (Gasiorowski  a.  Wayss,  B.  18, 1936). 

Properties. — Colourless  liquid.  When  led 
through  a  red-hot  tube  it  forms  diphenyl,  chloro- 
diphenyl,  di  -  chloro  -  diphenyl,  and  di  -  phenyl  - 
benzene  (Kramers,  A.  189, 135).  Not  affected  by 
boiling  with  A12C16.  Converted  by  sodium  into 
diphenyl.  Mn02  and  H2S04  give  formic  and 
p-chloro-benzoic  acid  (Carius,  Z.  [2]  4,  505 ;  C. 
Miiller,  Z.  [2]  5, 137).  Chloro-benzene  passes  out 
of  the  system  as  chloro-phenyl-mercapturic  acid 
C12H,,C1NS03. 

o-Di-chloro-benzene  C6H4C12  [1:2].  Mol.  w. 
147.  (179°  i.  V.).  S.G.  2  1-328  (B.  a.  K.) ;  1-325 
(F.  a.  C.). 

Formation. — 1.  In  small  quantity,  by  chlori- 
nating benzene  (Beilstein  a.  Kurbatoff,  A.  176, 
42  ;  182, 94  ;  B.  7, 1398,  1759).  Separated  from 
the  greater  part  of  the  solid  jp-di-chloro-benzene 
by  pressure ;  it  is  then  heated  with  fuming 
H2SO.,  at  210°  for  2  days  ;  this  sulphonates  only 
o-di-chloro-benzene.  The  resulting  sulphonic 
acid  is  purified  by  crystallisation,  and  recon: 
verted  into  di-chloro-benzene  by  hydrolysis  (Frie- 
del  a.  Crafts,  A.  Ch.  [6]  10,  411).— 2.  From  o- 
chloro-phenol  and  PC15  (B.  a.  K.). 

Properties. — Liquid.  Gives  a  nitro-  deriva- 
tive [43°].  MeCl  and  A12C16  at  100°  give  chiefly 
hexa-methyl-benzene  and  tri-chloro-mesitylene 
(F.  a.  C.). 

m-Di-chloro-benzene  C6H4C12  [1:3].  (168° 
uncorr.)  (S.) ;  (172°)  (K.).  S.G  ^  1-307. 

Formation. — 1.  By  running  an  aqueous  solu- 
tion of  NaN02into  a  hot  solution  of  m-phenylene- 
diamine  and  Cu.,Cl2  in  dilute  HC1  (Sandmeyer, 
B.  17,  2652).— 2."  From  di-chloro-aniline  by  re- 
moving NH2  by  the  diazo-  reaction  (Korner,  G. 
4,  341 ;  B.  a.  K.). — 3.  From  ra-di-nitro-benzene 
via  m-nitro-aniline,  m-chloro-nitro-benzene,  and 
w-chloro-aniline  (Griess,  P.  T.  1864  [3]  705). 

Properties.— Liquid.  HN03  (S.G.  1-4)  gives  a 
nitro-compound  [32°]. 

^-Di-chloro-benzene  C6H4C12  [1:4].  [55°]. 
(173°).  S.G.  !215  1-458 ;  ^  1-241  (Jungfleisch, 
A.  Ch.  [4]  14,  186).  S.V.S.  117-4  (Schiff). 

Formation. — 1.  By  running  a  solution  of 
NaN02  into  a  hot  solution  of  _p-phenylene- 
diamine  and  Cu.,Cl2  in  dilute  HC1  (Sandmeyer,  B. 
17,  2652).— 2.  The  chief  product  of  the  action  of 
chlorine  (2  mols.)  on  benzene  (1  mol.)  in  presence 
of  iodine  (Hugo  Miiller,  C.  J.  15,  41 ;  Z.  1864, 
401 ;  Korner,  G.  4,  324)  or  in  presence  of  MoCl5 
(Aronheim,  B.  8,  1400).— 3.  By  the  action  of 
PC15  on  phenol  p-sulphonic  acid  (Kekul6,  B.  6, 
944)  or  on  ^-chloro-phenol  (Beilstein  a.  Kurba- 
toff, A.  176,  32 ;  B.  7,  1395,  1759). 

Properties. — Monoclinic  laminae  (from  alco- 
hol). Sublimes  at  ordinary  temperatures.  Fum- 
ing HN03  gives  a  nitro-  derivative  [55°]. 

w-Tri-chloro-benzene  C6H3C13  [1:3:4].  Mol. 
w.  181|.  [16°].  (213°  i.  V.).  S.G.  (of  liquid)  ^ 
1-465. 

Formation. — 1.  By  chlorination  of  benzene 
in  presence  of  iodine  (Jungfleisch,  A.  Ch.  [4]  15, 
264).— 2.  From  di-chloro-aniline,  C6H3(NH2)C12 
[1:3:4]  or  [1:2:4]  displacing  NH2  by  Cl  by  means 
of  the  diazo-  reaction. — 3.  From  di-chloro-phenol 
[43°]  and  PC15  (Beilstein  a.  Kurbatoff,  A.  192, 
230 ;  B.  10,  270).— 4.  From  (j8) -benzene  hexa- 
chloride  and  alcoholic  KOH. 
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Properties.— Gives  on  nitration  a  nitro-  de- 
rivative [58°]. 

c-Tri-chloro-benzene  C8H3C18  [1:2:3].  [54°]. 
(219°).  By  eliminating  NH2  from  C6H2(NH2)C13 
[1:2:3:4]  by  diazo-  reaction  (Beilstein  a.  Kurba- 
toff, A.  192,  235).  Also  from  (l,2,3)-di-chloro- 
aniline  by  displacing  NH2  by  Cl.  V.  sol.  CS2 
and  benzene,  si.  sol.  alcohol.  Gives  a  nitro-  deri- 
vative [56°]. 

s-Tri-chloro-benzene  C6H3C13  [1:3:6],  [63-5°]. 
(208-5°  i.  V.).  From  ordinary  tri-chloro-aniline, 
by  eliminating  NH2  by  diazo-  reaction  (Korner). 
Also  fromchloro-benzenetetra-chloride,  and  alco- 
holic KOH  (Jungfleisch).  V.  sol.  ether,  benzene, 
CS2  and  light  petroleum.  Sol.  cold  alcohol  and 
dilute  (50  p.c.)  acetic  acid.  Gives  on  nitration  a 
nitro-  derivative  [68°]  (B.  a.  K.),  or,  when  fuming 
HNOsis  used,  a  di-nitro-  derivative  [130°]  (Jack- 
son a.  Wing,  Am.  9,  348). 

c-Tetra-chloro-benzene  C6H2C14[1:2:3:4].  Mol. 
w.  216.  [46°].  (254°  i.  V.).  From  tri-chloro- 
aniline  C6H2C13(NH2)  [1:2:3:4]  or  [1:3:6:2]  by  the 
diazo-  reaction  (Beilstein  a.  Kurbatoff,  A.  192, 
238).  Long  needles  (from  alcohol).  SI.  sol. 
alcohol,  v.  sol.  ether,  light  petroleum,  CS2,  and 
strong  (90  per  cent.)  acetic  acid.  Gives  a  nitro- 
derivative  [65°]. 

i-Tetra-chloro-benzene  CtiH2Cl4  [1:3:4:5]  [51°] 
(B.  a.  K.) ;  [35°]  (I.).  (246°  i.V.).  From  ordinary 
tri-chloro-aniline  displacing  NH2  by  Cl  by  the 
diazo-  reaction  (Beilstein  a.  Kurbatoff,  A.  192, 
238).  Obtained  also  by  chlorinating  benzene  in 
sunlight  (Istrati,  A.  Ch.  [6]  6,  383).  Colourless 
needles  (from  alcohol).  SI.  sol.  cold  alcohol,  sol. 
benzene,  v.  sol.  CS2  or  light  petroleum.  HNO3 
(S.G.  1-54)  gives  a  nitro-  derivative  [30°]  (Jung- 
fleisch, A.  Ch.  [4]  15,  204),  or  [22°]  (B.  a.  K.). 

s-Tetra- chloro -benzene  C6H0C14  [1:2:4:5]. 
[138°]  (245°  i.  V.)  (B.).  S.G.  ^  1'73~4 ;  i±2  1-399. 

Formation. — 1.  By  chlorination  of  benzene 
(Jungfleisch).— 2.  From  C6H2C13(N02)  [1:2:3:4] 
by  reduction  followed  by  the  diazo-  reaction 
(Beilstein  a.  Kurbatoff,^.  192,  236).— 3.  In  small 
quantity  by  the  action  of  chlorine  on  boiling 
tri-chloro-toluene  (Beilstein  a.  Kuhlberg,  A.  152, 
247).— 4.  By  the  action  of  Fe2Cl6  upon  (2, 4,  6, 1)- 
tri-chloro-phenol  (Daccomo,  B.  18,  1163). 

Properties. — Crystallises  best  from  benzene. 
SI.  sol.  alcohol  or  light  petroleum.  Fuming 
HN03  forms,  besides  the  nitro-  compound  [98°], 
tetra-chloro-quinone.  This  is  the  only  tetra- 
chloro-benzene  which  gives  chloranil  under  these 
circumstances. 

Penta-chloro-benzene  C6HC15.  [86°].  (276°) 
(Ladenburg,  A.  172,  344).  S.G.  ^  1-842.  Formed 
by  chlorinating  benzene  (J.),  di-phenyl  sulphone 
(Otto  a.  Ostrop,  A.  141,  93 ;  154,  182)  or  tetra- 
chloro-benzyl  chloride  (Beilstein  a.  Kuhlberg,  A. 
152,  247).  Slender  needles  (from  alcohol) ;  v.  si. 
sol.  cold  alcohol,  v.  sol.  ether  and  CS2.  After 
heating  for  a  long  time  with  cone,  or  fuming 
H,S04,  on  pouring  the  liquid  into  water  a  chest- 
nut-brown pp.  containing  no  sulphur  and  36-8 
p.c.  chlorine  is  formed ;  it  is  called  '  franceine  ' 
by  Istrati  (Bl.  [2]  48,  35) ;  it  is  a  red  dye,  and 
forms  a  red  solution  in  alcohol. 

Hexa-chloro-benzene  CriCl6.  Mol.  w.  285. 
[226°].  (326°).  S.G.  ^  1'569. 

Formation.— 1.  From  methylene  chloride  and 
IClor  IC13  (Holand,  A.  240,  234).— 2.  Bypassing 
chloroform,  CC14,  or  C,C14  through  a  red  hot 
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tube  (Julin  ;  Eegnault,  A.  30,  350 ;  Basset,  C.  J. 
20, 443 ;  Berthelot  a.  Jungfleisch,  Z.  [2]  4, 565).— 
3.  By  chlorinating  benzene  in  presence  of  SbCl5 
(Hugo  Miiller,  Z.  1864,  40).— 4.  From  tetra- 
chloro-quinone  (chloranil)  and  PC15  (Grasbe,  A. 
146,  1).— 5.  Is  the  ultimate  product  of  the  action 
of  SbCl5  with  chlorine  on  all  chloro-toluenes 
and  chloro-xylenes  (Beilstein  a.  Kuhlberg,  Z.  [2] 
5, 183 ;  A.  150, 309).— 6.  By  the  action  of  chlorine 
in  presence  of  IC1  upon  all  aromatic  hydrocar- 
bons, as  well  as  upon  aniline,  phenol,  thymol, 
camphor  (Kuoff,  B.  9,  1483;  10,  1234);  sec- 
hexyl  iodide  (Krafft,  B.  9,  1085);  and  hexa- 
chloro-acetone  (Cloez,  A.  Ch.  [6]  9,  145). 

Properties.  —  Thin  prisms  (from  alcohol- 
benzene),  v.  si.  sol.  boiling  alcohol,  si.  sol.  ether, 
m.  sol.  benzene.  When  heated  with  glycerin 
and  NaOH  it  gives  penta-chloro-phenol. 

CHLORO-BENZENE-AZO-v.  Azo-  COMPOUNDS. 

CHLORO-BENZENE  HEXA-CHLORIDE 
CtiH5Cl7.     [257°].    From  di-phenyl  sulphone  and 
chlorine  in  sunlight  (Otto,  A.  141,  101).     Small 
dimetric  prisms  (from  alcohol) ;  v.  si.  sol.  ether, 
si.  sol.  hot  alcohol. 

Di-chloro-benzene  hexa-chloride  C6H4C18. 
[above  250°].  From  chloro-benzene  and  chlorine 
in  sunlight  (Jungfleisch,  Z.  [2]  4,  486).  Prisms 
(from  chloroform)  ;  converted  into  penta-chloro- 
benzene  by  boiling  alcoholic  KOH. 

Tri-chloro-benzene  hexa-chloride  C16C6H3C13 
[1:2:4].  [96°].  Formed  by  chlorination  of  benz- 
ene (Willgerodt,  J.  pr.  [2]  35,  415).  Smells  of 
rotten  straw.  V.  e.  sol.  ether,  v.  sol.  alcohol. 
Alcoholic  KOH  converts  it  into  C6C16  [226°]. 

CHLORO-BENZENE  SULPHINIC  ACID 
CtfH4Cl.SO.jH.  [90°].  From  chloro-benzene 
(^?)-sulpho-chloride  and  sodium-amalgam  (Otto 
a.  Brummer,  A.  143,  113  ;  145,  323 ;  146,  243). 
Small  needles  or  long  thin  columns  ;  si.  sol.  cold 
water.  Reduced  by  Zn  and  H2S04  to  chloro- 
phenyl  mercaptan,  and  by  sodium-amalgam  to 
benzene  sulphinic  acid.  Oxidation  gives  chloro- 
benzene  sulphonic  acid. 

Salts .— NaA'2  2aq.— CaA'2.— Ba  A'2.— Pb  A'2. 

Ethyl  ether  EtA'.     [123°].    Needles. 

CHLORO-BENZENE  o-SULPHONIC  ACID 
C6H5C1S03  i.e.  C6H4C1(SO.,H)  [1:2].  Fromamido- 
benzene  o-sulphonic  acid  by  displacement  of 
NH.J  by  Cl  by  means  of  the  diazo-  reaction  (Bahl- 
mann,  A.  186,  325). 

Chloride  C6H4C1.S02C1  [29C]. 

Amide  C6H4C1.S02NH2  [188°]. 

Chloro-benzene  m-sulphonic  acid 
CeH.ClfSO-jH)   [1:3].     Prepared  similarly  from 
amido-benzene  w-sulphonic  acid  (Kieselinsky, 
A.   180,   108).      Deliquescent    plates. — AgA'. — 
KA'.-CaA'2.— BaA'2  2aq.— CuA'  5aq. 

Chloride  C6H4C1(S02C1).    Oil. 

Amide  C6H4C1(SO.,NH2):  [148°];  plates. 

Chloro-benzene^-sulphonic  acid  C(iH4Cl.S03H 
[1:4].  Formed  by  sulphonating  chloro-benzene 
(Otto  a.  Brummer,  A.  143,  102 ;  Lindow  a.  Otto, 
Z.  [2]  4,39  ;  Glutz,  A.  143,  184).  Also  by  the 
same  method  as  the  two  preceding  acids  (Goslich, 
A.  180,  106).  Deliquescent  needles  or  prisms. 
Potash-fusion  gives  resorcin  (Oppenheim  a.  Vogt, 
A.  Suppl  6,  376).  The  Na  salt  fused  with  KCN 
gives  terephthalonitrile  C6H4(CN)2. 

Salts. — NaA'aq.-  KA'.— AgA'.— CaA'Jiaq 
-BaA'0  2aq.-PbA'2  2aq.— CuA',  5aq. 

Chloride  CJI.Cl.SO.Cl.  [53°]. 


Bromide  C^Cl.SO-jBr.  [53°]. 

Amide  C6H,C1.S02NH2.  [144°]. 

Anilide  CtiH4Cl.SO.,NPhH.  [104°].  Needles 
(Wallach  a.  Huth,  B.  9,  426). 

Di-chloro-benzene  sulphonic  acid 
C0H3C12(S03H)  [l:2:x].  From  o-di-chloro-benzene 
and  fuming  H.,S04  at  210°  (Beilstein  a.Kurbatoff, 
A.  176,  41;  182,  94).-CaA'22aq.— BaA'22aq.— 
PbA'2  2aq. 

Di-chloro-benzene  sulphonic  acid 
C6H3C12(S03H)  [l:3:a;].  Fromm-di-chloro-benzene 
and  fuming  H2S04at235°  (B.  a.  K.).— CaA'22aq. 
— BaA'2  aq.— PbA'2  3aq. 

Di-chloro-benzene  sulphonic  acid 
C6H3C12(S03H)  [l:4:ajj.  Fromp-di-chloro-benzene 
and  vapours  of  S03  (Lesimple,  Z.  [2]  4,  226). 
Cone.  H2S04  has  no  action  even  at  210°  (B.  a.  K.). 
Trimetric  prisms  (from  water). — NH4A'  aq  : 
needles,  m.  sol.water. — KA'aq. — AgA'.— NaA'aq: 
six-sided  tablets.— MgA'2  6aq. — BaA'2:  laminse. 
— PbA'2  3aq. 

Tri-chloro-benzene  sulphonic  acid 
C6H2C13(SOHH)    [1:3:4:6?].     From  w-tri-chloro- 
benzene  and  fuming  H2S04  (Beilstein  a.  Kurba- 
toff,   A.-    192,     231).— CaA'2  2aq.— BaA'2  2aq.— 
PbA'2  2aq. 

CHLORO-BENZENE  THIO-SULPHONIC 
ACID.  Chloro-phenyl  ether  C12H8C12S.,02 
i.e.  C6H4C1.S02.S.C6H4C1.  [138°].  From  chloro- 
benzene  sulphinic  acid  and  water  at  130°  (Otto, 

A.  145,    323).       Small,    four-sided,    trimetric 
columns  (from  alcohol).    Eeduced  by  zinc  and 
H2S04  to  chloro-phenyl  mercaptan. 

DI-CHLORO-BENZIDINE    v.    DI-CHLORO-DI- 

AMIDO-DIPHENYL. 

CHLORO-BENZIL  or  Benzil  chloride  v.  BEN- 
ZILIC  ACID,  Reaction  5. 

CHLORO-BENZO-TRICHLORIDE  v.   TETBA- 

CHLORO  -TOLUENE . 

o-CHLORO-BENZOIC  ACID  C7H5C102  i.e. 
C6H4C1(C02H)  [1:2].  Mol.  w.  1561.  [137°].  S.  -114 
at  0°.  Electrical  conductivity  :  Ostwald  (J".  pr. 
[2]  32,  349). 

Formation. — 1.  From  salicylic  acid  (1  mol.) 
and  PC15  (2  mols.) ;  the  mixture  is  distilled  and 
the  portion  (above  258°)  containing  C6H4C1.COC1 
is  decomposed  by  water  (Chiozza,  A.  Ch.  [3]  36, 
102  ;  Kolbe  a.Lautemann,  A.  115, 184;  Beilstein 
a.  Reichenbach,  A.  132,  311 ;  Hiibner,  Z.  1870, 
293  ;  A.  147,  263  ;  Wilkins  a.  Rack,  A.  222,  192). 
2.  By  boiling  o-chloro-toluene  with  dilute 
KMn04  (Emmerling,  B.  8,  880). — 3.  By  heating 
7w-chloro-nitro-benzene  with  alcoholic  KCy  at 
260°  (Richter,  B.  4,  463). 

Properties. — Large  needles.  Melts  under 
water.  V.  sol.  hot  water,  alcohol,  and  ether. 
Gives  a  yellow  pp.  in  neutral  solutions  with 
Fe2Cl6. 

Reactions. — 1.  Soda-fusion  gives  about  equal 
quantities  of  o-  and  w-oxy-benzoic  acids  (Ost, 
J.  pr.  [2]  11,  385). — 2.  In  hot  aqueous  solution 
it  is  reduced  to  benzoic  acid  by  sodium-amalgam. 
Benzoic  acid  so  prepared  was  called  '  salylic  ' 
acid  until  Beilstein  a.  Schlun  (A.  133,  239) 
showed  it  to  be  ordinary  benzoic  acid  contami- 
nated with  a  non-volatile  substance  which  inter- 
fered with  its  crystallisation. — 3.  Fusion  with 
sodium  formate  gives  benzoic  acid  (V.  Meyer, 

B.  3,  363  ;  4,  259). 

Salts.— BaA'23aq.—BaA'2.  S.  31  at  18-5°.— 
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CaA'2  2aq  :  v.  sol.  water  ;  v.  si.  sol.  alcohol.  — 
AgA'  :  scales  (from  boiling  water). 

Ethyl  ether  EtA'.  (c.  240°)  (Kekule,  Rep. 
chim.pure,  1861,  308). 

Chloride  C^H.Cl.COCl.  (c.  237°). 

Amide  CUH4C1.CONH2  :  [139°];  needles; 
v.  si.  sol.  cold  water  ;  v.  sol.  alcohol  and  ether. 

Anilide  C,.H4CLCONPhH  :  [114°]  ;  needles. 

p-Nitro-anilide  C(JH4Cl.CO.NH.Ct.H4N  0.  : 
[180°]  ;  from  the  anilide  and  HN03  (Wilkins  a. 
Back,  A.  222,  192). 

p-Toluide  Ct.H1Cl.CO.NHCtiH4(CH.J):  [131°]; 
colourless  crystals;  sol.  alcohol,  nearly  insol. 
water  (Schreib,  B.  13,  465). 

m-Nitro-p-toluide 

C(iH1Cl.CO.NHC6H3(CH3)(N02)  :  [139°]  ;  yellowish 
crystals  ;  sol.  acetic  acid,  si.  sol.  alcohol,  insol. 
water.  Prepared  by  nitration  of  the  j9-toluide. 

Di-nitro-p-toluide 

CtjH1Cl.CO.NHC(jH2(CH;,)(N02)2(?):  [228°];  col- 
ourless crystals.  SI.  sol.  alcohol,  v.  sol.  acetic 
acid  and  chloroform.  Prepared  by  further  ni- 
tration of  the  mono-nitro-  compound. 


---l447, 
colourless  crystals.  Prepared  by  still  further 
nitration  of  the  above. 

m-Amido-p-toluide 

C6H4C1.CO.NHC6H3(CH3)(NH2)  :  [153°]  ;  colour- 
less crystals  ;  sol.  alcohol.  Prepared  by  reduc- 
tion of  the7tt-nitro-j)-toluide.—  B'HCL—  B'HN03. 

Benzoylamido-p-toluide 
C(jH4Cl.CO.NHC6H3(CH3)(NHBz)  :  [178°]  ;  colour- 
less needles,  si.  sol.  alcohol. 

Nitrile  C6H4C1.CN.  o-Chloro-cyano-benz- 
ene.  [43°].  (232°).  From  the  amide  and  PC15 
or  P2S5.  Also  from  the  amide  or  nitrile  of  sali- 
cylic acid  by  the  action  of  PC1S  (Henry,  B.  2, 
492).  Long  needles:  si.  sol.  boiling  water:  m. 
sol.  alcohol  and  ether. 

w-Chloro-  benzole  acid  C6H4C1.C02H  [1:3]. 
[153°].  S.  -035  at  0°.  Electrical  conductivity  : 
Ostwald,  J.  pr.  [2]  32,  349. 

Formation.  —  1.  By  chlorinating  benzoic  acid 
by  treatment  with  chlorine,  with  HC1  and 
KC103,  or  with  a  boiling  solution  of  bleaching 
powder  (Herzog,  N.  Br.  Arch.  23,  15;  Schar- 
ling,  A.  41,  49  ;  42,  268  ;  Stenhouse,  A.  55,  1  ; 
Field,  A.  65,  55;  Otto,  A.  122,  157;  Hiibner  a. 
Weiss,  B.  6,  175).  —  2.  From  m-amido-benzoic 
acid  by  the  diazo-  reaction.  —  3.  By  distilling  m- 
sulpho-benzoic  acid  (1  mol.)  with  PC15  (2  mols.) 
and  treating  the  resulting  m-chloro-benzoyl 
chloride  with  water  (Limpricht  a.  Uslar,  A.  102, 
259).  —  4.  By  oxidation  of  m-chloro-toluene  with 
chromic  acid  mixture  (Wroblewsky,  A.  168, 
200).  —  5.  From^p-chloro-nitro-benzene  and  KCy 
at  200°  (Bichter,  B.  4,  463).—  6.  From  s-chloro- 
amido-benzoic  acid  by  removing  NH2  by  the 
diazo-  reaction  (Hiibner,  A.  222,  91). 

Properties.  —  Long  needles  or  small  prisms. 
Does  not  melt  under  water. 

Reactions.  —  1.  Sodium  amalgam  reduces  it 
to  benzoic  acid  (Beilstein  a.  Beichenbach,  -4.132, 
315).—  2.  Potash-fusion  gives  w-oxy-benzoic  acid 
(Dembey,  A.  148,  222). 

Salts.—  CaA'2  3aq:  small  needles.  S.  1-21 
at  12°.—  BaA'2  4aq  :  small  needles.—  AgA'. 

EthyletherG^GLGO^t:  (245°);  liquid. 

Chloride  G6~H.4C1.GOCI:  (225°);  liquid. 

Amide  C,H,C1.CONH,:  [133°];  needles. 

Nitrile  C6H4C1.CN  :  [39°].    Formed  by  dis- 


tilling w-sulpho-benzamide  with  PC15  (Limpricht 
a.  Uslar,  A.  106,  35).  Also  from  the  nitrile  of 
m-amido-benzoic  acid  by  displacement  of  NH2 
by  Cl  (Griess,  B.  2, 370).  Needles  ;  insol.  water. 
Volatile  with  steam. 

p-Chloro-benzoic  acid  CJL.Cl.CO.^H  [1:4]. 
Chloro-dracylic  acid.  [236°].  S.  -019.  Electrical 
conductivity :  Ostwald,  J".  pr.  [2]  32,  349. 

Formation. — 1.  From  ^-amido-benzoic  acid 
by  diazo- reaction  (Wilbrand  a.  Beilstein,  A.  128, 
257 ;  Beilstein  a.  Schlun,  A.  133,  242).— 2.  By 
oxidation  of  jp-chloro-toluene  with  Cr03  (Beil- 
stein a.  Geitner,  A.  139,  336)  or  dilute  KMn04 
(Emmerling,  B.  8,880).— 3.  Fromchloro-benzene, 
dilute  H2S04,  and  Mn02  (Carl  Miiller,  Z.  [2]  5, 137). 

Properties.—  Needles  (by  sublimation) ;  v.  si. 
•sol.  water,  v.  sol.  alcohol  and  ether.  Sodium 
amalgam  reduces  it  to  benzoic  acid  (Hartmann. 
J.pr.  [2]  12,204). 

Salts.— BaA'2  4aq.— CaA'2  3aq.— AgA'. 

Methyl  ether  M.eA.':  [42°];  needles. 

Chloride  C6H4C1.COC1.     [222°]. 

-4wid<?C6H4Cl.CONH2:  [170°];  needles. 

Anilide  C6H4CLCONPhH  :  [194°] ;  needles. 

Di-chloro-benzoic  acid  C6H3C12(C02H)  [6:2:1]. 
Mol.  w.  191.  [126-5°].  Formed,  together  with 
the  two  isomerides  [156°]  and  [201°],  by  the  ac- 
tion of  water  on  crude  penta-chloro-toluene 
C6H3C12.CC13  at  200°  (Schultz,  A.  187,  269). 
Slender  needles  ;  volatile  with  steam. 

Salts.  — KA'  5aq.— NH4A'  aq.-'BaA'2  3|aq. 
S.  (of  BaA'2  in  alcohol)  3-8  at  4°.— ZnA'2  Haq. 

ChlorideC6~H.3CL.COCl:  (244°);  liquid. 

^m^eC6H3Cl2.CONH2:  [166°];  needles. 

Di-chloro-benzoic  acid  C6H3C12C02H  [2:5:1]. 
[156°].  (301°).  S.  -0850  at  14°. 

Formation.— 1.  From  chloro-nitro-benzoio 
acid  [164°]  by  reduction  and  displacement  of 
NH-2  by  Cl  by  means  of  the  diazo-  reaction 
(Wilkens  a.  Back,  A.  222,  201).— 2.  From  crude 
penta-chloro-toluene  C6H3C12.CG13,  together  with 
the  acids  [126-5°]  and  [201°]  (Schultz,  A.  187, 
268).— 3.  By  chlorinating  o-chloro-benzoic  acid 
in  presence  of  SbCl5  (Beilstein,  A.  179,  286). 
Occurs  also  among  products  of  chlorination  of 
benzoic  acid. — 4.  By  oxidising  (6, 3,  l)-di-chloro- 
ethyl-benzene  with  chromic  mixture  (Istrati,  A. 
Ch.  [6]  6,  479).— 5.  From  CsH3MeCl2  [1:2:5]  and 
dilute  HN03  (Lellmann  a.  Klotz,  A.  231,  319). 

Needles  (from  water) ;  slightly  volatile  with 
steam.  Heated  with  dilute  H,S04  at  220°  it  gives 
C02  and  _p-dichloro-benzene.— BaA'03aq.  S.  (of 
BaA'2)  2-5  at  14-4°.  —  CaA'2  2aq.  —  PbA'2  aq.— 
CuA',2aq  (B.).— CuA',aq  (I.).— FeA'2.— KA'2aq. 
NH4A':  slender  needles.— AgA'. 

Ethyl  ether  EtA'.  (271°  i.  V.).  S.G.  &  1-328. 

4mi<ZeCaH,Cl2.CONH2:  [155°];  needles  (B.). 

Anilide:  [240~°J ;  prisms  (from  benzene). 

Di-chloro-benzoic  acid  CtiH3Cl.,(C02H)  [3:2:1]. 
[156°]  (C.) ;  [166°]  (S.).  Formed,  together  with 
the  isomeride  [201°],  by  chlorination  of  benzoic 
acid  (Glaus,  B.  5,  658;  6,  721;  8,  948;  20, 
1621).  Formed  also  by  oxidising  c-di-chloro- 
toluene  with  KMn04  (Seelig,  A.  237,  162).  Not 
affected  by  dilute  H2S04  at  220°.  Distillation 
over  lime  gives  o-di-chloro-benzene.  Not  decom- 
posed by  cone.  H.,S04  at  300°.— BaA'2  3aq.  S.  8 
at  28°. 

Di-chloro-benzoic  acid  C6H3C12(CO,H)  [4:2:1]. 
[158°].  From  CBH,MeCl._,  [1:2:4]  and  dilute 
HN03  (Lellmann  a.  Klotz,  A  231,  315). 
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Salt.— BaA'., 

Di-chloro-benzofc  acid  CtiH3Cl2(C02H)  [3:5:1] 
[182°].  From  CtiH3MeCl2  and  dilute  HNO3 
(Lellmann  a.  Klotz,  .4.231,  324).  Needles  (from 
dilute  alcohol).  May  be  sublimed. 

Di-chloro-benzoic  acid  C6H3(C02H)C12  [4:3:1]. 
[201°]. 

Formation. — 1.  A  product  of  the  chlorination 
of  benzoic  acid  (Beilstein  a.  Kuhlberg,  A.  152, 
232 ;  179,  291).— 2.  From  chloro-sulpho-benzoic 
acid  and  PCI.  (Otto,  A.  123,  226).— 3.  By  oxida- 
tion of  C,H.,C12.CH3  or  C6H3C12.CH2C1 ;  or  by 
heating  CBH3C12.CC13  with  water  at  200 D  (B.  a.  K.). 
4.  From  p-chloro-benzoic  acid  and  SbCl5  at  200° 
(B.). — 5.  From  chlorinated  jj-oxy-benzoic  acid 
and  PC15  (Lossner,  J.pr.  [2]  13,  433).— 6.  From 
C6H3MeCl2  [1:3:4]  by  dilute  HN03  (Lellmann  a. 
Klotz,  A.  231,  313). 

Properties.  —  Very  slender  needles  (from 
water) ;  volatile  with  steam. 

Salts.— CaA'23aq.—BaA'24aq.  S.l'l  at  18°. 

Ethyl  ether  EtA':  (263°);  liquid. 

Chloride  C6H3C12.COC1 :  (242°);  liquid. 

Amide  C6H3C1.,.CONH., :  [133°];  needles. 

Tri  -  chloro  -  benzoic  acid  C6H2C13(C02H) 
[6:3:2:1].  [c.  80°].  From  the  corresponding 
aldehyde  and  KMn04  (Seelig,  A.  237,  150). 
Needles,  v.  sol.  water. 

Tri  -  chloro  -  benzoic  acid  CgKjCl^CC^H) 
[4:3:2:1].  Mol.  w.  225£.  [129°].  From  the 
corresponding  (4,  3,  2,  l)-tri-chloro-benzoic  alde- 
hyde by  KMn04  (Seelig,  A.  237,  150).  Needles  ; 
m.  sol.  water. 

Tri -chloro -benzoic  acid  C6H2C13(C02H) 
[5:4:2:1].  [163°].  From  s-tri-chloro-toluene  by 
oxidation  with  chromic  acid  mixture  (Jannasch, 
A.  142,  301).  Formed  also  by  boiling  benzoic 
acid  with  water  and  bleaching-powder  for  a  long 
time;  and  by  heating  CtiH2Cl3.CCl3  with  water 
at  260°  (Beilstein  a.  Kuhlberg,  A.  152,  234). 
Slender  needles  (from  water  or  by  sublimation) ; 
v.  si.  sol.  cold  water. 

Salts.— NH4A'.  — CaA'22aq.  -BaA'27aq.— 
SrA'24aq. 

Ethyl  ether  EtA':  [65°] ;  needles. 

Chloride  CSH2C13.COC1.     [41°].     (272°). 

Amide  C6H2C13.CONH2 :  [168°];  needles. 

Tri -chloro -benzoic  acid  C6H2C13(C02H) 
[5:4:3:1].  [203°]. 

Formation. — 1.  From  di-nitro-p-amido-ben- 
zoic  acid  and  fuming  HC1  at  210°  (Salkowski, 
A.  163,  28). — 2.  From  crude  hexa-chloro-toluene 
C6H,C13.CC13  and  NaOH  (Glaus  a.  Biicher,  B.  20, 
1626). 

Properties.— Slender  needles  (from  dilute  al- 
cohol or  by  sublimation). 

Salts .— AgA'.— BaA'2  4aq.—  CaA'2  6aq. 

Ethyl  ether  EtA':  [86°];  slender  needles 
(S.). 

Chloride  C(iH,Cl,.COCl.     [36°]  (S.). 


-chloro- 

benzoic  acids  melting  at  [201°]  and  [156°] 
(Claus)  by  heating  with  MnO2  and  fuming  HC1 
at  190°  (Claus  a.  Biicher,  B.  20,  1626).  Also 
from  di-chloro-benzoic  acid  [156°]  and  SbCl  at 
230°  (Beilstein,  A.  179,  286).— BaA'  4aq  (B.).— 
BaA'23,aq  (C.). 

Tetra-chloro-benzoic      acid      CBHC1.(CO.H) 
[5:4:3:2:1].    [186°J.    Prepared  by  heating  tetra- 


chloro-phthalic  acid  with  acetic  acid  (2  or  3  pts.) 
at  300°  for  3  or  4  hours  (Tust,  B.  20,  2139  ; 
21,  1532.)  Long  colourless  needles.  V.  sol. 
alcohol  and  ether,  v.  si.  sol.  water. 

Salts. — A'2Ca4aq  :  long  colourless  needles  ; 
m.  sol.  hot  water. — A'2Cu  3|aq. — BaA'2  3£aq. 

Ethyl  ether  A'Et:  [35°];  long  colourless 
needles. 

Tetra-chloro-benzoic  acid  C(JHC14(C02H) 
[6:4:3:2:1]?  [186°].  From  hepta-chloro-toluene 
CHC14.CC13  and  water  at  280°  (Beilstein  a.  Kuhl- 
berg, A.  152,  245). 

Penta-chloro-benzoic  acid  C6C15(C02H) .  [200°] . 
Formed  by  chlorination  of  the  di-chloro-benzoic 
acids  [201°]  and  [156°]  with  Mn02  and  HClAq 
at  190°  (C.  a.  B.).— BaA'2  4aq:  stellate  groups  of 
needles. 

Nitrile  C6C15(CN).  [210°].  Formed  by  ex- 
haustive chlorination  of  benzonitrile  with  SbCl5 
(Merz  a.  Weith,  B.  16,  2885).  Colourless  needles. 
Sublimable.  V.  sol.  hot  alcohol,  chloroform, 
and  CS2,  si.  sol.  cold  alcohol  and  ether.  It  is 
very  stable  towards  HC1  at  high  temperatures. 
Alcoholic  NaOH  removes  all  its  chlorine  at  200°. 

o- CHLORO -BENZOIC  ALDEHYDE  [2:1] 
C6H4C1.CHO.  (c.  215°).  S.G.  a  1-29.  Formed 
by  heating  tri-chloro-toluene  C6H4C1.CHC12  (from 
salicylic  aldehyde  and  PC15)  with  water  at  170° 
or  with  (T9g  pt.)  dry  oxalic  acid  at  130°  (Henry, 
B.  2,  135;  Anschiitz,  A.  226,  19).  Oil,  smelling 
of  almonds;  volatile  with  steam.  Forms  a 
crystalline  compound  with  NaHS03. 

#-Chloro-benzoic  aldehyde  [4:1]  CtiH4Cl.CHO. 
[48°].  (c.  212°).  Obtained  by  boiling 
C.H.Cl.CHBr,  [48°]  (10  pts.)  with  lead  nitrate 
(4  pts.)  and  water  (100  pts.)  for  three  days,  in 
presence  of  CO.,  (Jackson  a.  White,  Am.  3,  31 ; 
N.  Am.  A.  15,  268 ;  B.  11,  1042).  Formed  by 
boiling  CtiH4Cl.CH2Cl  with  aqueous  lead  nitrate. 
Formed  also  by  passing  chlorine  into  benzoic 
aldehyde  containing  iodine  (Beilstein  a.  Kuhl- 
berg, A.  147,  339).  Long  needles  ;  may  be  sub- 
limed. Sol.  alcohol,  ether,  CS2,  and  HOAc,  si. 
sol.  water.  Absorbs  oxygen  from  the  air.  Forms 
a  crystalline  compound  with  NaHS03. 

Di-chloro-benzoic  aldehyde  Cb.H3Cl2.CHO 
[5:2:1].  [58°].  (230°-233°).  Preparation  not 
given.  White  crystals.  On  oxidation  it  gives 
di-chloro-benzoic  acid  [152°]  (Gnehm,  B.  17, 
752). 

Di-chloro-benzoic  aldehyde  C6H3C12.CHO 
[6:2:1].  [68°].  Formed  by  heating 
CfiH2Cl,.CHCl2  with  water  at  200°  (Beilstein  a. 
Kuhlberg,  A.  152,  224).  Slender  needles  ;  vola- 
tile with  steam  ;  si.  sol.  hot  water.  Attacks  the 
eyes.  Combines  with  NaHS03.  Oxidises  to 
di-chloro-benzoic  acid  [128°]. 

(&) -Di-chloro-benzoic  aldehyde 
C6H3C12.CHO  [4:2:1].  [71°].  (c.  233°).  Formed 
by  the  action  of  cone.  H2S04  on  C6H3ClrCHCl2. 
The  aldehyde  is  separated  by  means  of  the 
double  compound  with  sodium  bisulphite  (See- 
lig, A.  237,  167).  White  needles  (from  alcohol). 
Oxidation  with  permanganate  yields  (/3)-dichloro- 
benzoic  acid  [158°].  When  heated  with  Ac,O 
and  NaOAc  it  forms  ()8)-di-chloro-cinnamic  acid 
[228°]. 

Tri-chloro-benzoic  aldehyde  C,jH2Cl3.CHO 
[113°].  Formed  by  heating  C(.H2C13.CHC12 
(281°)  with  water  at  250°  (B.  a.  K. ;  Seelig,  B. 
18,  420;  A.  237,  148).  Very  slender  needles; 
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insol.  boiling  water,  v.  sol.  alcohol;  volatile  with 
steam.  Cone.  H2SO4  and  KN03  form  tri-chloro- 
nitro-benzoic  acid  [222°]  and  an  aldehyde  [124°] 
Tri-chloro-benzoic  aldehyde  C^Cla-CH 
[4:3:2:1].  [90°].  From  penta-chloro-toluene 
CtiH2Cl3.CHCl2  [84°]  (Seelig) .  Gives  on  oxidation 
tri-chloro-benzoic  acid  [129°]. 

CHLORO-BENZONITRILE     v.    NITBILB    OF 
CHLOEO-BENZOIC  ACID. 

CHLORO-BENZOPHENONEC^Cl.CO.CgH^ 
Phenyl  chloro-phenyl  ketone.  [76°].  (above  300°). 
rom  chloro-benzene,  benzoic  acid,  and  P205 
Kollarits  a.  Merz,  B.  6,  547).  Flat  needles 
(from  ether-alcohol) ;  v.  sol.  ether,  si.  sol.  cold 
alcohol  and  ligrom. 

CHLORO-o-BENZOYL-BENZOIC  ACID 
C^HgClO^.e.  CBH5.CO.C6H3C1(C02H)  [2:4or5:l]. 
Chloro-benzophenone  carboxylic  acid.  [171°]. 
From  chloro-phthalic  anhydride  [97°],  benzene, 
and  A12C16  (Grsebe  a.  Eee,  C.  J.  49,  531 ;  A.  233, 
239).  Minute  monoclinic  prisms ;  v.  sol.  ether 
and  alcohol,  si.  sol.  CS2,  v.  si.  sol.  light  petro- 
leum. Cone.  H2S04  converts  it  into  chloro-anthra- 
quinone  [204°]. 

Di-chloro-o-benzoyl-benzoic  acid 
/!6H5.CO.C6H2C12.C02H.    [159°].      From   (0)-di- 
chloro-phthalic  anhydride  [150°] ,  benzene,  and 
A12C16  (Le  Koyer,  A.  238,  356).    Needles  (from 
dilute  alcohol). 

Tetra-chloro-o-benzoyl-benzoic  acid 
CUH6C1403  i.e.  CtiH5.CO.C6Cl4.Cq2H.  [200°]. 
From  tetra-chloro-phthalic  anhydride,  benzene, 
and  A12C16  (Kircher,  A.  238,  338).  White  needles ; 
si.  sol.  cold  benzene,  v.  e.  sol.  alcohol,  insol. 
water.  Cannot  be  distilled  or  sublimed. 

Reactions. — 1.  Soda-fusion  gives  benzoic  acid. 
2.  H2S04  and  PC15  give  tetra-chloro-anthra- 
quinone.— 3.  HI  gives  tetra-chloro-benzyl-ben- 
zoic  acid. 

Salts.— NaA'4aq.  S.  1-7  at  20°.— KA'  l|aq. 
— CuA'2  2aq.— CuA'2CuO. 

Ethers:  EtA'  [90°].— MeA'  [92°]. 

Chloride  [183°].  Needles. 

CHLORO-BENZOYL  CHLORIDE  v.  Chloride 
of  CHLOEO-BENZOIC  ACID. 

CHLORO-DIBENZYL  v.   CHLOEO-DI-PHENYL- 

ETHANE. 

^-CHLORO-BENZYL  ACETATE  C9HqC102 
Le.  [4:1]  C6H4Cl.CH2.OAc.  (240°).  From 
C6H4C1.CH2C1  and  KOAc  in  boiling  alcohol 
(Beilstein  a.  Kuhlberg,  A.  147,  344). 

Di-chloro-benzyl  acetate  C6H3Cl2.CH2OAc. 
(259°).  Similarly  prepared  from  C6H3C12.CH2C1 
(B.  a.  K.). 

CHLORO-BENZYL-ACETO-ACETIC  ETHER 
C13H15C103  i.e.  CH3.CO.CH(CHClPh).C02Et(?) 
[41°].  Formed,  together  with  an  isomeride  [72°] 
possibly  CH3.CO.CCl(CH2Ph).C02Et,  by  mixing 
aceto-acetic  ether  with  benzoic  aldehyde  and 
saturating  with  HC1  (v.  vol.  i.  p.  24). 

^-CHLORO-BENZYL  ALCOHOL  C.H7C10  i.e. 
C,iH1Cl.CH,OH.  [66°]  (B.  a.  K.) ;  [71°]  (J.  a.  P.). 
Obtained  by  heating  p-chloro-benzyl  acetate  (v. 
supra]  with  alcoholic  NH3  at  160 '  (Beilstein  a. 
Kuhlberg,  A.  147,  344  ;  Neuhof,  Z.  [2]  3,  467). 
]  repared  by  boiling  ^-chloro-benzyl  chloride 
CtiH4Cl.CH.,Cl  with  water  (Jackson  a.  Field,  Am. 
2,  88  ;  P.  Am.  A.  14,  56).  Needles  (by  sublima- 
tion or  from  water)  :  may  be  distilled.  Sol.  hot 
water,  alcohol,  and  ether.  Chromic  mixture 
oxidises  it  to  ^-chloro-benzoic  acid  [233°]. 


Di-chloro-benzyl  alcohol  C6H3C12.CH.)OH. 
[77°].  From  the  acetate  (v.  supra)  by  heating 
with  alcoholic  ammonia  at  180°  (B.  a.  K.). 
Needles  ;  v.  si.  sol.  water. 

Tri-chloro-benzyl  alcohol  C6H.,C1,.CH2OH. 
From  tri-chloro-benzyl  chloride  CttH2Cl3.CH2Cl 
and  alcoholic  KOAc  at  150°.  Crystalline  (Beil- 
stein a.  Kuhlberg,  A.  152,  241). 

Tetra-chloro-benzyl  alcohol  C6HC14.CH.,OH. 
From  C?HC14.CH2C1,  alcohol,  and  KOAc  at  180° ; 
crystallised  from  water  (B.  a.  K.). 

Penta-chloro-benzyl  alcohol  C6CL.CH,OH. 
[193°].  From  CeCl,.CH2Cl,  alcohol,  and  KOAc 
at  200°  (B.  a.  K.).  White  needles  (from  benzene- 
alcohol)  ;  insol.  water,  si.  sol.  boiling  alcohol. 

^-CHLORO-BENZYLAMINE  C7H8C1N  i.e. 
[4:1]  C6H4C1.CH2NH2.  _p-Chloro-benzyl  chloride 
(1  vol.)  heated  with  alcoholic  ammonia  (2  vols.) 
at  100°  forms  (C.H.Cl.CH^NHo,  (C6H,C1.CH2)2NH 
and  (CGH4Cl.CH2)aN.  Their  hydrochlorides  may 
be  separated  by  crystallisation  from  alcohol 
(Berlin,  A.  151,  137 ;  Jackson  a.  Field,  Am.  2, 
94  ;  P.  Am.  A.  14,  56).  Colourless  oil ;  sol.  ether. 

Salts.— *  B'HCl :  [241°];  narrow  plates,  sol. 
water  and  alcohol.— B'2H2PtCl8 :  yellow  needles. 
"B'HBr:  [230°];  decomposed  by  melting.— 
*B'2H2C03 :  [115°] ;  plates  (from  water)  or  needles 
(from  alcohol). 

Di-£>-chloro-di-benzyl-amine 
(C6H4C1.CH,)2NH.     [29°].     From  chloro-benzyl 
bromide  and  alcoholic  NH3  (Jackson  a.  Field, 
Am.  2,  90;  B.  11,  904).     White  blades;  insol. 
water,  sol.  alcohol,  ether,  benzene,  and  CS2. 

Salts.— B'HCl:  [288°];  plates,  sol.  water 
and  alcohol,  insol.  ether.— B'2H2PtCl6 :  yellow 
scales,  si.  sol.  boiling  water,  insol.  alcohol. — 
B'HBr :  [280°-290°],  melting  with  decomposition. 
Scales,  si.  sol.  water,  insol.  ether. 

(£)-Di-chloro-di-benzyl-amine 
(C6H4C1.CH2)2NH.  This  base  occurs,  together 
with  the  two  following,  among  the  products  of 
the  action  of  alcoholic  NH3  on  crude  chloro-benzyl 
chloride  (Berlin,  A.  151,  141).— B'HCl :  [228°]. 
B'HBr :  [224°].— B'HI :  [215°].— B'HN03:  [204°]. 

(7)  -Di-chloro-di-ben  z  y  1-  amine 
(C6H4C1.CH2)2NH.      Salts.— B'HCl:    [220°].— 
B'HBr :      [212°].  —  B'HI :      [187°].  —  B'HN03 : 
[193°]. 

(5)-Di-chloro-di-benzyl-amine 
(C6H4C1.CH2)2NH.      Salts.— B'HCl:    [222°].— 
B'HBr :     [199°].  —  B'HI :     [218°].  —  B'HN03 : 
[179°]. 

Tri-p-chloro-tri-benzyl-amine 
(C6H4C1.CH2)3N.     [79°].     From  .p-chloro-benzyl 
bromide  and  alcoholic  NH3  (J.  a.  F.).     Needles ; 
sol.  hot  alcohol,  ether,  benzene,  and  CS.,. 

Salts.— B'HC12aq:  [196°].— B'  H,PtClti:  pale 
orange  plates,  insol.  water,  alcohol,  and  ether. 

TETRA-CHLORO-o-BENZYL-BENZOIC  ACID 
^H5.CH2.CSC14.C02H.       Tetra-chloro-di-phenyl- 
nethane    eso-carboxylic    acid.      [157°].     From 
C6H5.CO.C6C14.C02H  and  cone.  HI  at  180°  (Kir- 
cher, A.  238,  343).    Hair-like  needles  (from  dilute 
alcohol).     Insol.  water,  v.  sol.  alcohol. 
S  a  It  s.— NaA'  4aq.— AgA'. 
CHLORO-BENZYL    BROMIDE    v.    CHLOEO- 

BEOMO-TOLUENE. 

CHLORO-BENZYL  CHLORIDE  v.  DI-CHLOBO- 

TOLUENE. 

CHLORO-BENZYL  CYANIDE  v.  Nitrile  of 
CHLOEO-PHENYL-ACETIC  ACID. 


CHLOHO-BENZYL  ETHYL  OXIDE. 


p-CHLORO-BENZYL  ETHYL   OXIDE 

C6H4C1.CH2.O.C2H5.  (217°)  (Sintenis,  A.  161, 
335)  ;  (215°-225°)  (Jackson  a.  White,  Am.  2,  170)  ; 
(226°)  (Errera,  G.  17,  206).  From  p-chloro- 
benzyl  chloride  (acetate  or  bromide)  and  alco- 
holic KOH  (Naquet,  A.  Suppl.  2,  251).  Liquid, 
with  fruity  odour  ;  decomposed  by  heating  above 
its  boiling-point  into  jp-chloro-benzoic  aldehyde 
and  ethane  (E.). 

«-CHLORO-BENZYLIDENE-ANILINE 
C6H5.N:CC1.C6H3  Benzanilide  -  imide  -  chloride. 
[41°].  Formed  by  isomeric  change  of  the  first 
formed  oxim-chloride  (C6H5)2C:NC1  by  the  action 
of  PC15  or  POC13  upon  benzophenone-oxim 
(C6H5)2C:NOH.  Colourless  rhombic  tables  (Beck- 
mann,  B.  19,  989). 

CHLORO-BENZYLIDENE  CHLORIDE  v.  TBI- 

CHLOBO  -TOLUENE  . 

o-CHLORO-BENZYLIDENE-MALONIC  ACID 
C10H7C104  i.e.  OJB4CLOH:CH(CO,H)t.  [192°]. 
Formed  by  heating  malonic  acid  with  o-chloro- 
benzoic  aldehyde  and  HOAc  for  some  hours  at 
100°  (Stuart,  C.  J.  53,  141).  Decomposed  on 
melting  into  C02  and  chloro-cinnamic  acid.  Boil- 
ing water  splits  it  up  into  o-chloro-benzoic  alde- 
hyde and  malonic  acid. 

«-CHLORO-BENZYLIDENE-(a)-NAPHTHYL- 
AMINE  C6H5CC1:N.CIOH7.  [60°].  From  benzoyl- 
(a)-naphthylamine  and  PC15  (Just,  B.  19,  979). 

w-Chloro-benzylidene-(^)-naphthylamine. 
[68°].    Similarly  prepared  (J.).  Leaflets  ;  slowly 
converted  into    benzoyl-(£)-naphthylamine    on 
exposure  to  the  air. 

CHLORO-BENZYLIDENE-PHTHALIMIDINE 
C15HIOC1NO.  [232°].  From  benzylidene-phthal- 
imidine  and  PC15  (Gabriel,  B.  18,  1260).  Needles 
(from  alcohol). 

w-CHLORO-BENZYLIDENE-o-TOLUIDINE 
CI4H,2C1N  i.e.  C6H4Me.N:CCLC0H5  Benzoyl-o- 
toluidine-imide-  chloride.  Formed  by  the  action 
of  PC15  upon  benzoyl-o-toluidine.  Water  regene- 
rates benzoyl-p-toluidine.  The  compound  was 
not  obtained  in  a  pure  state.  With  sodio-malonic 
ether  it  gives  o-tolyl-£-imido-benzyl-malonic 
ether  C6H5.C(NC7H7).CH(C02Et)2  (Just,  B.  19, 
982). 

(B-Chloro-benzylidene-w-toluidine 
C14H,,C1N  i.e.  C8H4Me.N:CCl.C8H5.  Formed  by 
the  action  of  PC15  upon  benzoyl-w-toluidine.  Not 
obtained  in  a  pure  state.  By  the  action  of  sodio- 
malonic  ether  it  yields  w-tolyl-j8-imido-benzyl- 
malonic  ether  C6H5.C(NC7H7).CH(C02Et)2  (Just, 
13.  19,  983). 

w-Chloro-benzylidene-p-toluidine 
CKH4Me.N:CCl.C6H5.  [52°].  Formed  by  gently 
warming  benzoyl-p-toluidine  with  PC15.  Large 
clear  prismatic  crystals.  By  boiling  with  water 
or  alcohol  it  is  reconverted  into  the  benzoyl-p- 
toluidine.  With  ^-toluidine  it  yields  di-p-tolyl- 
benzamidineC,H5.C(NC7H7)NHC7H7.  With  sodio- 
malonic  ether  it  gives  #-tolyl-0-imido- 


. 

CHLORO-BENZYL-MALONIC  ETHER 
C6Hi.CH2.CCl(C02Et)?.  (305°).  S.G.  if  1-150. 
Prepared  by  the  action  of  benzyl  chloride  (26 
pts.)  on  chloro-malonic  ether  (38-8  pts.)  and 
NaOEt  (from  4-6  pts.  Na  and  70  pts.  alcohol) 
(Conrad,  A.  209,  243;  B.  13,  2169).  Liquid. 
Decomposed  by  KOH  into  alcohol,  benzyl-tar- 


tronic  acid  C6H5.CH2.C(OH)(C02H)2,  and  a  little 
cinnamic  acid. 

Amide  C8H7C1(CO.NH2)2.  (c.  80°).  White 
needles.  Sol.  alcohol,  insol.  water.  (Bischoff 
a.  Emmert,  B.  15,  1112). 

jp-CHLORO-BENZYL  MERCAPTAN  C7H7C1S 
i.e.  [4:1]  C6H4C1.CH2.SH.  [20°]  (J.  a.W.).  From 
p  -  chloro  -  benzyl  bromide  (or  chloride)  and 
alcoholic  KHS  (Beilstein,  A.  116,  347;  147, 
346  ;  Jackson  a.  White,  Am.  2,  167  ;  P.  Am.  A. 
14,  312).  Nauseous  liquid  or  white  crystals. 
Mixes  with  alcohol,  ether,  benzene,  and  CS2. — 
(C7H6ClS)2Hg :  from  the  mercaptan  and  ppd. 
HgO ;  needles ;  insol.  water,  si.  sol.  ether  and 
alcohol. 

DI-p-CHLORO-DI-BENZYL  SULPHIDE 
C14H12C12S  i.e.  (C6H4C1.CH2)2S.  [42°].  From_p- 
chloro-benzyl  bromide  and  alcoholic  Na2S  (Jack- 
son a.  White,  P.  Am.  A.  14,  312  ;  Am.  2,  166  ; 
B.  13,  1217).  Thick  needles,  insol.  water,  v.  sol. 
alcohol,  ether,  benzene  and  CS2. 

Di-p-chloro-di-benzyl  disulphide  Ci4H,2CL,S2 
i.e.  (C6H4C1.CH,)2S2.  [59°].  From  _p-chloro- 
benzyl  bromide  and  alcoholic  Na2S2  (J.  a.  W.). 
Flat  needles,  with  disagreeable  smell.  V.  sol. 
alcohol,  HOAc,  ligroin,  ether,  benzene,  and  CS2. 

^-CHLORO-BENZYL  SULPHOCYANIDE 
C6H4C1.CH,S.CN.      [17°].    Prepared  by  boiling 
an  alcoholic  solution  of  jp-chloro-benzyl  bromide 
with    KCNS    (Jackson   a.    Field,  Am.  2,    91). 
White  flat  needles. 

DI-p-CHLORO-DI-BENZYL-SULPHONE 
C14H12C12S02  i.e.  (C6H4C1.CH.,),S02.  [165°]. 
Formed,  together  with  C6H4CLCH2S03H,  by  the 
action  of  K2S03  on  ^7-chloro-benzyl  chloride 
(Henninger  a.  Vogt,  A.  166,  374).  Prepared  by 
oxidising  ^-chloro-benzyl  sulphide  with  Cr03 
(Jackson  a.  White,  Am.  2,  167 ;  P.  Am.  A.  14, 
312).  Very  small  needles  (from  alcohol) ;  insol. 
water,  sol.  alcohol,  ether,  HOAc,  and  CS2. 

Isomerides  [149°]  and  [185°]  are  formed  when 
crude  chloro-benzyl  chloride  is  used  (H.  a.  V.). 

CHLORO-BENZYL  SULPHONIC  ACID  v. 
CHLOKO-TOLUENE  SULPHONIC  ACID. 

DI  -p-  CHLORO-DI-BENZYL  DI-SULPHOX- 
IDE  (C6H4C1.CH2)2S2O2.  [120°].  Obtained  by 
oxidising  di-p-chloro-di-benzyl  disulphide  with 
Cr03  in  HOAc  (Jackson  a.  White,  Am.  2,  169 ; 
P.  Am.  A.  14,  315).  Waxy  solid,  becoming 
crystalline ;  insol.  water,  v.  sol.  alcohol  and 
ether. 

DI  -  CHLORO  -  BETORCIN  CtiCl2Me2(OH)2. 
[142°].  Prepared  by  adding  tetra-chloro-betor- 
cin  in  small  portions  to  boiling  hydric  iodide 
(15  p.c.).  Crystallised  from  light  petroleum 
(50  pts.)  (Stenhouse  a.  Groves,  C.  J.  37,  395). 
Colourless  needles.  Sol.  CS.,,  benzene  and  ether. 

Tetra-chloro-betorcin  C6Cl2Me2(OCl)2.  [109°]. 
Prepared  by  adding  a  solution  of  betorcin  to  a 
slight  excess  of  chlorine  hydrate  (ice  and  water 
saturated  with  Cl).  The  crystals  which  sepa- 
rate after  12  hours  are  recrystallised  from  light 
petroleum.  The  yield  is  quantitative  (Stenhouse 
a.  Groves,  C.  J.  37,  399). 

Properties. — Large  white  prisms.  V.  sol. 
benzene  and  ether,  insol.  water. 

CHLORO-BROMAL     v.    CHLORO  -  DI  -  BEOJIO- 

ACETIO   ALDEHYDE. 

CHLORO-BROMALIDE  C5H2Cl4Br208.  [122°]. 
Colourless  prisms.  Formed  by  heating  di-chloro- 


CHLO&0-BROMO-ACETONE. 


bromo-acetic  aldehyde  with  H2S04  (Jacobsen  a. 
Neumeister,  B.  15,  600). 

CHLORO-BROMANILIC    ACID    v.    CHLORO- 

BROMO  -DI-OXY-QUINONE . 

CHLORO-BROMO-ACETIC   ACID 

CHClBr.C02H.  [201°].  Prepared  by  heating 
chloro-acetic  acid  (1  mol.)  with  bromine  (1  mol.) 
at  160°  (Cech  a.  Steiner,  B.  8,  1174).  Pungent 
liquid;  attacks  the  skin.  Its  salts  are  v.  sol. 
water. 

Ethyl  ether  EtA!.  (c.  162°).  Smells  like 
peppermint ;  partially  decomposed  on  boiling. 

^wideCHClBr.CONH2:  [126°];  needles. 

Chloro-di- bromo -acetic  acid  CClBr2.C02H. 
[89°].  (233°).  Formed  by  oxidation  of  the  cor- 
responding aldehyde  with  HN03  (Neumeister, 
B.  15,  603).  Trimetric  plates  (from  cone.  HN03). 
By  alkalis  it  is  split  up  into  CO.,  and  chloro-di- 
bromo-methane. 

Salts. — KA'2aq:  glistening  soluble  prisms. 
— PbA'2  aq,  sparingly  soluble  slender  needles. 

Ethyl  ether   A'Et :  (203°);  liquid. 

Amide  CClBr2.CONH, :  [127°] ;  small  trans- 
parent dimetric  tables ;  v.  sol.  ether  and  chloro- 
form, si.  sol.  benzene  and  CS2.  Formed  together 
with  CHClBr2  by  the  action  of  dry  NH3  upon  di- 
chloro-tetra  -  bromo  -  acetone  CClBr2.CO.CClBr2 
dissolved  in  ether  (Levy  a.  Jedlicka,  B.  20, 
2320). 

Di-chloro- bromo -acetic  acid  CCl2Br.C02H. 
[64°].  (215°).  Formed  by  oxidation  of  the  cor- 
responding aldehyde  with  HN03  (Neumeister, 
B.  15,  602).  Large  prisms.  V.  sol.  water  and 
alcohol.  By  boiling  with  alkalis  it  is  split  up 
into  di-chloro-bromo-methane  and  C02. 

Salts. — KA'3aq:  long  trimetric  prisms. — 
NaA'5aq:  large  tables,  sol.  water,  alcohol,  and 
ether.  —  *NH4A':  long  fine  needles. — PbA'2aq: 
sparingly  soluble  glistening  prisms. 

Ethyl  ether  A'Et:  (189°);  liquid. 

Amide  [13$°];  (254°) ;  tables.  Sol.  alcohol 
and  ether ;  insol.  chloroform. 

CHLORO-DI-BROMO-ACETIC  ALDEHYDE 
CClBr2.CHO.  Chlorobromal.  (149°).  S.G.  i* 
2'2793.  Prepared  by  the  action  of  bromine  on 
chloro-acetal  CH.Cl.CH(OEt)2.  Liquid.  By 
treatment  with  KOH  it  gives  chloro-di-bromo- 
methane  (Jacobsen  a.  Neumeister,  B.  15,  600). 

Hydrate  CClBr2.CH(OH)2.  Chloro-di- 
bromo-acetic  orthaldehyde.  [52°J ;  small  prisms. 

Alcoholate  CClBr2.CH(OH)(OEt) :  [46°]; 
long  needles. 

Combination  with  Acetamide  [158°]. 

Di-chloro-bromo-acetic  aldehyde  CCLBr.CHO. 
Bromochloral.  (126°).  S.G.  ^  1-9176.  Pre- 
pared by  the  action  of  bromine  on  di-chloro- 
acetal  CHCl2.CH(OEt)2  (Jacobsen  a.  Neumeister, 
B.  15,  600).  Colourless  pungent  liquid.  On 
heating  with  H.,S04  it  gives  bromochloralide 
C3H.,Cl4Br203  [122°]. 

Hydrate  CCl2Br.CH(OH)2.  Di-chloro-brotno- 
acetic  orthaldehyde.  [51°].  Colourless  trime- 
tric plates.  Sol.  water,  alcohol,  and  ether. 

Alcoholate  CCl1Br.GH(OB^(OEt) :  [43°]; 
slender  needles. 

CHLORO-BROMO-ACETO-ACETIC  ETHER 
CHH8ClBr03.  From  chloro-aceto-acetic  ether  and 
Br;  or  from  bromo-aceto-acetic  ether  and  Cl 
(Merves,  A.  245, 62).  Oil.  NaOEt  gives  bromo- 
acetic  ether. 


Chloro-di-bromo-acetD-acetic  ether 
C6H6ClBr203.    From  di-bromo-aceto-acetic  ether 
and  Cl  in  diffused  daylight  (M.).     NaOEt  forms 
chloro-bromo-acetic  ether  (162°). 

Di-chloro-bromo-aceto-acetic  ether 
C(iH6Cl2Br03.  From  bromo-aceto-acetic  ether  and 
Cl  (M.).     NaOEt  forms  di-chloro-acetic  ether. 

Di-chloro-di-bromc-aceto-acetic  ether 

C6HaCl2Br203  i.e.  CHBr2.CO.CCL.C02Et(?) 
S.G.  }5  1-956.     Formed  by  bromination  of  di- 
chloro-aceto-acetic  ether.   Oil.  On  saponification 
by  heating  with  HC1  it  yields  di-chloro-di-bromo- 
acetone  (Conrad  a.  Guthzeit,  B.  16,  1551). 

CHLORO-BRO MO- ACETONE   C2H3ClBrO  i.e. 
O 

CH2Cl.CO.CH2Br  or  CH2Cl.CH.CHBr.  [35°]. 
(c.  179°).  Obtained  from  epichlorhydrin 

CH2C1.CH.CH.,  by  treatment  with  HBr  and  oxi- 
dation of  the  resulting  CH2Cl.CH(OH).CH2Br 
(Theegarten,  B.  6,  897, 1276).  Pungent  crystals, 
si.  sol.  water ;  v.  sol.  alcohol  and  ether.  Forms 
a  crystalline  compound  with  NaHS03  (Theegar- 
ten; cf.  Cloez,  A.  Ch.  [6]  9,  145). 

Chloro-tri-bromo-acetone  C3H2Br3C10.  [50°]. 
Prepared  by  heating  dichloro-dibromo-acetone 
with  HBr ;  or  dichlorhydrin  (1  mol.)  with  bro- 
mine (3  mols.)  and  water  at  110°  (Glaus  a.  Lind- 
horst,  B.  13,  1210).  Trimetric  prisms :  a:b:c 
=  •7124:1:2. 

Chloro-tri-bromo-acetone  C3H2ClBr30.  Tri- 
bromo-epichlorhydrin.  Prepared  by  treating  epi- 
chlorhydrin (1  mol.)  with  bromine  (1  mol.)  at 
100°.  Pungent  liquid ;  heavier  than  water ;  can- 
not be  distilled  even  in  vacuo.  On  shaking  with 
water  it  forms  a  hydrate  C3H2ClBr30  4aq  [55°] 
(Grimaux  a.  Adam,  Bl.  [2]  33,  257 ;  cf.  Cloez, 

A.  Ch.  [6]  9,  145). 
Chloro-tri-bromo-acetone      C3H.,ClBr30     i.e. 

CBr3.CO.CH2Cl.  (215°).  S.G.  2-27.  From  chloro- 
acetone  and  bromine  at  100°  (Cloez).  Pungent 
liquid.  Forms  hydrates  C3H2ClBr30  4aq (from 
water)  and  C3H2ClBr30  aq  (from  alcohol).  Cold 
aqueous  ammonia  forms  bromoform  and  chloro- 
acetamide. 

Di-chloro-di-bromo-acetone  C3H2Cl2Br20  i.e. 
O 

CHBrCl.CH.CBrCl  or  CHBrCl.CO.CHBrCl.  [-8°]. 
(135°)  at  40  mm.  From  di-chloro-acetone  (de- 
rived from  epichlorhydrin)  and  bromine  (Cloez). 
Does  not  combine  with  NaHS03.  With  water 
it  forms  long  prisms  of  the  hydrate 
C,H,CL,Br20  4aq  [54°].  Does  not  give  off  a 
chloro-bromo-methane  when  treated  with  am- 
monia. 

Di-chloro-di-bromo-acetone  CgH-jCl-jBr-jO  i.e. 
O 

CBr2Cl.CH.CHCl  or  CBr,Cl,CO.CH,Cl  (141°)  at 
20  mm.  Prepared  by  heating  dichlorhydrin 
(1  mol.)  with  bromine  (3  mols.)  and  ^  the  volume 
of  water  to  110°  until  the  colour  of  the  Br  has 
gone ;  the  yield  is  theoretical  (Claus  a.  Lindhorst, 

B.  13,  1209  ;  cf.  Carius,  A.  155,  38 ;  Grimaux  a. 
Adam,  Bl.  [2]  32, 14  ;  Cloez,  loc.  cit.}.     Forms  a 
hydrate  C3H,CL>Br20 4aq,  [56°J,  (140°-150°)  at 
20mm.    Not  identical  with  the  preceding  (C.). 
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Di-chloro-di-bromo-acetoneCHCl2.CO.CHBr2. 
(120°)  at  25  mm.  Formed  by  the  action  of  bro- 
mine on  ordinary  di-chloro-aeetone  or  Barbaglia's 
di-chloro -acetone  (170°)  (Cloez).  It  forms  un- 
stable hexagonal  tables  of  CsH.^Cl.^^0  4aq.  Am- 
monia forms  no  chloro-bromo-methane.  HgCl.2 
gives  tetra-chloro-acetone. 

Di-chloro-di-bromo-acetone  C3H2Cl2Br20  or 
CHCl2.CO.CHBr2  (?)  Formed  by  heating  di- 
chloro-di-bromo-aceto-acetic  ether  with  HC1 
(Conrad  a.  Guthzeit,  B.  16,  1552).  Colour- 
less pungent  liquid.  Forms  a  hydrate 
C3H2CLBr20  4aq  crystallising  in  large  colourless 
six-s"ided  tables.  Is  perhaps  identical  with  the 
preceding. 

Di-chloro-tetra-bromo-acetone 
CCLBr2.CO.CClBr2.  [79°].  Formed  by  the  action 
of  bromine  upon  ^-di-chloro-jj-di-oxy-quinone 
(chloranilic  acid)  C6C12(OH)202.  Transparent 
monoclinic  crystals  (from  acetic  acid).  Heated 
with  baryta-water  it  yields  chloro-di-bromo-me- 
thane  CHClBr2.  Dry  NH3  gas  converts  it  into 
chloro-di  -  bromo  -  acetamide  CClBr.CONH2  and 
chloro-di-bromo-methane.  With  phenyl-hydra- 
zine  it  gives  a  mixture  of  chloro-  and  bromo- 
benzene  (Levy  a.  Jedli6ka,  B.  20,  2319 ;  cf.  Sten- 
house,  A.  Suppl.  8,  17). 

Tri-chloro-bromo-acetone  C3H2Cl3BrO  i.e. 
CCla.CO.CHjBr.  (190°).  From  tri-chloro-acetone 
and  bromine  at  100°.  Very  hygroscopic,  forming 
hexagonal  tables  of  the  hydrate  C3H2Cl3BrO  4aq 
[48°].  With  ammonia  it  forms  chloroform  and 
bromo-acetamide  (Cloez). 

TRI-CHLORO-a0-DI-BROMO-ACETYL-PRO- 
PIONIC    ACID    C5H3Cl3Br203    i.e. 
CCl3.CO.CHBr.CHBr.C02H.     [98°].    From    tri- 
chloro-acetyl-acrylic  acid  and  Br  in  chloroform 
(Kekule"  a.  0.  Strecker,  A.  223,  188).     Volatile 
with  steam ;  may  be  sublimed  ;  insol.  cold  water. 
Boiling  lime-water  splits  it  up  into  chloroform 
and  inactive  tartaric  acid. 

CHLORO-BROMO- ACRYLIC  ACID  C3H2ClBrC 
i.e.  CBrCl:CH.C02H  (?)  [70°].  S.  5-75  at  20  . 
Prepared  by  the  action  of  HC1  on  bromo-propiolic 
acid  at  0°  (Mabery  a.  Lloyd,  Am.  3,  127  ;  Hill, 
JB.  12,  660).  Needles  or  prisms ;  may  be  sub- 
limed. V.  sol.  alcohol  and  ether.  Chlorine 
forms  tri-chloro-bromo-propionic  acid  [84°]  (Ma- 
bery, Am.  9,  1). 

Salts.— KA'.— BaA'22aq:  flattened  prisms. 
8.  14-15  at  20°.— CaA'24aq:  needles;  v.  e.  sol. 
hot  water.— AgA'. 

(a)-Chloro-di-bromo-acrylic  acid 
C2ClBr2.C02H  i.e.  CBr2:CCl.C02H  (?)  [104°].  S. 
5-7  at  20°.  Prepared  by  the  action  of  ClBr  in 
chloroform  on  bromo-propiolic  acid  in  the  cold 
(Mabery  a.  Lloyd,  Am.  6, 157).  Triclinic  prisms 
(from  CS2) ;  v.  sol.  hot  water,  CS.,,  and  chloro- 
form. 

Salts.— AgA' :  trimetric  plates  (from  water) ; 
not  affected  by  light.— CaA'2  2|aq :  branching 
needles. — BaA'2  3aq  :  flat  prisms.  S.  26  at  20°. 

(j8)-Chloro-di-bromo-acrylic  acid 
CBrCl:CBr.CO.H.  [99°].  S.  2-5  at  20°.  From 
chloro-tri-bromo-acrylic  acid  by  adding  baryta- 
water  in  the  cold  till  alkaline  (M.  a.  L.).  Prisms 
(from  CS2);  v.  sol.  alcohol,  ether,  and  hot 
water.— BaA'2  3aq  :  slender  prisms.  S.  35  at 
20°. —  CaA'24aq:  branching  needles. 

Di-chloro-bromo-acrylic  acid  C-.BrCL.COJI 
i.e.  CCl2:CBr.CO,H(?)  [78°- 80°].  S.  6-9  at 


20°.  Obtained  by  the  action  of  cold  baryta* 
water  on  di-chloro-di-bromo-propionic  acid  ob- 
tained from  ojS  -  di  -  bromo  -  acrylic  acid  and 
chlorine  (Mabery,  Am.  9,  8).  Prisms ;  v.  sol. 
alcohol  and  ether :  si.  sol.  cold  CS2. 

Salts.  —  KA' :  slender  needles.  —  AgA' : 
slender  needles.— BaA'2  3aq  :  trimetric  plates. — 
CaA'2  4aq  :  pearly  needles. 

Di-chloro-bromo-acrylic  acid  C2BrCl,.C02H 
i.e.  CClBr:CBr.C02H(?)  [85°].  S.  2-6  at  20°. 
Obtained  by  the  action  of  cold  baryta-water 
(1  mol.)  on  di-chloro-di-bromo-propionic  acid 
(1  mol.)  that  has  been  prepared  from  bromine 
and  aj8-di-chloro-acrylic  acid  (M.).  Prisms ;  v. 
sol.  alcohol  and  ether,  m.  sol.  CS2.  This  acid 
is  possibly  identical  with  the  preceding. 

Salts.  — KA':  pearly  needles. — AgA':  slender 
needles.  —  BaA'2  3aq :  trimetric  plates.  — 
CaA'24aq:  jagged  plates. 

CHLORO- BROMO -ALDEHYDE    v.    CHLOKO- 

BROMO-ACETIC    ALDEHYDE. 

w-  DI  -  CHLORO-m-BROMO  -  AMIDO  -  ACETO- 
PHENONE  [5:2:1]  C6H,Br(NH2).CO.CHClr 
[110°-1200].  Formed  by  boiling  a>o>w-tri-bromo- 
amido-acetophenone  with  HC1  (Baeyer  a.  Bloem, 
B.  17,  967).  Sublimable.  Fine  felted  orange 
needles  or  long  flat  prisms.  V.  sol.  alcohol,  si. 
sol.  water.  By  boiling  with  dilute  NaOH  and 
exposure  to  the  air  it  yields  bromo-indigo. 

CHLORO-BROMO-ANILINE  C6H3ClBr(NH2) 
[2:4:1],  [69°].  Formed,  together  with  #-bromo- 
aniline,  by  the  action  of  tin  and  HC1  on  p- 
bromo-nitro-benzene  (Hiibner  a.  Alsberg,  A. 
156, 312 ;  Fittig  a.  Biichner,  A.  188, 14).  Formed 
also  by  chlorinating  ^-bromo-aniline.  Prisms ; 
volatile  with  steam.— B'HCl. 

Chloro  -  di  -  bromo  -  aniline  C6H2ClBr2(NH2) 
[6:4:2:1].  [95°].  Formed  by  bromination  of 
o-chloro-aniline  (Langer,  B.  15,  1065 ;  A.  215, 
115).  Long  white  needles  (from  benzoline)  ; 
v.  sol.  boiling  alcohol  and  ether. 

Chloro  -  di  -  bromo  -  aniline  C6H2ClBr2(NH2) . 
Formed  by  brominating  p-chloro-aniline  (Hof- 
mann,  A.  53,  38).  White  prisms,  which  melt 
in  hot  water;  volatile  with  steam.  Does  not 
form  salts. 

Chloro  -  tri  -  bromo  -  aniline  C6HClBr3(NH2) 
[3:2:4:6:1].  [124°].  Formed  by  bromination  of 
w-chloro-aniline  by  Br  in  dilute  HC1  (Langer, 
B.  15,  1065 ;  A.  215,  112).  Thin  white  needles 
(from  alcohol) ;  v.  sol.  boiling  alcohol  and 
ligroin. 

Di  -  chloro  -  bromo  -  aniline  C6H2CL>Br(NH2) 
[2:6:4:1].  [93-5°].  Formed  by  chlorinating 
^-bromo-aniline  (Fittig  a.  Biichner,  A.  188,  22). 
Does  not  unite  with  acids. 

Di  -  chloro  -  tri-bromo-aniline  CHCl2Br3(NH.,) 
[3:5:2:4:6:1].  [219-5°].  From  di-chloro-amline 
C6H,(NH2)CL8  [1:3:5]  in  dilute  HC1  by  bromine- 
water  (Langer,  A.  215,  122).  White  needles 
(from  alcohol).  M.  sol.  boiling  alcohol. 

Tri  -  chloro-di  -  bromo  -  aniline  C,.Cl,Br,(NH2) 
[2:4:6:3:5:1].  [238-5°].  From  C6H3(NH2)Br2 
[1:3:5]  in  acetic  acid  by  Cl  (Langer,  A.  215, 
118).  White  needles  (from  alcohol). 

DI-CHLORO-BROMO-ANTHRACENE 
C^CLjBr.     [168°].      Formed  by  heating  di- 
chloro  -  anthracene     tetra  -  bromide     at     190° 
(Schwarzer,  B.  10,  376).     Small  greenish -yellow 
lamincB  ;  v.  sol.  benzene  and  chloroform. 
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Di-ohloro-di-bromo-anthracene  C,4HaCl.,Br2. 
[252°].  From di-chloro-anthracene  tetrabromide 
and  alcoholic  KOH  (S.).  Small  yellow  needles 
(from  benzene) ;  si.  sol.  alcohol,  v.  sol.  benzene. 

Di-chloro-tetra-bromo-anthracene 
C14H4Cl.JBr4.  Formed  by  the  action  of  alcoholic 
KOH  upon  di-chloro-di-bromo-anthracene-tetra- 
bromide  (Hammerschlag,  B.  19, 1107).  Golden- 
yellow  needles.  Solid  at  380°.  V.  si.  sol.  all 
solvents.  By  CrO:,  aod  acetic  acid  it  is  oxidised 
to  tetra-bromo-anthraquinone. 

DI  -  CHLORO  -  DI  -  BROMO  -  ANTHRACENE- 
TETRA-BROMIDE  C14H8CLBr?.  [212°].  Glisten- 
ing white  needles  (from  acetic  acid).  Formed 
by  combination  of  di-chloro-di-bromo-anthracene 
with  bromine  vapour.  By  alcoholic  KOH  it  is 
converted  into  di-chloro-tetra-bromo-anthracene 
(Hammerschlag,  B.  19,  1107). 

7W-CHLORO-BROMO-BENZENE  CBH4ClBr 
[1:3].  From  £>-chloro-aniline  by  bromination 
and  elimination  of  NH2  by  the  diazo-  reaction 
(Korner,  J.  1875,  326;  O.  4,  305). 

^-Chloro-bromo-  benzene  C6H4ClBr  [1:4]. 
[67°].  (196°).  From  j>-bromo-aniline  by  dis- 
placement of  NH2  by  Cl ;  or  from  p-chloro- 
aniline  by  displacing  NH2  by  Br  (Griess,  Tr. 
1864  [3]  702).  Also  by  boiling  £>-chloro-benzene 
with  bromine  (Korner,  G.  4,  342). 

Chloro-tri-bromo-benzene  C6H2ClBr3  [1:2:4:6]. 
[80°]  (S.) ;  [82°]  (L.).  Formation.— 1.  By  heat- 
ing the  perbromide  of  tri-bromo-diazo-benzene 
chloride  (from  tri-bromaniline)  with  glacial  acetic 
acid  (Silberstein,  J.  pr.  [2]  27,  113).—  2.  From 
C6HClBr3(NH2)  [123-5°],  alcohol,  and  amyl 
nitrite  at  100°  (Langer,  A.  215,  113 ;  B.  15, 
1065).  Properties. — Long  satiny  needles.  Insol. 
water,  si.  sol.  cold  alcohol  and  glacial  acetic 
acid,  v.  sol.  hot  alcohol,  hot  glacial  acetic  acid, 
ether,  benzene  and  CHC13. 

Di  -  chloro  -  di  -  bromo  -  benzene  C6H2Br2Cl2. 
[67°]  (Garzino,  G.  17,  502). 

Di-chloro-tri-bromo-benzene  CgHCl.^Brg 

[1:3:2:4:6].  [121°].  From  C6(NH2)CLBr,  by 
treatment  with  amyl  nitrite  and  alcohol  (Langer, 
A.  215,  120 ;  B.  15,  1332).  Small  thin  needles 
(from  alcohol). 

Tri-chloro-di-bromo-benzene  C6HCl3Br2 

[1:3:5:2:4].  [119°].  From  C6(NH2)013Br2  and 
amyl  nitrite  in  alcohol  (Langer,  A.  215,  119). 
Slender  needles.  V.  sol.  boiling  alcohol. 

CHLORO-BROMO-BENZOIC  ACID 
C7H4ClBrO,  i.  e.  C6H3ClBr.CO.H.  [151°].  S.  -26 
at  21°.  Formed  by  adding  bromine  to  a  hot 
solution  of  silver  o-chloro-benzoate  (but  not  of 
the  free  acid)  (Pfeifer,  B.  5,  656).  Slender 
needles  (from  water) ;  may  be  sublimed. — KA'  aq. 
— BaA'2  3aq.— CaA',  2aq. 

Chloro-bromo-benzoic  acid  C6H3ClBr.C02H. 
S.  "09  at  21°.  From  7?i-chloro-benzoic  acid  and 
bromine  (P.).  Slender  needles. — BaA'2  2aq. 

DI-CHLORO-DI-BROMO-BUTANE 
C4HaCLBr2  i.  e.  CH3.CHBr.CHBr.CHCl2.  From 
Br  and  the  di-chloro-butylene  derived  from  cro- 
tonic  aldehyde  (Kekule,  A.  162,  98 ;  Newbury, 
Am.  5,  113).  Decomposes  above  100°.  Con- 
verted by  boiling  dilute  K2C03  into  C4HttClBrO 
(115°-1200). 

CHLORO-DI-BROMO-BUTYL  ALCOHOL 
C4H;ClBr20.     Obtained  by  the  union  of  bromine 
with  chloro-butenyl  (chloro-crotyl)  alcohol  which 
is  itself  got  by  reduction  of  tri-chloro-butyl  al- 


cohol (Garzarolli-Thurnlackh,  A.  213,  378). 
HN03  oxidises  it  to  chloro-di-bronio-butyric 
acid. 

CHLORO-DI-BROMO-BTJTYRIC  ACID 
C4H5ClBr202  i.  e.  CH3.CHBr.CClBr.C02H  (?) 
[92°].  From  o-chloro-crotonic  acid  and  Br 
(Sarnoff,  A.  164, 105).  Prisms,  m.  sol.  cold,  de- 
composed by  hot,  water.  Distillation,  or  treat- 
ment with  zinc  and  HC1,  converts  it  into  chloro- 
crotonic  acid.— PbA'2.— AgA'. 

Chloro-tri-bromo-butyric  acid  C4H,ClBr30.,. 
[140°].  Formed  by  oxidising  the  corresponding 
aldehyde  with  fuming  HN03  (Pinner,  B  S 
1324).  Small  plates. 

CHLORO-DI-BROMO-BUTYRIC  ALDEHYDE 
C4H5ClBr2.0  i.  e.  CH3.CHBr.CClBr.CHO.  From 
Br  and  o-chloro-crotonic  aldehyde  in  the  cold 
(Pinner,  B.  8,  1322).  Oil ;  with  water  it  slowly 
forms  a  solid  hydrate  or  orthaldehyde 
C4H,ClBr2(OH)2. 

Chloro-tri-bromo-butyric  aldehyde 
C4H4ClBr30.  Formed  by  warming  o-chloro- 
crotonic  aldehyde  with  bromine  (P.).  Oil. 
Forms  a  hydrate  or  orthaldehyde 
C4H4ClBr3(OH)2  [78°]  crystallising  in  slender 
needles. 

Di-chloro-di-bromo-butyric  aldehyde 
CH2Cl.CHBr.CClBr.CHO.  [c.-78°].  From  07- 
di-chloro-crotonic  aldehyde  and  Br  in  the  cold 
(Natterer,  M.  4,  540).  Combines  with  NaHS03. 
It  forms  a  crystalline  hydrate  or  orthaldehyde 
CH2Cl.CHBr.CClBr.CH(OH)2  [72°]. 

CHLORO-BROMO-CAMPHOR  v.  CAMPHOE. 

CHLORO-DI-BROMO-71-CUMENE 
C6H5CHBr.CHBr.CH,Cl.    [96-5°].    From  styryl 
chloride  and  Br.     Tables  (from  ether). 

TRI-CHLORO-BROMO-CYMENE 
*C6Cl3Br(CH3)(C3H7)(?)    [65°].     From    sodium 
tri-chloro-cymene    sulphonate     and     bromine- 
water  (Kelbe,  B.  16,  619).     Needles. 

CHLORO  -  PENTA  -  BROMO  -  DECYLENE 
C,0H14ClBr5.    From  Br  and  menthyl  chloride 
(Oppenheim,  A.  130,  177). 

s-CHLORO-BROMO-ETHANE  CH2Cl.CH,Br. 
Ethylene  chloro-bromide.  (108^).  SlG.  s  1  "79 ; 
is  1-70. 

Formation. — 1.  From  s-chloro-iodo-ethane 
and  Br  (Henry,  A.  156,  14).— 2.  From  ethylene 
di-bromide  and  HgCl,  (Montgolfier  a.  Giraud,  Bl. 
[2]  33,  12).— 3.  From  CH2C1.CH.,.OH  and  Br  at 
130°  (Demole,  B.  9,  556).— 4.  F~rom  ethyl  bro- 
mine by  chlorination  (Lescoeur,  BL  [2]  29,  484). 

Preparation.— 1.  Bromine  (500 g.)  is  dis- 
solved in  700  c.c.  HC1  mixed  with  700  c.c. 
water,  cooled  with  ice,  and  treated  with  chlorine 
as  soon  as  the  temperature  of  the  liquid  has 
fallen  to  2°.  The  chlorine  is  passed  in,  with 
frequent  shaking,  until  the  colour  of  the  bromine 
has  disappeared.  Ethylene  is  then  passed  in, 
and  the  oil  washed,  dried,  and  distilled.  It 
boils  at  107°-109°.  If  it  boils  at  109°-111°  it 
contains  ethylene  bromide  (M.  Simpson,  Pr.  27, 
119  ;  J.  W.  James,  J.  pr.  [2]  26,  380  ;  C.  J.  43, 
37).— 2.  C2H4Br2  is  gently  warmed  with  SbCl5, 
the  product  poured  into  strong  HC1,  and  the  oil 
washed  with  very  dilute  NaOH  and  distilled 
(Lossner,  J.  pr.  121,  421 ;  James,  C.  J.  35,  806). 

Reactions.—  1.  Acts  upon  boiling  alcoholic 
KCNS  forming  C2H4Cl(CNS).-2.  Alcoholic  KOH 
gives  KBr  and  chloro-ethylene. 
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tt-Cbloro-bromo-ethane  CH3.CHClBr.  Ethyli- 
dene-cMoro-bromide.  (82°)  (R.) ;  (83°  i.  V.)  (S.). 
S.G.  i±  1-61  (B.) ;  I*  1-67. 

Formation. — 1.  From  bromo-ethylene  and 
cone.  HClAq  at  100°  (Keboul,  A.  155,  215).— 2. 
By  brominating  ethyl  chloride  in  sunlight  (Stae- 
del,  B.  11,  1739 ;  Denzel,  A.  195,  193).— 3.  By 
chlorinating  ethyl  bromide  (Lescoaur,  BL  [2]  29, 
483). 

Properties.— Oil.  Converted  by  alcoholic 
KOH  into  KBr  and  bromo-ethylene.  Ag20  gives 
aldehyde. 

Chloro-di-bromo-ethane  CH3.CBr2Cl.  (124° 
i.  V.).  S.G.  is  2-134.  A  product  of  bromination 
of  ethyl  chloride  in  sunlight  (Staedel,  B.  11, 
1739 ;  Denzel,  A.  195,  196).  Liquid.  Converted 
by  alcoholic  KOH  into  CH,:CClBr. 

Chloro-di-bromo-ethane"  CH-jBr.CHClBr. 
(163°  i.  V.).  S.G.  is  2-268.  From  chloro- 
ethylene  and  Br  (Hugo  Miiller,  A.  Suppl  3, 287). 
From  chloro-bromo-iodo-ethane  and  Br  (Henry, 
BL  [2]  42,  263).  Also  from  EtCl  and  Br  in  sun- 
light (S. ;  D.).  Oil.  Alcoholic  KOH  gives 
CH,:CClBr.  With  SbCl5  it  gives  CH2Br.CHCl2. 

Chloro-di-bromo-ethane  CH2Cl.CHBr2.  From 
crude  chloro-bromo-iodo-ethane  and  Br  (H.). 
Alcoholic  KOH  gives  CH.,:CBr,  (89°)  and 
CH.rCBrCl  (63°). 

Chloro-tri-bromo-ethane  CH.,Br.CClBr2.  (201° 
i.  V.)  at  735  mm.  S.G.  is  2-602.  Formed  by 
the  action  of  bromine  on  CH3.CClBr2,  on  ethyl 
chloride,  on  CH2Br.CHBrCl,  or  on  CH2:CClBr 
(S.;  D.;  H.).  Gives  CHBr:CBrCl  with  alcoholic 
KOH.  SbCl5  forms  CH2Br.CCl3. 

Chloro-tetra-bromo-ethane  CHBr2.CBr2Cl. 
Chloro-acetylene  tetra-bromide.  [33°].  (240°) 
at  735  mm.  S.G.  is  3-366.  From  EtCl  and  Br 
in  sunlight  (S. ;  D.).  From  chloro-acetylene 
and  bromine  (Wallach,  A.  203,  89).  Also  from 
chloro-di-bromo-ethylene  and  Br  (Mabery,  Am. 
5,  255).  Pungent  crystals ;  v.  e.  sol.  alcohol  and 
ether. 

Chloro-penta-bromo-ethane  C2ClBr5.  [170°]. 
Prepared  by  the  action  of  bromine  on  chloro- 
tribromo-  and  chloro-tetrabromo-ethane  (Denzel, 

B.  12,  2207). 

Di-cb.loro-bromo-etb.ane  CHg.CCljjBr.  (99° 
i.  V.).  S.G.  is  1-752.  Formed  by  brominating 
ethylidene  chloride  in  sunlight  (S. ;  D.).  Liquid. 

Di-cMoro-bromo-ethane CHClyCH^Br.  (138°). 
S.G.  1-859.  From  CHC12.CH2OH  and  PBrs(Lacre, 

C.  R.  104,  1186).    From  CHBr2.CH2Br  '(Henry, 
C.  B.  97, 1491 ;  Bl.[2]  42, 262), or  CHClBr.CH^r 
and  SbCl5.    Converted  by  alcoholic  KOH  into 
CH,:CC12. 

Di-chloro-bromo-ethane  CHClBr.CH2Cl.  (140° 
cor.).  S.G.  if  1-8685;  ff  1-8542.  M.M.  10-995 
at  21-6°.  Formed  by  gradually  adding  bromo- 
ethylene  to  chloroform  through  which  a  current 
of  chlorine  is  passing  (Perkin,  C.  J.  45,  535). 

According  to  Lescomr  (Bl.  [2]  29,  485)  three 
isomeric  di-chloro-bromo-ethanes  are  formed  by 
chlorinating  ethyl  bromide,  viz.:  (1).  (137°)  • 
S.G.  2  l-88,-(2).  (151°);  S.G.  *  1-998,- (3).  (c! 
160°) ;  S.G.  s  2-113. 

Di-cb.loro-di-bromo-etb.ane  CHCl2.CHBr2. 
Acetylene  di-chloro-di-bromide.  (195°-200°). 
S.G.  --  2-391.  From  acetylene  dibromide  and 
SbClsin  the  cold  (Sabanejeff,  A.  216,  256).  Also 
from  acetylene,  Br  (31  g.),  and  (120  g. of)  aqueous 
HC10.  Reactions.— 1.  Converted  by  Zn  and 


alcohol  into  chloro-bromo-ethylene  (q.  v.).— 2. 
Boiled  6  hours  with  alcoholic  KOAc  it  forms 
CHBr:CCl2  [114°- 116°]. 

s-Di-chloro-di-bromo-ethaneCHClBr.CHClBr. 
Acetylene  di-chloro-di-bromide.  (190°-195°). 
From  bromine  and  acetylene  di-chloride ;  or  from 
chlorine  and  acetylene  di-bromide  (Sa.).  Gives, 
with  zinc  and  alcohol,  acetylene  dichloricle  (50°- 
60°). 

Di-chloro-di-bromo-ethane  CH-^Br.CBrCL. 
(177°).  S.G.  is  2-270.  From  CH3.CHC12  and 
Br  in  sunlight  (S.;  D.). 

Di-chloro-tri-bromo-ethane  CHBr2.CBrCL. 
(215°-220°).  From  CH3.CHC12  and  Br  in  sun- 
light (S.;  D.). 

Di-cb.loro-tetra-bromo-etb.ane  C2Cl2Br4  i.e. 
CBrg.CCLjBr.  [180°].  Colourless  crystals.  Pre- 
pared by  the  action  of  bromine  on  CH.,Br.CCl2Br 
(Denzel,  B.  12,  2207). 

Tri-chloro-bromo-ethane  CCVCHjBr.  (152°). 
S.G.  g  1-884.  Formed  by  heating  tri-chloro- 
ethane  CC13.CH3  with  bromine  at  160° ;  or  by 
the  action  of  SbCls  on  CCLBr.CH.3r  or 
CClBr2.CH2Br.  Converted  by  alcoholic  KOH 
into  CCl2:CHBr  (115°)  (Henry,  C.  R.  98,  370). 

Tri-chloro-di-bromo-ethane  CHBr2.CCl3. 
(200°).  S.G.  ^2-317.  From  chloral  and  PCl3Br2 
(Paterno,  /.  1871,  512  ;  G.  1,  590). 

Tetra-chloro-di-bromo-ethane  CCl2Br.CCl2Br. 
Bromide  of  per-chloro-ethylene.  S.G.  Si  2-3. 
From  C2C14  and  Br  in  sunshine  (Malaguti,  A.  Ch. 
[3]  16,  14).  Tables  (from  alcohol).  Begins  to 
volatilise  at  100°  but  decomposes  at  200°  into 
Br  and  C,C14. 

Tetra-chloro-di-bromo-ethane  CCl3.CClBr2. 
From  penta-chloro-ethane  and  Br  at  200°  (Pa- 
terno, G.  1,  593).  Also  from  CHBr2.CHBr2  and 
chlorine  (Bourgoin,  BL  [2]  23,  4).  Prisms  (from 
alcohol)  ;  smells  like  camphor.  May  be  sub- 
limed, but  decomposed  by  heat  into  chlorine  and 
C2Cl,Br2. 

CHLORO-BROMO-ETHER  v.  CHLOEO-BROMO- 

DI-ETHYL  OXIDE. 

s-CHLORO-BROMO-ETHYLENE  C2H.,ClBr  i.e. 
CHC\:CHBr.Acetylenechloro-bromide.  (82°).  S.G. 
2  1-8157  (P.) ;  1-779  (S.) ;  22  1-747  (S.).  Bromine 
(2  mols.)  is  slowly  added  to  acetylene  chloro- 
iodide  under  water.  The  liberated  iodine  is  re- 
moved by  Na2S2Os.  The  yield  is  small  (Plimp- 
ton, C.  J.  41,  393).  Formed  also  by  treating 
CHCL,.CHBr2  with  zinc  and  alcohol  (Sabanejeff, 
A.  216,  258).  Liquid,  does  not  polymerise.  With 
alcoholic  KOH  it  gives  off  an  explosive  gas,  pro- 
bably C,HC1. 

Chloro-bromo-ethylene  CH2:CClBr.  (62°). 
From  chloro-ethylene  bromide  CH.,Br.CHClBr 
and  KCy  (Hugo  Miiller,  C.  J.  17,  420)  or  alco- 
holic KOH  (Denzel,  A.  195,  206;  Demole  a. 
Dim1,  B.  11,  1302).  Also  from  chloro-bromo- 
iodo-ethane  (from  C2H3Br  and  IC1)  by  alcoholic 
KOH  (Henry,  BL  [2]  42,  263).  Pungent  odour, 
readily  polymerises,  becoming  solid.  Absorbs 
dry  oxygen  forming  chloro-acetyl  bromide  and 
bromo-acetyl  chloride. 

Chloro  -  di  -  bromo  -  ethylene  CHBr:CBrCl. 
(142°)  at  735mm.  S.G.  is  2-275  (S.).  From 
chloro-tn-bromo-ethane  CH.,Br.CBr.,Cl  and  alco- 
holic KOH  (Staedel,  B.  11,  1740).  Formed  also 
by  boiling  chloro-tri-bromo-propionic  acid  with 
baryta-water  (Mabery,  Am.  5,  255).  Liquid. 
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Chloro  -  tri  •  bromo  -  ethylene  C2ClBr3  i.e. 
CBr,:CBrCl.  [34°].  (204°)  at  730  mm.  Pre- 
pared by  the  action  of  alcoholic  KOH  on  chloro- 
tetra-bromo-ethane  (Denzel,  B.  12,  2208). 

Di-chloro-bromo-ethylene  CHBr:CCl.2.  [114°- 
116°].  S.G.  is  1-906.  Formed  by  the  action  of 
alcoholic  KOH  on  CH.3r.CBrC!.,  (Denzel,  A.  195, 
206),  or  on  CCl,.CH2Br  (Henry,  C.  R.  98,  370). 
Also  from  CHBr.,.CHCL,  by  alcoholic  KOAc 
(Sabanejeff,  A.  216",  261). " 

Di  -  chloro  -  di  -  bromo  -  ethylene  CCl.2:CBr2. 
(c.  194°  ?).  Prepared  by  the  action  of  alcoholic 
KOH  on  di  -  chloro  -  tri  -  bromo  -  ethane 
CHBr,.CBrCl2  (Staedel,  B.  11, 1740).  Also  from 
CCl3.CClBr2  by  heating  with  aniline  (Bourgoin, 
Bl.  [2]  24,  116).  Solidifies  below  0°. 

CHLORO-DI-BROMO-DI-ETHYL  OXIDE 
CHClBr.CHBr.OEt.   (170°-180°).    From  chloro- 
vinyl  ethyl  oxide  and  Br  (Godefroy,  C.  B.  102, 
869). 

Tri-chloro-di-bromo-di-ethyl  oxide 
C4H5Cl3Br20  i.e.  CCl2Br.CClBr.OEt.  [17°].  From 
tri-chloro-vinyl  ethyl  oxide  and  Br  (Busch,  B.  11, 
446).     With  AgOAc  it  gives  C.,Cl.,Br(OAc)2.OEt 
(180J-190°). 

Hexa  -  chloro  -  tetra  -  bromo  -  di  -  ethyl  oxide 
C4Cl6Br40.  [96°].  Obtained  by  union  of  Br 
with  chloroxethose  C4H,.O,  a  substance  formed 
by  the  action  of  alcoholic  K2S  on  perchldrinated 
ether  (Malaguti,  A.  Ch.  [3]  16,  19). 

DI-CHLORO-TETRA-BROMO-FLUORESCE3LN 
C20H605Cl2Br4  i.e.  C6H2Cl2(C202)(CfiHBr2OH)20. 
Di-chloro-eosin.  Formed  by  brominating  di- 
chloro-fluorescem  (from  resorcin  and  di-chloro- 
phthalic  anhydride).  The  alkaline  solution  has 
a  bluer  shade  than  that  of  eosin  (Le  Eoyer,  A. 
238,  358). 

S  a  1 1.— C20H4K205Cl2Br4. 

CHLORO-BROMOFORM  v.  CHLOBO-DI-BBOHO- 

ME  THANE. 

CHLORO-DI-BROMO-HEXANE  C6HnClBr2. 
(219°).  From  hexenyl  chloride  and  Br  in  CC14 
(Destrem,  A.  Ch.  [5]  27,  58). 

Chloro-tetra-bromo-hexane  C,jH9ClBr4.  From 
Br  and  chloro-diallyl  (Henry,  C.  R.  87,  171). 

CHLORO-DI-BROMO-HEXYL  ALCOHOL 
CeH^ClBr.^     (c.   254°).     S.G.  l*   1-99.    From 
chloro-hex'enyl  alcohol  (186°)  and  Br  (Destrem, 
A.  Ch.  [5]  27,  58). 

CHLORO-BROMHYDRIN  v.   CHLOEO-BBOHO- 

PBOPYL  ALCOHOL. 

CHLORO-BROMO-HYDROQUINONE 
C(PE[2ClBr(OH)2.  [172°].  Formed  by  saponifica- 
tion  of  its  di-acetyl-derivative  produced  by  the 
action  of  acetyl  bromide  on  chloro-quinone 
(Schulz,  B.  15,  656).  Formed  also  by  the  action 
of  cone.  HBrAq  on  chloro-quinone  (Levy  a. 
Schultz,  A.  210,  160).  Long  needles.  Sol.  alco- 
hol and  ether,  si.  sol.  water.  On  oxidation 
it  gives  chloro-bromo-quinone  [172°]. 
•  Di-acetyl-derivative  CtiH2ClBr(OAc)2 
[146°].  Short  needJes.  Sol.  alcohol  and  benzene. 

Di-chloro-di-bromo-hydroquinone 
C6Cl,Bv2(OH)2  [6:2:5:3:4:1].  [233°].  Formed  by 
reduction  of  the  corresponding  quinone  by  SnCL 
(Levy,  B.  16, 1447  ;  18,  2369 ;  Krause,  B.  12,  54 ; 
Hantsch,  B.  20,  2279).  Monoclinic  crystals: 
a:b:c  =  2-976:1:2-75;  0  =  77°  22'. 

Di-acetyl  derivative 
C6Cl2Br,(OAc)2:  [270°]  (Levy,  B.  18,  2369). 


Tri-chloro-bromo-hydroquinoneC6BrCl.,(OH)2 
[229°].  From  tri-chloro-bromo-quinone,  HI,  and 
phosphorus  (Stenhouse,  A.  Suppl.  6,  219).  Also 
from  tri-chloro-quinone  and  cone.  HBrAq  (Levy 
a.  Schultz,  A.  210,  161).  Monoclinic  needles, 
a:b:c  =  2-915:1:2-671 ;  0  =  77°  40'.  Insol.  water, 
sol.  dilute  alcohol. 

CHLORO  -  BROMO-HYDROTHYMOQTJINONE 
C6Me(C,H7)ClBr(OH)2     [3:6:2:5:4:1].      [63°]     or 
[73°]  (?).     From  chloro-thymoquinone 
CtjHMe(C3H7)Cl(OH)2  [3:6:2:4:1]   and  HBr;    or 
from  bromo-thymoquinone 
CtiHMe(C3H7)Br(OH)2  [3:6:2:5:1]  [45°]  and  HC1. 
Obtained  also  by  reducing  chloro-bromo-thymo- 
quinone  [87°]  with  hydroxylamine  (Schuiter,  B. 
20,  1318).     Needles. 

Chloro-bromo-hydrothymoquinone 
C6Me(C3H7)ClBr(OH)2        [3:6:5:2:4:1].        [56°]. 
Formed    by   reducing    chloro-bromo-thymoqui- 
none  [78°]  with  hydroxylamine  (S.). 

CHLORO  -  BROMO  -  HYDROTOLTJQUINONE 
CtiHMeClBr(OH)2.  [123°]  (anhy.).  Formed  by 
the  action  of  HBr  upon  chloro-toluquinone. 
Crystals  (containing  aq).  V.  sol.  alcohol  and 
ether,  m.  sol.  water  and  ligroin,  si.  sol.  benzene 
and  chloroform  (Schniter,  B.  20,  2286). 

Chloro-bromo-hydrotoluquinone 
CaHMeClBr(OH)2.  [121°]  (anhy.).  Formed  by 
the  action  of  HC1  upon  bromo-toluquinone. 
Long  needles,  containing  aq  (from  hot  water). 
Begins  to  sublime  at  105°  (Schniter,  B.  20, 
2287). 

CHLORO  -  BROMO  -  IODO  -  ACRYLIC  ACID 
C2ClBrI.C02H.  [116°].  Formed  by  heating 
bromo-propiolic  acid  with  an  ethereal  solution 
of  IC1  (Mabery  a.  Lloyd,  Am.  4,  96 ;  P.  Am.  A. 
17,  99).  Monoclinic  prisms  (from  water)  melt- 
ing at  110°  ;  but  at  116°  when  crystallised  from 
CS2  ;  may  be  sublimed.  —  AgA'.  — CaA'2  aq  : 
branching  needles. — BaA'23|aq:  prisms;  S. 
25-4  at  20°. 

Chloro-bromo-iodo-acrylic  acid  C3HClBrI02. 
[129°].  Glistening  colourless  plates.  V.  sol. 
water,  alcohol,  and  ether.  Formed  by  the  action 
of  a  chloroform  solution  of  ClBr  upon  iodo-pro- 
piolic  acid  (Stolz,  B.  19,  539). 

CHLORO-BROMO-IODO-ETHANEC2H3ClBrI. 
(194°).  S.G.  a  2-53.  Slowly  formed  by  union 
of  IC1  with  bromo-ethylene  in  the  cold  (Maxwell 
Simpson,  A.  136,  142;  Henry,  C.  R.  98,  680). 
Oil.  Converted  by  alcoholic  KOH  into  KC1 
(3pts.),  KI  (lpt.),bromo-iodo-ethylene  CH,:CBrI, 
and  chloro-bromo-ethylene  CH2:CClBr.  Hence 
the  chloro-bromo-iodo-ethane  must  be  a  mixture 
of  isomerides. 

CHLORO-BROMO-IODO-PROPANE 
CsH5ClBrI.      S.G.  2  2-325.      From   chloro-iodo- 
propyl  alcohol  and  PBr5  (Henry,  B.  4,  702 ;  cf. 
3,  351).     Oil. 

DI-CHLORO-BROMO-MESITYLENE 
CuH(JBrCl2i.e.CtiH2Br(CH3)(CH2Cl)2.  [76°].  From 
bromo-di-ui-oxy-mesitylene  by  heating  with  cone. 
HClAq  (Colson,  A.   Ch.   [6]  6,  101).      Readily 
gives  off  HC1  in  the  air. 

CHLORO  -  BROMO  -  METHANE  CH.,ClBr. 
(68°).  S.G.  ig  1-991.  V.D.  4-43.  Formed  by 
the  action  of  excess  of  bromine  on  CHoClI 
(Henry,  C.  R.  101,  599).  Oil ;  not  decomposed 
by  light. 

Chloro-di-bromo-methane  CHClBr2.  Chloro- 
bromoform.  (119°)  at  730  mm.  (L.  a.  J.) ;  (125^) 
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(J.  a.  N.).  S.G.  a  2-445.  V.D.  7-37  (for  7-22). 
Occurs  in  crude  bromine  (Dyson,  C.  J.  43,  36). 
Formed  by  boiling  di-chloro-tetra-bromo-acetone 
CClBr,.CO.CClBr2  with  baryta-water.  Prepared 
also  by  the  action  of  NaOH  on  chloro-di-bromo- 
acetio  aldehyde  (Jacobsen  a.  Neumeister,  B.  15, 
601).  Colourless  liquid,  of  sweetish  odour  (Levy 
a.  Jedlicka,  B.  20,  2319). 

Di-chloro-bromo-methane  CHCl2Br.  (92°). 
S.G.  ^  1-9254.  Bromochloroform.'  Colourless 
liquid.  Prepared  by  the  action  of  NaOH  on  di- 
chloro-bromo-acetic  aldehyde  (Jacobsen  a.  Neu- 
meister, B.  15,  601). 

Tri-chloro-bromo-methane  CBrCl3.  (104°). 
S.G.  £  2-0550  (Thorpe,  C.  J.  37,  203).  C.E. 
(0°-10°)  -001089;  (0°-100°)  -0012065.  S.V. 
108-43. 

Formation.—  I.  By  heating  CCl3.SO.jBr  with 
alcohol  at  100°  (Loew,  Z.  1869,  624).—  2.  By 
bromination  of  chloroform  (Paterno,  G.  1,  593  ; 
Friedel  a.  Silva,  BL  [2]  17,  538).—  3.  By  action 
of  bromine  on  potassic  tri-chloro-acetate  at  120° 
(van  't  Hoff,  B.  10,  678). 

Properties.  —  Liquid,  smelling  like  carbon 
tetrachloride. 

CHLOBO-BEOMO-METHANE  SULPHONIC 
ACID.  Barium  salt  (CHClBr.S03)2Ba.  From 
chloro-sulpho-acetate  of  barium  and  bromine 
(Andreasch,  M.  7,  170).  Satiny  plates. 

CHLOBO  -  BBOMO  -  METHYL  -  ETHYL  -  GLY- 
OXALINE  C6H8ClBrN2i.e.  C3ClBr(CH3)(C2H5)N2. 
Chloro  -  bromo  -  oxal  ethyline.  From  chloro  - 
methyl-ethyl  glyoxaline  by  treatment  with  Br  in 
CS2  followed  by  boiling  water  (Wallach,  A.  214, 
290;  B.  10,  1193).  Oil  with  narcotic  odour. 
Solidifies  with  difficulty.  SI.  sol.  water.  Not 
volatile.  With  Br  it  forms  C6HsClBrN2Br2HBr. 

Salts.—  B'HCl  :    prisms.  -(B'HCl)2PtCl4.— 


CHLOBO-BBOMO-NAPHTHALENE 

C10H6ClBr  [1:4].  [115°].  From  (a)-naphthyl- 
aniine  jp-sulphonic  acid  by  conversion  into 
bromo-naphthalene  sulphonic  acid,  and  treat- 
ment of  the  latter  with  PC15  (Cleve,  BL  [2]  26, 
640). 

Chloro-bromo-oiaphtlialene  C10H6ClBr.  [119°]. 
Formed,  together  with  the  following,  by  the  ac- 
tion of  Br  (1  mol.)  on  (a)-chloro-naphthalene 
(1  mol.),  or  of  Cl  on  (a)  -  bromo  -  naphthalene 
(Guareschi  a.  Biginelli,  G.  16,  152  ;  C.  C.  1887, 
518).  Thin  plates.  Oxidised  by  Cr03  to  chloro- 
phthalic  acid  [184°].  Possibly  identical  with 
the  preceding. 

Chloro-bromo-naphthalene  C,0H6ClBr.  [67°]. 
(303°  uncor.).  Prepared  as  above.  Needles  (by 
sublimation).  CrO3  in  acetic  acid  gives  chloro- 
bromo-naphthoquinone  [167°]  and  chloro-bromo- 
phthalide. 

Di  -  chloro  -  bromo  -  naphthalene  CIOH7CLBr. 
[80°].  From  di-chloro-naphthalene  [38°]  and 
Br  in  the  cold  (Laurent).  Slender  needles. 

The  following  chloro-bromo-naphthalenes  de- 
scribed by  Laurent  (A.  Ch.  49,  218  ;  52,  275)  are 
insufficiently  characterised:  CtoR4Cl^i:2  (two), 
C10H4Cl3Br  (three),  and  CIOH3Cl3Br2  (two). 

The  following  compounds  are  probably  mix- 
tures or  molecular  compounds  :  (a)  C20HbCl4Br3. 
[76°].  From  di-chloro  naphthalene  [38°]  and  Br 
followed  by  alcoholic  KOH  (Faust  a.  Saame, 
A.  160,  69).  Needles  (from  ether-alcohol). 
(b)  C20H9Cl4Br3.  [73°].  From  di-chloro-naph- 


thalene [68°]  by  successive  treatment  with  Br 
and  alcoholic  KOH  (F.  a.  S.). 

CHLOJRO-BBOMO-NAPHTHALENE  TETBA- 
BBOMIDE  C10H6ClBr5.  [110°].  From  chloro- 
naphthalene  and  Br  (Laurent).  Tricliuic 
columns. 

CHLOBO  -  DI  -  BBOMO  -  NAPHTHALENE 
TETBA-CHLOBIDE  C10H5ClBr2Cl4.  [150°].  From 
di-bromo-naphthalene  tetr  a -chloride  and  chlo- 
rine. Triclinic  columns,  si.  sol.  ether. 

CHLOBO-BBOMO-NAPHTHOQUINONE 
C10H4ClBr02.  [167°].  From  chloro-bromo-naph- 
thalene  [67°]  by  Cr03  in  HOAc  (Guareschi,  C.  C. 
1887,  518). 

CHLOBO-BBOMO-NITBO-ANILINE 
C6H4ClBrN202  i.e.  C6H2ClBr(N02)(NH2)  [4:6:2:1]. 
[106°].     From   chloro-nitro-aniline   in  HClAq 
by  bromine-vapour  (Korner,  J.  1875,  352  ;  G.  4, 
305).     Orange-yellow  needles. 

CHLOBO-BBOMO-NITBO-BENZENE 
C6H,ClBr(N02)  [1:3:5].    [82-5°].    From  the  pre- 
ceding by  diazo-  reaction  (Korner,  G.  4,  377). 
Laminae. 

Chloro-bromo-nitro-benzene  C,;H3ClBr(N02) 
[1:4:2].  [69J].  From  ^-chloro-bromo-benzene 
and  HN03  (K.). 

Chloro-bromo-nitro-benzene  C6H3ClBr(N02) 
[1:3:4].  [49-5°].  From  chloro-nitro-aniline  [123°] 
by  displacing  NH2  by  Br  (K.).  With  alcoholic 
NH3  at  160°  it  regenerates  the  chloro-nitro- 
aniline. 

TBI-CHLOBO-DI-BBOMO-NITBO-ETHANE 
CCl2Br.CClBr(N02).    From  CC12:CC1(N02)   and 
Br  at  150°.    Crystalline  (Hoch,  J.  pr.  [2]  6,  95). 

CHLOBO-BBOMO-DI-NITBO-METHANE 
CClBr(N02)2.  Formed  by  passing  chlorine  into 
an  aqueous  solution  of  potassio  -  bromo  -  di- 
nitro-methane  CKBr(N02)  (Losanitsch,  B.  17, 
848).  Oil.  V.  sol.  alcohol,  insol.  water.  By 
caustic  alkalis  the  Br  atom  is  displaced  by  a 
metallic  atom. 

Chloro-di-bromo-nitro-methane  CClBr2(N02). 
S.G. ls  2-421.  Formed  by  simultaneous  action 
of  bromine  and  potash  on  CC1H2(N02)  (Tscher- 
niak,  B.  8,  610).  An  oil,  insol.  potash,  volatile 
with  steam. 

CHLOBO-BBOMO-NITBO-PHENOL 
C6H2ClBr(N02)OH  [4:2:6:1].  [125°].  From 
(4,6,l)-chloro-nitro-phenol  [87°]  and  Br  in  HOAc 
in  the  cold  (Ling,  C.  J.  51,  787).  Converted  by 
Br  and  water  at  100°  into  tetra-bromo-quinone. 
C6H2ClBrN03K :  dark  red  needles.— BaA'2  aq.— 
CaA/22|aq. 

Cnloro-bromo-nitro-phenolCttH2ClBr(N02)OH 
[2:4:6:1].  [120°].  Formed  by  boiling  (4,6,1)- 
chloro-nitro-phenol  [87°]  with  Br  and  HOAc,  an 
isomeric  change  taking  place  (L.).  Formed  also 
by  chlorinating  (4,6,l)-bromo-nitro-phenol  [88°]. 
When  heated  with  Br  and  water  it  gives  chloro - 
tri-bromo-quinone.— C6H2ClBrN03K :  red  plates. 
—  CaA'.,  7aq. 

co  -  TBI  -  CHLOBO  -  eso  -  DI  -  BBOMO  -  eso  -  DI- 
NITBO-DI-PHENYL-ET  HANE 

CCl3.CH(Ct;H3Br.N02)2. 

[170°].  From  CCl3.CH(C6H4Br)2  and  fuming 
HN03  (Zeidler,  B.  7,  1180).  Needles  (from 
alcohol). 

CHLOBO  -  BBOMO  -  DI  -  OXY-(a)-NAPHTHO- 
QUINONE  D1HYDBIDE  CtoH^ClBrO,  i.e. 
,CO.C(OH)2 


C.H 


4< 

\CO.CClBr 


[105°].     From  bromo-oxy- 
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(a)-naphthoquinone  and  Cl  in  HO  Ac.  Needles. 
Oxidation  gives  a  body  [141°]  (Zincke  a.  Gerland, 
B.  20,  3216). 

DI  -  CHLORO  -  DI  -  BROMO  -  TETRA  -  OXY- 
DIPHENYL  CtiHClBr(OH)2.C6HClBr(OH)2. 

[265°].  From  di-chloro-tri-bromo-resorcin  by 
successive  treatment  with  NaHS03  and  with 
tin  and  HC1  (Benedikt,  M.  4,  227). 

CHLORO-B  ROMO-DI-OXY-QUINONE 
C6ClBr(OH).,02  [6:3:5:2:4:1]  (Hantzsch  a.  Schni- 
ter,  B.  20/2279).  From  m  -  di  -  chloro  -  m  -  di- 
bromo-quinone  and  aqueous  KOH  (Krause,  B. 
12,  54)  or  tri-chloro-bromo-quinone  (Levy,  A. 
210,163;  B,  16, 1444;  B.  18, 2370).  Bed  leaflets 
(containing  aq) ;  may  be  sublimed— K2A"  2aq. — 
Na.,A"2aq.— Ag2A". 

CHLORO-DI-BROMO-OXY-VALERIC  ACID 
C5H7ClBr203.  [169°].  Prepared  by  the  addition 
of  Br  to  chloro-oxy-angelic  acid  (Pinner  a.  Klein, 
B.  11,  1497).  Sol.  ether,  insol.  benzene. 

CHLORO-DI-BROMO-PENTANE  C5H9ClBr2. 
From  isoprene  hydrochloride  C5H8HC1  and  Br 
(Bouchardat,  C.  R.  89,  1217). 

Di-chloro-di-bromo-pentane 
CH:J.CHBr.CBrCl.CHCl.CH3.  (c.  143°)  at  31  mm. 
From  di-chloro-amylene  CH3.CH:CC1.CHC1.CH3 
and  bromine  (Thurnlackh,  A.  223,  161). 

Di  -  chloro  -  di  -  bromo  -  pentane  C5H8Gl.2Br.,. 
(230°-240°).  From  di-chloro-amylene  (146°) 
and  Br  (Pinner,  A.  179,  35). 

DI-CHLORO-BROMO-PHENOL 
C6H2Cl2Br(OH).  [68°].  (268°)  (Garzmo,  C.  C. 
1887,  1546).  From  (4,2,l)-di-chloro-phenol  and 
Br.  Tri-  chloro  -bromo  -phenol  C6HCl3Br(OH). 
Bromine  converts  tri-chloro-phenol  [67°]  into 
C6H2Cl3BrO  [99°].  This  is  perhaps  C6H2Cl3(OBr) ; 
it  is  converted,  by  heating  under  water,  into 
an  isomeride,  which  is  probably  C6HCl3Br(OH) 
(Benedikt,  M.  4,  235). 

TRI  -  CHLORO  -  DI  -  BROMO  -  DI  -  PHENYL- 
ETHANE  CCls.CBr(C6H4Br)2.  [141°].  From 
bromo -benzene  (1  pt.),  chloral  (2  pts.),  and 
H,S04  (Zeidler,  B.  7,  1180).  Silky  needles. 

"  Di-chloro-di-bromo-di-phenyl-ethylene 
CCl2:C(CtiH4Br)2.    [120DJ.    Formed  by  the  action 
of  alcoholic   KOH    upon    the    preceding    body 
(Zeidler,  B.  7,  1180).     Needles  (from  alcohol). 

j8  -  CHLORO  -  a  -  BROMO  -  0  -PHENYL-PROPI- 
ONIC  ACID  C6H5.CHCl.CHBr.C02H.  [182°].  From 
a-bromo-j3-oxy-j8-phenyl-propionic  acid  and  cone. 
HClAq  at  100°  (Glaser,  A.  147,  92).  Monoclinic 
tables  (from  chloroform).  Boiling  water  forms 
HC1  and  bromo-oxy-phenyl-propionic  acid,  to- 
gether with  a  little  phenyl-acetic  aldehyde  and 
o>- bromo- styrene. 

a-Chloro  -  j8  -  bromo  -  £  -  phenyl  -  propionic  acid 
C(.H5.CHBr.CHCl.C02H.  [185°].  From  o-chloro- 
j8-oxy-j8-phenyl-propionic  acid  and  cone.  HBrAq 
at  60°  (G.).  Monoclinic  tables  (from  chloroform). 
Boiling  water  gives  w-chloro-styrene  and  a  little 
chloro-oxy-phenyl-propionic  acid,  and  phenyl- 
acetic  aldehyde. 

a-Chloro-aj8-di-bromo-)3-phenyl-propionicacid 
C6H5.CHBr.CBrCl  C02H.  [136°].  From  o-chloro- 
j8-phenyl-propionic  acid  and  Br  (Forrer,  B.  16, 
855).  Tables  (from  water). 

CHLORO-BROMO-PHTHALIDE 

C6H2ClBr<^0l2>0.      [179°].     Formed  by  oxi- 
dation of  chloro-bromo-naphthalene  [67°]  with 
Cr03  (Guareschi,  B.  19,  1154). 
VOL.  II. 


CHLORO  -  BROMO  -  PICRIN  v.  CHLORO -m- 

BROMO-NITRO-METHAXK. 

a>-CHLORO-a-BROMO-PROP  ANE  C3H6ClBr  i.e. 
CH3.CHBr.CH,Cl.  Propylene  chloro -bromide. 
(120°).  Formed  in  small  quantity,  together  with 
CH.(Br.CH,.CH.(Cl  by  treating  allyl  chloride  with 
fuming  HBr  (Reboul,  A.  Ch.  [5]  14,  487).  Con- 
verted by  alcoholic  KOH  into  HC1  and  bromo- 
propylene. 

a-Chloro-a>-bromo-propane  CH3.CHCl.CHjBr. 
(120°).  S.G.  2  1-585.  V.D.  5-52  (calc.  5-45). 
From  propylene  bromide  by  boiling  with  HgCl2 
(Friedel  a.  Silva,  Bl.  [2]  17,  532).  Alcoholic 
KOH  converts  it  into  chloro-propylene  (25°-30°). 

Chloro -bromo -propane  C3H6ClBr.  (119°). 
From  ClBr  and  C3H6  (Maxwell  Simpson,  Pr.  27, 
119).  Probably  a  mixture  of  the  two  preceding 
bodies. 

w-Chloro-/3-bromo-propaneCH2Br.CH.,.CH2Cl. 
Tri-methylenechloro-bromide.  (142°).  S.G.  a  1-63. 
From  tri-methylene  bromide  and  HgCl2.  It  is 
also  the  chief  product  of  the  union  of  HBr  with 
allyl  chloride  (Reboul).  Boiling  alcoholic  KOH 
gives  ethyl-allyl  oxide. 

a-Chloro  -  a  -  bromo  -  propane  CH3.CClBr.CH.,. 
Acetone  chloro-bromide.  (c.  95°).  S.G.  2i  1-474. 
From  o-chloro-propylene  CH3.CC1:CH2  and  cold 
cone.  HBrAq  (Reboul,  A.  Ch.  [5]  14,  482).  Alco- 
holic KOH  gives  a-chloro-propylene  and  allylene. 

w-Chloro-w-bromo-propane  CH3.CH2.CHClBr. 
(111°).  S.G.  ^  1-59.  From  w-chloro-propylene 
CH3.CH:CHC1  and  HBr  (R.).  Alcoholic  KOH 
gives  CH3.CH:CHC1. 

Chloro-di-bromo-propane  C3H5ClBr2.  (198°). 
From  allyl  bromide  and  ClBr.  They  unite  slowly 
in  the  cold  (Maxwell  Simpson,  Pr.  27,  119). 

w-Chloro-a>o-di-bromo-propane 
CH3.CHBr.CHClBr       (177°      cor.).  From 

CH3.CH:CHC1  and  Br  (Reboul,  Bl  [2]  26,  278). 

o-Chloro-wa-di-bromo-propane 
CH^CClBr.CH-jBr.  (170°).  S.G.  2  2-064  (Friedel, 
A.  112, 237).  From  CH3.CC1:CH2  and  Br  (F.  a.  S. ; 
R.).  With  alcoholic  KOH  it  gives  C3H4ClBr 
and  ethyl-propargyl  oxide  CH;C.CH2O.Et  (Oppen- 
heim,  A.  Suppl.  6,  372). 

a>-Chloro-aj3-di-bromo-propane 
CH2Br.CHBr.CH2d.     (195°)  (0.);    (203°)  (R.). 
S.G.  9-  2-085  (R.).    From  allyl  chloride  and  Br 

(0.).    Also  from  epichlorhydrin       A 

CH2.CH.CH,C1 

and  PBr5  or  PCl3Br2  (Reboul,  A.  Suppl.  1,  23"0 ; 
Darmstadter,  A.  152,  320).  Solid  KOH  gives 
CH2:CBr.CH2Cl.  Alcoholic  KOH  gives  rise  to 
CHiC.CH2.OEt. 

o-Chloro-wj8-di-bromo-propane 
CHjjBr.CHCl.CHaBr.      (200°).      From    glycerin 
dibromhydrin  and  PC15  (Berthelot  a.  de  Luca,  /. 
pr.  72,  317). 

Chloro-tri-bromo-piopane  C3H4ClBr3.  (238°). 
S.G.  ±±  2-39.  From  chloro  -  bromo  -  propylene 
(from  glycide)  and  Br  (Reboul,  A.  Suppl.  1,  231). 

Di-chloro-bromo-propane  C3H6CL,Br.  (180C- 
187°).  From  allyl  bromide  and  CiBr  at  100° 
(M.  Simpson,  Pr.  27,  119). 

a>j8-Di-chloro-a-bromo-propane 
CH2Cl.CHBr.CH2Cl.    (176°).    From  s-dichlorhy- 
drin  and  PBr5  (Berthelot  a.  de  Luca,  J.  pr.  17, 
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wa-Di-chloro-jQ-bromo-propane 
CH,Cl.CHCl.CH2Br.FroinCH2Cl.CH(OH).CH2Br 
and  PBr5. 

Di-chloro-bromo-propane  C3H4CL2Br.  (156°- 
160°).  From  bromo-propylene  and  chlorine 
(Linnemann,  A.  138,  123). 

wa-Di-chloro-aj3-di-bromo-propane 
CH2Cl.CClBr.CH.;Br.  (205°).  S.G.  ^  2-161.  From 
CH,C1.CC1:CH2  andBr  (Friedela.  Silva,  C.  B.  74, 
805";  75,81;  Bl  [2]  17,  386). 

a>/3-Di-chloro-a#-di-bromo-propane 
CH,Cl.CHBr.CHCLBr.     (221°)  (F.  a.  S.)  ;  (212°) 
(Hartenstein,  J.pr.  [2]  7,  313).    S.G.  *  2-19  (F. 
a.  S.)  ;  ^  2-083  (H.).     From  CH2C1.CH:CHC1 
and  Br  (B.  ;  F.  a.  S.  ;  H.). 

a>a-Di-chloro-«a-di-bromo-propane 
CH3.CClBr.CHClBr.     (189°).    From  allylene  di- 
chloride  and  Br  (F.  a.  S.  ;  Pinner,  A.  179,  44). 
Alcoholic  KOH  gives  C3H3Cl2Br  (143°). 

Di  -  chloro  -  tri  -  bromo  -  propane  C3H3Cl2Br3. 
[207°].  From  di-chloro-bromo-propylene  (143°) 
and  Br  (P.).  Alcoholic  KOH  re-converts  it  into 


0-CHLORO-a-BROMO-PROPIONIC  ACID 
CH2Cl.CHBr.C02H.     [37°].     (c.  213°).    Formed 
by  the  action  of  HN03  on  the  product  of  the 
union  of  BrOH  with  allyl  chloride  (Henry,  B.  7, 
757). 

a-Chloro-/3-bronio-propionic  acid 
CH^Br.CHCl.CC^H.     [37°].     (c.  213°).    Formed 
similarly  by  oxidising  the  product  of  the  union 
of  C10H  with  allyl  bromide  (H.). 

Chloro-tri-bromo-propionic  acid 
C2HClBr3.C02H.  [103°].  From  chloro-bromo- 
acrylic  acid  [70°]  and  Br  (1  mol.)  by  heating  for 
2  hours  at  100°  ;  the  yield  is  70  p.c.  (Mabery  a. 
Weber,  Am.  4,  104  ;  5,  255  ;  P.  Am.  A.  17,  106). 
Triclinic  prisms  (from  CS2)  ;  v.  sol.  alcohol  and 
ether.  Boiling  baryta-water  forms  C2HClBr2; 
cold  baryta-water  gives  chloro-di-bromo-acrylic 
acid.—  KA'aq.—  CaA'2.—  BaA'2:  S.  23  at  20°. 

Di-chloro-di-bromo-propionic  acid 
C2HCl2Br2.C02H.  [95°].  Prepared  by  the  com- 
bination of  di-chloro-acrylic  acid  [86°]  by  heat- 
ing with  bromine  at  100°  for  several  hours  (Hill 
a.  Mabery,  P.  Am.  A.  17,  140  ;  Am.  4,  267  ;  B.  14, 
1679).  Triclinic  prisms,  a:b:c  =  1-023:1:1-052  ; 
o  =  91°  ;  £  =  76°  31'  ;  7  =  108°  52'.  V.  sol.  water, 
alcohol,  and  ether,  m.  sol.  CS2  or  benzene. 

Salts.—  A'Ag:   flat  needles.—  A'2Ba  :    long 
easily  soluble  needles. 

aj3-Di-chloro-£j8-di-bromo-propionic  acid 
CClBr2.CHCl.C02H.  [100°].  Prepared  by  passing 
chlorine  into  di-bromo-acrylic  acid  at  100°  ;  the 
yield  is  96  p.c.  (Mabery  a.  Nicholson,  Am.  6,  166  ; 
cf.  Am.  4,  270  ;  P.  Am.  A.  17,  140  ;  B.  14,  1680). 
Monoclinic  prisms,  v.  e.  sol.  ether  and  alcohol, 
sol.  hot  CHC13  and  CS2,  si.  sol.  water. 

Salts.-CaA'2l£aq.—  KA'2aq. 

Tri-chloro-bromo-propionic  acid 
C2HCLBr.C02H.  [84°].  Prepared  by  passing 
chlorine  into  a  cold  chloroform  solution  of 
chloro-bromo-acrylic  acid  in  sunlight.  The 
yield  is  90  p.c.  (Mabery,  Am.  9,  1).  Trimetric 
prisms  ;  si.  sol.  water,  sol.  ether,  alcohol,  and 
CHC13.  Its  salts  are  unstable.—  KA'  2aq  :  tri- 
metric  plates.—  CaA'2  :  oblique  prisms.—  BaA'.,  : 
gummy. 

Tetra-chloro-bromo-propionic  acid 
CBrCl,.CCl2.C02H.  [225°].    Prepared  by  passing 
chlorine  into  a  solution  of  bromo-propiolic  acid 


in  chloroform,  till  the  product  crystallises  out 
(Mabery,  Am.  6,  155).  SI.  sol.  CS2  and  chloro- 
form. Its  salts  are  unstable. 

a-CHLORO-£-BROMO-PROPYL  ALCOHOL 
C3H6ClBrO  i.e.  CH,Br.CHCl.CH.>OH.  (197°).  S.G. 
2  1-764.     From  allyl  bromide  and  HOC1  (Henry, 
B.  7,  409,  758).     Oxidation  gives  chloro-bromo- 
propionic  acid  (v.  supra). 

j8-Cb.loro-a-bromo-propyl  alcohol 
CH2Cl.CHBr.CH2OH.     (197°).     S.G.   u  1-759. 
From  allyl  chloride  and  HOBr  (H.).     Oxidised 
by  HN03  to  chloro-bromo-propionic  acid  [37°], 
(215C). 

Nitrate  CH2'(N03).CHBr.CH2OH.  From 
the  alcohol,  HN03  and  H2S04.  Oil. 

archloro-a2-bromo-isopropyl  alcohol 
CH.,Br.CH(OH).CH2Cl.  Chloro  -  bromhydrin. 
(197°).  S.G.  i2  1-740.  From  epichlorhydrin  and 
HBr,  or  from  epibromhydrin  and  HC1  (Eeboul, 
A.  Suppl.  1,  225).  Cone.  KOH  splits  it  up  into 
HBr  and  epichlorhydrin.  Oxidation  gives  chloro- 
bromo-acetone  [35°]  (Theegarten,  B.  6,  1212). 
Also  from  epichlorhydrin  and  Br  at  100°  (Gri- 
maux  a.  Adam,  BL  [2]  33,  257). 

Ethyl  ether  CsH.JCmi.QEt.   (187°).  From 
O 

A 

epichlorhydrin  CH2.CH.CH2C1  and  EtBr  at  200° 
(Eeboul  a.  Lourenco,  A.  119,  238). 

CHLORO-BROMO-PROPYL-BENZENE         v. 

CHLOBO-BBOMO-CUMENE. 

CHLORO-BROMO-PROPYLENE  C3H4ClBr  i.e. 
CH,:CCl.CH,Br.  (121°).  From  a-chloro-allyl 
alcohol  and  PBr3  (Henry,  C.  E.  95,  849). 

Chloro-bromo-propylene  CHBr:CH.CH,Cl. 
(120°).  S.G.  11  1-63.  From  j8-bromo-allyl  alco- 
hol and  PC15  (Henry,  B.  5,  453). 

Chloro  -  bromo  -  propylene  CH2:CBr.CH.,Cl. 
(127°)  (E.);  (120°)  (H.).  S.G.  i*  1-69  (E.).  From 
CH2Br.CHBr.CH2Cl  and  solid  KOH  (Eeboul,  A. 
Suppl.  1,  230;  Oppenheim,  A.  Suppl.  6,  374). 
From  j8-bromo-allyl  alcohol  and  PC15  (H.). 

Cbloro-bromo-propylene  CH3.CCl:CHBr  (?) 
(105°).  From  CH3.CClBr.CH2Br  and  alcoholic 
KOH  (Friedel,  A.  112,  237). 

Di-chloro-bromo-propylene  CH3.CCl:CClBr(?) 
(143°).  From  allylene  di-chloro-di-bromide  and 
alcoholic  KOH  (Pinner,  A.  179,  45).  Br  gives 
C3H3Cl2Br3  [207°J. 

CHLORO-BROMO-QUINONE  CtiH2ClBr02 
[172'].  Formed  by  oxidation  of  chloro-bromo- 
hydroquinone  (Schulz,  B.  15,  656). 

w-Di-chloro-ra-di-bromo-quinone  C6CLBr202 
[6:2:5:3:4:1].  [233°]. 

Formation. — 1.  Formed  by  the  action  of  Br 
on  di-chloro-phenylene  di-imide  (from  bleaching- 
powder  and^)-phenylene-diamine  hydrochloride) 
(Krause,  B.  12,  53).— 2.  By  bromination  of  w-di- 
chloro-quinone  CaH2Cl202  [6:2:4:1]  (Levy,  B.  16, 
1447). — 3.  By  bromination  of  p-di-chloro-quinone 
CaH,Cl202  [6:3:4:1]  (Levy,  B.  18,  2367) ;  in  this 
case  one  of  the  Cl  atoms  must  undergo  trans- 
position from  the  p  to  the  m-position. — 4.  From 
hydroquinone,  cone.  HC1  and  Br  (Benedikt,  M. 
1,  347). 

Properties. — Monoclinic  golden-brown  tables ; 
a:6:c=  1-445:1:3-0286;  0  =  74°  31'  (L.).  SI.  sol. 
ether  and  alcohol,  insol.  water. 

Reactions. — It  is  very  readily  reduced  by 
hydroxylamine  hydrochloride  to  the  correspond- 
ing hydroquinone  [234°],  whose  acetyl  derivative 
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melts  at  [270°]  (Hantzsch  a.  Schniter,  B.  20, 
2279).  By  boiling  with  aqueous  alkalis  it  is 
converted  into  a  chloro-bromo-di-oxy-quinone 
C(jClBr(OH),O,. 

Tri-chlofo-bromo-quinone  C,.Cl3Br02.  From 
tri-chloro-quinone  and  Br  at  130°  (Stenhouse, 
A.  Suppl.  6,  219).  Also  from  tri-chloro-bromo- 
hydroquinone  and  cone.  HN03  (Levy  a.  Schultz, 

A.  210,   162).      Golden  monoclinic  pyramids ; 
a:6:c  =  l-48:l:2'95;    0  =  74°  41'.      Sublimes    at 
160°.     Dilute  KOH  gives  chloro-bromo-di-oxy- 
quinone. 

CHLORO-DI-BROMO-RESORCIN 
C6HBr2Cl(OH)2.   [105°].    Got  by  adding  excess 
of  bromine  water  to  a  solution  of  chloro-resorcin 
at  80°.     Crystallises  from  water  in  silky  needles 
(G.  Keinhard,  J.  pr.  [2]  17,  325). 

Chloro  -di-bromo  -r  esorcin  CBHBr.,Cl(OH) .,. 
[86°] .  From  CtiHBr2Cl(OCl)  (OBr)  and  ~NaHSO"3 
(Benedikt,  M.  4,  227). 

Di-chloro-bromo-resorcin  C)JHBrCl2(OH)2. 
[100°].  From  Br  and  di-chloro-resorcin. "  Silky 
needles  (from  water)  (K.). 

Di-chloro-tri-bromo-resorcin  C6HCl2Br302  i.e. 
C6HBr.,Cl(OCl)(OBr)(?)  Formed  by  adding  Br 
(216  g.jj  dissolved  in  cone.  HClAq  (1,000  c.  c.)  to 
a  solution  of  resorcin  (50  g.)  in  water  (2,000  c.  c.) 
(B.).  Yellow  crystals.  At  175°  it  gives  crystal- 
line C!2H2Cl4Br204  which  is  reduced  by  tin  and 
HC1  to  di-chloro-di-bromo-tetra-oxy-diphenyl. 

Tri-chloro-di-bromo-resorcin  C6HCl3(OBr)2. 
[100°].  Prepared  by  adding  Br  to  tri-chloro-re- 
sorcin  suspended  in  dilute  HC1  (B.).  Small 
golden  crystals.  Gives  off  Br  (1  mol.)  on  heat- 
ing. Keduced  by  tin  and  HC1  to  tri-chloro- 
resorcin. 

HEXA-BROMO-TRI-CHLORO-DI-THIENYL- 
ETHANE  CCl3.CH(C4Br3S),.  [176°].  Formed 
by  bromination  of  di-thienyl-tri-chloro-ethane 
(Peter,  B.  17,  1343).  White  crystalline  powder. 
V.  sol.  ether  and  chloroform,  si.  sol.  alcohol. 
Does  not  give  the  indophenine  reaction. 

CHLORO-BROMO-THYMOQUINONE 
C(iMePrClBr02     [1:4:5:2:3:6].      [78°].      Formed 
by    bromination    of     m  -  chloro  -  thymoquinone 
C6HMePrC10.,[l:4:5:3:6].  Yellowplates  (Sehniter, 

B.  20,  1319). 
Chloro-bromo-thymoquinone    C6MePrClBr02 

[1:4:2:5:3:6].  p  -  Chloro  -  benzyl  bromide.  [87°]. 
Formation. — 1.  By  oxidation  of  the  corresponding 
hydroquinone  with  Fe2Clc. — 2.  By  bromination  of 
o-chloro-thymo-quinoneC6HMePrC102[l:4:2:3:6]. 
Golden-yellow  plates  (Schniter,  B.  20,  1318). 

#-CHLORO-o>-BROMO-TOLUENE  C7H6ClBr 
i.e.  CuH4Cl.CH2Br.  [48-5°]  (225°-230°).  From 
jp-chloro-toluene  and  Br  (Jackson  a.  Field,  Am. 
1,102).  White  needles  (from  alcohol) ;  aromatic 
odour ;  volatile  in  the  air. 

w-Chloro-p-bromo-toluene  C0H4Br.CH2Cl.  b- 
Bromo-benzyl  chloride.  Obtained,  mixed  with 
an  equivalent  quantity  of  C^H.jBr.CH^r,  by 
brominating  benzyl  chloride  (Errera,  G.  17, 193). 
NaOEt  converts  it  into  CtiH4Br.CH2.OEt  (243°). 

Di-chloro-bromo-toluene  C7H5Cl2Br.  (280°- 
290°)  (Jackson  a.  Field,  B.  11,  905). 

CHLORO-BROMO-TOLUQUINONE 
C6HMeClBr02.     [1110].    From  the  hydroquinone 
[123°] ,   by  oxidation.     Thick   needles.     V.  sol. 
ether,  benzene,   and  chloroform;    scarcely  sol. 
water  (Schniter,  B.  20,  2287). 


Chloro-bromo-toluquinone  e^. 
[150°].  From  the  hydroquinone,  [121°],  by  oxi- 
dation. Glistening  yellow  plates  (from  alcohol) 
(Schniter,  B.  20,  2287). 

TRI  -  CHLORO  -  DI  -  BROMO  -  DI  -  TOLYL  - 
ETHANE  C.^Cl^r,.  [148°].  From  tri-chloro- 
di-tolyl-ethane  and  Br  in  CS2  (0.  Fischer,  B.  7, 
1191). 

DI-CHLORO-BROMO-VINYL-BENZOICACID 
C^CLjBrO,  i.e.  CClBr:CCl.CtiH4.C02H.  [174°]. 

From  C6H4<^°,1Br>CClBr  and  alcoholic  NaOH 

diluted  with  water  (Zincke  a.  Frohlich,  B.  20, 
2056).     Needles. 

Methyl  ether  Me  A'.     [82°]. 

CHLORO-BUTANE  v.  BUTYL  CHLORIDE. 

aa-Di-chloro-butane  CH3.CC12.CH.,.CH3.  (96°). 
From  methyl  ethyl  ketone  and  PCI  "(Bruylants, 
£.8,412).  Dry  KOH  gives  CH:C.CH2.CH3.  Al- 
coholic KOH  gives  CH3.C:C.CH3  (Favorsky,  Bl. 
[2]  45,  247). 

ewo>-Di-chloro-isobutane  (CH3)2CH.CHCL. 
Isobutylidene  chloride.  (104°).  S.G.  ±2  i-oil. 
V.D.  127  (H  =  1).  From  isobutyric  aldehyde  and 
PC15  (Oeconomides,  C.  R.  92,  884).  Aqueous  NH3 
at  180°  gives  chloro-isobutylene  (67°). 

Di-chloro-isobutane  C4HHC12.  (107°).  From 
chloro-isobutylene  CH2:CMe.CH2Cl  and  cone. 
HC1  (Chechoukoff,  Bl.  [2]  43,  112). 

Di-chloro-butane  C4H8C12.  (128°)  (P.);  (125°) 
(Faraday).  S.G.  &  1-112.  V.D.  4-43.  Formed  by 
union  of  Cl  with  the  mixture  of  butylenes  (q.  v.) 
obtained  by  treating  isobutyl  alcohol  (25  pts.) 
with  H,S04  (25  pts.),  CaS04  (40  pts.),  and  K2SO4 
(10  pts.)  (Puchot,  A.  Ch.  [5]  28, 508 ;  cf.  Faraday, 
Tr.  1825,  440  ;  Kolbe,  A.  69,  269  ;  64,  339). 

Di-chloro-butane  C4H8C12.  (106°).  From  tert- 
butyl  chloride  and  Cl  in  daylight  (D'Ottreppe  de 
Bouvette,  Belg.  Acad.  Bull.  [3]  4,  359). 

Tetra-cb lore-butane  C4H6C14  i.e. 
CH3.CC12.CHC1.CH2C1.     (85°)  at  10  mm.    From 
tri-chloro-butyl  alcohol  by  gradual  addition  of 
PC15  (Garzarolli-Thurnlackh,  A.  213,  372).     Oil. 

Tetra-chloro-butane 

CH2C1.CHC1.CHC1.CH2C1.  Butinene  tetra-chlo 
ride.  [73°].  From  butinene  and  Cl.  Also  from 
erythrite  and  PC15  (Henninger,  Bl.  [2]  34,  195). 
Prisms. 

Tetra-chloro-iso-butane  CCls.CMe2Cl.  Tri- 
chloro-tri-methyl-carbinyl  chloride  or  chloro- 
isobutyro-tri-chloride.  (167°).  Strong  odour. 
Formed,  together  with  hexa-chloro-di-fer£-butyl 
oxide  (CCl3.CMe2)20,  by  the  action  of  PC15  upon 
acetone-chloroform  (Willgerodt  a.  Diirr,  B.  20, 
539). 

Hexa- chloro -butane  C4H4C16.  (148°)  at 
50  mm.  S.G.  iS  1-67.  A  liquid  formed  by  the 
action  of  chlorine  on  isobutyl  iodide  (Prunier, 
Bl.  [2]  24,  24). 

Hexa-chloro-butane  C4H4C16.  Formed  by 
the  action  of  chlorine  on  C4H8C12  (from  isobutyl 
alcohol)  in  sunlight  (Puchot,  C.  R.  85,  757). 
Oil.  Converted  by  KOH  into  C4H2Clfi,  C4C1.,, 
and  C4C14. 

Hexa-chloro-butane  C4H4C16.  (c.  115°)  in 
vacuo.  From  tert-butyl  chloride  and  chlorine 
in  sunlight  (d'O.  de  B.). 

Hepta-chloro-butane  C4H3C17.  [36°].  (125°- 
135°)  in  vacuo.  From  tert-butyl  chloride  and 
Cl  in  sunlight  (d'O.  de  B.). 
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Hepta-chloro-butane  C4H3CL.  [42°].  (135°- 
145°)  in  vacuo.  Formed  at  the  same  time  as 
the  preceding. 

CHLORO  -  BUTANE  TETEA  -  CAEBOXYLIC 
ACID  CC1(C02H)2.C(C2H5)(CO,H)2.  Ethyl-chloro- 
acetylene-tetra-carboxylic  acid. 

Tetra-ethyl-ether  AuEt4.  S.G.  fjf  1-076. 
Formed  by  chlorination  of  butane-tetra-car- 
boxylic  ether.  Oil  (Bischoff  a.  Each,  B.  17, 
2786). 

CHLORO -BUT  EN  YL  ALCOHOL  C4H7C10. 
Chloro-crotyl  alcohol  (158-3°  i.V.)  at  742-5  mm. 
S.G.  iff  1-1312.  V.D.  3-60  (for  3-68).  From 
tri-chloro-butyl  alcohol  by  zinc- dust  and  HC1 
(Garzarolli-Thurnlackh,  A.  213,  375).  Crystal- 
lises in  a  freezing  mixture.  Smells  like  allyl  com- 
pounds. M.  sol.  water,  but  separated  by  K2C03 
or  NaCl.  Forms  with  Br  in  CHC13  chloro-di- 
bromo-butyl  alcohol,  which  is  very  unstable. 
If  it  be  oxidised  by  HN03  it  forms  chloro-di- 
brorno -butyric  acid  (not  isolated),  which  is 
reduced  by  zinc-dust  and  HC1  to  chloro-crotonic 
acid  [97°]. 

Acetate  (168°-169°)  at  741mm.  V.D. 
5-23  (for  5-14).  Colourless  fruity  liquid,  heavier 
than  water.  V.  si.  sol.  water. 

CHLORO-BUTINENE  C4H5C1.  (65°).  From 
di-chloro-butylene  CH3.CH:CH.CHC12  and  alco- 
holic KOH  (Kekule,  A.  162,  99). 

Hexa-chloro-butinene  C4C16.  [39°J.  (284°). 
From  s-hexyl-iodide  and  IC13  at  100°-240° 
(Krafft,  B.  10,  803).  Thin  prisms  (from 
alcohol). 

TRI  -  CHLORO  -  BUTYL    ACETATE 
C4H6Cl3OAc.      (217-5°)   at  733  mm.      S.G.  g 
1-344.    From  tri-chloro-butyl  alcohol  and  AcCl 
at  110°  (Garzarolli-Thurnlackh,  A.  213,  373). 

o-CHLORO-ISOBUTYL  ALCOHOL  C4H9C10 
i.e.  (CH3)2CC1.CH2OH  Butylene-glycol  chlorhy- 
drin  (137°).  From  isobutylene  and  HC10  (But- 
lerow,  A.  144,  25).  SI.  sol.  water.  Keduced  by 
sodium-amalgam  to  isobutyl  alcohol.  Oxidised 
by  HN03  to  chloro-isobutyric  acid  (Henry,  B.  9, 
1034). 

ChloTO  -sec  -butyl  alcohol.  Ethyl  ether 
CH3.CH2.CH(OEt).CH2Cl.  (141°).  S.G.  fi  -9735. 
From  di-chloro-di-ethyl  oxide  and  ZnEt2  (Lieben, 
A.  123,  133). 

Di-chloro-fcrJ-butyl  alcohol  C4H8C120.  (143-5° 
i.V.).  S.G.  2  1-0335.  From  (CH3)2C:CHC1  and 
HC10  (Oeconomides,  C.  E.  92,  1235). 

Tri-chloro-butyl  alcohol 

CH3.CC12.CHC1.CH2.OH  [62°].  (120°)  at  45  mm. 
From  tri-chloro-butyric  aldehyde  (butyl  chloral) 
and  ZnEt2,  ZnPr2,  or  Zn(CH,Pr)2,  followed 
by  water,  thus:  C3H4Cl3CHO  +  Zn(C2H5)2 
=  C3H4Cl3.CH2OZnC2H5  +  C,H4  (Garzarolli- 
Thurnlackh,  A.  213,  370 ;  22~3,  166).  Also  from 
urochloralic  acid  and  HC1  (Mering,  H.  4,  93). 
Prisms  (from  ether).  V.  sol.  alcohol  or  ether,  si. 
sol.  hot  water.  Sol.  warm  cone.  H2S04,  but  de- 
composed by  heating  the  solution. 

Reactions. — 1.  PC13  has  hardly  any  action. 
2.  Fuming  HBr  at  110°  has  no  action.— 3.  PC15 
gives  tetra-chloro-butane.  —  4.  Fuming  HN03 
gives  tri-chloro-butyric  acid. — 5.  Zinc-dust  and 
HC1  reduce  it  to  chloro-butenyl  alcohol  (q.v.). 

Tri-cbloro-tert- butyl  -alcohol   v.  ACETONE- 

CHLOBOFOBM. 


CHLORO-ISO-BUTYL-ISO-AMYL-GLYOXAL- 

INE  (?)  C12H21C1N2.  Chloro-oxalamyline.  (267°- 
270°).  Prepared  from  di-isoamyl-oxamide  in 
the  same  way  as  chloro-oxalethyline  from  di- 
ethyl-oxamide  (Wallach  a.  Schulze,  B.  13,  516  ; 

A.  214,  316). 

Salt  s.— (B'HCl)2PtCl4.— B'HCl. 

7-CHLORO-rc  -BUTYL  -BENZENE  C10H13Ci 
i.e.  CtiH..CHCLC3H7.  From  C6H5.CH(OH).CSH7 
and  HC1  (Engler  a.  Bethge,  B.  7,  1128).  Liquid. 

CHLORO-ISO-BUTYLENE (CH:j),C:CHCl.  Iso- 
butenyl  chloride.  Isocrotyl  chloride,  (c.  65°). 
S.G.  12  -979.  V.D.  89-7.  From  isobutylidene 
chloride  (CH3)2CH.CHC12  and  alcoholic  KOH  or 
NH3.  Formed  together  with  (CH3)2CH.CHC12, 
by  treating  isobutyric  aldehyde  with  PC15  (Oeco- 
nomides, C.  E.  92,  884,  1235 ;  Bl.  [2]  35,  498). 
Formed  also  by  the  action  of  chlorine  on  iso- 
butylene, especially  below  0°  (Scheschukoff ,  /.  E. 
16,493;  Bl.  [2]  41,  253;  43,  127).  Converted 
by  water  at  90°  into  isobutyric  aldehyde. 

Chloro-isobutylene  CH3.C(CH.,C1):CH2.  Bute- 
nyl  chloride,  (c.  73°).  S.G.  &  -955.  Formed, 
together  with  the  preceding,  by  chlorinating  iso- 
butylene, especially  above  0°  (S.).  Heated  with 
aqueous  K2C03  it  forms  isobutenyl  alcohol  (113°). 
HC1  forms  C4H8C12  (107°),  whence  K,C03  gives 
C4H8(OH)2  (178°). 

Di  -  chloro  -  n  -  butylene  CH3.CH:CH.CHC12. 
(126°).  S.G.  32  1-131.  From  crotonic  aldehyde 
and  PC15  (Kekule,  A.  162,  98).  Alcoholic  KOH 
gives  C4H5C1  (65°)  and  C4HBC1.0Et  (134n).  Br 
gives  C.tHyCl^rg  whence  aqueous  K2C03  gives 
C4H6ClBr(OH)2  (c.  118°). 

Tetra-chloro- butylene  C4H4C14.  (200°). 
From  tri-chloro-butyric  aldehyde  and  PC15 
(Judson,  B.  3,  790). 

Penta-chloro-butylene  C4H3C15.  (187°)  at 
460  mm.  From  fer£-butyl  alcohol  and  chlorine 
(Lieben,  B.  8,  1017). 

TRI-CHLOR-BUTYLIDENE-IMIDE 
CH3.CHC1.CC12.CH:NH.  [164°-165°J.  (P.  a.  K.) ; 
[170°]  (S.).    Prepared  by  the  action  of  ammo- 
nium acetate  on  tri-chloro-butyric  ortho-alde- 
hyde (hydrate  of  butyrochloral)  (Pinner  a.  Klein, 

B.  11, 1491).    Also  by  heating  tri-chloro-butyric 
aldehyde-ammonia  with  benzoic  aldehyde   (E. 
Schiff ,  G.  9,  438).    Sol.  alcohol,  ether,  hot  water 
and  hot  benzene. 

a  -  CHLORO  -  ISOBUTYL  -  MALONIC  ACID 
C,H9.CC1:(C02H)2.  Di-ethyl-ether  A"Et2. 
(246°).  S.G.  is  1-091.  Prepared  by  the  action 
of  chlorine  on  isobutyl-malonic  ether.  Liquid. 
On  saponification  with  KOH  it  gives  iso-butyl- 
oxy-malonic  acid  (Conrad  a.  Bischoff,  B.  13,  600 ; 
A.  209,  237). 

HEXA-CHLORO-DI-TERT- BUTYL  OXIDE 
C8H12C160  i.e.  (CCl3.CMe2)20.  'Acetone-chloro- 
form ether.'  (156°).  Formed,  together  with 
CCl3.CMe2OH,  and  its  oily  isomeride,  by  the 
action  of  PC15  upon  acetone-chloroform  (Will- 
gerodt  a.  Diirr,  B.  20,  539).  Liquid.  Volatile 
with  steam.  Very  pungent. 

a-CHLORO-w-BUTYRIC  ACID  C4H7C102  i.e. 
CH3.CH,.CHC1.CO,H.  From  its  chloride  and 
\vater.  Thick  liquid,  v.  sol.  hot  water. 

Chloride  CH3.CH2.CHC1.COC1.  (c.  131°). 
S.G.  12  1-257.  Formed  by  chlorinating  butyryl 
chloride  in  presence  of  iodine  (Markownikoif, 
A.  153,  241 ;  cf.  K.  [2]  4,  621). 


CttLOttO-BUTYlitC  ALDEHYDE. 


Ethyl  ether  EtA'.  (c.  158°).  B.G. — 
1-063  (M.). 

jS-Chloro-n-butyric  acid 
CH3.CHC1.CH2.C02H. 

Formation.— I.  By  saponification  of  allyl 
cyanide  by  HC1  (Pinner,  B.  12,  2056).— 2.  By 
oxidation  of  the  corresponding  aldehyde  (Karet- 
nikoff,  J.  E.  11,  252).— 3.  By  treating  the 
hydrochloride  of  j8-chloro-butyric  imido-ether 
CH3.CHCl.CH2.C(NH)(OEt)  with  water  (Pinner, 
B.  17,  2008). 

Reactions. — Boiling  baryta-water  forms  HC1 
and  crotonic  acid. 

Ethyl  ether.  EtA'.  (c.  170°).  S.G.  a 
1-072  (Ba.);  f  1'0517  (Br.).  ^  1-430.  E^ 
59-1.  Obtained  by  chlorinating  butyric  acid 
(Balbiano,  B.  10,  1749;  11,  348;  G.  10,  137). 
Probably  the  same  compound  is  got  by  satu- 
rating an  alcoholic  solution  of  crotonic  acid 
with  HC1  (Bruhl,  A.  203,  28).  Converted  by 
KOH  into  crotonic  acid  and  j8-oxy-butyric  acid. 
Heated  with  alcoholic  NH3  it  gives  j8-amido- 
butyramide. 

7-Chloro-butyric  acid  CH2C1.CH2.CH2.C02H. 
[10°].  S.G.  i^  1-250.  From  the  nitrile  by  HC1 
(Henry,  C.  R.  101, 1158).  Viscous  liquid  or  thin 
lanrinas,  si.  sol.  water.  At  190°  it  splits  up  into 
HC1  and  the  lactone  of  7-oxy-butyric  acid. 

Methyl  ether  M.eAf.  (174°).  S.G.  ig  1-894. 
From  the  nitrile,  MeOH,  and  HC1. 

Ethyl  ether  EtA'.  (184°).     S.G.  ig  1-122. 

Chloride  CH2C1.CH2.CH2.COC1.  (174°). 
S.G.  ig  1-268. 

Amide  CH,C1.CH2.CH,.CONH2.     [90°]. 

Nitrile  CH.,C1.CH,.CH2.CN.  (196°).  S.G. 
ig  1-162.  From  CH2Cl.CH2.CH2Br  and  KCy. 

o-Chloro-isobutyric  acid  (CH3)2CC1.C02H. 
From  (CH3)2CC1.CH2OH  by  oxidation  with  HN03 
(Henry,  Bl.  [2]  26,  24).  Formed  also  by  chlori- 
nating isobutyric  acid  (Balbiano,  B.  11,  1693). 

Ethyl  ether  EtA'.  (149°  cor.).  S.G.  s  1-062. 
Converted  by  alkalis  into  oxy-isobutyric,  metha- 
crylic,  and '  di-butyllactic '  (C8H1405)  acids  (Testa, 
G.  10,  377). 

oj8-Di-chloro-butyric  acid 

CH3.CHC1.CHC1.C02H  [63°].  Formed  by  com- 
bining solid  crotonic  acid  with  chlorine,  in  CS2 
solution.  Large  glistening  colourless  prisms. 
By  aqueous  NaOH  at  the  ordinary  temperature 
it  is  converted  into  aZZo-o-chloro-crotonic  acid 
[66°].  If  the  solution  is  heated  during  the  re- 
action some  ordinary  o-chloro-crotonic  acid  is 
formed  simultaneously.  On  heating  the  neutral 
alkaline  salts  in  aqueous  solution  aZZo-o-chloro- 
propylene  is  formed  (Wislicenus,  B.  20,  1008 ; 
Michael  a.  Brown,  Am.  9,  281 ;  J.pr.  [2]  36, 174  ; 
c/.  Friedrich,  A.  219,  371). 

Salt  s. — AgA'. — BaA'2 :  gummy. 

Methyl  ether  MeA'.  (84°)  at  28mm.; 
(177°).  S.G.  £  1-2809  (Zeisel,  M.  7,  368). 

Ethyl  ether  EtA'.  (96°)  at  35 mm.  Con- 
verted by  alcoholic  KOH  into  o-chloro-crotonic 
acid  [98°]. 

Chloride  CH3.CHC1.CHC1.COC1.  (164°). 
From  crotonic  aldehyde  and  chlorine  (Z.). 

J.ZZo-oj8-di-chloro-butyric  acid 
CH3.CHC1.CHC1.C02H.     Liquid.     Formed,    to- 
gether with  some  solid  oj8-di-chloro-butyric  acid 
[63°],  by  combination  of  liquid  iso-crotonic  acid 
with  Cl.     By  excess  of  cold  aqueous  NaOH  it  is 


converted  into  ordinary  a-chloro-crotonic  acid 
[99°].  On  heating  the  neutral  aqueous  solution 
of  the  alkaline  salts,  ordinary  a-chloro-propylene 
(36°)  is  formed  (Wislicenus,  B.  20,  1009). 

A  di-chloro-butyric  acid  is  formed  by  chlori- 
nating n-butyric  acid  in  sunlight  (Pelouze  a. 
Gelis,  A.  Ch.  [3]  10,  434  ;  Naumann,  A.  119, 120). 

ao-Di-chloro-butyric  acid.  Anilide. 
CH3.CH2.CCl2.O.NHPh.  [200°].  From  aniline 
ethyl-malonate  and  PC15  (Schramm,  B.  21,  289). 
Distillation  with  aqueous  Na2CO.,  converts  it  into 
NPh:CH.O.CClEt.CO.NHPh  which  yields  phenyl- 
carbamine  when  boiled  with  cone.  KOHAq. 

o-Toluide  CH3.CH,.CC12.ONHC7H7.  Pre- 
pared in  a  similar  way.  Is  converted  by  aqueous 
Na2CO3  into  NC7H7:CH.O.CClEt.CO.NHC7H7. 
[107°].' 

Tri-chloro-butyric  acid  CH3.CHC1.CCL>.C02H. 
[60°]  (K.) :;  [58°]  (G.).  (237°).  S.  4.  Formed 
by  oxidising  tri-chloro-butyric  aldehyde  (Kramer 
a.  Pinner,  B.  3,  389 ;  Judson,  B.  3,  785  ;  Kahl- 
baum,  B.  12,  2337).  From  the  alcohol  and 
fuming  HNO3  (Garzarolli-Thurnlackh,  A.  213, 
374  ;  182,  185).  The  silver  salt  when  boiled  with 
water  gives  di-chloro-propylene  (78°). — AgA'. — 
CaA'2.— PbA'2. 

Ethyl  ether  EtA.'.    (212-). 

Chloride  CH3.CHC1.CC1.,.COC1.    (c.  164°). 

^ra^eCH3.CHCl.CH2.CONH2.    [96°]. 

Tri-chloro-butyric  acid 

CH2C1.CH2.CC12.C02H.  [75°].  S.  5.  From  the 
corresponding  aldehyde  and  fuming  HN03  (Nat- 
terer,  M.  4,  539;  5,  251). 

Tri-chloro-isobutyric  acid  C4H5C1302.  [50°]. 
Separates  when  chlorine  is  passed  into  an  aqueous 
solution  of  sodium  citraconate  (Gottlieb,  J.  pr. 
[2]  12,  1).  Prisms.  Boiling  alkalis  convert  it 
into  di-chloro-methacrylic  acid.  Zinc-dust  and 
HC1  form  chloro-methacrylic  acid. 

Salts.— NH4A'.—BaA'2.—PbA'2.— Aniline 
salt  NILjPhHA'.  [164°]  (Daccomo,  J.  1884, 
1385).— [4:l]CfiH4Me.NH3A'.  [154°]  (D.). 

Tetra-chloro-butyric  acid  C4H4C14O2.  [140°]. 
From  w-butyric  acid  and  Cl  in  sunlight  (Pelouze 
a.  Gelis,  A.  Ch.  [3]  10,  434). 

0-CHLORO-w-BUTYKIC  ALDEHYDE 
C4H7C10  i.e.  CH3.CHC1.CH2CHO.    [97°J.    From 
crotonic  aldehyde  and  gaseous  HC1  (Kekule,  A. 
162,  100).    Needles  (from  dilute  alcohol) ;  insol. 
water. 

Tri-chloro-butyric  aldehyde 
CH3.CHC1.CC12.CHO. 

Butyl-chloral.  Mol.  w.  175|.  (165°).  S.G. 
2£  1-3956.  P0  1-482.  ^  57'99  (Bruhl,  A.  203, 
20). 

Formation. — 1.  By  the  action  of  chlorine  on 
aldehyde  (Pinner,  A.  179,  21 ;  B.  3,383  ;  8, 1561). 
2.  From  chloro-acetic  ortho-aldehyde  by  heating 
with  an  equivalent  quantity  of  aldehyde  and  a 
trace  of  HC1 ;  the  oily  product  (o-chloro-crotonic 
aldehyde)  being  subsequently  chlorinated  (Lieben 
a.  Zeisel,  M.  4,  531). 

Properties. — Liquid  ;  combines  with  water 
forming  a  crystalline  hydrate,  whence  it  is 
liberated  by  distillation  in  a  current  of  HC1. 
Oxidation  gives  tri-chloro-butyric  acid.  PC15 
gives  C4H4C14  (200°). 

Reactions.— 1.  ZnMe2  in  ether  followed,  after 
a  time,  by  water  gives  tri-chloro-amyl  alcohol 
(C:jH4Cl3)CHMeOH.— 2.  ZnEt,  (1  mol.)  gives  off 
ethvlene,  and  the  residue  when  treated  with 
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water  forms  tri-chloro-butyl  alcohol  (Garzarolli- 
Thurnlackh,  A.  213,  370).— 3.  Tri-cliloro-lactic 

acid  at  130°  gives  CCl3.CH<°a>CH.C3H4Cl3 
[107°]  (Wallach,  A.  193,  47).— 4.  Lactic  acid 
gives  CH3.CH<°02>CH.C3H4C13  (261°).  -  5. 
Tri-chloro-oxy-valeric  acid  at  175°  slowly  forms 
C3Cl3H4CH<g02>CH.C3Cl3H4  [85°].  (300°- 

310°)  (W.).— 6.  PH4I  forms  C8H13C16P02  [96°] 
(Girard,  A.  Ch.  [6]  2,  52).  Split  up  by  cone. 
NaOHAq  into  HC1,  H3POS,  C3H4C12,  formic  acid 
and  hydrogen. 

Combinations.  —  1.  With  water  :  — 
Tri  -  chloro  -  butyric  ortho  -  aldehyde 
CH,.CHC1.CC12.CH(OH)2.  Mol.  w.  193$.  [78°] 
(K.  a.  P.) ;  [75°]  (L.  a.  Z.).  V.D.  3-33  (calc.  6'7) 
(Moitesier,  C.  R.  90,  1075).  Trimetric  laminte  ; 
a.  b:c  =  -65:1:1-2.  Dissociated  by  heat.  Re- 
actions.—(a)  Converted  by  boiling  Na2C03Aq 
into  di-chloro-propylene  (77°)  which  on  oxida- 
tion with  Cr03  yields  acetic  acid.— (b)  Zn  and 
HC1  reduce  it  to  chloro-crotonic  and  crotonic 
aldehydes  (Sarnow,  A.  164,  108).— (c)  Iron  and 
HOAc  give  butyric  aldehyde,  w-butyric  alcohol, 
and  butenyl  alcohol  (Lieben  a.  Zeisel,  M.  1, 840). 
— (d)  After  being  taken  into  the  system  it  is 
excreted  in  urine  as  tri-chloro-butyl-gly- 
curonic  acid  CIOH15C1307  (Mering,  H.  6,  491; 
Kulz,  J.  Th.  1882,  95).  This  acid  crystallises 
in  silky  needles,  is  lasvorotatory,  and  split  up 
by  boiling  dilute  acids  into  glycuronic  acid  and 
tri-chloro-butyl  alcohol. — (e)  Heated  with  dry 
NH4OAc  it  forms  C4H5C13NH  [165°]  (Pinner  a. 
Klein,  B.  11,  1491) ;  [170°]  (Schiff,  B.  11,  2167). 

2.  With         hydrogen         cyanide:  — 
Tri-chloro-oxy-valeronitrile 
CH3.CHC1.CC12.CH(OH).CN.   [102°].    (c.    230°). 
This  is  converted  by  alcoholic  NH3  into  chloro- 
crotonamide ;  and  by  H2S04  into  tri-chloro-oxy- 
valeramide.    Heated  with  urea  it  yields  chloro- 
crotonyl-urea     CH3CH:CC1.CO.NH.CO.NH2    as 
chief  product    (about  60    p.c.)   and  butyro- 
chlor  al-biuret 

CH8.CHC1.CC12.CH<™;°°)>NH  as  a  by- 
product (about  6  p.c.)  (Pinner  a.  Lifschiitz,  B. 
20,  2347)  . 

3.  With  acetamide :— C4H3Cl3(OH)(NHAc). 
[170°]  (Pinner,  A.  179,  40) ;  [158°]  (Schiff  a. 
Tassinari,  B.  10,  1785).   Tables;  v.sl.  sol.  water. 

4.Withbenzamide:— C4H5Cls(OH)(NHBz). 
[150°]  (Pinner,  A.  179,  40) ;  [133°]  (Schiff  a. 
Tassinari,  B.  10,  1785).  Formed  by  melting 
tri-chloro-butyric  aldehyde  with  benzamide. 

5.  With  carbamic  ether: — 
C4HiCls(OH)(NH.CO.JEt).     [125°].      From     tri- 
chloro-butyric   aldehyde,   carbamic    ether,   and 
HC1  (Bischoff,  B.  7,  632).     Small  prisms. 

6.  With  ammonia:— [62°]  (S.  a.  T.). 

7.  With  alcohol:— 
CH3.CHCl.CCl,.CH(OH)(OEt).     Oil  (P.). 

8.  With  acetyl  chloride: — 
CH3.CHCl.CH2.CH(OAc)Cl  (220°). 

Tri-chloro-butyric  aldehyde 
CH2C1.CH2.CCL,.CHO.  [-78°].  From  oy-di -chloro- 
crotonic  aldehyde  CH2C1.CH:CC1.CHO  and  HC1 
(Natterer,   M.    4,    551;    5,   253).      Forms    no 
hydrate. 


0-  CHLORO-  BUI  YRIMIDO-  ETHYL-ETHER 

C3H6Cl.C(NH).OEt.  Thehydrochlorideis  formed 
by  passing  HC1  into  a  mixture  of  allyl  cyanide 
(1  mol.)  and  ethyl  alcohol  (1  mol.).  The  hydro- 
chloride  (B'HCl)  crystallises  in  large  colourless 
prisms  (Pinner,  B.  17,  2007). 

CHLORO-CAFFEINE  v.  CAFFEINE. 

CHLORO-CAMPHOR  v.  CAMI-HOR. 

CHLORO-CAPROIC  ACID   v.   CHLORO-HEXOIC 

ACID. 

CHLORO-TRICARBALLYLIC  ACID.  Methyl 
ether  CH2(C02Me).CCl(CO,Me).CH2(C02Me). 
From  tri-methyl  citrate  and  PCI,  (Huneeus,  B.  9, 
1750).  Oil  ;  split  up  by  heat  into  HC1  and  tri- 
methyl  aconitate. 

TRI-CHLORO-CARBAZOLE  C^H.C^N.  [180°]. 
Prepared  by  passing  chlorine  into  acetic  acid 
containing  carbazole  in  suspension  until  the  mass 
appears  bright  green  (Greebe,  A.  202,  27). 
Needles  ;  sol.  benzene,  ether,  and  alcohol.  Its 
solution  in  cone.  H.2S04  is  bright  green.  Its 
picric  acid  comp'ound  [100°]  forms  red 
needles. 

Hexa-chloro-carbazole  C1?H3C16N.  [225°]. 
Obtained  by  further  chlorination  of  the  above. 
Long  needles  ;  its  solution  in  cone.  H2S04  is 
yellowish-green. 

Octo-chloro-carbazole  C12HC18N.  [275°]. 
Formed  by  chlorinating  the  above  in  presence 
of  SbCl5.  Long  needles,  si.  sol.  alcohol.  Further 
chlorination  in  presence  of  SbCl5  at  160°  gives 
hexa-chloro-benzene. 

CHLORO-CARBONIC  ETHER  v.  CHLORO-FOR- 

MIC   ETHER. 

(0)-CHLORO-CARBOSTYRIL    C9H6C1NO  i.e. 
CH:CC1 


. 


(Py.  2,  3)-Chloro-oxy-quino- 


< 

\N  :  C(OH) 
line.  [242°].  Formed  by  heating  di-chloro-quino- 
line  [104°]  with  dilute  HC1  to  120°.  By  PCIs  it 
is  converted  back  into  the  dichloro-quinoline 
[104°]  (Friedlander  a.  Weinberg,  B.  15,  336, 
2679). 

Ethyl  ether  C9H5ClN(OEt)  :  liquid,  volatile 
with  steam. 

Chloro-carbostyril  C9H6NOC1.  [246°]. 
Formed  by  boiling  a  dilute  HC1  solution  of 
o-amido-phenyl-propiolic  acid  (Baeyer  a.  Bloem, 
B.  15,  2148).  Sublimable.  Silky  needles.  SI. 
sol.  hot,  insol.  cold,  water.  May  be  identical 
with  the  above. 

Di-chloro-carbostyril  C9H5C12NO.  [249°]. 
Formed  by  chlorination  of  carbostyril  (Fried- 
lander  a.  Weinberg,  B.  15,  1425).  Fine  white 
needles.  PC15  converts  it  into  tri-chloro-quino- 
line  [161°]. 

DODECA-CHLORO-CEROTIC  ACID 
C27H4.,C1)202.     From  cerotic   acid  and   chlorine 
(Brodie,  A.  67,  190).     Gummy  mass.    EtA'. 

CHLORO-CETYL  ALCOHOL  C16H3SC10.  (300°). 
From  cetene  C16H32  and  cold  dilute  HC10 
(Carius,  A.  126,  195).  Liquid.  KOH  gives 
C16H320  [30°]  (300°). 

DI-CHLORO-CHELIDAMIC  ACID   v.  CHELI- 

DONIC   ACID. 

HEPTA-CHLORO-CHOLESTERIN  v.  CHOLES- 

TERIN. 

CHLORO-CHROMIC  ACID.  Name  sometimes 
given  to  Cr02Cl2,  v.  CHROMIUM,  Oxychlorides  of. 
CHLORO-CHRYSENE  v.  CHRYSENE. 
a-CHLORO-CINNAMIC  ACID 


CHLORO-  COMPOUNDS. 
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C  H  .CH:CC1.C02H.  a-Chloro-&-phenyl-acrylic 
acid.  [142°]. 

Formation.  — 1.  By  heating  sodium  chloro- 
acetate  with  acetic  anhydride  and  benzoic  alde- 
hyde (Plochl,  B.  15,  1945).— 2.  By  heating  a- 
chloro-#-oxy-/3-phenyl-propionic  acid  withNaOAc 
and  Ac20  (Forrer,  B.  16,  854).— 3.  Together  with 
a  small  quantity  of  the  /3  isomeride  by  heating 
C6H5.CHC1.CHC1.CO,H  with  alcohoHc  KOH 
(Jutz,  B.  15,  788).— 4.  By  digesting  benzoyl- 
acetic  ether  with  PClft  and  POC13  at  100°  (Perkin, 
C.  J.  47,  240).  In  this  reaction  the  0  acid  might 
have  been  anticipated.  Needles.  Volatile  with 
steam.  V.  si.  sol.  water,  v.  sol.  alcohol  and  ether, 
si.  sol.  ligrom. 

0-Chloro-cinnamic  acid  C6H5.CC1:CH.C02H. 
?  Allo-a-chloro-cinnamic  acid.  [114°].  Formed 
as  above  (Formation  3)  and  separated  from  the 
a-acid  by  the  smaller  solubility  of  its  potassium 
salt  in  alcohol.  Trimetric  crystals  (Haushofer, 
Z.  K.  8,  382,  389). 

o-Chloro-cinnamic  acid 

[2:1]C6H4C1.CH:CH.C02H.  [200°].  (G.  a.  H.) ; 
[196°]  (S.).  Formed  by  boiling  o-diazo-cinnamic 
acid  with  strong  HC1  (Gabriel  a.  Herzberg,  B.  16, 
2036).  Also  by  heating  o-chloro-benzylidene- 
malonic  acid  to  its  melting-point  (Stuart,  C.  J. 
53,  141).  Sol.  alcohol,  ether,  and  acetic  acid, 
nearly  insol.  petroleum-ether  and  hot  water. 

7?i-Chloro-cmnamic  acid 

[3:ljC6H4Cl.C2H2.C02H.  [167°].  Formed  by 
boiling  w-diazo-cinnamic  acid  with  strong  HC1 
(G.  a.  H.  B.  16,  2038).  Needles.  V.  sol.  hot 
water,  hot  alcohol  and  ether,  si.  sol.  benzene 
and  petroleum-ether. 

^-Chloro-chmamic  acid 

[4:l]CtiH4Cl.C2H2.C02H.  [242°].  Formed  by 
boiling  ^?-diazo-cinnamic  acid  with  strong  HC1 
(Gabriel  a.  Herzberg,  B.  16,  2039).  V.  sol. 
alcohol,  si.  sol.  cold  water,  benzene,  and  ether. 

Di-chloro-cinnamic  acid  C6H3.C12.CH:CHC02H 
[1:3:6].  Formed  by  the  action  of  Ac20  and 
NaOAc  on  (/8)-dichloro-benzoic  aldehyde  (Seelig, 
A.  237,  168).  Fine  needles  (from  dilute  alco- 
hol). 

(o)-Tri-chloro-cmnamic  acid 
C0H,Cl3.CH:CH.Cq2H  [1:3:4:6].   [201°].    Formed 
by  acting  on  (o)-trichloro-benzoic  aldehyde  with 
acetic  anhydride  and  sodium  acetate  (Seelig,  A. 
237,  151). 

(j3)-Tri-chloro-ciimaniic  acid 
C6H2.C13.CH:CH.CO,H  [1:2:3:6].     [185°]. 

Formed  by  the  action  of  acetic  anhydride  and 
sodium  acetate  on  (jS)-tri-chloro-benzoic  aldehyde 
(Seelig,  A.  237,  151). 

CHLORO-CITRACONIC  ACID  C5H5C104.  The 
salts  of  this  acid  are  formed  from  the  anhydride. 
The  free  acid,  liberated  by  the  addition  of  H2S04 
to  the  barium  salt,  splits  up  at  once  into  water 
and  anhydride.  Zn  and  HC1  reduce  it  to  pyrotar- 
taric  acid. 

Salts.  —  Ca  A".  —  BaA"  3iaq.  —BaA"  4aq.— 
PbA".— AgHA".-  -Ag.,A". 

Anhydride  C5H:JC103.  [99°].  (212°). 
Formed  by  distilling  citra-di-chloro-pyrotartaric 
or  chloro-citramalic  acid  (Gottlieb,  /.  pr.  [2]  8, 
73;  Swarts,  J.  1873,  582).  Laminae;  may  be 
sublimed.  SI.  sol.  water,  v.  sol.  alcohol  and  ether. 

CHLORO -CITRIC  ACID  CBH7C107.  From 
aconitic  acid  andHOCl  (Pawolleck,  -4.178,  155). 


Unstable  syrup.    Boiling  with  water  or  baryta- 
water  gives  oxy-citric  acid. 

CHLORO-CODEINE  v.  CODEINE. 
CHLORO-  COMPOUNDS.  See  also  BBOMO- 
COMPOUNDS.  In  organic  compounds  chlorine  can 
displace  hydrogen  atom  for  atom,  the  resulting 
compound  possessing  as  a  rule  considerable 
resemblance  to  the  parent  substance.  This 
observation  in  the  hands  of  Laurent  and  Dumas 
overthrew  the  electro-chemical  theory  of  chemical 
affinity  which  had  been  established  by  Berzelius 
(cf.  K.  1,  66).  The  hydrogen  that  is  displaced 
by  chlorine  is  usually  that  attached  to  carbon. 
Chlorination  may  be  effected  by  a  mixture  of 
KC103  and  HC1,  by  PC15,  SbCl5,  or  AcCl,  but  it  is 
usually  effected  by  the  direct  action  of  chlorine 
gas.  The  chlorination  of  aromatic  hydrocarbons 
I  may  be  effected  by  heating  the  hydrocarbons  with 
the  theoretical  amount  of  PC15  at  190°  ;  in  this 
case  the  PC15  splits  up  into  PC13  and  chlorine,  the 
latter  then  attacking  the  side  chains ;  the  pro- 
ducts are  nearly  pure  (Colson  a.  Gautier,  Bl.  [2] 
45,  6 ;  C.  R.  101, 1064).  In  the  same  way  acetyl 
chloride  heated  for  several  weeks  with  PC13  in 
an  open  flask  is  converted  into  chlorinated  acetyl 
I  chlorides  (Michael,  Am.  9,  215).  Acetyl  chloride 
|  itself  may  be  used  as  a  chlorinating  agent ;  thus 
benzene-azo-benzene  heated  with  AcCl  at  170° 
for  4  hours  is  converted  into  jp-chloro-benzene- 
azo  -  chloro  -  benzene  and  p-  chloro  -  acetanilide 
(Becker,  B.  20,  2006).  When  free  chlorine  is 
used  the  substitution  is  usually  slow  unless  it  is 
aided  by  daylight,  by  sunlight,  by  heat,  or  by 
carriers. 

Sunlight  enables  chlorine  to  enter  the  side 
chains  of  aromatic  hydrocarbons  even  at  0° 
(Schramm,  B.  18,  1272),  which  it  will  otherwise 
only  do  at  a  high  temperature  ;  in  the  cold  and 
in  the  dark  it  only  enters  the  benzene  nucleus. 
Chlorine  enters  the  methyl  group  of  acetophe- 
none  whether  the  action  take  place  in  daylight 
or  in  the  dark ;  the  chlorination  is,  however, 
much  more  rapid  in  daylight  (Gautier,  C.  R.  104, 
1714). 

Carriers.     Iodine  greatly  assists  chlorina- 
tion, probably  forming  IC13,  which  reacts  more 
vigorously  than  chlorine  alone   (Hugo  Miiller, 
C.  J.  15,  41).     The  chlorides  of  metals  which 
form  two   chlorides  also  act   as  carriers ;    e.g. 
SbCl5  (Hugo  Miiller;   Beilstein  a.  Geitner,  A. 
139,  334;  Kuoff,  B.  9,  1486),  MoCl5  (Aronheim, 
B.  8,  1400  ;  9, 1788  ;  Page,  A.  225,  199),  Fe2Clfi, 
A12C16,  T1C1,  and  the  chlorides  of  Au,  Sn,  Bi,  S, 
Te,  Ga,  Zr,  Nb,  In,  Ta,  and  Ur.     On  the  other 
I  hand  the  chlorides  of  Na,  K,  Li,  Ag,  Cu,  Ca,  Ba, 
j  Sr,  Mg,  Zn,  Hg,  B,  P,  As,  Se,  Y,  Ce,  and  Di,  are 
!  not  carriers  (Willgerodt,  J.  pr.  [2]  34,  264 ;  35, 
I  398).    According  to  Page,  however,  the  chlorides 
I  of  Sn,  S,  and  Bi  are  not  carriers,  as  is  also  the 
!  case  with  the  chlorides  of  Ti,  Cr,  W,  Mn,  Co,  and 
Ni.     It  is,  however,  not  possible  to  draw  an 
absolute  line  of  demarcation  between  carriers 
and  non-carriers ;  the  weaker  carriers  can  only 
attack  substances  prone  to  chlorination.     The 
effect  of  various  chlorides  is  modified  by  circum- 
stances, such  as  their  solubility  in  the  substance 
to  be  chlorinated,  their  stability  in  presence  of 
water,   and  the  temperature   of   the  reaction. 
MoCl3  acts  as  a  carrier  of  chlorine  to  aromatic 
bodies  only  and  not  to  fatty  compounds.   It  may 
be  supposed  that  these  various  curriers  act  by 
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alternately  giving  up  chlorine  to  the  compound 
and  taking  it  up  again  : 

C6H6  +  MoCl5  -  C6H5C1  +  MoCl3  +  C1H 


This  does  not  account  for  the  fact  that  carriers 
promote  entrance  into  the  benzene  nucleus,  nor 
for  the  observation  that  no  ferrous  chloride  is 
formed  when  benzene  is  heated  with  Fe.2Cl6. 
An  alternative  supposition  is  that  in  the  case  of 
aromatic  bodies  a  molecular  compound  is  first 
formed,  possibly  aided  by  the  somewhat  un- 
saturated  condition  of  the  benzene  ring,  and 
that  this  molecular  compound  is  subsequently 
decomposed  by  chlorine. 

Displacement  of  one  halogen  by  another. 
lodo-  compounds  may  be  converted  into  chloro- 
compounds  by  digestion  with  HgCl2  ;  on  the 
other  hand,  chloro-  compounds  may  be  changed 
to  iodo-  compounds  by  treatment  with  KI  or, 
better,  CaI23|H20.  Even  acetyl  chloride  may 
be  converted  into  acetyl  iodide  by  heating  with 
crystallised  calcium  iodide,  without  being  affected 
by  the  water  of  crystallisation.  In  general,  metals 
with  low  atomic  weights  prefer  the  lighter  halo- 
gens. The  following  elements  prefer  chlorine  to 
bromine  or  iodine,  and  bromine  to  iodine  ;  viz., 
K,  Mg,  Ca,  Sr,  Ba,  Al,  Mn,  Co. 

On  the  other  hand,  Cu,  Ag,  Hg,  Sn,  Pb,  As, 
and  Sb  prefer  iodine  to  bromine  or  chlorine,  and 
bromine  to  chlorine.  P  and  Ti  are  indifferent. 
The  metals  Zn,  Cd,  Tl,  Bi,  Fe,  and  Ni  are  vari- 
able in  their  behaviour  (Kohnlein,  A.  225,  194). 

Thus  n-propyl  iodide  is  not  acted  on  by  MgCl2, 
SrCl2,  or  BaCl2  ;  it  is  split  up  into  gas  and  HI 
by  MnCl,  and  TiCl4  ;  it  is  but  slightly  affected 
by  FeCL,  CoCl2,  and  NiCl2  ;  but  it  is  converted 
into  propyl  chloride  by  ZnCL,  CdCL,  SnCl.,  SnCL, 
SbCl3,  and  T1C1. 

w-Propyl  chloride  is  converted  into  propyl 
iodide  by  CaI2,  SrI2,  MnI2,  and  CoI2;  is  but 
slightly  affected  by  FeI2  and  Nil,  ;  and  is  not 
affected  by  SnI2. 

The  substitution  of  chlorine  by  iodine  may 
be  effected  by  the  use  of  KI  in  the  case  of  chloro-  | 
lactic  acid,  chloro-acetone,  di-chloro-acetone, 
epichlorhydrin,  and  dichlorhydrin  ;  on  the  other 
hand,  KI  does  not  act  on  dichlorinated  ethyl 
oxide,  and  decomposes  chloral  into  chloroform 
and  CO. 

The  substitution  of  Cl  by  I  may  be  effected 
by  A12I6  in  the  case  of  CC14  and  CH3.CHC12  ;  but 
A12I6  does  not  act  on  C6C16  or  on  C2C14,  while  it 
splits  up  C2C16  into  C2C14  and  C12. 

KBr  converts  di-chloro-acetone  into  di-bromo- 
acetone.  AljEr.,  converts  CC14,  C2C14,  and  C2C16 
into  CBr4,  CjBr^  and  C^r,.  respectively. 

The  conversion  of  EtI  into  EtCl  is  not  effected 
by  BaCl2,  CuCl2,  or  PbCl2  at  72°,  but  is  partially 
brought  about  by  BaCl2  at  140°,  and  is  com- 
pletely effected  by  CuCl2  and  PbCl2  at  160°. 
The  observation  of  Henry  (C.  R.  96,  1062)  that 
silver  nitrate  converts  ethylene  chlorobromide 
CH2Cl.CH2Br  into  chloro  -  ethyl  nitrate 
CH2C1.CH2O.N02  is  in  accordance  with  the  state- 
ment made  above,  that  silver  prefers  bromine  to 
chlorine.  Chlorine  may  be  displaced  by  iodine 
by  heating  with  cone.  HIAq  in  sealed  tubes,  but 
the  resulting  iodo-  compound  is,  especially  in  the 
case  of  aromatic  compounds,  liable  to  loss  of 
iodine  in  exchange  for  hydrogen;  thus  chloro- 
benzenes  are  reduced  to  benzene  by  HI  at  250° 


without  any  iodo-benzenes  being  formed  (Ber- 
thelot,  Bl.  [2]  9,  30). 

Chlorinated  hydrocarbons. 

Formation.— 1.  By  chlorination  of  hydro- 
carbons. Chlorine  enters  the  <a  and  a  positions 
in  fatty  hydrocarbons  ;  thus  n-pentane  gives 

CH3.CH2.CH2.CH,.CH2C1 

and  CH3.CH2.CH2.CHC1.CH3:  On  further  chlori- 
nation, the  chlorine  turns  out  hydrogen  that  is 
attached  to  the  same  atom  of  carbon  as  the 
chlorine  atom  already  present.  In  the  case  of 
aromatic  hydrocarbons  chlorine  enters  the  side 
chain  only  at  a  high  temperature  or  in  sunlight. 
In  presence  of  iodine  or  SbCl5  it  enters  the 
benzene  nucleus  even  at  boiling  temperature  (v. 
supra).  The  rules  relating  to  substitution  in  the 
benzene  nucleus  are  given  in  the  article  BENZENE. 
The  displacing  action  of  chlorine  is  not  confined 
to  hydrogen  ;  thus  it  can  convert  nitro-benzene 
into  C(JC1H  (Page,  A.  225,  208).— 2.  Mono-chlori- 
nated hydrocarbons  or  alkyl  chlorides  are  formed 
by  treating  alcohols  with  HC1,  PC15,  PC13,  or 
POC13.  The  action  of  HC1  on  alcohols  is  pro- 
moted by  ZnCl2  (Groves,  C.  J.  27,  636 ;  A.  174, 
372  ;  Kriiger,  J.pr.  [2]  14,  195),  but  in  the  case 
of  the  higher  fatty  alcohols  the  resulting  chloride 
is  .sometimes  mixed  with  an  isomeride  derived 
from  the  olefine  formed  by  dehydration  of  the 
alcohol  (Schorlemmer,  C.J.  28,  308;  JB.7, 1792). 
The  polyhydric  alcohols  will  not  exchange  all 
their  hydroxyls  for  Cl  by  treatment  with  HC1  but 
require  the  use  of  PC15.— 3.  From  defines  and 
HC1 ;  the  chlorine  attaching  itself  to  the  atom 
of  carbon  that  is  combined  with  the  fewer 
hydrogen  atoms.  Di-chlorinated  hydrocarbons 
are  formed  by  the  union  of  Cl  with  defines,  or 
of  HC1  with  the  hydrocarbons  CnH2n-2.  Al- 
though chlorine  combines  with  olefines  in  the 
dark,  its  combination  with  benzene  and  acetylene 
requires  light  (Eomer,  A.  233,  172).— 4.  From 
aldehydes  or  ketones  and  PC15. — 5.  From  aro- 
matic amines  by  the  diazo-  reaction  (v.  Di-Azo- 
COMPOUNDS  and  AMINES).  The  conversion  may 
also  be  effected  by  gradually  adding  HN03  to  a 
hot  solution  of  the  amine  in  HC1  (Losanitsch,  B. 
18,  39). 

Reactions. — 1.  Boiling  tuater  very  slowly  de- 
composes chlorinated  hydrocarbons ;  the  chlo- 
rides of  tertiary  alkyls  are  the  most  readily 
affected  (Niederist,  A.  186,  388).  Presence  of 
Pb(OH)2  or  KjjCOj  in  the  water  promotes  the 
conversion  of  chlorinated  hydrocarbons  into  al- 
cohols. If  two  chlorine  atoms  are  attached  to 
the  same  carbon  atom,  the  product  is  an  alde- 
hyde or  ketone ;  if  three  are  attached  to  the  same 
carbon  atom,  the  product  is  an  acid. — 2.  Am- 
monia  converts  the  alkyl  chlorides  into  amines. 
3.  Alcoholic  potash  removes  HC1  in  two  stages 
from  di-chlorinated  hydrocarbons,  the  Cl  and  H 
being  detached  from  neighbouring  carbon  atoms, 
the  hydrogen  coming  from  the  carbon  atom  to 
which  the  less  hydrogen  is  attached.— 4.  Chlor- 
ine may  be  displaced  by  hydrogen  by  treatment 
with  sodium-amalgam  in  presence  of  dilute  alco- 
hol ;  with  zinc-dust  and  HOAc ;  or  with  cone. 
HIAq. — 5.  Dry  oxalic  acid  displaces  chlorine 
by  oxygen  in  the  compounds  ECHC12  and  RCC13 
(Anschiitz,  A.  226, 13). 

Chlorinated  acids. 

Formation.- — 1.  By  direct  chlorination ;  chlor- 
ine taking  the  a  position  if  possible,  especially 
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if  the  temperature  be  not  above  100°  (Erlen- 
meyer,  B.  14, 1318). — 2.  From  salts  of  oxy-  acids 
and  PC15,  the  resulting  chlorinated  alkoyl  chloride 
being  decomposed  by  water. — 3.  By  addition  of 
chlorine  or  of  HC1  to  unsaturated  acids  ;  HC1 
uniting  with  acids  of  the  form  ECH:CH.CO,H 
gives  rise  chiefly  to  j8-chloro-  acids 
BCHC1.CH,.CO,H. 

Reactions.— I.  Boiling  with  water  or  alkalis 
usually  converts  o-chloro-  acids  into  oxy-  acids, 
0-chloro-  acids  into  unsaturated  acids,  and 
7-chloro-  acids  into  lactones.  The  £-chloro- 
acids  also  split  up  into  HC1,  COo,  and  an  olefine 
(Fittig,  A.  195, 169;  cf.  Erlenmeyer,  B.  14,  1318  ; 
15,  49).  KOEt  converts  o-chloro-  acids  into 
ethoxy-  acids,  aa-di-chloro-  acids  are  but  slightly 
affected  by  boiling  water ;  oj3-di-chloro-  acids  give 
the  chloro-oxy-  acid,  and  also  split  off  C02. 
Alcoholic  KOH  converts  acids  of  the  form 
ECHC1.CHC1.C02H  chiefly  into  ECH:CC1.CO,H. 

Acid  chlorides. 

Formation.— 1.  By  the  action  of  PC15,  PC13, 
or  POOL,  on  the  acid  or  on  a  dry  salt  of  the  acid 
(Gerhardt,  A.  87,  63 ;  Bechamp,  C.  R.  40,  944  ; 
Kanonnikoff,  A.  175,  378).  Although  PC15  does 
not  convert  tri-chloro-methane-sulphonic  acid 
into  its  acid  chloride,  it  acts  upon  methane  sul- 
phonic  acid  and  chloro-methane  sulphonic  acid 
in  the  usual  way.— 2.  By  the  action  of  HC1  on  a 
mixture  of  the  acid  and  P205  (Friedel,  Z.  1869, 
489). 

Reactions. — 1.  Quickly  decomposed  by  water 
into  HC1  and  the  corresponding  acid,  and  even 
more  readily  decomposed  by  alcohols  with  for- 
mation of  ethers. — 2.  Ammonia  forms  amides  ; 
primary  amines  act  similarly. — 3.  Salts  of  organic 
acids  form  anhydrides.  Dry  oxalic  acid  also 
converts  them  into  anhydrides  (Anschiitz,  A. 
226, 13 ;  v.  ANHYDRIDES,  ORGANIC). — 4.  Zinc  ethyl 
unites  with  them  forming  compounds  such  as 
E.C(OZnEt)EtCl  which  are  converted  by  water 
into  ketones  E.CO.Et ;  further  action  of  zinc 
ethyl  forms  E.C(OZnEt)Et2  whence  water  forms 
tertiary  alcohols  E.C(OH)Et,.  Thus  C02Et.COCl 
becomes  C02Et.C(OH)Et2  (Henry,  B.  5,  949).— 
5.  Aluminium  chloride  forms  with  acetyl  chloride 
diluted  with  CS2  a  white  solid  C12H1406A12C18 
decomposed  by  water  into  CH3.CO.CH,.CO.CH3 
with  evolution  of  C02,  and  by  alcohol  into  acetyl- 
aceto-acetic  ether.  A12C16  acts  similarly  on 
chlorides  of  other  normal  fatty  acids  (Combes, 
A.  Ch.  [6]  12,  199).— 6.  Chlorine  acts  by  substi- 
tution more  vigorously  upon  acid  chlorides  than 
upon  the  acids  themselves  (Jazukowitzsch,  Z. 
1868,  234). — 7.  Sodium  amalgam  added  to  a 
mixture  of  an  acid  with  its  chloride  reduces  the 
latter  to  the  corresponding  alcohol  (Linnemann, 
A.  161,  184  ;  Baeyer,  B.  2,  98). 

Chloroamides  and  chloroimides  E'.NHCl, 
E',E'2NC1,  E"NC1  where  E',  E',,  and  E"  are  acid 
radicles,  and  E'2  acid  or  alcoholic. 

These  bodies  are  formed  by  adding  a  cone, 
solution  of  chloride  of  lime  to  the  solution  of  the 
amide  or  imide  acidified  with  AcOH. 

By  treatment  with  alkalis,  HC1,  &c.,  their  Cl 
atom  is  readily  replaced  by  H  (Bender,  B.  19, 
2272). 

CHLORO-CONIINE  u.  CONIINE. 

(a)-CHLORO-COUMARIN  C,H5C102.  [123°]. 
From  coumarin  and  PC15  at  200°.  Also  from 
coumarin  dichloride  and  alcoholic  KOH  (Pcrkin, 


C.  J.  24,  43).  Flat  needles,  m.  sol.  alcohol,  si. 
sol.  hot  water.  Converted  by  alcoholic  KOH  into 
coumarilic  acid. 

(/3)-Chloro-C(mmarin  C9H5C102.  [162°].  From 
Ac.,O  and  sodium  chloro-o-oxy-benzoic  aldehyde 
C.H.C^ONaJCHO  (Basecke,  A.  154,  85).  Crys- 
tals, si.  sol.  cold  alcohol,  v.  e.  sol.  benzene. 
Boiling  KOHAq  converts  it  into  chloro-coumaric 
acid. 

Tetra-chloro-coumarin  C9TL,C\402.  [145°]. 
Formed  by  passing  chlorine  into  coumarin  dis- 
solved in  CC14  containing  iodine  (P.).  Small 
needles  (from  alcohol). 

CHLORO-p-CRESOL  C6H3(CH3)C1(OH)  [1:3:4] 
(196°).  S.G.  |f  1-2106.  Formed  by  the  action 
of  dry  chlorine  on  sodium-^-cresol  (Schall  a. 
Dralle,  B.  17,  2528).  Liquid. 

Methyl  ether  C6H3MeCl(OMe).  (214°). 
S.G.  p  1-1493.  Liquid. 

Chl'oro-cresol  C6H3(CH3)C1(OH)  or 
C6H4(CH,C1)(OH).    [56°].    (c.  240°).    Formed  by 
chlorination  of  boiling  crude  cresol  (Biedermann, 
B.  6,  325).    Needles  ;  v.  sol.  alcohol,  ether,  and 
benzene. 

Chloro-cre;ol.     Ethyl  ether 
C6H3MeCl(OEt).     (c.    215°).      S.G.   »:?  1-127. 
From  (a)  -chloro-nitro-toluene  by  reduction,  diazo- 
tisation,  and  treatment  of  the  diazo-  sulphate 
with  boiling  alcohol  (Wroblewsky,  A.  168,  209). 

Chloro-cresol.  Ethyl  ether  CtjH3MeCl(OEt). 
(c.  215°).  S.G.  ^  1-131.  From  (0)  -chloro-nitro- 
toluene  in  the  same  way  as  the  preceding  (W.). 

Di-chloro-2?-cresol  CtiH2(CH3)Cl2(OH) 
[39°  uncor.].  Formed  by  passing  chlorine  into 
boiling  j9-cresol  (Glaus  a.  Eiemann,  B.  16, 
1598).  Long  prismatic  needles.  Sol.  alcohol 
and  ether,  si.  sol.  hot  water.  By  Cr03  in  acetic 
acid  it  is  oxidised  to  di-chloro-p-oxy-benzoic 
acid  [156°  uncor.].  —  A'NH4:  long  colourless 
needles  [125°],  sublimable. 

Di-chloro-7H-cresol  CGH2(CH,)C12(OH)  ;  pro- 
bably [1:4:6:3].  [46°  uncor.].  Formed  by  chlo- 
rinating m-cresol  (Claus  a.  Schweitzer,  B.  19, 
930).  Colourless  needles.  Volatile  with  steam. 
V.  e.  sol.  alcohol,  ether,  &c.,  sol.  hot  water, 
nearly  insol.  cold.  It  is  oxidised  by  K2Cr207 
and  dilute  H2S04  to  di-chloro-toluquinone 
[103°]. 

Di-chloro-o-cresolC6H2(CH:i)Cl2(OH) 
[I:5:3or4:2]  [54°  uncor.].  Formed  by  chlor- 
ination of  o-cresol  (C.  a.  E.,  B.  16,  1600). 
Large  colourless  needles.  V.  sol.  alcohol,  ether, 
benzene,  chloroform  and  CS2,  sol.  hot  water,  si. 
sol.  cold  water.  By  CrO?  and  glacial  acetic 
acid  it  is  oxidised  to  a  mixture  of  di-  and  tri- 
chloro-toluquinone.  By  K,Cr207  and  dilute 
H.,S04  it  is  oxidised  to  mono-chloro-toluquinone 
[90°]  (Claus  a.  Schweitzer,  B.  19,  927). 

.Etoo-Di-chloro  -o-cresol  CtiH4(CHCl,)(OH) 
[1:2].  [82°].  From  salicylic  aldehyde  (1  mol.) 
and  PC15  (1  mol.)  (Henry,  B.  2,  135).  Prisms 
(from  ether)  ;  v.  si.  sol.  cold  alcohol. 

Phosphoryl  derivative 
PO(O.C.H,.CHCL),.  F780].    From  salicylic  alde- 
hyde and  PCI,  (Stuart,  C.  J.  53,  402).     Needles 
(from  alcohol).     Not  affected  by  boiling  dilute 


ether  CtiH,(CHCl2)(OMe).  (231°). 
From  C6H4(OMe)CHO  [1:2]  and  PC15  (Stuart, 
C.  J.  53,  404).  Oil.  Decomposed  in  moist  air. 
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Tri-chloro-cresol  C6H(CH3)C13(OH).  [96°]. 
(270°).  One  of  the  products  of  distillation  of 
crude  penta-chloro -thymol  (Lallemand,  J.  1856, 
620).  Crystals ;  insol.  water,  sol.  alcohol  and 
alkalis. 

Tetra-chloro-cresol  C6(CH3)C14(OH).  [150°]. 
Obtained  by  distilling  pure  penta-chloro -thymol 
(L.).  Needles. 

o-CHLORO-CROTONIC  ACID 
CH3.CH:CC1.C02H.  [97'50].  (206°)  (Kahlbaum,  B. 
12,  2335);    (212°)    (Sarnow).     S.  1'97   at   12° 
(K.);    2-12  at    19°     (Michael  a.  Brown,  Am 
9,  283). 

Formation. — 1.  From  tri-chloro-butyric  alde- 
hyde by  oxidation  and  treatment  of  the  resulting 
tri-chloro-butyric  acid  with  zinc  and  HC1 
(Kramer  a.  Pinner,  A.  158, 37)  or  with  zinc-dust 
and  water  (Sarnow,  A.  164,  93;  B.  4,  731; 
5,  467). — 2.  By  boiling  tri-chloro-butyric  alde- 
hyde (29  g.)  with  K4FeCy6  (42  g.)  and  water  (500  g.) 
(Wallach,  B.  10,  1530).— 3.  From  solid  crotonic 
acid  by  addition  of  chlorine  followed  by  heating 
the  product  CH3.CHC1.CHC1.CO,H  (Friedrich, 
A.  219,  373).— 4!  From  chloro-butenyl  alcohol 
(q.  v.)  by  oxidation.— 5.  By  the  action  of  cold 
aqueous  NaOH  upon  the  liquid  aZZo-o/3-di-chloro- 
butyric  acid  (the  addition  product  of  isocrotonic 
acid  and  01)  (Wislicenus,  B.  20, 1009). 

Properties. — Small  flat  needles ;  may  be 
sublimed.  Volatile  with  steam.  Not  attacked 
by  alkalis  below  220°,  at  which  temperature 
acetic  and  oxalic  acids  are  formed,  together 
with  CO.,  and  a  syrupy  acid  (F.).  Beduced  by 
sodium-amalgam  to  crotonic  acid. 

Salts.— A'K:  pearly  plates  or  tables  (from 
80  p.c.  alcohol);  nearly  insol.  absolute  alcohol. — 
NH4A' ;  laminae. — CaA'2. — BaA'2 :  laminae. — 
PbA'2  aq.-CuA'2:  needles.— CuA~'(OH) :  amor- 
phous.— AgA' :  needles. 

Methyl  ether  Me&'.  (161°).  S.G.  *  1-0933 
/UD  1-4589  (Kahlbaum,  B.  12,  344). 

Ethyl  ether  EtA.'.  (177°  uncor.).  S.G.  ^ 
1-129.  From  tri-chloro-butyric  aldehyde  and 
alcoholic  KCN  (Wallach  a.  Bohringer,  A.  173, 
301,  cf.  Glaus,  A.  191,  63).  Turns  brown  in 
light. 

Reactions.— 1.  Treated  with  KCN  (2  mol.) 
and  boiling  alcohol  it  forms  a  product  whence 
boiling  KOH  produces  tri-carballylic  acid  (Glaus, 

A.  191,  64)  and  crotaconic  acid,  C3H4(CO2H)2, 
isomeric  with  itaconic  acid.     The  tricarballylic 
acid  is  formed  through  addition  of  HCN  to  the 
crotaconic  acid.— 2.   With  KCN   (2  mol.)  and 
dilute  alcohol  in  the  cold  it  forms  potassic 
cyano-crotonate  (q.  v.)  only. 

CfcZoride.— CH,.CH:CC1.COC1.  (142°).  (S.). 

4wideCH3.CH:CCl.CO.NH,[112°](P.a.K.); 
[107°]  (S.).  (c.  235°)  (S.).  From  the  cyanhydrin 
of  tri-chloro-butyric  aldehyde  and  alcoholic  NH3 
or  dry  ammonium  carbonate  (Pinner  a.  Klein, 

B.  11,  1488).    Also  from  the  chloride  and  NH3 
(S.).    Laminae ;  may  be  sublimed. 

Nitrile  CH3.CH:CC1.CN.  (136°).  From  the 
amide  and  P205  (S.). 

^Wo-o-chloro-crotonic  acid  CH3.CH:CC1.C02H. 
[67°J.  S.  6-53  at  19°.  Formed  by  the  action  of 
an  excess  of  aqueous  NaOH  upon  a;8-di-chloro- 
butyric  acid  [63°]  at  the  ordinary  temperature 
(Wislicenus,  B.  20,  1009;  Michael  a.  Brown, 
Am.  9,  283).  Slender  needles  (from  water). 
More  so  uble  in  water  than  any  of  the  other 


chloro-crotonic  acids;  si.  sol.  cold  ligroin.— 
A'K  :  concentric  needles ;  v.  sol.  absolute  alcohol 
(difference  from  the  a-acid,  whose  K-salt  is  nearly 
insoluble).— BaA'2  3|aq:  crystals,  si.  sol.  al- 
cohol.— PbA'2aq:  prisms,  si. sol.  water.— x AgA': 
amorphous. 

/3-Chloro-crotonic  acid  CHi.CCl:CH.C02H. 
[94-5°].  (c.  209°).  S.  1-9  at  19°  (Michael  a. 
Brown,  Am.  9,  283)  ;  2-25  at  12°  (K.)  ;  2-8  at 
19°  (G.). 

Formation. — 1.  The  chloride  of  this  acid  is 
formed  together  with  that  of  aZZo-/3-chloro- 
crotonic  acid  by  the  action  of  excess  of  PC15  on 
aceto-acetic  ether.  The  mixed  chlorides  are 
saponified  by  water  and  the  product  distilled, 
whereupon  J3-chloro  crotonic  acid  passes  over 
first  (Geuther,  Z.  1871,  237).— 2.  From  tetrolio 
acid  and  fuming  HC1  (Friedrich,  A.  219,  370). 

Properties.—  Slender  monoclinic  needles; 
a:6:c  =  1-2859:1: -6105;  0  =  73°  9';  volatile  with 
steam ;  may  be  sublimed  at  100°.  At  160°  it 
slowly  changes  into  &ZZo-j3-chloro-crotonic  acid. 

Reactions. — 1.  Sodium  amalgam  gives  cro- 
tonic acid.— 2.  Boiling  aqueous  potash  (7  p.c.) 
gives  tetrolic  acid  (K.). — Stronger  potash  (18 p.c.) 
gives  chiefly  acetone. — 3.  Sodium  ethylate  gives 
the  same  ethoxy-crotonic  acid  as  is  got  from 
aZZo-|8-chloro-crotonic  acid. 

Salts. — NaA'  |aq :  thin  laminae,  v.  e.  sol. 
water. — BaA'2:  trimetric  octahedra.  S.  45  at  18°. 
— CuA'2  aq. 

Ethyl  ether  EtA'.  (184°  cor.).  S.  G.  !L* 
1-111  (G.). 

-4ZZo-j3-chloro-crotonie  acid 
CH,.CC1:CH.C02H.  [59-5°].  (195°  cor.).  S.  1-12 
at  7°.  Formed  from  aceto-acetic  ether  as  above 
described  (Geuther  a.  Frohlich,  Z.  1869,  270). 
Formed  also  by  heating  the  preceding  acid  for 
20  hours  at  160°  (Friedrich,  A.  219,  363). 

Properties.  — Slender  needles  or  prisms ;  vola- 
tile with  steam ;  sublimes  even  at  20°.  Not 
affected  by  boiling  aqueous  KOH. 

Reactions. — 1.  Alcoholic  KOH  converts  it 
into  the  ethyl  derivative  of  aZZo-/3-oxy-crotonic 
acid. — 2.  Cone.  KOHAq  forms  acetone  and  C02, 
a  small  quantity  of  tetrolic  acid  C4H402  [75°-77°] 
boing  also  formed  (Friedrich,  A.  219,  341).  Di- 
lute KOH  behaves  similarly,  but  the  tetrolic  acid 
is  the  chief  product. 

Salts.— NaA' ^aq:  satiny  crystals,  v.  sol. 
water.  —  KA'aq.  —  TlA'|aq.  —  NH4HA'2  aq.  — 
CaA'2  3aq.  —  BaA'2  2aq  :  four-sided  prisms.  — 
MgA'25aq.— ZnA'22|aq.— PbA'24aq.— MnA'.,2aq. 
— CoA'.,6aq.— NiA'2  6aq.— CuA'2  l£aq.—  AgA'. 

Methyl  ether  MeA'.  (142°  cor.).  S.G. 
i*  1-143. 

Ethyl  ether  EtA'.  (161°  cor.).  S.G.  ^ 
1-113.  Boiling  alcoholic  KCN  followed  by  KOH 
converts  it  into  tri-carballylic  acid  (Glaus  a. 
Lischke,  B.  14,  1089). 

Isomeride  of  chloro-crotonic  acid  v.  CHLORO- 

METHACBYLIC    ACID. 

aj8-Di-ehloro-crotonic  acid 
CH3.CC1:CC1.C02H.  From  aaj8-tri-chloro-butyric 
acid  (1  mol.)  and  KOH  (2  mols.)  (Garzarolli,  B. 
9,  1209). 

a-CHLOKO-CROTONIC  ALDEHYDE 
CH;J.CH:CC1.CHO.      (148°).     Formed,  together 
with  tri-chloro-butyric  aldehyde,  by  chlorinating 
aldehyde  containing  alcohol  (Pinner,  A.  179,  31). 
Formed  also  by  heating  the  hydrate  of  chloro- 
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acetic  aldehyde  with  aldehyde  and  a  drop  of 
fuming  HC1  at  100°  (Lieben  a.  Zeisel,  M.  4,  531). 
Liquid.  Combines  with  chlorine  forming  tri- 
chloro-butyric  aldehyde.  Br  gives  chloro-di- 
bromo-  and  chloro-tri-bromo-  butyric  aldehydes 
(Pinner,  B.  8,  1323). 

cry-Di-chloro-butyric  aldehyde 
CH8C1.CH:CC1.CHO.  (86°)  at  18  mm.  Gradu- 
ally separates  as  an  oil  when  the  hydrate  of 
chloro-acetic  aldehyde  is  heated  with  a  drop  of 
H2S04  at  100°  (Natterer,  M.  4,  539  ;  5,  567). 
Oil ;  solidifies  when  cooled  with  solid  C02. 
Forms  a  crystalline  compound  with  NaHS03. 
Eeduces  warm  ammoniacal  AgN03.  Keduced  by 
iron  filings  and  acetic  acid  to  n-butyl  and  butenyl 
alcohols.  Oxidised  by  HN03  to  oxalic  and  chloro- 
acetic  acids.  Br  forms  cry-di-chloro-ajS-di-bromo- 
butyric  aldehyde.  HC1  gives  tri-chloro-butyric 
aldehyde.  ZnEt2  followed  by  dilute  H2S04  gives 
a  di-chloro-hexenyl  alcohol  C6H10C120  (c.  117°) 
at  20  mm. 

CHLORO-CROTONYL-UREA 
CH:i.CH:CCl.CO.NH.CO.NH2.  [224°].  The  chief 
product  of  the  reaction  of  the  cyanhydrin  of  tri- 
chloro-butyric  aldehyde  with  urea  ;  the  yield  is 
about  GO  p.c.  Ehombic  tables.  Sol.  alcohol,  si. 
sol.  water.  On  heating  it  evolves  HC1  and  is 
converted  into  di-oxy-ethylidene-metapyrazole 
CH,.CH:C.NV 


C(OH)  (Pinner  a.  Lifschiitz,  B. 


(HO)C:N 
20,  2347). 

CHLORO-CROTYL  v.  CIILORO-BUTENYL. 

CHLORO-iJ/-CUMENE  C6H.,(CH3)3C1  [1:3:4:0]. 
[71°].  White  plates.  Formed  by  the  action  of 
cuprous  chloride  upon  diazo-pseudo-cumene 
(Haller,  B.  18,  93)  or  by  warming  the  piperidide 
of  diazo-pseudo-cumene  with  cone.  HClAq  (Wal- 
lach  a.  Hensler,  A.  243,  232). 

w-Chloro-71-cumene  C8HnCl  i.e. 
C6Hr>.CH.,.CH2.CH2Cl.  Chloro  -propyl  -  benzene. 
(219°).  "From  C6H5.CH2.CH2.CH2OH  and  HC1 
(Errera,  G.  16,  310).  Oil.  Not  affected  by  fused 
ZnCl2  nor  by  AgOAc.  Alcoholic  KOH  gives 
C8H5.C8H8.OEt  (220°). 

a-Cliloro-7i-cumene  C6H..CH,,.CHC1.CH3.  (c. 
206°).  From  C6H5.CH2.CH(OH).CH3  and  HC1 
(E.).  Formed  also  by  chlorination  of  w-propyl- 
benzene  (Errera,  G.  14,  506).  Partially  decom- 
posed by  distillation  into  HC1  and  allyl-benzene. 
Alcoholic  KOH  also  forms  allyl-benzene,  as  does 
ZnCl2  likewise. 

)8-"Cliloro-7*-cumene  CtiH5.CHCl.CH,.CH3.  (c. 
203°).  From  the  corresponding  phenyl-propyl 
alcohol  and  HC1  (E.).  Partially  resolved  by  dis- 
tillation, even  in  vactio,  into  HC1  and  allyl-benz- 
ene. AgOAcformsC6H5.CH(OAc).CH2.CH,  (227°). 

CHLORO-CUMINIC  ACID  C10HnCi02  i.e. 
C3H7.C6H3C1.CO,H  [4:3:1].  [123°].  Formed  by 
oxidation  by  HN03  of  the  chloro-cymene  from 
thymol  and  PC15  (Gerichten,  B.  11,  365 ;  Fileti 
a.  Crosa,  G.  16,  288).  Long  needles  (from  dilute 
alcohol).  Eeduced  to  cuminio  acid  by  sodium- 
amalgam. — BaA',  3aq  :  pearly  plates. 

CHLORO-CUMOQUINOLINE  v.  CHLORO-ISO- 

PROPYL-QUINOLINE. 

CHLORO-CYANAMIDE  v.  AMMELINE. 

CHLORO  -CYANO-  BENZENE  v.  Nitrite  of 
CHLORO-BENZOIC  ACID. 

CHLORO-DI-CYANO-NITRO-METHANE 
CClCy2(N02).    Formed  by  warming  chloropicrin 


with  alcoholic  KCy  (Basset,  C.  J.  19,  352). 
Silver  nitrate  solution  gives  an  orange  pp.  of 
(AgN03)43CClCy2(N02). 

CHLORO-CYMENE  C10HI3C1  i.e.  C6H3MePrCl 
[1:4:2].  (210°).  S.G.  l*  1-014.  From  carvacrol 
and  PCI.  (Kekule  a.  Fleischer,  B.  6,  1090). 
Formed  also  by  chlorination  of  cymene  (from 
camphor)  in  presence  of  iodine  (v.  Gerichten, 
B.  10, 1249).  Oxidised  by  dilute  HNO,  to  chloro- 
toluic  acid  [196°]. 

Chloro-cymene  C6H3MePrCl  [1:4:3].  (213°). 
From  thymol  (4  mols.)  and  PC15  (1  mol.) ;  the 
yield  being  85  p.c.  (Carstanjen,  J.  pr.  [2]  3,  64; 
v.  Gerichten,  B.  10,  1250 ;  11,  365 ;  Fileti  a. 
Crosa,  G.  16,  287).  Not  affected  by  sodium 
amalgam  (F.  a.  C.).  Oxidation  gives  chloro- 
cuminic  [117°],  chloro-toluic  [149°],  and  chloro- 
terephthalic,  acids. 

w-Chloro-cymene  C6H4Pr(CH2Cl)  [1:4].  Cumyl 
chloride,  (c.  227°).  Formed  bypassing  chlorine 
into  boiling  cymene  (Errera,  G.  14,  277).  De- 
composed by  long  boiling  with  formation  of 
C20H24.  Alcoholic  KOH  gives  CIOH13OEt.  Sodium 
amalgam  reduces  it  to  cymene.  Boiling  aqueous 
Pb(NO3).,  gives  cuminic  aldehyde. 

jEtao-chloro-cymene  CtiH4(C3HdCl)Me  [1:4]. 
Two  compounds  of  this  nature  are  formed,  to- 
gether with  the  preceding  body,  on  passing  chlo- 
rine into  boiling  cymene  (derived  from  camphor). 
One  of  them  is  not  attacked  by  alcoholic  KOH, 
while  the  other  is  converted  into  allyl-toluene 
C6H,(C8Hr)Me  (Errera,  G.  14,  283). 

w-Chloro-^-isocymene  C6H4Pr(CH,Cl)  [1:4]. 
Cumyl  chloride,  (c.  230°).  Formed,  together  with 
cumyl  carbamate,  by  passing  cyanogen  chloride 
into  cuminyl  alcohol  C^Pr-CH^CH  (Spica,  G. 
5,  394).  Formed  also  by  the  action  of  HC1  on 
cuminyl  alcohol  (Paterno  a.  Spica,  G.  9,  397 ; 
B.  12,  2366). 

ow-Di-chloro-cymene  CSH4(C3H7).(CHC12).  Cu- 
mylidene  chloride,  (c.  258°).  From  cuminic 
aldehyde  and  PC15  (Cahours,  A.  70,  44 ;  Suppl. 
2,  311 ;  Sieveking,  A.  106, 258).  Reconverted  by 
alcoholic  KOH  or  by  heating  with  water  at  150° 
into  cuminic  aldehyde. 

Tetra-chloro-m-isocymene  C6Cl4PrMe  [1:3]. 
[159°].  Formed  by  passing  chlorine  into  a  cold 
saturated  solution  of  tri-chloro-isocymene  sul- 
phonic  acid  at  40°  (Kelbe,  B.  16,  617).  Needles 
(from  alcohol) ;  may  be  sublimed.  Not  oxidised 
by  HN03  or  chromic  mixture. 

TRI-CHLORO-771-ISOCYMENE  SULPHONIC 
ACID  CaCl3PrMe(S03H).  From  m-isocymene 
sulphonic  acid  by  passing  Cl  into  its  aqueous 
solution  at  40°  (Kelbe,  B.  16,  618).— NaA' : 
laminae. 

CHLORO-DECANE  v.  DECYL  CHLORIDE. 

CHLORO-DECYLENE  C10H19C1.  (206°  cor.). 
From  Cl  and  boiling  decanaphthene  (Markowni- 
koff  a.  Ogloblin,  J".  R.  15,  333).  Alcoholic  KOH 
gives  a  mixture  of  decinenes  (155°-165°). 

TE  TRA-CHLORO-DURENE  C6H,(CH  ,C1)4 
[1:2:4:5].  [144°].  S.G.  1-479.  Formed  by  heat- 
ing durene  with  excess  of  PC15  at  190°  for  5  hours 
(Colson  a.  Gautier,  C.  R.  102,  1075  ;  Bl.  [2]  46, 
198). 

DI  -  CHLORO  -  EOSIN  v.  Di  -  CHLORO  -  TETRA- 

BROMO-FLUORESCEIN. 

CHLORO-ETHANE  v.  ETHYL  CHLORIDE. 
Di-chloro-ethane  v.  ETHYLENE  CHLORIDE  and 
ETIIYLTDEME  CHLORIDE. 
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Tri-chloro-ethane  CH.,C1.CHC1...  Chloro-ethyl- 
ene  chloride.  (114°)  (Scliiff,  A.  220,  97) ;  (115°) 
(Perkin,  C.  J.  45,  531).  V.D.  4-66  (for  4-60). 
S.G.  9^  1-4577 ;  if  1-4553;  |§1-4430.  M.M.  6-796 
at  16-7°.  C.E.  (from  9°  to  113°)  -00121.  H.F.p. 
33980  (2%.).  H.F.v.  32820.  S.V.  102-77. 

Formation. — 1.  From  chloro-ethylene  (vinyl 
chloride)  and  SbCl5  (Eegnault,  A.  Ch.  [2]  69, 
151;  71,  355).  —  2.  From  ethyl  chloride  and  Cl 
(Kramer,  B.  3,  261).— 3.  By  chlorinating  ethyli- 
dene  chloride  in  presence  of  A1.,C16  (Tavildaroff, 

B.  13,  2403).- 4.  From  CHC12.CH2OH  and  PC15 
(de  Lacre,  C.  B.  104,  1186). 

Reactions. — 1.  Aqueous  or  alcoholic  ammonia 
gives  a  theoretical  yield  of  C.,H.,CU  (37°)  (Engel, 

C.  R.  104, 1621) ;  alcoholic  KOH  forms  the  same 
body.— 2.  Sodium  forms   C,H4,  C8H2C12,  C2H2, 
and  hydrogen  (Briinner  a.  Brandenburg,  B.  10, 
1496;  11,61). 

Tri-chloro-ethane  CH3.CC13.  (76°)  (Perkin); 
(74-5°)  (Geuther).  V.D.  4-53.  S.G.  &  1-3247 ; 
|5  1-3114.  M.M.  6-740  at  17'6°  (Perkin) ;  a  1-347 
(Pierre,  A.  80,  127).  Formed  by  chlorinating 
ethyl  chloride  (Eegnault,  A.  33,  317 ;  Geuther, 
J.  1870,  435).  Converted  by  NaOEt  at  100°  into 
CH.,:CCl(OEt),  acetic  acid,  and  ortho-acetic  ether 
CHi.C(OEt),.  Differs  from  its  isomeride  in 
forming,  when  cooled,  with  aqueous  H2S,  a  crys- 
talline compound  C2H3C132H2S  23aq  (Forcrand, 
A.  Ch.  [5]  28, 25). 

tt-Tetra-chloro-ethane  CH2C1.CC13.  (135°) 
(Eegnault) ;  139°  (Pierre,  A.  80,  130) ;'  (130-5°  i. 
V.)  (Staedel,  B.  15,  2563).  S.G.  a  1-6116  (P.) ; 
is  1-576.  Formed  by  chlorinating  ethylene  chlo- 
ride (Laurent,  A.  22,  292)  or  CHC1.CHC12  (E.). 
With  NaOEt  it  gives  CHCl:CCl(OEt)  and 
CH2(OEt).C02Na.  H2S  gives  C2H,C142H2S  23aq. 

s-Tetra-chioro-ethane  CHC12.CHC12.  Acetyl- 
ene tetrachloride.  (147°  cor.).  S.G.  a  1-614 
(P.  a.  P.) ;  §  1-5897  (Kanonnikoff). 

Formation. — 1.  By  passing  acetylene  into 
SbCl5,  which  slowly  absorbs  it  and  deposits 
C,H2SbCl5,  the  mixture  of  this  body  with  SbCl5 
is  then  distilled  (Berthelot  a.  Jungfleisch,  C.  E. 
79,  542).— 2.  By  passing  acetylene  into  PC15 ; 
explosion  often  occurring  (Sabanejeff,  A.  216, 
262).— 3.  By  heating  ethylene  chloride  with  the 
calculated  quantity  of  PC15  for  ten  hours  at  190° 
(Colson  a.  Gautier,  C.  E.  102,  1075).— 4.  From 
di-chloro-acetic  aldehyde  and  PC15  (Paterno  a. 
Pisati,  O.  1,  461 ;  J.  1871,  508). 

Properties. — Not  affected  by  boiling  water. 
Slowly  decomposed  at  360°  giving  HC1  and 
hexa-chloro-benzene. 

Penta-chloro-ethane  CHC1.,.CC13.  (158-9°) 
(Thorpe).  S.G.  £  1-70893.  "  C.E.  (0°-10°) 
•000949  ;  (0°-100°)  "0009944.  S.V.  138-2. 

Formation. — 1.  From  chlorine  and  EtCl 
(Begnault,  A  33,  321).— 2.  By  chlorinating  ethyl- 
ene chloride  (Pierre,  A.  80, 130). 

Preparation.— PCI.  (190  g.)  is  gradually  added 
to  chloral  (113  g.),  boiled  with  inverted  condenser 
and  distilled.  The  portion  distilling  below  170° 
is  washed  with  water,  dried  with  CaCl2  and  recti- 
fied. The  yield  is  small  (Paterno,  C.  E.  68, 
450  ;  Thorpe,  C.  J.  37,  192). 

Properties.  —  Liquid,  solidifies  below  -18°. 
Converted  by  alcoholic  KOH  into  KC1  and  C,CL. 
PC15  at  250°  gives  C,Clti. 


Hexa  -  chloro  -  ethane       CC13.CC13.       [179°] 
(Geuther  a.  Brockhoff ,  J.  pr.  [2]  7,  108) ;  [185° 
cor.]  (Hahn,  B.  11, 1735).    (185°  cor.)  (H.).    S.G. 
2-0  (Schroder,  B.  13,  1070).  V.D.  8-16  (calc.  8-21). 
Formation. — 1.  FromC.,Cl4  and  Cl  in  daylight 
or  by  heating  (Faraday,  Tr.  1826,  47;  Liebig,  A.  1, 
219).— 2.  The  ultimate  product  of  the  chlorina- 
tion  of  ethyl  chloride  (Laurent,  A.  Ch.  [2]  84, 
328)  or  ethylene  chloride  (Faraday),  and  hence 
formed  in  the  chlorination  of  most  ethyl  com- 
pounds in  sunlight  (Eegnault,  A.  Ch.  [2]  69, 
I  166;  81,  371;  Ebelmen  a.  Bouquet,  A.  Ch.  [3] 
17,  66  ;  Malaguti,  A.  Ch.  [3]  16,  6,  14  ;  Geuther 
i  a.  Hofacker,  A.  108,   51).— 3.  By  passing  CC14 
\  through  a  red-hot  tube  (Kolbe,  A.  54,  147)  or 
over  finely  divided  copper  at  120°  (Eadziszewski, 
|  B.  17,  834)  or  silver  at  180°  (Goldschmidt,  B. 
\  14,    928).— 4.    From   AcCl  and  PC15  at  180° 
(Hiibner  a.  Miiller,  Z.  1870,  328).— 5.  Ultimate 
product  of  the  action  of  PC15  on  succinic  acid. — 
6.  By  heating  propane,  propyl  chloride,  or  iso- 
butyl  chloride  and  IC13  at  200°  (Krafft  a.  Merz, 
B.  8,  1298). — 7.  From  propionio  acid  and  IC1, 
(Krafft,  B.  9,  1085).— 8.  By  chlorination  of  boil- 
ing butyric  acid  in  sunshine  (Naumann,  A.  119, 
I  120).— 9.  Together  with  C6C16  and  CC14  by  heat- 
|  ing  chrysene  with  PC15  (Euoff,  B.  10,  1234). 

Properties. — Tables  (from  alcohol-ether) ; 
smells  like  camphor.  Trimorphous,  crystallising 
in  the  cubic,  trimetric,  and  triclinic  systems 
(Lehmann,  J.  1882,  369  ;  Z.  K.  6,  580).  Insol. 
water,  sol.  alcohol  and  ether.  When  its  vapour 
is  led  through  a  red-hot  tube  C2C14  is  formed. 

Reactions. — 1.  Alcoholic  potash  at  100°  con- 
verts it  into  oxalic  acid  (Berthelot,  A.  109,  118). 
Solid  potash  at  200°  does  the  same  (Geuther,  A. 
Ill,  174).— 2.  Boiling  with  NaOEt  underpressure 
gives  C2C14,  CCl2:CCl(OEt),  CHCl,.C(OEt)8>  and 
CH2(OEt).C02Na  (Geuther  a.  Brockhoff).  Zinc 
and  dilute  H2S04  do  the  same.  —  3.  Finely 
divided  silver  at  280°  also  gives  C2C14.— 4.  S03 
at  150°  forms  CC13.COC1  and  COCL,  (Prudhomme, 
A.  156,  342  ;  Armstrong,  Pr.  18,  502).— 5.  A1,I6 
forms  C2C14,  A12C16,  and  iodine  (Gustavson,  J3.~9, 
1G07). 

CHLORO-ETHANE  TRI-CARBOXYLIC  ACID. 

Ethyl  ether  (C02Et)2.CCl.CH2(CO.,Et) 
(205°-215°)  at  160  mm.  From  ethane  tri-carbo- 
xylic  ether  and  chlorine  (Bischoff,  A.  214,  46). 

Reactions. — 1.  Boiling  aqueous  HC1  forms 
fumaric  acid.— 2.  KOH  and  dilute  alcohol  form 
malic  acid.— 3.  KOH  and  97  p.c.  alcohol  appear 
to  form  (C02Et)2.C(OEt).CH2.CO2Et. 

a  -CHLOEO  -"ETHANE  SULPHONIC  ACID 
CH3.CHC1.S03H.  Its  sodium  salt  A'Na  is  formed 
by  heating  ethylidene  chloride  with  solution  of 
Na2SOs  at  140°.  This  salt  forms  plates,  sol. 
alcohol  (Bunte,  A.  170,  317). 

£-Chloro-ethane  sulphonic  acid 
CH2C1.CH,S03H. 

Formation.— I.  By  the  action  of  fuming 
HN03  on  CH2Cl.CH2.SCy  (James,  J.  pr.  [2]  20, 
353). — 2.  By  boiling  its  chloride  with  water 
(Dittrich,  J.  pr.  [2]  18,  67  ;  Kolbe,  A.  122,  33).— 
3.  From  (CH2C1.CH,),S,  and  HN03  (Spring  a. 
Lecrenier,  Bl.  [2]  48,"6"29). 

Properties. — Very  deliquescent  needles.  Not 
decomposed  by  boiling  water.  Heated  with  am- 
monia in  sealed  tubes  at  100°  forms  taurine, 
CH2(NH2)CH2S03H. 

Salts.  — (B.  Hiibner,  A.  223,   213;    James, 


CHLORO-ETHYL  ALCOHOL. 
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J.pr.  [2]  26, 382 ;  C.  J.  43, 41).— NH4A'.— NaA'  aq. 
KA' :  needles,  insol.  alcohol. — BaA'2  aq  (H.). — 
BaA'.,  2aq  :  needles  (J.).— PbA'2  2aq.— CuA'.,  3aq 
(H.).— CuA'.,  4aq :  triclinic  tablets  (J.).— ZnAUaq 
(H.).  —  ZnA'2  6aq  :  plates  (J.).  —  MgA'2  4aq.— 
SrA'2  2aq  :  needles. — MnA'2  4aq. — FeA'2  4aq. — 
NMeH3A' :  plates  (from  alcohol). 

Chloride.- CH,C1.CK2SO.£1  (200°-205°). 
From  potassic  isethionate  and  PCI-  (Kolbe,  A. 
122,  38).  Also  from  SO.,C1.CH2.CH2.SO2C1  and 
PC15  (Konigs,  B.  7,  1163).  It  is  one  of  the  pro- 
ducts of  the  action  of  S03  on  'ethyl  chloride 
(Purgold,  B.  6,  502).  Oil,  smelling  like  mustard. 
Does  not  give  an  amide  with  ammonia,  or  an 
ether  when  heated  with  alcohol.  PC15  at  200° 
gives  ethylene  chloride. 

Di-chloro-ethane  sulphonic  acid 
C.,H,C12(S03H).  From  ethane  sulphonic  acid 
and  IC13  (Spring  a.  Winssinger,  B.  15,  446). 
Converted  by  baryta  into  chloro-isethionic  acid 
C,H3C1(OH)(S03H).  Ammonia  at  100°  gives 
chlorinated  taurine. 

CHLORO-ETHENYL-TRICARBOXYLIC  ACID 
v.  CHLORO-ETHANE-TRICARBOXYLIC  ACID. 

CHLORO-ETHER  v.  CHLORO-ETHYL  OXIDE. 

CHLORO-ETHULMIC  ACID  CBH8C102.  A  brown 
amorphous  body  formed  by  adding  sodium  to 
chloroform  containing  alcohol  (Hardy,  A.  Ch. 
[3]  65,  340). 

CHLORO-ETHYL-ACETAMIDE    v.    CHLORO- 

ETHYLAJIINE. 

co-CHLOR< 

v.  ALDEHYDE. 

a-Chloro-ethyl  acetate  CH2Cl.CH2.OAc  v. 
CHLORO-ETHYL  ALCOHOL. 

Other  Chloro-ethyl  acetates  v.  Acetyl  deriva- 
tives of  the  corresponding  CHLORO-ETHYL  ALCO- 
HOLS. 

CHLORO-ETHYL- ACETO-  ACETIC  ETHER 
C8H13C103  i.e.  CH2Cl.CO.CHEt.C02Et  (192-5° 
cor.).  S.G.  ^  1-052.  A  product  of  action  of 
PC15  on  ethyl-aceto-acetic  ether  (Isbert,  A.  234, 
187 ;  cf.  Conrad,  A.  186,  241).  Oil,  smelling  of 
peppermint.  Sol.  alcohol  or  ether.  With  dilute 
HC1  at  180°  it  gives  mono-chlorinated  methyl 
propyl  ketone.  With  NaOEt  (1  mol.)  in  alcohol, 
it  gives  rise  to  ethoxy-ethyl-aceto-acetic  ether 
CH,(OEt).CO.CHEt.C02Et  (210°  cor.).  S.G.  & 
•957".  Alcoholic  KOH  at  120°  converts  it  into 
EtO.CH2.CO.CH2Et. 

Di-chloro-ethyl-aceto-acetic  ether  C8H,2C1203. 
(220°-225°).  S.G.  ^  1-183.  Formed  at  the  same 
time  as  the  preceding. 

Chloro-di-ethyl-aceto-acetic  ether 
CH2CLCO.CEt.,.CO,Et.  S.G.  is  1-063.  PC13  has 
no  action  on  di-ethyl-aceto-acetic  ether,  even  at 
100°,  but  at  a  higher  temperature  HC1,  EtCl, 
ethyl-chloro-crotonic  (chloro-hexenoic)  ether,  di- 
ethyl-chloro-aceto-acetic  ether,  and  di-ethyl-di- 
chioro-aceto-acetic  ethers  are  formed.  The  pro- 
duct is  freed  from  PC13  by  distillation,  is  then 
poured  into  water  and  distilled  with  steam 
(James,  C.  J.  49,  50  ;  A.  231,  235).  Di-ethyl- 
chloro-aceto-acetic  ether  is  a  liquid,  which  is 
converted  by  treatment  with  sodium  methylate 
MeONa  into  CH,(OMe).CO.CEt2.C02Et  and 
CH,(OMe).CO.CHMeEt  (131°).  S.G.  ^  -855. 

Di-chloro-di-ethyl-aceto-acetic  ether 
CHCl2.CO.CEt2.C02Et.     S.G.  M  1-155.     One   of 
the  products  of  the  action  of  PC15  on  di-ethyl- 
aceto-acetic   ether.     Oil,   with    pleasant   smell. 


Miscible  with  alcohol  and  with  ether.  Converted 
by  NaOMe  into  CH(OMe),.CO.CEt2.C02Et  (c. 
195°)  and  CH(OMe).,.CO.CHEt2  (134°).  S.G.  is. 
•886  (James,  C.  J.  49,  57). 

w-CHLORO-ETHYL  ALCOHOL  CH3.CHC1.0H. 
Ethylidene  chlorhydrin.  (25°)  at  40mm.  An  un- 
stable body  formed  by  combination  of  aldehyde 
with  HC1  in  the  cold.  It  changes  spontaneously 
into  '  ethylidene  oxy-chloride '  or  di-chloro-di- 
ethyl  oxide  (Hanriot,  A.  Ch.  [5]  25, 219),  v.  ALDE- 
HYDE, vol.  i.  p.  104. 

Acetyl  derivative  CH3.CHC1.0Ac.  (121-5° 
cor.).  Formed  by  combination  of  aldehyde  with 
acetyl  chloride ;  v.  ALDEHYDE,  vol.  i.  p.  105, 
where  other  alkoyl  derivatives  are  described. 

Methyl  derivative  CH3.CHC1.0Me.  (c. 
74°).  S.G.  i-7-  -996.  Formed  by  passing  HC1 
into  a  well-cooled  mixture  of  aldehyde  (1  vol.) 
and  methyl  alcohol  (1|  vols.)  (llubencamp,  A. 
225,  269). 

Ethyl  derivative  CH3.CHC1.0Et  v. 
CHLORO-DI-ETHYL  OXIDE. 

Chloro-etbyl  alcohol  C2H5C10  i.e. 
CH,C1CH.,OH.   Glycol  chlorhydrin.   Mol.w.80| 
(128°-131°").     S.G.  fi  1-2233. 

Formation. — 1.  By  repeatedly  saturating 
glycol  with  HC1  and  distilling  the  product 
(Wurtz,  A.  110,  125 ;  cf.  Schorlemmer,  C.  J.  39, 
143).  Besides  the  pure  product  (128°)  a  fraction 
boiling  at  106°  is  obtained  ;  this  fraction  may  be 
represented  as  (C2H5C10)2HC1 8aq,  and  has 
S.G.  s.  1-1926.;  by  means  of  KOH  (1  mol.)  it 
may  be  decomposed  with  liberation  of  the  pure 
chlorhydrin  (Bouchardat,  C.  R.  100,  452).— 2.  By 
heating  glycol  with  S2C12  at  100°  and  extracting 
the  product  with  moist  ether  (Carius,  A.  124, 
257) ;  the  yield  is  over  50  p.c.  of  the  theoretical. — 
3.  From  ethylene  and  C10H  (Carius,  A.  126, 
197  ;  cf.  Butlerow,  A.  144,  40).— 4.  From  ethyl- 
ene oxide  and  HC1 ;  the  union  is  attended  with 
disengagement  of  heat  :  (C2H40,HC1)  =  36,000 
(Berthelot,  C.  R.  93,  185). 

Properties. — Liquid,  miscible  with  water.  A 
mixture  of  glycol  chlorhydrin  (1  mol.)  with  water 
(4  mols.)  solidifies  at  - 17°. 

Reactions. — 1.  Oxidised  by  chromic  mixture 
to  chloro-acetic  acid  (Kriwaxin,  Z.  1871,  265).— 
2.  Eeduced  by  sodium  amalgam  and  water  to 
alcohol  (Lourenco,  A.  120, 92).— 3.  Converted  by 
potash  into  ethylene  oxide.— 4.  With  COCL,  in 
the  cold,  reacts  thus:  CH.,C1.CH,OH  +  CLCO 
=  HC1  +  CH2C1.CH2.O.COC1,  forming"  the  chloro- 
ethylic  ether  of  chloro-formic  acid. — 5.  Heated 
with  K.,S03  and  water  at  180°  it  forms  iseth ionic 
acid  CH.,OH.CH2S03H.— 6.  Ammonia  forms 
oxyethyl-a'mine  CH.,OH.CH2NH.,  together  with 
CH.,OH.CH2.O.CH2.CH2NH2  (Wurtz,  A.  114,  51 ; 
121",  226).— 7.  Triinethylamine  in  aqueous  solu- 
tion forms  neurine  (Wurtz,  A.  Suppl.  6,  116, 
197).— 8.  Dimethylamine  gives  di-methyl-oxy- 
ethyl-amine  CH.,OH.CH.,.NMe2  (Ladenburg,  B. 
14,  2408),  and"  CH,OH.CH2.O.CH2.CH2NMe2 
(Morley,  C.  J.  37,  234)." 

Nitroxyl  derivative  CH.C1.CH..O.N02. 
Chloro-ethyl  nitrate.  (150°).  S.G.  ^  1-378. 
From  CH.,C1.CH.,OH,  nitric  acid,  and  H.,S04,  or 
from  CH.,Cl.CH.J3r  and  alcoholic  AgN03  (A.  Ch. 
[4]  27,  25~7  ;  Henry,  C.  R.  96,  1062).  Oil. 

Acetyl  derivative  CH0Cl.CH2OAc.  Glycol 
chloracctin.  (145°).  S.G.  2  1-1783.  Formation.— 
1.  From  glycol,  HO  Ac,  and  gaseous  HC1  at  1 
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(Simpson,  A.  112, 147).— 2.  From  CH,OH.CH.2OAc 
and  HC1  (Simpson,  A.  113, 116).— 3.  From  glycol 
and  AcCl  in  the  cold  (Lourenco,  A.  Ch.  [3]  67, 
260;  114,  126).— 4.  From  chloro-ethyl  alcohol 
CH.,C1.CH.,OH  and  AcCl  (Henry,  B.  7,  70 ;  De- 
lacre, BL  [2]  48,  707),  or  Ac20  at  110°  (Ladenburg 
a.  Demole,  B.  6,  1024).  Properties.— Liquid ; 
converted  by  aqueous  potash  into  ethylene  oxide. 

Chloro-acetyl  derivative 
CH,C1.CH2.O.CO.CH2C1.     (198°).    From  chloro 
ethyl  alcohol  and  chloro-acetyl  chloride  (Delacre, 
BL  [2]  48,  708),   or  from   ethylene   and   CLO 
(Mulder  a.  Bremer,  B.  11,  1958). 

Di-chloro-acetyl  derivative 
CHX1.CH,.O.CO.CHCL,  (211°).  S.G.i*  1-200  (D.). 

Tri-chloro-acetyl  derivative 
CH.,C1.CH.,O.CO.CC13.  (217°).  S.G.  ^  1-251  (D.). 

Butyryl  derivative  CH2Cl.CH.2O.CO.Pr. 
(190°).  S.G.  ^  1-0854.  From  glycol,  butyric 
acid,  and  gaseous  HC1  (Simpson,  A.  113,  119). 

Benzoyl  derivative  CH.2Cl.CH2.OBz. 
(260°-270°).  From  glycol,  benzoic  acid,  and 
HC1  at  100°  (S.). 

a>a-Di-chloro-ethyl-alcohol  CH2C1.CHC1.0H. 

Acetyl  derivative  CH2Cl.CHC1.0Ac. 
(c.  163°).  From  acetyl-chloride  and  the  hydrate  of 
chloro-acetic  aldehyde  (Natterer,  M.  3, 453).  Oil. 
An  isomeride  (147°)  is  formed  by  treating 
CCl,.CHC1.0Ac  with  Zn  and  HOAc  (Curie  a. 
Milliet,  B.  9, 1611). 

Di- chloro -ethyl  alcohol  CHC12.CH2.OH. 
(146°  i.V.).  S.G.  is  1-145.  V.D.  3-93  (calc.  3-97) 
(Delacre,  C.  R.  104,  1184).  From  di-chloro- 
acetic  aldehyde  and  ZnEt2,  the  product  being 
decomposed  by  water.  Liquid,  si.  sol.  water, 
sol.  alcohol  and  ether.  Keduces  ammoniacal 
AgN03.  Does  not  dissolve  CaCl.2.  Fuming 
HN03  gives  di-chloro-acetic  acid.  Converted  by 
PC15  into  CHC12.CH2C1  (115°),  and  by  PBr3  into 
CHCl2.CH2Br  (138°). 

Nitroxyl  derivative  CHC12.CH2.N03. 
Di-chloro-ethyl  nitrate.  (156°  i.V.).  V.D.  5-56 
(calc.  5-53)  (De  Lacre,  C.  R.  104,  1186).  From 
CHC12.CH2OH  by  HN03  and  H.2S04. 

Acetyl  derivative  CHCl2.CH2.OAc.  Di- 
chloro-ctlujl  acetate.  (167°  i.V.).  V.D.  5-74  (calc. 
5-42).  S.G.  i*  1-104  (Delacre,  C.  R.  104,  1186). 

Chloro-acetyl  derivative 
C12CH.CH,02C.CH2C1.  (215°  cor.).  S.G.  -]s  1-216. 
Prepared  by  acting  with  mono-chloro-acetyl 
chloride  on  di-chloro-ethyl  alcohol  on  the  water- 
bath  until  no  more  hydric  chloride  is  evolved 
(Delacre,  Bl.  [2]  48,  708). 

Di-chloro-acetyl    derivative 
C1.2CH.CH202C.CHC12.     (223°).      S.G.    i*  1-25. 
Formed  by  heating  di-chloro-ethyl  alcohol  and 
di-chloro-acetyl-chloride  together  on  the  water- 
bath  (Delacre). 

Tri-chloro-acetyl    derivative 
CLCH.CH,02C.CC13.   (230°).   Formed  by  the  ac- 
tion of  tri-chloro-acetyl  chloride  on  di-chloro- 
ethyl  alcohol  (Delacre). 

Tri-chloro-ethyl  alcohol  CC13.CH2OH.  [18°]. 
(151°).  S.G.  23  1-550. 

The  zinc  salt  (CCl3.CH2.0)2Zn  is  formed  by 
the  action  of  ZnEt2  on  chloral;  it  is  decom- 
posed by  water  into  Zn(OH)2  and  tri-a-chloro- 
ethyl  alcohol  (Garzarolli-Thurnlackh,  A.  210, 63 ; 
Delacre,  Bl.  [2J  48,  785).  It  is  also  formed,  to- 
gether with  glycuronic  acid  CtjH)007,  by  treating 
urochloralic  acid  with  dilute  HC1  (Kiilz,  Z.  B. 


20,  161).  Hygroscopic  trimetric  tables  ;  si.  sol. 
water,  v.  sol.  alcohol  and  ether.  HN03  forms 
tri-chloro-acetic  acid.  Eeduces  hot  Fehling's 
solution. 

Acetyl  derivative  Cl:,C.CH,OAc.  (170°). 
S.G.  15  1-189.  Formed  by  digesting  at  a  gentle 
heat  acetyl  chloride  and  trichloro-ethyl  alcohol. 

Chloro-acetyl    derivative 
C13C.CH202C.CH,C1.     (220°  cor.).     S.G.  ^  1-25. 
From  chloro-acetyl-chloride  and  tri-chloro-ethyl 
alcohol  (Delacre,  BL  [2]  48,  710). 

Di-chloro-acetyl   derivative 
C13C.CH202C.CHC12.    (231°)  at  767  mm.     S.G. 
—  1-267.     From   di-chloro-acetyl  chloride   and 
tri-chloro-ethyl  alcohol. 

Tri-chloro-acetyl    derivative 
C13C.CHSO2C-CC13-     [26°].     (236°).      From    tri- 
chloro-acetyl  chloride  and  tri-chloro-ethyl  alco- 
hol. 

waa-Tri-chloro-ethyl  alcohol.  Acetyl  de- 
rivative CHCL.CHCl.OAc.  (185°).  From 
AcCl  and  di-chloro-acetic  aldehyde  (Delacre,  BL 
[2]  48,  714). 

Dl  -  CHLORO  -  ETHYLAMIDO  -  ACETIC 
ETHER  C6HHC12N02  i.e.  NHEt.CCl2.C0.2Et. 
[above  50°].  From  NHEt,CO.C02Et  and  PC15 
(Wallach,  A.  184,  76).  Needles  or  prisms. 
Water  regenerates  NHEt.CO.C02Et.  Ammonia 
forms  ethyl-oxamide. 

p  -  CHLORO  -  TETRA-  ETHYL  -p  -  DI  -  AMIDO- 
TRI-PHENYL-CARBINOL 

C6H4Cl.C(OH):(CtiH4.NEt2)2.  [121°].  Large 
glistening  colourless  tables.  Formed  by  oxi- 
dation of  its  leuco-base,  the  condensation-pro- 
duct of  diethylaniline  andp-chlorobenzaldehyde. 
Its  zinc  double  chloride  is  a  bluish-green  dye- 
stuff  (Kaeswurm,  B.  19,  745). 

TRI  -  CHLORO  -p  -  ETHYL-AMIDO-PHENYL - 
ETHYL  ALCOHOL  CCl3.CH(OH).C0H4.NHEt. 
[98°].  From  chloral  hydrate  and  ethyl-aniline. 
Crystals  (from  alcohol).— B'HCl. 

Nitrosamine  CCl3.CH(OH).C6H4.NEt.NO 
[138°].  Crystals  (Boessneck,  B.  21,  783). 

Tri-chloro-di-ethyl-amido-phenyl  ethyl  alco- 
hol CCl3.CH(OH).CtiH4.NEt2.  Yellow  oil.  Formed 
by  adding  10  grms.  of  ZnCl2  to  a  cold  mixture  of 
60  grms.  of  diethylaniline  and  20  grms.  of 
chloral  hydrate,  and  allowing  to  stand  for  2  days 
at  40°.  It  is  decomposed  by  alkalis  into 
chloroform  and  ^-di-ethyl-amido-benzaldehyde. 
—B'HCl:  crystalline  solid  (Boessneck,  B.  19, 
367). 

p  -  CHLORO  -  TETRA  -  ETHYL  -p  -  DI  -AMIDO- 
TRI-PHENYL-METHANE 

C(jH4Cl.CH(C(iH4.NEt2)2.  [110°].  Obtained  by 
heating  together  di-ethyl-aniline,  j>-chloro-benz- 
aldehyde,  and  ZnCL2  (Kaeswurm,  B.  19,  744). 
Small  colourless  needles.  Sol.  benzene,  alcohol, 
and  ether,  insol.  water.  On  oxidation  it  gives  a 
bluish -green  dyestuff. 

CHLORO-ETHYL-AMINE  v.  Ethyl-chloro- 
amine,  described  under  ETHYL-AMINE. 

j8-Chloro-ethyl-amine  C1.CH,.CH2.NH2.  From 
vinylamine  and  cone.  HClAq.  Formed  also  by 
heating  oxyethylphthalimide  with  cone.  HC1  to 
200°  (Gabriel,  B.  21,  573,  1049).— Salts.— 
B'HCl.  V.  e.  sol.  alcohol,  ether,  and  water. — 
Picrate.— B'C6H3N307iaq.  Yellow  needles. 
[143°  anhydrous].  B',H2PtCl6.  Orange  plates. 
V.  sol.  water,  si.  sol.  alcohol. 
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CHLORO-ETHYL-ANILINE  C8H10C1N  i.e. 
C6HvNH.CH.,.CH.jCl.  Formed  by  the  action  of 
fuming  HC1  at  170°  on  the  compound  C9HaN02 
derived  from  phenyl-carbamic  acid  (g.  v.). — 
B'HCl.  [158°]  (Nemirowsky,  J.  pr.  [2]  31,  175). 

^-Chloro-ethyl-aniline  [4:1]  C6H4Cl.NHEt. 
From^-chloro-aniline  and  EtBr.  Liquid  (Hof- 
mann,  A.  74,  143). 

^-Chloro-di-etlryl-aniline  [4:1]  C0H4Cl.NEt2. 
From  the  preceding  and  HBr  (H.).  Liquid. — 
B'H2PtCL. 

.Eso-CHLORO-ETHYL-BENZENES 
C,.H4C1.(C2H5).  The  three  eso-chloro-ethyl-benz- 
enes  are  obtained  simultaneously  by  the  action 
of  C.,H4  upon  C6H5C1  (500  g.),  in  presence  of 
A12C1S  (100  gr.).  The  mixture  is  an  oily  liquid 
(c.  180°).  S.G.  fi  1-068.  V.D.  4-77.  Very  vola- 
tile, and  of  agreeable  odour.  Sol.  ligroi'n  (1  vol.), 
OS,,  CHC13,  and  ether.  Sol.  C(iHH  (2  vols.)  and 
alcohol  (3  vols.).  The  proportion  of  the  three 
isomerides  is  roughly  o  :  m  :p  =  1 :  10  :  3.  On 
oxidation  it  gives  a  mixture  of  the  three  chloro- 
benzoic  acids.  Heated  with  sulphuric  acid  it 
gives  sulphonic  acids  (Istrati,  A.  Ch.  [6]  6,  402  ; 
Bl.  [2]  42,  114). 

w-Chloro-ethyl-benzene  CH^Ol.GHyCaH,  (?). 
(c.  202°).  Formed  by  chlorinating  boiling  ethyl- 
benzene  (Fittig  a.  Kiesow,  A.  156,  246 ;  cf. 
Schramm,  M.  8,  105).  Split  up  by  boiling  into 
HC1  and  styrene.  Converted  by  alcoholic  KCy 
into  the  nitrile  of  0-phenyl-propionic  acid  (?). 

o-Chloro-ethyl-benzene  CH3.CHC1.C6H5. 

(194°).  Formed  by  the  action  of  chlorine  on 
ethyl-benzene  in  sunlight,  and  also  on  boiling 
ethyl-benzene  (Schramm,  M.  8,  101).  Formed 
also  by  passing  HG1  into  cold  w-phenyl-ethyl 
alcohol  CtiH,.CH(OH).CH3  (Engler  a.  Bethge,  B. 
7,  1127).  With  benzene  and  A1.,C1B  it  gives  s-di- 
phenyl-ethane  (Anschiitz,  A.  235,  329). 

Chloro-di-ethyl-benzenes  C.H.Cl^HJ,.  A 
mixture  of  chloro-di-ethyl-benzenes  is  formed 
by  treating  CuH^Cl  with  C2H4  in  presence  of 
A12C16.  It  is  a  mobile  liquid,  with  agreeable 
odour.  (c.218°).  S.G.  2 1-036.  V.D.  5-65.  Sol. 
ligroi'n  (in  all  proportions),  CS2,  ether,  and 
CHOI.,.  Sol.  benzene  (3  vols.),  alcohol  (7  vols.). 
On  oxidation,  it  gives  rise  to  two  chloro-phthalic 
acids,  and  chloro-ethylphenyl  methyl  ketone 
(C.,H-).CtiH3.Cl.CO.CH3  (Istrati). 

"  Chloro-tri-ethyl-benzenes  CUH,C1(C2H,)3.  A 
mixture  of  these  substances  is  obtained  by  con- 
tinuing the  passage  of  ethylene  into  chloro- 
benzene  in  presence  of  Al2Cld.  Mobile  liquid. 
(248°).  V.D.  6-87.  Sol.  (in  all  proportions) 
ether,  petroleum  ether,  CS2,  and  CHC13.  Sol. 
benzene  (3|  vols.),  and  alcohol  (30  vols.).  On 
oxidation  with  permanganate  it  gives  a  tri-car- 
boxylic  acid,  having  an  insol.  Ba  salt  (Istrati, 
A.  Ch.  [6]  6,  426). 

Chloro-tetra-ethyl-benzenes  CtiHCl(C2H-)4.  A 
mixture  of  isomerides  of  this  composition  is 
formed  by  the  further  action  of  C..H,  upon 
C6H-C1  in  presence  of  A1.,C16.  Liquid.  S.G. 
a  1-022.  (c.  271J.  V.D.  7:17.  V.  sol.  ether, 
ligro'in,  CS2,  and  CHCX,.  Sol.  benzene  (4  vols.) 
and  90  p.c.  alcohol  (26  vols.)  (Istrati). 

Chloro  -  penta  -  ethyl  -  benzene  CrfCl(C2H5)4. 
Formed  by  the  prolonged  action  of  C.,H4  upon 
CtiH-Cl  in  presence  of  A12C16.  The  yield  is  not 
good.  Mobile  liquid.  S.G.  2  1-065.  (c.  292°). 
V.D.  8-43.  V.  sol.  ether,  ligroin,  CS ,,  and  CHC13. 


Sol.  benzene  (5|  vols.)  and  90  p.c.  alcohol  (32 
vols.)  (Istrati,  A.  Ch.  [6]  6,  428). 

Di-chloro-ethyl-benzene  C6H3CL(C2H.)  [1:4:21. 
S.G.  a  1-239.  (213°).  V.D.  6-24.  Forced  by 
the  action  of  C2H4  upon  C6H,C12  [1:4]  in  pre- 
sence of  A12C16,  at  125°-150°  (Istrati,  A.  Ch.  [6] 
6,  476).  Liquid.  Sol.  benzene  (3  vols.)  and 
90  p.c.  alcohol  (9  vols.).  Yields  a  di-chloro-ben- 
zoic  acid  on  oxidation. 

ww-Di-chloro-ethyl-benzene  C6H,.CH2.CC1,H. 
Phenyl-di-chloro-ethane.  Formed  by  the  action 
of  PCI-  on  phenyl-acetic  aldehyde  (Forrer,  B.  17, 
982).  Heavy  colourless  liquid.  Volatile  with 
steam.  By  boiling  with  water  it  is  converted 
into  w-chloro-styrene. 

oa-Di-chloro-di-ethyl-benzene  C6H5.CC12.CH3. 
Acetoplienone  chloride.  From  acetophenone  and 
PCI.  in  the  cold  (Friedel,  Bl.  1,7;  Ladenbur  ', 
A.  217,  105).  Beadily  splits  off  HC1. 

o>a-Di-chloro-di-etnyl-benzene 
CKH..CHC1.CH2CI.     Styrene    dichloride.    From 
styrene  and  chlorine  (Blyth  a.  Hofmann,  A.  53, 
309).  Decomposed  on  distillation.  Alcoholic  KOH 
gives  CaHjCHrCHCL 

Di-chloro-di-ethyl-benzcne  C6H2C12(C.,H5)2.  A 
mixture  of  di-chloro-di-ethyl-benzenes"is  o'btained 
by  treating  £>-di-chlor-benzene  with  C2H4  in  pre- 
sence of  A12C16.  Liquid.  S.G.  2  1-179.  (c.  247°). 
V.D.  7-17.  Sol.  benzene  (4  vols.)  and  alcohol 
(16  vols.)  (Istrati,  A.  Ch.  [6]  6,  482). 

Di-chlor-tri-ethyl-benzene  C6HC1.,(C2H.)3 
[1:4:3:5:6].  S.G.  2  1-131.  (c.  273°).  V.D.  8-77 
(calc.  7'99).  Formed  by  the  action  of  C2H4  upon 
£>-di-chlor-benzene  in  presence  of  AL,C16  (Istrati). 
Liquid.  Sol.  benzene  (5  vols.),  alcohol  (30  vols.). 
HN03  gives  Os(NOi)Ci,(OsH5)jl.  [20°].  (312°). 
H2S04  gives  Cti(S03H).Cl2.(C,H.),. 

Di-chloro-tetra-ethyl-benzene  CtiCL(C2H.)4 
S.G.  2  1-129.  (296°).  V.D.  9-26  (calc.  8*96).  Pre- 
pared by  the  action  of  C  ,H,  upon^-di-chloro-ben- 
zene  in  presence  of  Al2Cl(i.  Liquid.  Sol.  90  p.c. 
alcohol  (46  vols.)  and  benzene  (6  vols.)  (Istrati, 
A.  Ch.  [6]  6,  485). 

Tri-chloro -ethyl-benzene  C^H.Cls^.H-,).  A 
mixture  of  these  bodies  is  formed  by  treating 
CdH3Cl3  [1:2:4]  with  C.,H4  in  presence  of  AL,C16 
(Istrati,  A.  Ch.  [6]  6,  490).  Liquid.  S.G.  2  1-389. 
(244°).  V.D.  7'24.  Sol.  benzene  (3|  vols.)  and 
alcohol  (17  vols.). 

Tri-chloro-di-ethyl-benzeae  C.HCL^CJI^.  A 
mixture  of  these  bodies  is  obtained  by  treating 
C6H3C13  [1:2:4]  with  C2H4  in  presence  of  A12C16. 
Liquid,  greases  paper.  S.G.  2  1-305.  (269°).  V.D. 
8-37.  Sol.  benzene  (5  vols.)  and  alcohol  (26  vols.). 

Tri-chloro-tri-ethyl-benzene  C6C1.}(C.,H.)3. 
S.G.  2  1-240.  (291°).  V.D.  8-42  (calc.  8-19). 
Prepared  by  passing  C.,H4  into  a  mixture  of 
ALCla  and  CdH3Cl3  [1:2:4].  Oil.  Sol.  benzene 
(5  vols.)  and  alcohol  (41  vols.). 

Tetra-chloro-ethyl-benzene  C6HC14(C.,H-). 
S.G.  ^  1-543.  (c.  272°).  V.D.  7-99  (calc.  8~-47). 
Formed  by  treating  C6H2C14  [1:3:4:5]  with  C2H4 
in  presence  of  A12C16.  Yellowish  liquid.  Sol. 
benzene  (5|  vols.)  and  90  p.c.  alcohol  (16  vols.). 
HNO.}  gives  a  nitro-derivative  [309]  (Istrati, 
A.  Ch.  [6]  6,  497). 

oaoocc-Tetra-chloro-ethyl-benzene 
CHCL^.CClo.CoH..    From  di-chloro-styrene   and 
Cl  (Dyckerhoff,  B.  10,  533).    Liquid.     On  distil- 
lation it  splits  up  into  HC1  and  CC12:CC1.C6.H3. 
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Tetra-chloro-di-ethyl-benzene  0«OL(OA)I 
[1:3:4:5:2:6].  S.G.  i*  1-431.  [45°].  (290°).  V.D. 
8-44  (calc.  9*07).  Formed  by  treating  u-tetra,- 
chloro-benzene  with  ethylene  and  Al2Clti.  Prisms 
(from  a  mixture  of  alcohol  and  benzene).  Sol. 
benzene  (7  vols.)  and  90  p.c.  alcohol  (40  vols.) 
(Istrati,  A.  Ch.  [6]  6,  500). 

Penta-chloro-ethyl-benzene  C,;C13(C.,H5).  [85 3], 
(c.  297°).  S.G.  12  1-720.  V.D.  9-57  (caic.  9-29). 
Prepared  by  submitting  CtiHCl5,  in  presence  of 
CoH4,  to  the  influence  of  A12C16.  The  yield  is 
small.  HC1  gas  facilitates  the  reaction  and  gives 
a  better  yield.  White  crystals  (from  alcohol 
with  benzene).  V.  sol.  ether,  CHC13,  ligrom  and 
CS2.  Sol.  benzene  (9  vols.)  and  90  p.c.  alcohol 
(108  vols.).  On  oxidation  with  permanganate 
it  gives  C6C15.CO.,H,  which  immediately  loses 
C02  forming  C(iHCl5  (Istrati,  A.  Ch.  [6J  6,  502). 

CHLOEO-ETHYL-BENZENE  SULPHONIC 
ACID  C6H3C1(C2H5).(S03H).  Formed  by  heating 
the  mixture  of  chloro-ethyl-benzenes  with  H2S04 
at  180°.  The  product  appears  to  consist  of 
several  isomerides  (Istrati,  A.  Ch.  [6]  6,  411). 

.Eso-CHLORO-ETHYL-BENZOIC  ACID 
C6H3(C2H5)C1.C02H.  [115°].  Formed  by  fusing 
the  ketone  C6H3C1.(C2H5).CO.CH3  with  KOH. 
White  solid  ;  insol.  water  ;  begins  to  sublime  at 
100°. — BaA'2 :  small  crystals  ;  insol.  cold  water 
(Istrati,  A.  Ch.  [6]  6,  424). 

CHLORO-LTHYL  CARBAMATE 
NH,C02C2H4C1.   [115°]  (G.) ;  [76°]  (N.).  Formed 
by  the  action    of    chloro-ethyl-alcohol   (glycol 
chlorhydrin)  on  chloro-formamide  (Gattermann, 

A.  244,  41) ;  and  of  C1CH2.CH2.O.COC1  on  am- 
monia (Nemirowsky,  J.pr.  [2]  31,  174).   Colour- 
less,  strongly  refractive  plates.  Insol.  cold,  m.  sol. 
hot  water. 

TETRA-CHLORO-DI-ETHYL   CARBONATE 
(C2H3C12)2C03.     Obtained  by  passing  chlorine 
into  carbonic  ether  in  diffused  daylight,  ulti- 
mately at   80°   (Cahours,   A.   Ch.   [3]  9,   201). 
Heavy  oil,  decomposed  by  heat. 

Per-chloro-di-ethyl  carbonate  (C2C15)2C03. 
[86°].  Formed  by  chlorinating  the  preceding  in 
direct  sunshine  (Malaguti,  A.  Ch.  [3]  16,  30). 
Mass  of  needles.  Distils  with  partial  decompo- 
sition into  C02,  C2Clb.,  and  CC13.COC1.  Solution 
in  alcohol  converts  it  into  carbonic  and  tri-chloro- 
acetic  ethers.  Aqueous  KOH  gives  potassium 
formate,  carbonate,  and  chloride.  Gaseous  or 
aqueous  ammonia  forms  tri-chloro-acetamide 
(Gerhardt,  Traite,  1,  166)  and  a  substance  melt- 
ing at  37°. 

CHLORO-ETHYL-CROTONIC  ACID  C6H9C102. 
Chloro-hcxenoic  acid.  [49-5°].  (215°).  S.  -2 
at  1°  ;  -33  at  12°.  Formed,  together  with  chloro- 
and  di-chloro-ethyl-aceto-acetic  ether  by  the 
action  of  PC15  upon  ethyl-aceto-acetic  ether. 
Needles  (from  alcohol  or  ether).  Unpleasant, 
pungent  odour  (Isbert,  A.  234, 183 ;  cf.  Demarcay, 

B.  10,  1177).   Not  reduced  by  sodium  amalgam. 
Salts.  —  NaA'  deliquescent.  —  BaA'.  — 

CaA'22aq.     S.  12  at  19°.    Prisms.— AgA'. 

Ethyl  ether  ElA.'.    (185°). 

CHLORO-ETHYL  CYANIDE  v.  Nitrile  of 
CHLORO-PROPIONIC  ACID. 

CHLORO-ETHYLENE  C2H3C1  i.e.  CH2:CHC1. 
Vinyl  chloride.  (-16°).  V.D.  2-17.  H.F.p. 
-1880  (Th.).  H.F.v.  -2460.  Formed  by 
the  action  of  alcoholic  KOH  on  ethylene  chloride 
CHjjCl.CH.,01  (Begnault,  A.  14,  28),  or  on  ethyl- 


idene  chloride  CH3.CHC12  (VVurtz  a.  Frapolli,  A. 
108,  224).  It  is  a  gas  which  polymerises  in  sun- 
shine, changing  to  an  amorphous  mass,  S.G. 
1-41,  which  melts  and  turns  black  at  130°  (Bau- 
mann,  A.  163,  317).  Ammonia  has  no  action 
on  chloro-ethylene  below  100°,  but  at  160°  it 
forms  ethylene  diamine  CH,NH,.CH2NH,  (118°) 
(Engel,  Bl.  [2]  48,  94).  Chlorine  unites  with 
CH,:CHC1  in  sunshine. 

^-Di-chloro-ethylene  CH2:CC12.  (36°).  S.G. 
l*  1-250.  V.D.  3-32  (calc.  3-36).  Formed  by  the 
action  of  alcoholic  KOH  on  CH.Cl.CHCL,  (Keg- 
nault,  J.  pr.  18,  80;  Kramer,  B.  3,  261),  on 
CH2Br.CHCl2,or  on  di-chloro-iodo-ethane  (Henry, 
C.R.  97, 1491;  98,518).  Liquid,  with  alliaceous 
odour  ;  changes  spontaneously  into  a  crystalline 
isomeride.  Chlorine  in  daylight  followed  by 
sunshine  gives  C2Cld;  direct  sunshine  gives  C 
and  HC1.  Does  not  react  with  KI. 

s-Di-chloro-ethylene  CHCliCHCl.  Acetylene 
dichloride.  Mol.  w.  97.  (55°).  Formed  by 
passing  acetylene  into  cool  SbCl5,  the  resulting 
crystalline  compound  C2H_,SbCl5  being  decom- 
posed by  water  (Berthelot  a.  Jungfleisch,  A.  Ch. 
[4]  26,  472  ;  but  cf.  Sabanejeff ,  A.  216, 262).  From 
CHClBr.CHClBr  and  zinc  in  alcoholic  solution 
(S.). 

Tri-chloro-ethylene  CHC1:CC12.  (88°).  From 
either  tetra-chloro-ethane  by  treatment  with  alco- 
holic KOH  (Berthelot  a.  Jungfleisch,  C.  E.  79, 
542  ;  A.  Suppl.  7,  255).  From  C2C16,  zinc,  and 
dilute  H.,SO4  (E.  Fischer,  Z.  1864,  268).  Also 
from  chloral  and  P2S5  at  170°  (Paternd  a.  Oglia- 
loro,  B.  7,  81).  With  alcoholic  KOH  it  gives 
C.,HCL,.OEt.  Aqueous  or  alcoholic  NH3  forms 
OJtjCLj  (37°)  (Engel,  C.  E.  104,  1621).  Sodium 
forms  acetylene,  ethylene,  C2H2C12,  and  hydro- 
gen (Brunner  a.  Brandenburg,  B.  10,  1496 ;  11, 
61). 

Tetra-chloro-ethylene  C2C14  i.e.  CC12:CC12. 
(121°)  (S.) ;  (125°)  (C.).  S.G.  ^  1-6312  (Schiff, 

A.  220,  97) ;  2f  1-6190.  V.D.  5-82  (calc.  5-75). 
C.E.  (9-4°  to  120°)  -001147.  ^  1-515.  11^  49-66 
(Biiihl).  S.V.  114-18.  H.F.p.  -1150  (Th.). 
H.F.v.  -1730.  Discovered  by  Faraday  (T. 
1821,  47)  by  subjecting  C.,Clti  to  a  red  heat  either 
alone  or  in  presence  of  H.  Formed  also  by  treat- 
ing C2C16  with  alcoholic  KHS  (Eegnault,  A.  Ch. 
[2]  70,  104  ;  81,  372),  with  water  and  granulated 
zinc  (Geuther,  A.  107,  212),  with  alcohol  and 
zinc  filings,  or  with  aniline  (Bourgoin,  Bl.  [2] 
23,  344).  Formed  also  by  the  action  of  A12CIB  on 
chloral  (Combes,  A.  Ch.  [6]  12,  298).  Obtained, 
together  withCC!4,  by  heating  per-chloro-propane 
at  300°  (Kraff  t  a.  Merz,  B.  8,  1300). 

Reactions. —  1.  Bromine  forms  in  sunshine 
crystals  of  C2Cl4Br._,. — 2.  Dry  chlorine  combines 
in  sunshine  forming  C2C16. — 3.  Chlorine-water 
gives  tri-chloro-acetic  acid  (Kolbe,  A.  54,  181). — 
4.  Dry  oxygen  has  no  action  even  at  120°  (Demole 
a.  Diirr,  B.  11,  1302). — 5.  Potash-fusion  gives 
potassium  oxalate  and  hydrogen  (Geuther,  A. 
Ill,  174).  —  6.  NaOEt  at  120°  gives 
CHCl2.C(OEt)3,  CHCl,.C02Et,  CH(OEt).»C02Na, 
and  CCl2:CC1.0Et  (Geuther,  J.  1864,  316' ;  J.pr. 
[2]  7,  108).— 7.  S03  at  150°  gives  CC13.COC1. 

CHLORO-ETHYLENE  OXIDE  C2H3C1.0. 
(89°-92°).  Formed  by  heating  chloro-iodo-ethyl- 
ene  CHChCHI,  with  water  (50  vols.)  at  150°  for 
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6  days  (Sabanejeff,  A.  216,  268).  Liquid.  SI. 
sol.  water. 

CHLOEO-ETHYLENE    CHLOEIDE    v.    TRI- 

CHLORO-ETHANE. 

CHLOEO-ETHYL  ETHEE  v.  CHLORO-DI-ETHYL 

OXIDE. 

TEI-CHLOEO-ETHYLIDENE-ACETO-ACETIC 
ETHEE  v,  ACETO-ACETIC  ACID. 

TEI-CHLOEO-ETHYLIDENE  DIAMINE. 

Acetyl  derivative  CCl3.CH(NHAc)2. 
Formed  by  heating  chloral  with  aceto-nitrile 
(Hiibner,  Z.  1871,  712;  Hepp,  B.  10,  1651), 
the  equation  being  :  CC13.CHO  +  2CH3CN  +  H2O 
=  CC13.CH(NH.CO.CH3)2.  Needles  (from  glacial 
acetic  acid).  Sol.  water  and  alcohol.  Sublimes 
without  melting. 

Benzoy'J,  derivative  CCl3.CH(NHBz)2. 
[257°].  From  chloral,  benzonitrile,  and  cone. 
H,,SO ..  Needles ;  v.  si.  sol.  ether. 

"  CHLOEO-ETHYLIDENE-ANILINE 
C8H8NC1  i.e.  CH2Cl.CH:NCaH3.     [136°]. 

Preparation.  —  Di  -  chloro  -  di  -  ethyl  oxide 
CH2Cl.CHC1.0Et  (1  mol.)  is  warmed  with  aniline 
(2  mols.)  in  the  presence  of  water.  A  white 
powder  [87°]  is  formed,  which  becomes  red  [136°] 
when  dried. 

Properties.— Bed  brown  powder.  Sol.  alco- 
hol ;  it  may  be  a  polymeride  of  the  white  com- 
pound. 

Reactions. — 1.  HN02  produces  a  yellowish 
grey  amorphous  body  which  gives  a  blue  colour 
with  phenol  and  cone.  H2SO4. — 2.  Warmed  with 
aniline  it  forms  phenylamido-ethylidene  aniline 
CaH5N:CH.CH2.NHC6H5  [104°]  which  yields  in- 
dole  on  heating  (Berlinerblau  a.  Polikiev,  M.  8, 
187-189). 

CHLOEO  -  ETHYLIDENE  DI  -  CAEBAMIC 
ETHEE  C8HI5C1N204  i.e.  CH2Cl.CH(NH.CO2Et)2. 
[147°].  Formed  by  the  action  of  chlorine  on  a 
strong  solution  of  HCN  in  alcohol ;  and  also  by 
adding  cone,  aqueous  HC1  to  a  solution  of  car- 
bamic  ether  in  chloro-acetal  CH,Cl.CH(OEt)2 
(Bischoff,  B.5,  81 ;  7,  630).  Formed" also  by  chlo- 
rinating ethylidene  di-carbamic  ether  (Schmid, 
J.  pr.  [2]  24,  122).  Needles  (from  dilute  alco- 
hol). V.  sol.  ether  and  alcohol. 

Di-chloro -ethylidene  di-carbamic  ether 
CHCl2.CH(NH.C02Et)2.  [122°].  Formed  by 
passing  Cl  into  an  alcoholic  solution  of  HgCy2 
(Stenhouse,  A.  33,  92  ;  Bischoff,  B.  5, 82).  Also 
by  passing  chlorine  into  carbamic  ether  at  90° 
(Schmid,  J.  pr.  [2]  24,  120).  Long  needles;  v. 
sol.  alcohol  and  ether. 

TEI  -  CHLOEO-ETHYLIDENE-TEI-CHLOEO- 
LACTATE  v.  CHLOEALIDE. 

CHLOEO-ETHYLIDENE  GLYCOL,  derivatives 
of,  v.  CHLORO-ALDEHYDE. 

TEI  -  CHLOEO  -  ETHYLIDENE  -  MALONIC 
ACID  CC13.CH:C(C02H)2. 

Ethyl  ether  Et2A".  (160°-164°)  at  23 mm. 
From  chloral,  malonic  ether  and  Ac20  at  160° 
(C.  M.  Thompson,^.  218,  169). 

TEI  -  CHLOEO  -  ETHYLIDENE-DI-PHENYL- 
DIAMINE  v.  TRI-CHLORO-DI-PHENYL-ETHYLIDENE- 

DIAMINE. 

TEI  -  CHLOEO-ETHYLIDENE-QUINALDINE 

V.  (Py.  3)-QuiNOLYL-ACRYLO-TRI-CHLORIDE. 

CHLOEO  -  ETHYLIDENE  -p  -  TOLUIDINE 

C9H10NC1  i.e.  CH3.C6H4.N.CH.CH2C1.  [58°]. 
Prepared  by  decomposing  di  -  chloro  -  ether 
CH.,Cl.CHCl.OEt  with  water,  and  adding  p- 
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toluidine.  Sol.  alcohol  and  ether;  forms  with 
aniline  or  toluidine  a  compound  free  from  chlor- 
ine. Heated  with  aniline  it  yields  indole  (Ber- 
linerblau a.  Polikiev,  M.  8,  190,  191). 

DI-CHLORO-ETHYLIDENE-UEEA 
CO(NH)2CH.CHC12.  From  di-chloro-acetic  alde- 
hyde and  urea  (Schiff,  A.  151,  186).    Needles. 

Tri-chloro-ethylidene-di-ureaC.H7Cl3N40,i.e. 
CCla.CH(NH.CO.NH2)2.  Is  the  chief  product  of 
the  reaction  of  chloral-cyanhydrin  with  urea. 
White  needles.  Insol.  ordinary  solvents  (Pinner  a. 
Lifschiitz,  B.  20,  2346). 

CHLOEO-ETHYL-MALONIC  ETHEfc 
C2H5.CCl.(C02Et),.  (228°).    S.G.  H  1-11.  Liquid. 
Prepared  by  passing  Cl  into  ethyl-malonic  ether 
(Conrad,  B.  14,  618).    By  saponification  with 
baryta-water  it  gives  ethyl-tartronic  acid. 

DI-CHLOEO-ETHYL  MEECAPIAN 
CH2C1.CH2.SC1(?).    S.G.  ia  1-408.     Said  to  be 
formed   from  ethylene  and   SC12  (Guthrie,  A. 
113,  275).    Pungent  oil,  si.  sol.  ether. 

CHLOEO-DI-ETHYL  OXIDE  C4HUC10  i.e. 
CH3.CHC1.0Et.  Aldehyde  ethylo-chloride.  Mol. 
w.  108i.  (98°). 

Formation. — 1.  The  first  product  of  the  ac- 
tion of  chlorine  on  ether  (Lieben,  A.  Ill,  121 ; 
146,180;  Abeljanz,  A.  164, 197  ;  Jacobsen,  B.  4, 
215).— 2.  By  the  action  of  HC1  on  an  alcoholic 
solution  of  aldehyde  (Wurtz  a.  Frapolli,  A.  108, 
226;  Glaus  a.  Trainer,  B.  19,  3004).— 3.  By 
the  action  of  PC15  (1  mol.)  on  di-ethyl-acetal  (1 
mol.)  (Bachmann,  A.  218,  39).— 4.  By  the  union 
of  aldehyde  with  EtCl. 

Reactions. — 1.  NaOEt  gives  acetal. — 2.  Cone. 
H2S04 gives  EtHS04,  aldehyde  and  HCL— 3.  Cold 
water  forms  aldehyde,  alcohol,  and  HC1.  Water 
at  80°  gives  aldehyde  (Laatsch,  A.  218,36). 
Alkalis  act  in  the  same  way.  Cold  alcohol  has 
no  action,  but  at  80°  aldehyde  and  EtCl  are 
formed.—  4.  Decomposes  on  keeping  into  HC1 
and  a  liquid  boiling  at  76°. 

u-  Chloro  -di-  ethyl  oxide  CH2Cl.CH2.OEt. 
(108°).  S.G.  2  1-0572.  V.D.  3-73  (calc.  3-74). 
From  iodo-di-ethyl  oxide  by  the  action  of  Cl,  of 
SbCl5,  or  of  IC1  in  presence  of  water  (Henry, 
C.R.  100,  1007).  It  is  not  affected  by  light  or 
by  water. 

wo-Di-cliloro-di-etliyl  oxide  CH2Cl.CHC1.0Et. 
(c.  143°).  S.G.  22  1-174.  V.D.  4-93.  Obtained 
by  the  action  of  chlorine  on  ether  below  30° 
(Lieben,  A.  Ill,  121;  123,  130;  133,  287;  141, 
236  ;  146, 180 ;  150,  87  ;  Abeljanz,  A.  164,  197  ; 
cf.  D'Arcet,  A.  28,  82 ;  Eegnault,  A.  Ch.  [2]  71, 
392  ;  Malaguti,  A.  Ch.  [2]  70,  338  ;  [3]  16,  5, 19). 
Formed  also,  together  with  the  preceding,  by 
passing  HC1  into  a  mixture  of  aldehyde  and  al- 
cohol (Natterer,  M.  5,  496).  Also  from  vinyl- 
ethyl  oxide  CH2:CH.O.Et  and  Cl. 

Reactions. — 1.  Water  at  120°  gives  the  com- 
pound CH2Cl.CH(OH)(OEt),  together  with  chloro- 
acetic  aldehyde,  glycollic  aldehyde,  alcohol  and 
HC1.— 2.  Cone.  H2S04  produces  EtHS04,  chloro- 
aeetic  aldehyde,"  and  HC1. — 3.  With  cone. 
potash  it  forms  chloro-aldehyde  alcoholate 
and  its  anhydride,  and  also 'oxychloro-ether,' 
CH2OH.CH,C1.0Et  (151°-155°).  This  latter 
body  is  split  up  by  cone.  H.,S04  into  HC1,  alco- 
hol and  glycollic  aldehyde  "(?),  CH,OH.CHO.— 
4.  NaOEt  gives  chloro-acetal  CH2Cl.CH(OEt)2 
and  CH.,(OEt).CH(OEt)2.— 5.  AgOAc  gives 
CH,Cl.CH(OEt)(OAc)  (Bauer,  A.  134,  17<i).-- 
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6.  Dry  metallic  zinc  acts  vigorously,  producing 
HC1,  ZnCLj,  EtCl,  alcohol,  CH2C1.CHO,  and  a  con- 
densation product  of  the  alcoholate  of  the  latter, 
CsH.gC^O,,  (Wislicenus,  A.  226,  271).— 7.  Zinc  in 
presence  of  water  produces  aldehyde,  Et2O, 
alcohol  and  chloro-aldehyde,  besides  small 
quantities  of  crotonic-aldehyde,  chloro-acetal, 
£-oxy-chloro- ether  (CH2OH.CHC1.0Et)  and 
(CH2Cl.CH(OEt))2O  (W.).— 8.  In  ethereal  solu- 
tion with  ZnEt2  it  forms  CH2Cl.CHEt.OEt, 
*  ethyl  chloro-ether '  (ethyl  chloro-butyl  oxide). 
9.  Excess  of  ZnEt2  gives  ethyl  hexyl-ether, 
CR>Et.CHEt.OEt.— 10.  With  ZnMe2  it  gives 
CH2Cl.CHMe.OEt,  i.e.  ethyl  chloro-isopropyl 
ether.  — 11.  Di-chloro-di-ethyl  oxide  (25  g.) 
heated  with  aniline  (50  g.)  and  water  forms 
indole  (Berlinerblau,  M.  8,  180).— 12.  Phenol 
forms  GgHifCgHfOH),  (Wislicenus  a.  Keinhardt, 
A.  243, 151). — 13.  (a)-Naphthol  forms  amorphous 
C2HS(C10H8OH)3.  (j8)-naphthol  gives  crystalline 
plates  of  C22H15C10  [174°]  (Wislicenus  a.  Zwan- 
ziger,  A.  243, 165). — 14.  Resorcin,  Pyrocatechin, 
and  Hydroquinone  form  compounds  of  the  form 
C2H3(C6H802H2)3  (Wislicenus  a.  Siegfried,  A.  243, 
171). — 15.  Thiourea  forms  thiazoline  (Hantsch 
a.  Traumann,  B.  21,  938). 

Di-cWoro-di-ethyl  oxide  (CH3.CHC1)2O. 

Ethylidene  oxychloride.  (117°).  S.G.  iL5 1-136. 
V.D.  5-08  (calc.  4-95).  From  dry  aldehyde 
cooled  by  a  freezing  mixture  by  passing  dry  HC1 
into  it.  The  product  is  dried  with  CaCL2  and 
distilled  (Lieben,  C.  R.  46,  662 ;  Kessel,  A.  175, 
44  ;  176,  44  ;  Geuther,  A.  218,  16). 

Reactions. — 1.  Water  on  warming  decom- 
poses it  into  HC1  and  aldehyde. — 2.  Alcohol  forms 
chloro-diethyl  oxide  (CH3.CHC1)20  +  2HOEt 
=  2CHs.CHCl(OEt)  +  H20.— 3.  NaOEt  converts 
it  (in  ethereal  solution)  into  aldehyde-resin, 
acetal,  and  alcohol. — 4.  Alcoholic  sodium  ethyl- 
ate  forms,  besides  the  same  products,  a  liquid 
(CH3CH.OEt)20  (153°  cor.)  S.G.  ^  -891.  This 
is  sparingly  sol.  water.  It  decomposes  in  a  few 
days  into  acetal  and  aldehyde:  (CH3CH.OEt),0 
=  CH3.CH(OEt)2  +  CH3.CHO.— 5.  Dry  NaOEt 
gives  CH3.CH(OEt).O.CHCl.CH3  (146°),  a  liquid, 
decomposed  by  hot  water  (Hanriot,  A.  Ch.  [5] 
25,  223).— 6.  MeOH  and  NaOMe  form  similarly 
(CH3CH.OMe)20  (126°-127°).  S.G.  HI5  -953. 
This  also  has  an  aromatic  smell  and  splits  up 
like  the  foregoing,  though  more  slowly,  into  di- 
methyl acetal  and  aldehyde. — 7.  Sodium  succi- 
nate  gives  0(CHMe.OCO)2C2H4  (Geuther,  A.  226, 
228). — 8.  Zinc  ethyl  produces  di-butyl  oxide 
(CH3.CHEt)20. 

Tri-chloro-di-ethyl  oxide  CHCl2.CHC1.0Et. 
(157°)  (G.) ;  (168°)  (K.).  From  chloro-vinyl 
ethyl  oxide  and  Cl  (Godefroy,  C.  R.  102,  869). 
Also  from  di-chloro-acetal  and  PC15  (Krey,  J. 
1876,  475).  Occurs  in  the  product  of  chlorina- 
tion  of  ether.  Fuming  liquid  ;  with  NaOEt  it 
gives CHCl2.CH(OEt)2.  Cone,  aqueous  KOH  gives 
CCl,:CH.OEt  (145°). 

Tetra-chloro-di-ethyl  oxide  CCl3.CHC1.0Et. 
MoL  w.  212.  (190°)  (P.  a.  P.) ;  (c.  183°)  (G.). 
S.G.  5  1-437 ;  ^  1-418. 

Formation. — 1.  From  chlorine  and  ether  at 
90°  in  the  dark.— 2.  From  chloral  alcoholate 
and  PC1S  (Henry,  B.  4,  101,  435 ;  Paterno  a. 
Pisati,  J.  1872,  303 ;  G.  2,  333).— 3.  From  di- 
chloro-vinyl  ethyl  oxide  CCl.,:CH.OEt  and  chlo- 
rine (Godefroy,  C.  R.  102,  86:9). 


Reactions. — 1.  Cone.  H2S04  gives  chloral, 
HC1,  and  alcohol.— 2.  Heated  with  alcohol  it 
gives  tri-chloro-acetal  CCl3CH(OEt)2. — 3.  With 
dilute  (10  p.c.)  alcoholic  potash  it  gives  trichloro- 
vinyl-ethyl  oxide  CCl2:CC1.0.Et— 4.  H..S  gives 
C.H.S-.O  [123°]  and  C.H.Cl.SO  [72°]  (Malaguti, 

A.  32,  29). 

Penta-chloro-di-ethyl  oxide  CCl3.CCl2.OEt. 
(190°-210°).  S.G.  1-65. 

Formation. — 1.  The  final  product  of  the  action 
of  chlorine  on  ether  in  the  dark  (Jacobsen,  B. 
4,  217).— 2.  From  CCl2:CC1.0Et  and  Cl  (Busch, 

B.  11,  445).   It  is  partly  decomposed  on  boiling. 
Penta-chloro-di-ethyl  oxide 

CC13.CHC1.0.CH2.CH,C1.  (235°).  S.G.  s  :  1-577. 
From  PC15  and  CC13.CH(OH).O.CH2.CH2C1,  a 
compound  of  chloral  and  glycolic  chlorhydrin 
(Henry,  B.  7,  763). 

Hexa-chloro-di-ethyl  oxide  (CHC12.CHC1)20. 
(250').  From  PC15  and  the  hydrochloride  of  di- 
chloro-aldehyde  (Paterno  a.  Pisati,  G.  1,  461). 

Octo-cb.loro-di-eth.yl  oxide  C4H2C180.  Formed 
by  the  action  of  Cl  on  aldehyde  hydrochloride 
in  sunlight. 

Crystals,  smelling  like  camphor,  may  be  sub- 
limed (Koth,  B.  8,  1017). 

Per-chloro-di-ethyl  oxide  C4C1100.  [69°].  S.G. 
i£  1-900.  Formed  by  the  action  of  chlorine  in  sun- 
light on  ether  (Kegnault,  A.  34,  27  ;  Malaguti, 
A.  Ch.  [3]  16,  4).  Dimetric  octahedra  (Nicklts, 
A.  Ch.  [3]  22,  28).  Splits  up  on  heating  into 
C2C16  and  trichloro-acetyl  chloride. 

CHLOEO-ETHYL-OXY-TOLUQTJINOLINE  v. 
CKLOBO-OXY-METHYL-ETHYL-QUINOLINE. 

o>  -  CHLOKO  -  DI  -  ETHYL  -  DI  -  PHENYL- 
ETHANE  C18H21C1  i.e.  CH.,Cl.CH(C6H4Et)2. 
(c.268°).  From  ethyl-benzene,  CH2Cl.CHC1.0Et, 
and  H2S04  (Hepp,  B.  7, 1414).  On  distillation 
it  gives  HC1  and  C18H20. 

.Eso-CHLOBO-ETHYL-PHENYL  METHYL 
KETONE  CtiH3EtCl.CO.CH3.  Formed,  together 
with  the  two  chloro-phthalic  acids,  by  oxidising 
chloro-di-ethyl-benzene  with  chromic  mixture 
(Istrati,  A.  Ch.  [6]  6, 421).  Liquid ;  not  attacked 
by  boiling  alcoholic  KOH,  but  converted  into 
chloro-ethyl-benzoic  acid  by  potash-fusion. 

CHLOEO  -  TETRA  -  ETHYL  -  PHOSPHONIUM 
CHLORIDE  (ClCH2.CH2)PEt3Cl.  From  PEt3  and 
ethylene  chloride  in  the  cold  (Hofmann,  A. 
Suppl.  1,  276).  Needles.  Moist  Ag20  converts 
it  intoanoxy-ethyl  baseCH.,(OH).CH2.PEt3OH. 
Salt.— (C2H4Cl.PEt3Cl).,P"tCl4.  Orange  needles. 

CHLORO-ETHYL-PROPYL-GLYOXALINE 
CSH13C1N..  Chlor-oxal-propyline  (236°  cor.). 
V.D.  =  5-65  (obs.).  S.G.  ±s  1-09.  From  di-propyl 
oxamide  by  PC15.  Oil.  V.  si.  sol.  water,  miscible 
with  alcohol,  ether,  or  CHC13.  On  reduction  with 
HI  it  gives  ethyl-propyl-glyoxaline  (Wallach  a. 
Schulze,  B.  13,  516  ;  14,  423  ;  A.  214,  312). 

Salt  s .— (B'HCl)2PtCl4. — B'HL— B'2AgN03 : 
needles. 

(Py.  3,  2)-CHLORO-ETHYL-QUINOLINE 

/CH  =  C(C2H5) 

CUH10C1N  i.e.  C6H4<  .  [73°]. 

\N    =  CC1 

Prepared  by  the  action  of  PC15  on  ethyl-hydro- 
carbostyril  (Baeyer  a.  Jackson,  B.  13, 120).  Insol. 
water,  v.  sol.  other  solvents.  Volatile  with  steam. 
Weak  base.— (B'HCl)2PtCl4.  V.  sol.  alcohol,  de- 
composed by  water. 
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Chloro  -  ethyl(?)  -  isoquinoline  CnH10NCl. 
[c.  80°].  Formed  by  boiling  the  di-chloro-  deriva- 
tive [166°]  with  HI  and  P.  Colourless  crystals. 
By  heating  with  HI  and  P  to  200°  it  is  com- 
pletely dechlorinated  (Gabriel,  B.  20,  1206). 

Di-chloro-ethyl(?)-isoqumoline       CUHUNC12 

,C(C2H5):  CC1 
probably  CBH4<;  |      [166°].  Formed  by 


heating  theimideof  phenyl-di  methyl-carboxylic 

/CMe2.CO 
acid  C6H4<;  |     with  POC13 ;  if  the  product 

\CO.    NH 

is  a  derivative  of  ethyl-isoquinoline  an  isomeric 
change  must  have  occurred  during  the  reaction. 
Long  colourless  needles.  By  HI  and  P  it  is 
first  reduced  to  the  mono-chloro-derivative 
[80°]  and  then  to  the  ethyl(?)-isoquinoline 
[65°]  (Gabriel,  B.  20,  1206). 

DI-CHLORO-DI-ETHYL  SULPHIDE 
(CH,C1.CH2)2S.  (217°).  Formed  by  the  action 
of  PCI-  on  S(CH2.CH2OH)2  obtained  from  glycol 
chlorhydrin  and  K2S  (V.  Meyer,  B.  19,  3259; 
20,  1729).  Oil.  Very  poisonous  and  violently 
inflames  the  skin  (difference  from  di-ethyl  sul- 
phide). 

Tetra-chloro-di-ethyl  sulphide  (C2H3C12)2S. 
(167°-172°).  S.G.  i?  1-547.  A  yellow  oil  formed 
bypassing  chlorine  into  di-ethyl  sulphide,  which 
is  at  first  kept  cool  and  in  the  shade  (Biche,  A. 
92,  358).  There  appear  also  to  be  formed 
(C2H2C18)2S  (189°-192°),  (C2HC14)2S  (217°-222°) 
and  (C2C15)2S  (?). 

Di-chloro-di-ethyl  di-sulphide 
(CH,C1.CH.,)2S2.  S.G.  ia  1-346.  From  ethylene 
and"C!2S2  at  100°  (Guthrie,  A.  119,  91;  121, 
108).  Pale  yellow  oil.  Alcoholic  KOH  gives  oily 
(CHoOH.CH2)2S.  HN03  forms  CH2C1.CH2.S03H 
(Spring  a.  Lecrenier,  Bl.  [2]  48,  629). 

Tetra-chloro-di-ethyl  di-sulphide 
(C,H3C12),S2.  S.G.  ii  1-599.    Formed  by  passing 
ethylene  through  boiling  S2CL  (G.).     Oil. 

CHLORO-ETHYL  SULPHOCYANIDE 
Cl.CoH4.CNS.  (203°).  Formed  by  heating 
C2H4Br2  (100  g.),  KCNS  (66  g.)  and  alcohol 
(250  c.c.)  with  inverted  condenser.  The  product 
is  filtered,  distilled  to  150°  and  the  residue 
in  the  retort  cooled  in  a  freezing  mixture. 
C2H4(CNS)2  now  crystallises  out.  The  liquid 
portion  is  distilled  (J.  W.  James,  C.  J.  35,  807, 
J.  pr.  [2]  20,  352  ;  31,  411).  Formed  in  the 
same  way  from  ethylene  chloro-bromide  (107°- 
109°)  (James,  C.  J.  43,  39  ;  47,  365). 

Properties. — Oil.  Smells  like  mustard  oil. 
Burns  with  violet  flame.  Soluble  in  alcohol 
and  ether.  Dissolves  in  hot  water,  but  separates 
again  on  cooling. 

Reactions. — 1.  Fuming  HN03  converts  it  into 
chloro-ethane  sulphonic  acid,  C1.C2H4.S03H. 
Ammonia,  of  course,  will  convert  this  into 
taurine. — 2.  Alcoholic  potassic  sulphocyanide 
converts  it  into  C2H4(SCN)2— 3.  With  aqueous 
Na.,S03  in  sunlight  it  forms  C,H4(SCN)(S03Na). 

DI-CHLORO- (a) -ETHYL-THIOPHENE 
C4H(C2H5)C12S    (236°   cor.).      A  liquid  formed 
by  passing  chlorine  into  cooled  '  ft  '-ethyl-thio- 
phene  (Bonz,  B.  18,  551). 

DI-CHLORO-ETHYL-TOLUENE  (?). 
C9H10C12.  (365°).  Formed,  together  with  propyl- 
ene  and  chlorinated   cresol   by  distillation   of 
penta-chloro-thymol  (Lallemand,  C.  R.  43,  375). 


DI-CHLORO-EUXANTHIC  ACID  v.  EUXAN- 
THIC  ACID. 

DI-CHLORO-FLUORENE  C13HSC12.  [128°]. 
Formed  by  passing  chlorine  into  fluorene  (from 
coal-tar)  in  chloroform  (Hodgkinson  a.  Matthews, 
C.  J.  43,  170).  Colourless  plates.  Oxidised  by 
chromic  mixture  to  di-chloro -di-ph  en  ylene 
ketone  [158°]. 

Tri-chloro-nuorene  C,3H;C13  [147°].  Formed 
by  leading  chlorine  into  a  CS2  solution  of  fluo- 
rene for  a  long  time  (Holm,  B.  16,  1082).  White 
plates.  SI.  sol.  alcohol  and  ether. 

Penta-chloro-fluorene  di-chloride  C13H3C17 
[104°].  From  di-ohloro-fluorene  in  chloroform 
by  chlorine  (H.  a.  M.).  Long  needles.  Cr03  con- 
verts it  into  a  yellow  ketone  (?)  [104°].  Al- 
coholic KOH  converts  it  into  a  red  bod} 
(?  C,3H5C15)  which  is  insol.  alcohol,  but  crystal- 
lises  from  chloroform,  petroleum  or  acetic  acid 
[c.  110°].  It  is  not  attacked  by  HN03  or  Cr03. 

CHLORO-FLUORESCELN    ' 


heating  chloro-phthalic  anhydride  [97°]  with 
resorcin.  V.  si.  sol.  water  and  CHC13.  When 
freshly  prepared  it  is  sol.  alcohol  and  ether, 
but  it  changes  on  keeping  into  an  insoluble  crys- 
talline form;  v.  sol.  acetic  acid ;  insol.  C6H6;  sol. 
aqueous  KHO,  and  K2C03  forming  a  deep  red 
solution,  which  when  diluted  shows  a  fluorescence 
like  that  of  fluorescein  (Graebe  a.  Kee,  C.  J. 
49,  530). 

Di-chloro-fiuorescein.  Hydrate. 
C6H2C12:C202:(C6H3(OH)2)2.  Formed  by  heating 
(£)-di-chloro-phthalic  anhydride  [151°]  with 
resorcin  at  200°.  Loses  aq  when  heated.  Alkalis 
form  a  red  solution  with  green  fluorescence  (Le 
Koyer,  A.  238,  357). 

Tetra-chloro-fluorescein 

C6C14:C,02:(C6H4OH)20.  Formed  by  heating  re- 
sorcin with  tetra-chloro-phthalic  anhydride 
(Graebe,  A.  238,  333).  Addition  of  acids  to  its 
solution  in  NaOH  pps.  the  hydrate  or  ortho-  com- 
pound, which  at  180°  is  dehydrated.  Insol.  ether. 

Diacetyl  derivative 
CuCl4:C202:(C6H4OAc)20. 

Hydrate  C6C14:C202:(C6H4(OH)2)2.  Ppd.by 
adding  acids  to  a  solution  of  the  fluorescem  in 
aqueous  NaOH.  Orange  needles  (from  ether)  ; 
insol.  water,  si.  sol.  alcohol.  Its  alkaline  solu- 
tion is  red  with  strong  green  fluorescence  like 
fluorescein.  At  180°  it  gives  off  H.,0. 

C/iZor;deC6Cl4:C.A:(CtiH3Cl)26.     [259°]. 

CHLOROFORM  CHC13.  Tri-chloro-methane. 
Mol.  w.  119|.  [-70°]  (Berthelot,  Bl.  [2]  29,  3). 
(60-9°)  at  754-3  mm.  (Schiff,  A.  220,  95) ;  (61-4°) 
(Thorpe) ;  (62°)  (Perkin,  C.  J.  45,  530).  S.G. l^ 
1-5039  ;  ^  1-4081 ;  if  1'5009  ;  ff  1-4849.  C.E. 
(11-8  to  60-9)  -00138  (Schiff) ;  (0°-10°)  -001248 
Thorpe) ;  (0°-50°)  -0013368  (T.) ;  see  also  Gri- 
maldi,  G.  17,  18.  S.  -987  at  0°;  -775  at  55° 
(Chancel  a.  Parmentier,  C.  R.  106,  577).  V.D. 
4-12  (for  4-12).  H.F.p.  24110  (Th.).  H.F.v. 
23530.  M.M.  5-559  at  15-3°.  S.H.  -233  (Schiiller, 
P.  Suppl.  5,  116,  192).  A*D  1*451  (Forbes,  P.  M. 
[3]  35,  94).  S.V.  84-6  (Schiff)  ;  85-6  (Eamsay) ; 
84-5  (Thorpe).  Capillarity :  Swan,  C.  /.  1,  174 ; 
P.  M.  [3]  33, 36.  Compressibility  :  Grassi,  A.  Ch. 
[3]  31,  437. 

Formation.— I.  By  the  action  of  bleaching- 
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powder  on  dilute  alcohol  (Soubeiran,  A.  Ch.  [2] 
48,  131 ;  Soubeiran  a.  Mialh6,  A.  71,  225)  or  on 
acetone  (Liebig,  A.  1,  198).— 2.  By  the  action  of 
clilorine  on  marsh-gas  in  daylight,  and  ulti- 
mately in  sunlight  (Kegnault,  A.  Ch.  [2]  71,  I 
380). — 3.  By  passing  a  mixture  of  chlorine  j 
and  methyl  chloride  through  animal  charcoal 
at  250°-350D  (Darnoiseau,  C.  R.  92,  42).— 4.  By 
the  action  of  aqueous  potash  on  chloral  (Lie- 
big,  A.  1,  199).— 5.  By  the  action  of  nascent 
hydrogen  on  CC14. — 6.  By  boiling  tri-chloro- 
acetic  acid  with  aqueous  alkalis  (Dumas,  A.  Ch. 
[2]  56,  115  ;  A.  32, 113).— 7.  From  iodoform  and 
PC15  (Gautier,  BL  [2]  13,  316).— 8.  From  CC14, 
zinc,  and  dilute  H2S04  (Geuther,  A.  107,  212). 

Preparation. — 1.  By  mixing  chloral  with  di- 
lute caustic  soda. — 2.  Bleaching  powder  (40pts.), 
water  (100  to  150  pts.),  alcohol  (4  to  lOpts.),  and 
slaked  lime  (4  to  10  pts.)  are  distilled  together. 
The  distillate  separates  into  two  layers,  the  lower 
one  being  chloroform.  This  is  freed  from  chlo- 
rine by  shaking  with  potash,  dried  over  CaCl2 
and  rectified  (Kessler,  J.  Ph.  [3]  13,  162). 

Theory  of  the  process.— The  bleaching  powder 
is  supposed  first  to  convert  the  alcohol  into 
chloral  (q.  v.),  and  the  lime  which  is  present  (or 
formed)  would  then  split  this  up  into  calcic 
formate  and  chloroform:  8CaO.Cl2  +  2C2HdO 
=  2C2C13HO  +  5CaCl2  +  3CaO  +  5H2O 
=  2CC13H  +  Ca(CHO,)2  +  5CaCl.2  +  2CaO  +  4H20. 

When  alcohol  of  various  strengths  is  poured 
on  bleaching  powder  the  distillate,  which  some- 
times explodes  after  shaking  well  with  water,  gives 
an  oil  which  can  be  separated  by  fractionating 
into  the  following  portions  :— 


1  pt.  alcohol  mixed  with  pts. 

of  water 

Fraction 

0 

1 

2 

4 

8 

60°-70° 

2-4 

3-4 

56-5 

89-1 

98-1 

. 

70°-80° 
80°-100° 

9-8 
12-3 

12-4 
31-6 

31-2 
12-2 

7't? 
3-1 

1-9 

per- 
centage 

100°-150° 
150°-160° 

21-0 
50-6 

27-5 
24-9 

— 

— 

— 

•  compo- 
sition of 

nil 

160°-180° 

4-2|- 

— 

— 

— 

/             Oil. 

The  amount  of  chloro-acetal  (150°-160°)  is  there- 
fore greatly  diminished  by  diluting  the  alcohol 
(Goldberg,  J.  pr.  132,  111).  The  yield  of  chloro- 
form is  never  more  than  equal  in  weight  to  the 
weight  of  the  alcohol  used,  this  is  less  than  one 
molecule  of  chloroform  from  two  molecules  of 
alcohol.  Chloroform  cannot  be  prepared  from 
pure  methyl  alcohol  by  means  of  bleaching  pow- 
der, although  it  is  formed  from  commercial 
methyl  alcohol  (Belohoubek,  A.  165,  349).  Chlo- 
rinated compounds  are  formed  by  the  action  of 
bleaching  powder  on  isopropyl,  isobutyl,  and  iso- 
amyl  alcohols  ;  so  that  the  alcohol  used  to  pre- 
pare chloroform  should  not  contain  fousel  oil 
(J.  Regnault  a.  E.  Hardy,  J.  Ph.  [4]  30,  405). 

Properties. — Characteristic  odour  and  sweet 
taste,  almost  insoluble  in  water.  When  pure  it  is 
not  turned  brown  by  H2S04.  Chloroform  reduces 
Fehling's  solution,  thus :  CHC13  +  2CuO  +  5KHO 
=  Cu2O  +  3KC1  +  K.JCO3  +  3H.,0  (Baudrimont, 
J.  Ph.  [4]  9,  410).  It  dissolves  fats  and  resins. 
A  solution  of  iodine  in  chloroform  is  violet,  but 
bromine  forms  a  red  solution.  It  is  anaesthetic  • 


(James  Simpson,  A.  65,  121)  and  antiseptic 
(Robin,  C.  E.  30,  52  ;  Augendre,  C.  R.  31,  679). 
When  a  mixture  of  chloroform  and  water  is  kept 
at  0°  for  a  long  time  with  frequent  shaking  a 
hydrate  CHC13 18aq  separates  in  long  lamince. 
It  is  lighter  than  chloroform  but  heavier  than 
water,  and  melts  at  1-6°  (Chancel  a.  Parmentier, 
C.  R.  100,  27  ;  cf.  Sajohelyia.  Ballo,  B.  4,  160). 

Detection. — Chloroform  may  be  distinguished 
from  most  other  similar  chlorinated  hydrocar- 
bons by  boiling  it  with  alcoholic  potash  and  a 
primary  amine  (e.g.  aniline),  when  the  character- 
istic disgusting  odour  of  the  carbamines  will  be 
noticed  (Hofmann,  B.  3,  769).  When  the  vapour 
of  chloroform  is  passed  through  a  red-hot  tube 
chlorine  is  liberated,  and  will  turn  paper  moistened 
with  starch  and  potassium  iodide  blue  (Ragsky, 
J.pr.  46,  170;  Luedeking,  Am.  8,  358).  Chloro- 
form gives  a  reddish-purple  colour  (?  rosolic  acid) 
when  poured  upon  the  hot  residue  obtained  by 
evaporating  an  alcoholic  solution  of  phenol  mixed 
with  caustic  potash  (Guareschi,  G.  3,  401). 

Impurities.—  Chloroform  that  is  to  be  used 
for  surgical  operations  should  not  give  any  brown 
colour  when  shaken  with  H2S04  (Gregory,  Pr.  E. 
1850,391;  c/.Vulpius,^r.  Ph.  [3]  13,37;  25,998). 
The  presence  of  alcohol  causes  opalescence  when 
chloroform  is  mixed  with  water  (Mialhe,  J.  Chim. 
Med.  [3]  4,  279),  and  a  green  colour  with  chromic 
mixture  (Cottell, J.  Ph.  [3]  13,  359).  The  reduc- 
tion of  potassium  permanganate  may  also  be 
used  as  a  rough  index  of  the  amount  of  alcohol, 
aldehyde,  and  other  oxidisable  substances  present 
in  chloroform  (Jolles,  Chem.  Zeit.  11,  786). 

Estimation. — By  treating  a  chloroform  solu- 
tion with  alcoholic  potash  the  chlorine  is  obtained 
as  chloride.  The  conditions  for  getting  a  theo- 
retical yield  have  been  determined  by  De  Saint- 
Martin  (C.  R.  106,  492-496 ;  cf.  Chancel  a.  Par- 
mentier, C.  R.  106,  577). 

Reactions. — 1.  Cr03  mixture  gives  COC12. — 
2.  Zinc  and  dilute  H2S04  convert  it  into  CH2C12 
(Geuther,  A.  107,  212  ;  Richardson  a.  Williams, 
C.  N.  18,  60).— 3.  Zinc-dust  converts  it  in  pre- 
sence of  ammonia  into  methane  (Perkin,  C.  N. 
18,  106).— 4.  Boiled  with  alcoholic  potash  it 
forms  potassium  chloride  and  formate,  thus  : 
CHC13  +  4KHO  =  3KC1  +  CH02K  +  2H20.  — 5. 
With  sodic  ethylate  it  gives  orthoformic  ether, 
CH(OEt)3  (Williamson  a.  Kay,  C.  J.  7,  224).— 
6.  Mixed  with  ammonia  and  passed  through  a 
red-hot  tube  it  reacts  thus:  CHC13  +  NH3 
=  CNH  +  3HC1.  Aqueous  ammonia  at  220° 
forms  carbonic  oxide,  ammonium  formate,  and 
ammonic  chloride,  thus :  2CHC13  +  7NH3  +  3H20 
=  CO  +  6NH4C1  +  HC02NH4  (Andre,  G'.  R.  102, 
553).— 7.  Water  at  220°  forms  CO,  formic  acid, 
and  HC1. — 8.  Alcoholic  K2S  forms  potassium 
thioformate  H.CO.SK  (Nicol,  Tr.  E.  29,  531).— 

9.  Aniline  at  190°  gives  di-phenyl-form-amidine 
C(iH5NH.CH:N.C,H.   (Hofmann,  Pr.  9,  229).— 

10.  Bromine  at  200°  gives  CBrCla  (Paterno,  G. 
1,  593 ;  Friedel  a.  Silva,  BL  [2]  17,  537).— 11. 
With  bromine  (3  pts.)  and  iodine  (  1  pt.)  at  150° 
it  gives  CBr3Cl  [70°]  and  CBr4  [76°]  (Bolas  a. 
Groves,  C.  J.  24,  779).— 12.  HNO3  containing 
N02  forms  at  100°  a  small  quantity  of  chloro- 
picrin  (Mills,  C.  J.  24,  641).— 13.  Cone.  HIAq 
at    125°   gives   CH2I2    (Lieben,  Z.  [2]   4,  713). 
PH,I    and   ZnO    give  CH3C1   (Hofmann,  B.  6, 
301). — 14.    When    passed    over  red-hot   copper 
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some  acetylene  IB  formed  (Berthelot,  C.  R.  50, 
805).  — 15.  Potassium  amalgam  also  forms 
acetylene  (Kletzinsky,  Z.  [2]  2, 127). -16.  K,SO3 
at  170°  forms  CH,(S03K)2  and  CH(SO,K)3 
(Strecker,  Z.  [2]  4,  214).— 17.  Sodium  acting 
on  chloroform  containing  alcohol  forms  chlor- 
ethulmic  acid  C.H.CIO,  (Hardy,  A.  Ch.  [3]  65, 
340;  C..R.54,  470;  cf.  Kern,  C.  N.  31,  121).— 
18.  The  copper-zinc  couple  does  not  act  on 
pure  chloroform ;  in  presence  of  alcohol  at  60° 
methane  is  evolved,  together  with  a  small 
quantity  of  acetylene ;  in  presence  of  water  me- 
thane is  evolved  even  at  12°  (Gladstone  a.  Tribe, 
C.  J.  28,  508).— 19.  SbCl5  at  100°  forms  CC14 
(Lossner,  J.pr.  [2]  13,418).— 20.  Electric  sparks 
decompose  chloroform  forming  HC1  and  C2C16 ; 
in  presence  of  air  COOL,  is  formed  (J.  Regnault, 
J.  Ph.  [5]  5,  504).— 21.  "Potash  added  to  a  mix- 
ture of  acetone  (1  mol.)  and  chloroform  (1  mol.) 
forms  acetone-chloroform  or  oxy-isobutyro-tri- 
chloride  (CH3)2C(OH).CC13.  There  is  also  formed 
a  liquid  isomeride,  possibly  CHCl2.CMe2.OCl, 
(170°).  It  is  a  strong  poison  and  yields  with 
benzene  and  A12C16  chloro-di-phenyl-£er£-butyl 
alcohol  (239°) ;  while  with  P015it  yields  C4HaCLO 
(151C)  (Willgerodt  a.  Genieser,  J.pr.  [2]  37,  362). 
Potash  (8  mols.)  acting  on  chloroform  (1  mol.) 
and  acetone  (2  mols.)  forms  CUH2006  i.e. 
CMe2(O.CMe2.C02H)2;  an  acid  which,  like  ace- 
tone-chloroform (q.  v.)t  is  converted  into  oxy- 
isobutyric  acid  by  heating  with  water  (Willgerodt, 
B.  20,  2445;  Bl.  [2]  39,  157  ;  Engel,  Bl.  [2]  47, 
499 ;  C.  B.  104,  688).— 22.  With  S03  it  forms 
carbonic  oxide,  C1S03H  and  C12S205  (Armstrong, 
Z.  1870,  247). 

Combination. — With  aqueous  H2S  at  0°  it 
forms  a  crystalline  compound  CHC132H2S  23aq 
(Loir,  C.  B.  34,  547 ;  J.  1852,  560 ;  Forcrand, 
A.  Ch.  [5]  28,  12). 

CHLOKO-FORMIC  ACID  *C1.CO.OH. 

Methyl  ether.  Cl.C02.Me.  (71°  cor.). 
S.G.  is  1-236  (Roese,  A.  205,  228).  Formed  by 
the  action  of  COC12  on  methyl  alcohol  (Dumas, 

A.  10,  277 ;  A.  Ch.  58,  52  ;  Meyer  a.  Wurster, 

B.  6,  965).    Formed  also  by  the  action  of  chlor- 
ine on  gaseous  methyl  formate  (Hentschel,  J.  pr. 
[2]  36,  211).    Preparation.— To  avoid  formation 
of  methyl  carbonate  proceed  thus :  Phosgene  is 

freed  from  chlorine  by  passing  through  a  flask 
full  of  pieces  of  antimony  and  powdered  glass 
and  placed  in  the  water  bath.  The  gas  is  passed 
into  a  few  c.c.  of  chloro-formate  of  methyl  at  0°. 
Methyl  alcohol  is  added  in  small  portions  at  a 
time,  waiting  each  time  until  the  phosgene  goes 
through  unabsorbed.  Altogether  not  more  than 
150  c.c.  of  methyl  alcohol  should  be  used  (A. 
Klepl,  J.  pr.  [2]  26,  447).  Properties.— Heavy 
oil ;  readily  decomposed  by  boiling  with  water. 
Gives  the  tri-chloro-methyl  ether  when  chlorine 
acts  on  it  in  sunlight.  Intermediate  compounds 
are  C4H3C1304  and  C8H9C1708.  The  compound 
C4H8C1504  (109°  cor.)  is  a  very  pungent  oil,  S.G. 
ff  1-4741 ;  ii  1-4786.  It  is  decomposed  by  water 
into  formic  aldehyde,  2C02,  and  CO ;  while 
aniline  forms  C4H.fCl3(NPhH).,04  [45°] ;  andfusion 
with  NaOAc  yields  methylene  diacetate  (166°). 
The  other  compound,  C8H?C1.08  or  CaH;Cl506, 
(181°  cor.),  S.G.  1-52,  is  a  liquid,  slowly  decom- 
posed by  boiling  water  into  CO,  C02,  HC1,  and 
formic  aldehyde  (Hentschel,  J.pr.  [2]  36,468). 
Tri-chloro-methyl  ether  CC13A'.  (128° 


cor.).  S.G.  l±  1-653.  V.D.  94-3  (calc.  90). 
Formed  by  chlorinating  methyl  formate  in  sun- 
light. Liquid ;  inflames  the  skin.  Above  300° 
it  changes  into  the  isomeric  COC12 ;  this  change 
takes  place  slowly  even  on  boiling.  At  a  dull 
red  heat  it  splits  up  into  CC14  and  C02.  Al2Cla 
decomposes  it  in  the  same  way  (Hentschel,  J.pr. 
[2]  36,  99,  305).  Reactions.— I.  Like  COC12,  it 
acts  on  NaOAc  forming  NaCl,  C02,  and  Ac2O. — 
2.  MeOH  forms  an  oil,  possibly  CCl3O.CO.OMe ; 
it  boils  at  164°  being  split  up  into  COC12  and 

!  Cl.C02Me.— 3.  Dry  and  aqueous  ammonia  forms 
urea  but  not  tri-chloro-acetamide.— 4.  Aniline 
forms  di-phenyl-urea  and  phenyl  cyanate.— 
5.  Benzene  and  A12C16  give  (C6H5)3CC1.— 6.  Phenol 
gives  C6H5O.CO.C1. 

EthyletherCI.CO.fit.  Mol.  w.!08|.  (94°). 
S.G.  i*  1-139.  V.D.  3-82.  Preparation.— By  pass- 
ing COC12  into  well-cooled  alcohol  (Dumas,  A. 
Ch.  [2J  54,  226  ;  Cloez,  A.  Ch.  [3]  17,  303  ;  Ca- 
hours,  A.  Ch.  [3]  19,  346 ;  Klepl,  J.  pr.  [2]  26, 

I  448 ;  Wilm  a.  Wischin,  A.  147,  150) ;  or  by 
dropping  alcohol  into  liquid  COC12  standing  in 

1  a  freezing-mixture  (Hentschel,  B.  18,  1177). 
Properties. — Pungent  liquid ;  decomposed  by  hot, 
but  not  by  cold,  water.  Reactions. — 1.  With 
alcohol  it  forms  carbonic  ether,  reacting  thus : 
ClCO,Et  +  HOEt  =  EtO.C02Et  +  HCl.  —  2.  With 
sodium  it  reacts  in  this  way :  2ClC02Et  +  Na2 
=  2!  <C1  +  CO  +  C03Et2.— 3.  With  ZnMe2  it  reacts 
in  the  following  manner  :  2ClC02Et  +  ZnMe., 
=  ZnCl2  +  2C02  +  2C2H4  +  2CH4  (Butlerow,  Z. 
1863,  484). — 4.  With  ammonia  it  forms  carbamic 
ether,  NH.2.C02Et.— 5.  A12C16  splits  it  up  into 
C02  and  EtCl.— 6.  Benzene  and  A12C16  give 
ethyl-benzene  (Rennie,  C.  J.  41,  33).— 7.  ZnCl2 
gives  C02,  EtCl,  HC1,  and  ethylene  (Ulsch,  A. 
226, 281).— 8.  Sodium  amalgam  converts  it  into 
formic  acid  (Geuther,^.  205,  225).— 9.  NaOC6H3 
gives  (C6H50)CO(OEt)  (Fatianoff,  Z.  1864, 77).— 

10.  Na2S  gives  S(C02Et)2  (V.  Meyer,  B.  2, 297).— 

11.  Potassium  cyanate  forms  the  following  crys- 
talline bodies  :  (a)  C,2H15N309  or  C3N303(C02Et)3 
[119°];     (b)    CnH15N307    or   C3N:<03Et(C02Et)2 
[123°] :  (c)  C10H15N305orC3N303Et,(CO,Et)  [107°] ; 
(d)  NH(C02Et).,  [50°] ;  and  (e)  C3N303Et3  (Wurtz 
a.  Henninger,  C.  R.  100,  1419  ;  Bl.  [2]  44,  26).— 

12.  With  KNCS  in  presence  of  alcohol  it  forms 
carbonic    ether  and    allophanic    ether   (Wilm, 
A.    192,     243)  :     2Cl.C02Et  +  2KNCO  +  3HOEt 
=  2KC1  +  2Et2C03  +  C2H3N203Et— 13.  With  thio- 
urea    it    forms    NHrCS.NHCO,Et,HCl     [117°] 
(Pawlewski,  B.  21,  401).— 14.    With  di-phenyl- 
thio-urea    it    forms    di-phenyl-thio-allophanic 
acid   NHPh.CS.NPh.C02Et.— 15.  With  phenyl- 
thio-urea    it    forms    phenyl  -  allophanic     acid 
NHPh.CS.NH.CO.jEt.— 16.  With  acetyl-phenyl- 
thio-urea  it  forms  o-phenyl-thio- allophanic  acid 
NH2CS.NPh.C02Et.— 17.  Cyancthine  forms  cyan- 
ethine  carboxylic  acid  (E.  v.  Meyer  a.  Schone, 
J.pr.  [2]  30,  123).— 18.  Quinoline  forms  ethyl- 
quinoline:  C9HTN  +  ClC02Et  =  C9H6EtNHCl  +  CO, 
(M.  a.  8.). 

Chloro-ethylic  ether  C1.C02.CH2.CH2C1. 
(150°-160°).  From  glycolic  chlorhydrin  and 
COC12  in  the  cold  (J.  Nemirowsky,  /.  pr.  [2]  31, 
173).  The  product  is  mixed  with  K,C03  and 
extracted  with  ether.  Colourless,  fuming,  pun- 
gent liquid,  insol.  water,  sol.  alcohol  and  ether. 
Reactions.— I.  Not  decomposed  by  boiling  water. 
2.  Converted  by  boiling  dilute^ofas7i  intoglycol, 
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potassium  chloride,  and  potassium  carbonate. — 
3.  Converted  by  ammonia  into  the  carbamate  of 
chloro-ethyl,  as  follows:  C1.CO.O.C.,H4C1  +  2NH3 
=  NH3,HC1  +  H2N.CO.O.C2H4C1.— 4.  With  aniline 
it  reacts,  forming  the  corresponding  compound 
NPhH.C02C2H4C1  (phenyl-carbamic  acid). 

PropyletherClCO.fr.  (115°  cor.).  S.G. 
!£  1-09.  Liquid  ;  more  stable  than  methyl  ether 
(Koese,  A.  205,  229). 

Isopropyl  ether  ClC02Pr.  (95°).  S.G. 
4  1-144  (Spica,  G.  17,  168).  Gives  with  NH3 
isopropyl  carbamate  NH2.C02Pr  [37°]. 

Isobutyl  ether  C1C02C4H9.  (129°  cor.). 
S.G.  ifi  1-053  (Koese ;  cf.  Mylius,  B.  5,  972). 
Ammonia  converts  it  into  isobutyl  carbamate 
NH2.C02C4H9  [55°]. 

Amyl  e*fc«r  C1.COAH,,.  (153°)  (S.);  (154° 
cor.)   (B.).      S.G.  ii  1-032.      From  COC12  and  ; 
amyl  alcohol  (Schone,  J.pr.  [2J  32,  246). 

Phenyl  ether  C1.C02C6H5.  (187°).  From 
the  tri-chloro-methyl  ether  and  NaOPh  (Hent- 
schel,  J.pr.  [2]  36,  316). 

Amide  C1.CO.NH2.  [50°].  (62°).  Formed  by 
passing  dry  COC12  into  NH4C1  at  400°  (Gatter- 
mann  a.  Schmidt,  B.  20,  858).  Flat  needles, 
with  unpleasant  odour.  Changes  on  keeping 
into  cyamelide  with  evolution  of  HC1.  Decom- 
posed by  water  into  C02  and  NH4C1.  With 
toluene  and  A12C16  it  gives  the  amide  of  £>-toluic 
acid ;  other  aromatic  hydrocarbons  and  phenol 
ethers  act  similarly.  Amines  yield  alkyl-ureas. 
Aqueous  NaOH  forms  cyanic  acid.  Alcohols  in 
small  quantities  form  allophanic  ethers,  in  excess 
they  give  carbamic  ethers. 

Methylamide  Cl.CO.NHMe  'Methyl-urea- 
chloride.'  [90°];  (94°);  colourless  plates.  Ob- 
tained by  passing  carbonyl  chloride  COC12  over 
dry  methylamine  hydrochloride  heated  to  140°. 
Distilled  over  lime  it  yields  methyl  cyanate 
OC:NMe.  Decomposed  by  water. 

Ethylamide  Cl.CO.NHEt  'Ethyl-urea- 
chloride.'  (92°) ;  colourless  liquid.  Obtained  by 
passing  COC12  over  dry  ethylamine  hydrochloride 
heated  to  250°-270°.  Distilled  over  lime  it 
yields  ethyl  cyanate  OC:NEt.  On  conversion  into 
vapour  it  dissociates  into  ethyl  cyanate  and  HC1, 
which  recombine  on  cooling.  In  most  of  its 
reactions  it  gives  the  same  products  as  ethyl 
cyanate  (Gattermann  a.  Schmidt,  B.  20,  118; 

A.  244,  34). 

Di-methyl-amide  Cl.CO.NMe2.  Colour- 
less liquid.  Sol.  C6H6,  ether,  and  CS2.  Prepared 
by  the  action  of  carbonyl  chloride  (COC12)  on 
dimethylamine.  Is  slowly  decomposed  by  water 
into  COo  and  NHMe2HCl  (Michler  a.  Escherich, 

B.  12,  1162). 
CHLORO-FORMYL-TRICARBOXYLIC   ACID 

v.  CHLOBO-METHANE-TRICABBOXYLIC  ACID. 

CHLORO-FUMARIC  ACID  OJB01(CO.H)r 
[191°]. 

Preparation. — 1.  Chlorine  is  passed  to  satu- 
ration into  succinyl  chloride.  Methyl  alcohol  is 
added  to  the  product  as  long  as  HC1  escapes. 
The  liquid  is  then  boiled.  On  cooling,  methyl 
chloro-fumarate,  [102°],  separates.  The  nitrate 
is  poured  into  water,  when  a  further  quantity  of 
this  body  is  thrown  down.  HC1  at  140°  decom- 
poses the  ether  forming  the  acid  (Kauder,  J.  pr. 
[2]  31,  24).— 2.  Tartaric  acid  (50  g.)  and  PC15 
(275  g.)  are  heated  with  inverted  condenser. 
The  product  is  distilled  to  133°  and  the  residue 


mixed  with  water.  The  solution  is  shaken  with 
ether  and  the  ether  evaporated  (Perkin  a.  Duppa, 
A.  115,  105 ;  129,  373  ;  C.  J.  Proc.  4,  75). 

Properties. — Clumps,  from  alcohol  and  benz- 
ene. V.  sol.  water,  alcohol,  and  ether,  si.  sol. 
benzene  and  ligrom.  May  be  sublimed  unaltered. 

Constitution. — Perkin  considers  it  to  be  a 
derivative  of  fumaric  acid  because  it  is  very 
soluble  in  water.  The  fact  that  it  sublimes 
without  forming  an  anhydride  would  indicate 
that  it  is  a  derivative  of  malei'c  acid  (Kauder). 

Reactions. — 1.  Sodium  amalgam  forms  suc- 
cinic  acid  (Perkin,  A.  129,  375). — 2.  Dissolved 
in  cold  water  and  the  equivalent  of  aniline  added 
it  gives  a  crystalline  pp.  of  the  acid  aniline  salt, 
CO.,H.CH.CCl.C02H.NH2.Ph.  [178°].  An  aqueous 
solution  may  be  kept  for  weeks  without  under- 
going any  change.  On  boiling  the  aqueous  solu- 
tion, it  behaves  like  the  corresponding  bromo- 
fumarate,  although  less  readily  (Michael,  Am.  9, 
180). 

Salts.  —  KHA".  Transparent  prisms.  — 
BaA"  3aq.  Clumps.— Ag2A". 

Methyl  ether.    Me2A".  (224°). 

Ethyl  ether.  Et2A".  (245°).  S.G.  ^  1-178. 
From  tartaric  ether  and  PC15  (Henry,  A.  156, 
178 ;  Glaus,  A.  191,  80). 

Amic  e^erC2HCl(C02Et)(CONH2).  [102°]. 
From  chlorofumaric  ether  and  alcoholic  NH3 
(Glaus  a.  Voeller,  B.  14, 150).  Tables. 

Imide  C4HC102NH.  [131°].  Large  colour- 
less plates.  Sol.  water,  alcohol  and  ether. 
Formed  by  chlorination  of  succinimide  (Ciami- 
cian  a.  Silber,  B.  16,  2394). 

Chloro-fumaric  acid  C2HC1(C02H)2  [178°]. 
(c.  190°).  White  pp.  consisting  of  microscopic 
needles.  V.  sol.  alcohol,  water,  and  ether. 
Formed  by  the  combination  of  acetylene-di-car- 
boxylic  acid  with  HC1. 

Salts.  —  A"K2:  large"  sparingly  soluble 
prisms. — A"Ag2  aq  :  fine  crystalline  pp.  — 
A"Pb  2aq  :  amorphous  pp.  becoming  crystalline 
(Baudrowski,  B.  15,  2695). 

V.  also  CHLOBO-MALEIC  ACID. 

TETRACHLOROGALLEIN  C20H10C140,,. 

From  tetra-chloro-phthalic  anhydride  and  pyro- 
gallol  at  200°  (Graebe,  A.  238,  337).  At  180°  it 
gives  off  2aq  becoming  C20H6C1407. 

CHLOROGENINE  v.  ALSTONINE. 

0-CHLORO-GLUTACONIC  ACID 
H02C.CH:CC1.CH2.C02H.  [129°].  Formed  by  the 
action  of  PC15  (16  pts.)  upon  acetone-di-car- 
boxylic  ether  CO(CH2C02Et)2  (5  pts.)  at  100°,  and 
saponification  of  the  ether  with  cone.  HC1 ;  yield : 
50-60  p.c.  of  the  theoretical.  The  reaction  is 
probably  due  to  the  intermediate  formation  of 
CCl2(CH,C02Et)2.  White  needles  (chloroform) 
or  plates  (hot  benzene).  V.  sol.  water,  alcohol, 
and  ether,  less  in  chloroform,  insol.  cold  ben- 
zene. By  zinc-dust  and  acetic  acid  it  is  reduced 
to  glutaconic  acid  [132°] ;  by  sodium  amalgam 
to  glutaric  acid.  By  alcoholic  KOH  it  is  con- 
verted into  glutinic  acid  H02C.C:C.CH2.C02H 
(Burton  a.  Pechmann,  B.  20,  145). 

DI-CHLORO-GLTJTAZINE    v.    DI-CHLOBO-DI- 

OXY-AMIDO-PYRIDINE. 

TRI-CHLORO-ISOGLYCERIC  ACID    v.   TBI- 

CHLORO-PYRUVIC  ACID. 

DI-CHLORO-GLYCOCOLL  v.  DI-CHLOBO-AMIDO- 

ACETIC   ACID. 


CHLORO-HEPTENOIC  ACID. 
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DI-CHLORO-GLYCOLLIC  ACID.  The  dialkyl 
ethers  CC12(OR').CO2R'  of  this  acid  are  the 
primary  products  of  the  action  of  PC15  upon 
oxalic  ethers.  On  distillation  under  ordinary 
atmospheric  pressure  they  split  off  alkyl  chlorides, 
and  are  converted  into  the  chloro-glyoxylic  ethers 
Cl.CO.CO.jR'  (Anschiitz,  B.  19,  2158). 

Di-n-propyl  ether  CCl2(OPr).C02Pr :  (111° 
at  12mm.) ;  colourless  liquid.  Formed  by  the 
action  of  PC15  upon  mono-propyl  oxalate 
CA(OH)(OPr). 

Di-isoamyl  e^erCCl2(OC5Hn).C0.2C5Hn: 
(152°  at  13mm.) ;  colourless  liquid.  Formed  by 
the  action  of  PC15  upon  mono-isoamyl  oxalate 
(Anschiitz  a.  Schonfeld,  B.  19,  1443). 

DI-CHLORO-GLYCOLLO-NITRILE 
CClo(OH).CN. 

Methyl  derivative  CCl2(OMe)CN.  (149°). 
S.G.  1'39.  From  di-chloro-acetonitrile  andNaOMe 
(Bauer,  A.  229,  168).  Pleasant  smelling  liquid, 
nearly  insol.  water,  but  slowly  decomposed  by 
it.  V.  sol.  alcohol,  ether,  and  light  petroleum. 
Changes  on  keeping  into  a  solid  isomeride. 

Ethyl  derivative  CCl2(OEt)CN.  (161°).  S.G. 
\™  1-339.  V.D.  153-24.  Polymerises  forming  a 
white  solid.  [171°]. 

Propyl  derivative  CCl2(OPr)CN.  (183°).  S.G. 
!i«  1-238.  V.D.  174. 

Isdbutyl  derivative  CC12(OC4H9)CN.  (196°). 
S.G.  !£? 1-123. 

These  bodies  combine  with  PtCl4,  forming 
compounds  such  as  CCl2(OEt)CNPtCl4  (Bauer, 

A.  229,  182). 

They  are  acted  upon  by  dry  HBr  with  forma- 
tion of  tri-chloro-aceto-nitrile,  probably  as  a 
result  of  these  reactions : 

(i.)  CCl2(OMe)CN  +  HBr 
=  MeBr  +  CCUOH)CN. 

(ii.)  CC12(OH)CN  =  HC1  +  C1.CO.CN. 

(iii.)  CC12(OH)CN  +  HC1  =  CC13.CO.NH2 
(Bauer,  A.  229,  192). 

So  also  dilute  H2S04  converts  CCl2(OMe)CN 
into  CCl3C02Me  and  CCl2(OEt)CN  into 
CClHC02Et. 

CHLORO-GLYOXIM  C^CIO^  i.e. 
CC1(NOH).CH(NOH).    [151°].    Formed  by  the 
action    of    hydroxylamine    on    chloral -hydrate 
(Nageli,    B.    16,    499).      Glistening    prismatic 
needles.     Sol.  water  and  alcohol. 

CHLORO-GLYOXYLIC  ETHER  Cl.CO.C02Et. 
Ethoxy-oxalyl  chloride.  (131°).  S.G.  is  1-216. 
V.D.  4-68  (calc.  4-71).  Prepared  by  distilling 
oxalic  ether  with  PC15  (V.v.  Richter,  B.  10,  2228 ; 
C.  C.  1878,  446  ;  cf.  Henry,  B.  4,  599). 

Properties.— Fuming  liquid ;  decomposed  by 
water  with  formation  of  oxalic  acid.  Alcohol 
gives  oxalic  ether.  Alcoholic  NH3  gives  oxamic 
ether.  Aniline  forms  C02Et.CO.NPhH. 

Reactions. — 1.  Zinc  ethyl,  followed  by  water, 
forms  oxy-hexoic  ether  CEU OH) .COJEt  (Henry, 

B.  5, 949).— 2.  With  urea  it  gives  ethyl  oxalurUte, 
NH.,.CO.NH.CO.C02Et  (Henry,  B.  4,  599  ;  Salo- 
mon,  B.   9,   376).— 3.    With    HgPh2    it    gives 
phenyl-glyoxylic  acid  (Claisen  a.  Morley,  B.  11, 
1596).— 4.    With  di-methyl-aniline  it  gives  di- 
methyl-amido-phenyl-glyoxylic   acid. — 5.    With 
di-phenyl-thiurea  dissolved  in  benzene  it  reacts 
vigorously,  giving  off  CO.,  and  ethyl  chloride  and 
forming  aniline  and  a  compound  which  is  pro- 
bably thio-carbanilido-thio-oxanilide 
^PhH.CS.NPh.CO.CS.NPhH  (v.  Stojentin,  J.pr. 


[2]  32,2).  This  body  melts  at  [231°].  It  dissolves 
in  ether,  sparingly  in  alcohol,  not  at  all  in  water. 
It  exhibits  the  following  reactions  :  (a)  Warmed 
with  alcoholic  AgN03  it  forms  Ag2S  and  di- 

/NPh-CO 
phenyl-parabanic  acid,  [204°],  CCx(  I  . 

\NPh-CO 

(b)  Forms  a  red  solution  in  aniline,  which  when 
warmed  with  dry  alcohol  and  AgN03  formsoxalyl- 

/NPh.CO 

tri-phenyl-guanidine,  C(NPh)<  [230°1. 

\NPh.CO 

(c)  Fuming  HN03 forms  a  compound  C,5H8N4S05. 
It  melts  at  [235°],  is  insol.  ether,  benzene,  CS? 
and  light  petroleum,  and  is  readily  decomposed 
by  aqueous  NaOH,  p-nitraniline  being  formed. 

(d)  Alcoholic  NH3  converts  it  into  C14HI8N403,  a 
body  which  crystallises  from  alcohol  in  white 
needles,  [220°],  and  which  is  itself  converted  by 
fuming  HN03  into  another  body,  C,3HHN506, 
sparingly  soluble  in  water  or  alcohol,   [235°].— 
6.  With  phenyl  thiurea,  dissolved  in  boiling  ben- 
zene, it  acts  thus :  2NH2.CS.NPhH  +  dCO-CO^t 
=  NH(CS.NPh)2C202  +  NH3  +  EtCl  +  H.O.      The 
product       is       oxalyl-di-phenyl-di-thio- 
b  i  u  r  e  t.    It  forms  slender  needles  (from  alcohol) 
[215°]. — 7.  When  warmed  with  phenyl-urea  it 
reacts  as  follows :  NPhH.CO.NH2  +  Cl.CO.CO^t 
=  NPhH.CO.NH.C02Et  +  CO  +  HC1,  and  also  in 
the  following  way :  NPhH.CO.NH2  +  Cl.CO.CO-jEt 

=NPh<^°02>NH+ClEt  +  H20.      The    chief 

products  are,  therefore,  phenyl-allophanio 
ether,  which  forms  needles  (from  alcohol), 
[120°],  and  phenyl-parabanic  acid,  which 
forms  plates  (from  alcohol),  [208°].— 8.  Withcft- 
phenyl-urea  it  forms  di-phenyl-parabanic 
acid,  [204°]:  NPhH.CO.NPhH  +  Cl.CO.CO-jEt 

=  NPh^^^NPh  +  EtCl  +  H20.— 9.  With  tri- 
phenyl-guanidine     it     forms    carbonyl-tri- 
phenyl-guanidine: 
(NPhH)2:C:NPh  +  2Cl.CO.C02Et 

=  NPh:C<^p£>  CO,HC1  +  HC1  +  CO  +  Et2C204. 

The  hydrochloride  of  this  base  forms  concen- 
tric needles  (from  alcohol),  [190°] ;  its  nitrate, 
B',HN03,  forms  octahedra  (from  alcohol),  [185°]. 
By  means  of  fuming  nitric  acid  white  needles  of 
the  formula  C15H12N202,|aq,  may  be  got  (M.  v. 
Stojentin,  J.pr.  [2]  32,  1). 

CHLORO-GUANIDINE  CH4C1N3.  From 
guanidine  carbonate  and  chlorine  (Kamenski,  B. 
11,  1602).  Pale  yellow  crystalline  powder.  De- 
tonates about  147°. 

CHLORO-HEPTANE  v.  HEPTYL  CHLORIDE. 

Di-chloro-heptane  C.H,4C12  i.e. 
Pr.CH2.CH2.CH2.CHCl2.'    Hcptylidene  chloride. 
(191°  cor.).  From  oenanthol and PC15  (Limpricht, 
A.  103,  80).     Converted  by  Na  into  heptylene. 
Alcoholic  KOH  gives  chloro-heptylene. 

Di-cMoro-heptane  C7H14C12  i.e.  Pr2CCl2. 
(181°).  From  di-w-propyl  ketone  and  PC15 
(Tavildaroff,  B.  9, 1442). 

Di-chloro-heptane  Pr.,CCl...  From  di-isopropyl 
ketone  and  PC15  (Henry,  B'.  8,  400).  Splits  up 
into  HC1  and  C7H13C1  on  distillation.  Alcoholic 
KOH  gives  C.H,,  (78°). 

CHLORO-HEPTENOIC  ACID  C7H,,C10f 
From  propyl-aceto-acetic  ether  and  PC13  (De- 
marcay,  B.  10,  1178).  Oil. 


CHLORO-HEPTENOIC  ACID. 


Chloro-heptenoic  acid  C7H11C102.  From  iso- 
propyl-aceto-acetic  acid  and  PCI-  (£>.).  Oil. 

CHLOEO-HEPTYL  ALCOHOL  C7H15C10. 
(207°).  S.G.  ^1-014.  From  oetylene  and  HC10 
(De  Clermont,  Z.  1870,  411). 

CHLOEO-HEXANE  v.  HEXYL  CHLORIDE. 

Di-chloro-hexane  CHH12C12  i.e. 
CH3.CHCl.CH2.CHrCHCl.CH3.          (170°-180°). 
From  diallyl  and  fuming  HClAq  (Wurtz,  A.  Ch. 
[4]  3,  161). 

Di-chloro-hexane  CaH12Cl,.  (c.  182°).  S.G.  ^ 
1-087.  From  the  hexane  of  petroleum  by  chlori- 
nation  (Cahours,  A.  Ch.  [4]  1,  5). 

Di-chloro-hexane  C6H,2C12.  (160°).  Formed 
by  chlorination  of  diisopropyl  (Schorlemmer,  A. 
144,  187  ;  Silva,  B.  6,  36  ;  7,  953). 

Di-chloro-hexane  C6H12C12  i.e. 
(CH3),.CC1.CC1.(CH,)2.  [160°].  From  pinacone  and 
POC13"  (Friedel  a.  Silva,  B.  6,  35).    Crystalline. 

Di-chloro-hexane  (CH3)3C.CC12.CH3.  [151°]. 
From  pinacoline  and  PC15  (Favorsky,  J.  pr.  [2] 
37,  393).  Very  volatile  crystals.  Gives  with 
alcoholic  potash  CMe3.C:CH. 

Di-chloro-hexane  C  H12C12  i.e. 
CH3.CHC1.CHC1.CH2.CH2.CH3.  (c.  164°).  S.G.  ii 
1-053.    From  chloro-ethyl-propyl-carbinol  and 
PC15  (Henry,  Bl.  [2]  41,  363).    Alcoholic  KOH 
gives  CriHnCl  (122°). 

Tri-chloro-hexaneC6HnCl?.  (c.217°).  S.G.ai 
1-193.  Formed  by  chlorinating  n-hexane  (Ca- 
hours, J.  1863,  525). 

Hexa-chloro-hexane  CtiH6Cl6.  (c.  288°).  S.G. 
22  1-598.  From  n-hexane  and  Cl  (C.). 

CHLOEO-HEXENOIC  ACID  v.  CHLOBO-ETHYL 

CROTONIC  ACID. 

Chloro-hexenoic  acid  CeH9C102.  [64°].  From 
di-methyl-aceto-acetic  ether  and  PC15  (D.). 

CHLOEO-HEXENYL  ALCOHOL  CfiHnC10. 
Allyl-chloro-propyl  carbinol  (c.  185°).  S.G.  22 
1-032.  BOO  58-3.  From  epichlorhydrin  (150  g.), 
allyl  iodide  (273  g.),  and  zinc  at  0°  ;  the  product 
being  treated  with  water  (Lopatkin,  J.  pr.  [2] 
30,390).  Oil.  Oxidation  gives  chloro-oxy-valeric 
acid. 

Acetyl  derivative  C6HnC10Ac.  (c.205°). 
S.G.  2  1-065  ;  as  1-048.  K^  75-1. 

Chloro-hexenyl  alcohol  C6HnC10  i.e. 


).    Chloro-methyl- 

tetra-methylene-carbinol.  (c.  167°).  From  the 
following  di-chloro-hexenyl  alcohol  by  treatment 
with  iron  and  acetic  acid  (Natterer,  M.  5,  579). 
Liquid,  si.  sol.  water.  Does  not  combine  with 
Br.  Gives  with  PC15  a  liquid  C6H9C13  (100°  at 
20mm.). 

Di-chloro-hexenyl     alcohol    C6H10C120    i.e. 


at  20  mm.  From  a7-di-chloro-crotonic  aldehyde 
by  successive  treatment  with  ZnEt2  and  water 
(Natterer,  M.  5,  567).  Thick  liquid  ;  v.  si.  sol. 
water.  Does  not  combine  with  Br. 

Acetyl  derivative  C6H,,Gl2OAc.  (123°) 
at  20  mm.  Converted  by  AgOAc  at  110°  into 
C6H,Cl(OAc)2  (1403  at  20mm.). 

CHLOEO-HEXINENE  v.  HEXINYL  CHLORIDE. 

Tetra-chloro-hexinene  C(iH,.Cl4.  Formed  by 
the  action  of  PC15  on  mannite  or  dulcite  (Bell, 
B.  12,  1273). 

CHLOEO-HEXOIC  ACID  C«HMC102  i.e. 
CEt2Cl.CO.jH.  Chloro-caproic  acid. 


_  Ethyl  ether  EtA'.  From  PCI,  and  the  oxy- 
acid  (derived  from  oxalic  ether)  (Markovvnikoff, 
B.  6,  1175).  On  distillation  it  gives  HCl  and 
hexenoic  ether ;  sodium  amalgam  gives  hexoic 
(di-ethyl-acetic)  acid. 

7-Chloro-isohexoic  acid 
Me2CCl.CH.,.CH2.CO.JL 

Ethyl"  ether  ~A'Et:  (88°  at  12mm.). 
Formed  by  saturating  an  absolute  alcoholic  so- 
lution of  isocaprolactone  (the  lactone  of  oxy- 
hexoic  acid)  with  HCl.  On  distillation  it  evolves 
HCl  and  yields  pyroterebic  ether  (Bredt,  B.  19, 
514). 

Tri-chloro-hexoic  acid  CaHBCls02.  [64°]. 
Formed  by  oxidation  of  the  corresponding  alde- 
hyde by  HNO,  (Pinner,  B.  10,  1052).  Zinc  and 
HCl  convert  it  into  hexenoic  acid. 

TEI-CHLOEO-HEXOIC  ALDEHYDE 
C6H9C130.  Hexyl-chloral.   (213°).  Occurs  among 
the  products   of  the   chlorination  of   aldehyde 
(Pinner,  B.  10,  1052).    Potash  splits  it  up  into 
formic  acid,  C5HSC12,  and  HCl. 

CHLOEO-HEXYL  ALCOHOL  CriH13C10  i.e. 
CH3.CH2.CH2.CHCl.CH(OH).CH3.^%ZcMoro- 
butyl  carbinol.  (170°).  S.G.  ii  1-018.  From 
hexylene  and  HOC1  (Domac,  M.  2,  319).  Iron 
and  HOAc  give  sec-hexyl  alcohol. 

Chloro-hexyl  alcohol  C6H,3C10  i.e. 
CH3.CH2.CH2.CH(OH).CHC1.CH3  (?).  Hexylene 
chlorhydrin.  (171°).  S.G.  ii  1-014.  From 
hexylene  oxide  and  HCl  (Henry,  C.  R.  97,  260). 
Oil,  with  sweetish  taste. 

Acetyl  derivativeCs'H.^Cl.OA.c.  (189°). 
S.G.  2  1-04. 

8-Chloro-w-hexyl-alcohol 

CH3.CHC1.CH2.CH2.CH,.CH2.OH  (?).  Hexylene 
$ -chlorhydrin.  Formed  by  heating  the  glycol 
with  HCl  (Lipp,  B.  18,  3283).  Colourless  liquid 
of  peculiar  smell.  Heavier  than  water,  in  which 
it  is  insoluble.  By  further  heating  with  HCl  it 
is  converted  into  the  di-chloride. 

Chloro-hexyl  alcohol  C^H^CIO  i.e. 
CMe2Cl.CMe2.OH.    [55°].   From  CMe2:CMe2  and 
HOC1  (Eltekoff,  /.  R.  14,  390).     Needles,  smell- 
ing of  camphor.  Aqueous  KOH  forms  pinacone  ; 
solid  KOH  gives  hexylene  oxide. 

Di-chloro-hexyl  alcohol  C6H12C120.  (208°). 
S.G.  is  1-4.  From  hexenyl  alcohol  and  chlorine 
(Destrem,  A.  Ch.  [5]  27,  58). 

CHLOEO-HEXYLENE  v.  HEXENYL  CHLORIDE. 

Di-chloro-hexylene  C,.H10C12  i.  e. 
CH3.CC12.CH2.CH2.CH:CH2.  Allyl-chloracetol. 
(150°).  From  methyl  butenyl  ketone  and  PC15 
(Henry,  C.  R.  87,  171).  Heavy  oil.  Hot  water 
reconverts  it  into  the  ketone.  Alcoholic  KOH 
gives  C6H9C1. 

Di-chloro-hexylene.  CfiH10Cl2.  From  mesityl 
oxide  and  PC15.  Smells  like  turpentine  and  re- 
sinifies  in  the  air.  Distillation  over  lime  con- 
verts? it  into  C6H9C1  (130°)  (Baeyer,  A.  140,  298). 

Penta-chloro-hexyleneCb.H7Cl5.  [102°].  From 
quercite  by  treatment  with  HCl.  Needles 
(Prunier,  A.  Ch.  [5]  15,  1). 

m-CHLORO-HIPPUEIC  ACID  C,(H8C1N03 
i  e.  [3:1]  C(.H(C1.CO.NH.CH.,.CO,H.  From  hip- 
puric  acid,  KC103,  and  HCl  (Otto,  A.  122,  129). 
Found  in  the  urine  after  taking  m-chloro-ben- 
zoic  acid  (Greebe  a.  Schultzen,  A.  142,  346). 
Viscid  mass,  sol.  boiling  water,  mixes  with 
alcohol  and  ether.  Its  alkaline  solution  turns 


CflLORO-flYDROQtTlNONE. 


brown  in  air.  Boiling  cone.  HC1  gives  glycocoll 
and  m-chloro-benzoic  acid. 

Salts. — NaHA'2  ^aq  :  stellate  groups  of 
needles.— CaA'2  :  scales  (from  alcohol). — PbA'2. 
[100°]. 

Di-chloro-hippuric  acid  C,,H7C12N03  i.e. 
[1:2:4]  CtiH3Cl2.CO.NH.CH2.C02H.  Formed  to- 
gether with  the  preceding  by  chlorinating  hip- 
puric  acid  with  HC1,  and  KC103  (0.).  Soft, 
bemi-crystalline  mass  ;  less  sol.  water  than  the 
preceding  acid.  Cone.  HC1  splits  it  up  into 
glycocoll  and  (1,  2,  4)-di-chloro-benzoic  acid. 

Salts. — NaA'aq:  soft  warty  crystals. — 
CaA'25aq  (from  hot  water).  —  CaA'29aq. — 
CaA'.,  lOaq  (from  cold  water).— BaA'2  3aq.— 
PbAC  4aq.  —  (PbA'2)2PbO.  -  AgA' :  cauliflower- 
like  masses  (from  hot  water). 

Ethyl  ether  EtA'.     Oil. 

CHLORHYDRIN  v.  GLYCERIN. 

Dichlorhydrin  v.  DI-CHLOBO-PBOPYL  ALCOHOL 
and  EPICHLORHYDRIN. 

Trichlorhydrin  v.  TRI-CHLORO-PROPANE. 

CHLORO-HYDRACRYLIC  ACID  v.  CHLORO- 

OXY-PROPIONIC   ACID. 

CHLORO-HYDRO-ATROPIC  ACID  v.  CHLORO- 

PHENYL-PROPIONIC    ACID. 

CHLORO- HYDRO -CINNAMIC     ACID      v. 

GHLORO-PHENYL-PROPIONIC  ACID. 

DI  -  CHLORO  -  HYDROCCERULIGNON       v. 

ZWra-We£%Z-DI-CHLORO-HEXA-OXY-DIPHENYL. 

CHLORO  -  HYDRONAPHTHOQUINONE 

C10H7C102  i.  e.  C10H5C1(OH)2  [117°].  From 
chloro-(j3)-naphthoquinone  in  acetic  acid  by 
passing  in  SO2  (Zincke,  B.  19,  2498).  Needles 
(from  water). 

Di-chloro-hydronaph.th.oqu.mone  CJOHaCl202 
i.e.  C10H4C12(OH)2.  [125°].  From  di-chloro- 
(/8)-naphthoquinone  and  S02  (Zincke,  B.  19, 
2500).  Slender  needles. 

Di-chloro-  (a)  -hydronaphthoquinone 
CIOH4C12(OH)2.  [135°  uncor.].  Formed  by  shak- 
ing an  ethereal  solution  of  di-chloro-(o)- 
naphthoquinone  with  aqueous  SnCl2  till  de- 
colourised. Long  colourless  needles.  V.  sol. 
alcohol,  ether,  &c.,  insol.  water.  By  air  oxida- 
tion it  is  converted  into  the  quinhydrone 
C20H10C1404,  which  forms  long  violet-brown 
needles  [250°  uncor.]  (Claus,  B.  19,  1144  ;  cf. 
Grabe,  A.  149,  6). 

Di-acetyl  derivative  C10H4Cl2(OAc)2. 
[236°] . 

CHLORO-HfDROQUINONE  C6HSC1(OH)2. 
[106°].  (263°).  Prepared  by  boiling  quinone  with 
HC1  (Levy  a.  Schultz,  B.  13,  1427  ;  A.  210, 137  ; 
cf.  Wohler,  A.  51,  155 ;  Wichelhaus,  B.  12, 
1504).  Also  from  chloro-quinone  and  SO2 
(Stacleler,  A.  69,  307).  Monoclinic  crystals, 
a:b:c  =  2 -77:1:2-31;  0  =  62°  3'.  V.  e.  sol.  water 
and  alcohol,  si.  sol.  chloroform.  On  oxidation 
it  gives  chloroquinone.  Heated  with  phthalic 
anhydride  it  produces  a  chlorinated  quinizarine 
which  is  soluble  in  caustic  soda  with  a  blue 
colour.  Combines  with  aniline  with  formation 
of  C6H3Cl(OH)22NH,Ph  [92°]  which  crystallises 
from  hot  water  in  glittering  plates  (Niemeyer, 
A.  228,  322).  With  j>toluidine  it  forms  a  com- 
pound melting  at  90°.  These  compounds  are 
not  decomposed  by  crystallising  from  hot  benz- 
ene. 

Di-acetyl     derivative      CdH3Cl(OAc),. 


[72°]  (L.  a.  S.);  [99^]  (Scheid,  A.  218,  216). 
Transparent  prisms.  Sol  alcohol. 

Di-benzoyl  derivative  CaH,Cl(OBz)2. 
[130°].  Long  needles.  Easily  soluble  in  hot 
alcohol,  sparingly  in  cold. 

(a)-Di-chloro-hydroquinone  C8H2CL(OH)2 
[2:5:4:1].  [166°J  (L.  a.  S.) ;  [172°]  (Krafft,  B.  10, 
800).  Prepared  by  boiling  chloro-quinone  with 
HCl ;  or  by  passing  dry  HC1  into  a  solution  of 
chloroquinone  in  chloroform  (Levy  a.  Schultz, 
B.  13, 1428  ;  A.  210,148).  Formed  also  by  redu- 
cing (a) -di-chloro- quinone  [159°]  with  aqueous 
SO,  (Stiideler,  A.  69,  312).  Long  needles  (from 
boiling  water).  May  be  sublimed.  On  oxidation 
it  gives  (a)-dichloro-quinone.  Combines  with 
aniline  forming  Ct.H,Cl2(OH),2NH2Ph  [113°], 
which  crystallises  in  needles  (from  water), 
tables,  or  prisms  (from  benzene).  The  com- 
pound with  ^-toluidine  melts  at  115°  (Niemeyer, 
A.  228,  328). 

Di-acetyl  derivative  C6H2Cl2(OAc)2. 
[141°].  Formed  by  the  action  of  acetyl  chloride 
on  quinone  or  chloro-quinone.  Monoclinic 
crystals  (Schulz,  B.  15,  653;  A.  210,  148) 
a:b:c  =  2-9:1:1-13;  0  =  72°  40'. 

Di-benzoyl  derivative  CsH2Cl2(OBz),. 
[185°].  Woolly  needles,  sol.  benzene,  insol. 
water. 

()8)-Di-chloro-liydro-quinone  C6H2C12(OH), 
[2:6:4:1].  [158°].  Formed  by  reduction  of  the 
corresponding  quinone  [120°]  (Faust,  A.  149, 
155).  Yellowish  laminas  (from  dilute  alcohol). 
Forms  with  jp-toluidine  a  compound  melting  at 
73°. 

Di-acetyl  derivative  C6H2Cl2(OAc)2 
[67°] ;  fine  needles. 

Di-benzoyl  derivative  CglLjCL^OBz)., 
[105°] ;  colourless  needles  (Levy,  B.  16, 1445).  " 

Di  -me  thy  I  ether  C6H2Cl2(OMe)2.  [126°]. 
Formed  by  chlorinating  di-methyl-hydroquinone 
(Habermann,  B.  11,  1034).  Small  needles ;  may 
be  sublimed. 

Di-isobutyl  ether  C6H2Cl2(OCH2Pr)2 
(Schubert,  M.  3,  682). 

Tri  -  chloro  -  hydroquinone 

CtiHCl3(OH)2.  [134°].  Prepared,  together  with 
tetrachlorohydroquinone,  by  boiling  (a)-  or  (j8)- 
dichloroquinone  with  HCl,  and  separated  from 
tetra-chloro-hydroquinone  by  solution  in  water 
(Levy  a.  Schultz,  B.  13,  1429  ;  A.  210,  153). 
Formed  also  by  reducing  tri-chloro  quinone  with 
SO.,  (Stadeler,  A.  69, 321 ;  Stenhouse,  A.  Suppl. 
6,  214 ;  Grajbe,  A.  146,  25),  and  by  oxidising 
benzene  with  KC103  and  H2S04  (Krafft,  B.  10, 
797 ;  Carius,  A.  142,  129).  Flattened  prisms. 
Its  alkaline  solutions  turn  brown  in  the  air, 
ultimately  forming  di-chloro-di-oxy-quinone 
(chloranilic  acid).  It  forms  two  compounds  with 
aniline:  C6HC13(OH),,  NH,Ph  [60C],  crystallising 
in  small  needles,  and  CdHCl3(OH)2,  2NH,Ph 
[67°],  crystallising  in  trimetric  tables.  W'ith 
phthalic  anhydride  it  does  not  produce  chlor- 
inated quinizarine. 

Di-acetyl  derivative  C6HCl3(OAc).,. 
[153°].  Needles. 

Di-benzoyl  derivative  C6HCl3(OBz)2. 
[174°].  Needles. 

Di -ethyl  ether  CtiHCl3(OEt),.  [68-5°]. 
Long  needles. 

Tetra-chloro-hydroquinone 
C6C14(OH)2.     [232°]    (Sutkowski,  B.  19,  2316). 


CIILORO-HYDUOQUINONE. 


Prepared  by  boiling  (jS)-dichloro-quinone  or  tri- 
chloro-quinone  with  HC1  (Levy  a.  Schultz,  B. 
13,  1429  ;  A.  210,  255),  or  by  passing  HC1  into 
a  solution  of  tri-chloro-quinone  in  acetic  acid 
(Niemeyer,  A.  228,  324).  Formed  also  by  boil- 
ing tetra-chloro-quinone  with  SnCl2,with  HClAq, 
with  HBrAq,  or  with  aqueous  S02.  Monoclinic 
pyramids  ;  a:b:c  =  3-0:1:2-58  ;  0  =  76°  34'.  May 
be  sublimed.  Insol.  water,  v.  si.  sol.  benzene, 
v.  sol.  alcohol  and  ether.  Reduces  silver  solu- 
tion. PC15  converts  it  into  C6C16.  A  cone. 
solution  in  hot  potash  deposits,  on  cooling, 
prisms  of  C6C14(OK)2.  A  solution  of  this 
salt  exposed  to  air  forms  C6C120.2(OK)2.  Com- 
bines with  aniline,  forming  C6Cl4(OH)2NH2Ph 
[115°]. 

Di-acetyl  derivative  C6Cl4(OAc)2. 
[245°]. 

Di-benzoyl  derivative  C6Cl4(OBz)2. 
[233°].  Sol.  benzene,  si.  sol.  alcohol. 

Di-methyl  ether  C,.Cl4(OMe)2.  [154°]. 
From  di-methyl-hydroquinone  and  Cl  (Haber- 
mann,  B.  11,  1035).  Needles. 

Di-ethyl  ether  C6Cl4(OEt)2.  [112°].  From 
tetra-chloro-hydroquinone,  KOH,  EtI,  and  alco- 
hol at  140  3  (Grabe,  A.  146,  19).  Needles. 

Methyl  ethyl  ether  CtiCl4(OMe)(OEt). 
[101°].  From  C6H4(OMe)(OEt)  and  Cl  (Fiala,  M. 
6,  912). 

Di-i  so  butyl  ether  C6Cl4(OCH2Pr)2  (Schu- 
bert, M.  3,  682). 

DI  -  p  -  CHLOBO  -  HYDBOQTIINONE  -  DI- 
CABBOXYLIC  ETHEB  v. 


OXY-TEBEPHTHALIC   ETHEB. 

DI  -  CHLOBO  -  HYDBOQUINONE  DI  -  SUL- 
PHONIC  ACID 

C^CLjSA  i.e.  C6C12(OH)2(S03H)2.  From  tetra- 
chloro-quinone  and  aqueous  KHS03  (Hesse,  A. 
114,  324;  Greiff,  C.  C.  1863,  1044).  The  free  acid 
is  unstable.  It  gives  an  indigo-blue  colour  with 
Fe2Cl6.  Alkaline  solutions  are  oxidised  by  air 
to  euthiochronic  acid—  K.jA"  2aq.  —  (NHJ-jA'^aq. 

Tri  -  chloro  -  hydroquinone  sulphonic  acid 
C6H3C13S05  i.e.  C6C13(OH)2SO?H.  Formed,  to- 
gether with  euthiochronic  acid,  by  dissolving 
tri-chloro-quinone  in  warm  aqueous  K2SO3 
(Gnebe,  A.  146,  55).  Deliquescent  needles. 
Fe2Cl6  gives  a  blue  colour.—  KA'aq.  Alkaline 
solutions  are  oxidised  in  air  to 

C6C1(OK)20.,(S03K). 

CHLOBO-HYDBO-THYMOQUINONE 
C10H)3C102  i.e.  C6HC1(C3H7)(CH3)(OH)2 
[2:6:3:4:1].  [70°].  From  thymoquinone  and  cone. 
aqueous  HC1    at  0°   (Schniter,  B.   20,   1317). 
Silky  needles. 

Di-acetyl  derivative  Ci0H,,Cl(OAc)2. 
[88°]  .  Formed  by  the  action  of  acetyl  chloride 
on  thymoquinone.  Large  crystals. 

Di-benzoyl  derivative  [118°].  Colour- 
less needles  (Schulz,  B.  15,  657). 

Di-chloro-hydrothymoquinone 

Di-benzoyl  derivative  CIOH10Cl2(OBz)2. 
[191°].  Formed  by  the  action  of  benzoyl  chloride 
on  thymoquinone  (Schulz,  B.  15,  658).  Sparingly 
soluble  white  needles. 

CHLOBO  -HYDBOTOLUQUINONE 
C6H2(CH3)C1(OH)2  [I:3or4:2:5].  [115°  uncor.]. 
Formed  by  reduction  of  chloro-toluquinone  T90°] 
with  S02.  Long  colourless  needles.  Sublim- 
able  and  volatile  with  steam  (Glaus  a.  Schweitzer, 
B.  19,  929). 


Chloro-hydro-toluquinone  CtiH.2MeCl(OH)2. 
[175°].  Obtained  by  the  action  of  cold  cone. 
HC1  upon  toluquinone.  White  plates  or  needles. 
V.  sol.  alcohol,  ether,  and  hot  water,  si.  sol. 
ligrom  (Schniter,  B.  20,  2283). 

Di  -  chloro  -  hydro -toluquinone 
CHHMeCl2(OH)2.  [121°].  Formed  by  the  action 
of  HC1  upon  chloro-toluquinone.  Not  volatile 
with  steam  (Schniter,  B.  20, 2288).  Formed  also 
by  reducing  di-chloro-toluquinone  obtained  from 
di-chlorinated  o-cresol  [54°]  (Glaus  a.  Schweitzer, 
B.  19, 937 ;  cf.  Southworth,  A.  168, 274).  Feathery 
crystals  (from  water).  May  be  sublimed. 

Di-chloro-hydrotoluquinone 
C6H(CH3)C12(OH)2.  [171°  uncor.].  Formed  by 
reduction  of  di-chloro-toluquinone  [103°]  (from 
di-chloro-w-cresol)  with  S02.  Colourless  needles. 
V.  e.  sol.  alcohol,  ether,  &c.,  sol.  hot  water,  si. 
sol.  cold  (Glaus  a.  Schweitzer,  B.  19,  931). 

Acetyl  derivative  C6HMeCl2(OAc)2. 
[124°]  (Southworth). 

Tri-chloro-hydrotoluquinone  C6MeCl3(OH)2. 
[212°].  From  tri-chloro-toluquinone  and  aque- 
ous S02  at  100°  (Southworth;  Borgmann,  A. 
152,  251 ;  Hayduck,  A.  172,  211;  Glaus  a.  Rie- 
mann,  B.  16,  1603).  Needles.  Volatile  with 
steam.  Turns  green  in  moist  air. 

Di-acetyl  derivative  C6MeCl3(OAc)2. 
[114°]. 

Di-ethyl  ether  C6MeCl3(OEt)2.     [107°]. 

Tetra  -  chloro  -  hydrotoluquinone  C7H4C1402. 
From  tetra-chloro-toluquinone  and  S02  (Brau- 
ninger,  A.  185,  353).  Needles  (by  sublimation). 

CHLOBO  -  HYDBOTOLUQTTINONE  DI  -  SUL- 
PHONIC  ACID  C6MeCl(OH)2(S03H)2.  From  tri- 
chloro-toluquinone  and  cone,  aqueous  KHS03 
(Borgmann,  A.  152,  255).— KA':  lamina*. 

CHLOBO-HYDBOXYLOQTJINONE 
C6HClMe2(OH)2  [cc:l:4:2:5].  [147°].  Formed, 
together  with  the  di-chloro-  compound,  by  treat- 
ing xyloquinone  (phlorone)  with  cone.  HC1 
(Carstanjen,  J.pr.  [2]  23,  421).  Needles.  Fe2Cl6 
colours  its  aqueous  solution  violet. 

Di-chloro-hydroxyloquinone  C,.Cl2Me2(OH)2. 
[180°].  Formed  as  above  (C.)  or  by  reducing 
di-chloro-xyloquinone  with  aqueous  S02  (Bad, 
4.  151,  164).  Coloured  violet  by  Fe,CL. 

DI-CHLOBO-ICOSYLENE  C20H38C12.  S.G.  2* 
1-013.  From  C20H38  and  Cl  (Lippmann  a.  Haw- 
liczek,  B.  12,  69). 

CHLOBOIMIDO-CABBONICACIDC1N:C(OH)2. 

Methyl  ether  ClN:C(OMe)2.  [20°].  Formed 
by  leading  chlorine  into  a  cooled  solution  of 
80  pts.  NaOH  and  80  pts.  KCN  (96-98  p.c.)  in 
150  pts.  of  methyl  alcohol.  White  crystalline 
solid.  Its  reactions  are  the  same  as  those  of 
the  ethyl  ether. 

EthyletherC\N:C(0'Et)r  [39°].  Formed 
by  leading  chlorine  into  a  cooled  solution  of 
80  pts.  NaOH  and  80  pts.  KCN  in  200  pts.  of 
ethyl  alcohol ;  the  yield  is  50  pts.  of  the  pure  pro- 
duct. Large  colourless  prisms.  V.  sol.  alcohol 
and  ether,  insol.  water.  Rotates  on  water.  De- 
composes on  distillation.  Heated  wit.h  aqueous 
H2S  it  yields  carbonic  ether  NH4C1  and  S.  By 
dilute  acids  it  is  split  up  into  carbonic  ether, 
chloride  of  nitrogen  and  NH3.  From  HI  it 
liberates  iodine.  By  warming  with  a  solution 
of  potassium  arsenite  it  is  reduced  to  imido- 
carbonic  ether  HN:C(OEt)2  (Sandmeyer,  B.  19, 
862). 


CllLoHO-tobO-OXY-BEN£OtC  ACID. 
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TETRA-CHLORO-INDIGO  c16H6ci4N2o2.  Very 

analogous  to  ordinary  indigo.     Obtained  by  the 
action  of  acetone  and  NaOH  on  di-chloro-nitro- 
benzoic  aldehyde  (Gnehm,  B.  17,  752). 
DI-CHLOR-INDOLE   C8H5C12N   i.e. 

1.      [104°].       Chlor  -  oxindole- 

chloride.  From  oxindole  and  PC15.  Crystalline 
mass  smelling  like  fasces.  Colourless  lamina 
(from  hot  water),  v.  e.  sol.  alcohol,  ether,  and 
benzene.  Sol.  alkalis.  Can  be  methylated 
(Baeyer,  B.  12,  456  ;  15,  786). 

DI-CHLORO-INDONAPHTHOQUINONE 


C6H4<°°>CC12 


[125 


Formation.  —  Tetrachloro  -  (j8)  -  naphthoqui- 
none  is  dissolved  in  Na2C03Aq,  HO  Ac  is  added 
and  afterwards  HC1  and  chromic  acid,  the  mix- 
ture being  gently  warmed  (Zincke,  B.  21,  499). 

Properties.  —  Plates  (from  dilute  alcohol  or 
HO  Ac). 

DI-CHLORO-IODHYDRIN  v.  DI-CHLORO-IODO- 

PROPANE. 

a£-  or  0a-CHLORO-IODO-ACRYLIC  ACID 
CHI:CC1.C02H  or  CHC1:CI.C02H.  [72°].  Formed 
by  boiling  propiolic  acid  with  an  ethereal  solu- 
tion of  C1I  (Stolz,  B.  19,  538).     Pearly  crystals. 
Easily  soluble  in  all  solvents. 

Chloro-di-iodo-acrylic  acid  C3H02C1I2  i.e. 
CI2:CC1.C02H(?).  [143°].  Formed  by  boiling 
iodo-propiolic  acid  with  an  ethereal  solution  of 
C1I  (Stolz,  B.  19,  538).  Colourless  glistening 
plates.  Sparingly  soluble  in  ligroin  and  cold 
water,  more  easily  in  alcohol  and  ether. 

o-CHLORO-IODO-BENZENE  C6H4C1I  [2:1]. 
(above  233°)  (Korner);  (230°)  (B.  a.  K.).  S.G. 
—  1-928.  From  o-chloro-aniline  by  displacing 
NH2  by  I  through  the  diazo-  reaction  (Korner, 
G.  4,  343  ;  Beilstein  a.  Kurbatoff  ,  A.  176,  33). 

p-Chloro-iodo-benzene  C6H4C1I  [4:1].  [56°]. 
(227°).  From  ^p-chloro-aniline  by  displacing 
NH2  by  I  ;  or  from  ^>-iodo-aniline  by  displacing 
NH2  by  Cl. 

CHLOR-IODO-BENZOIC  ACID 
C6H3C1I.C02H  [210°].    Formed  by  the  action  of 
an  alcoholic  solution  of  iodine  upon  chloro-sali- 
cylic  acid  [172°]  (Smith  a.  Knerr,  Am.  8,  95). 
Curved  needles.     Sol.  boiling  water. 

Salt  s.—  Ba  A'2.    Arborescent  crystals. 

CHLORO  -  IODO  -  ETHANE  C2H4C1I  i.e. 
CH.,C1.CH2I.  Ethylene  chloro-iodide.  (140°) 
(Thorpe,  C.  J.  37,  189).  S.G.  2  2-151  (Simpson)  ; 
2  2-164  (Th.).  Formed  by  the  action  of  IC1  on 
ethylene  or  ethylene  iodide  (Maxwell  Simpson, 
Pr.  11,  590;  A.  125,  101  ;  127,  372;  Suppl.  6, 
254). 

Reactions.—  1.  Alcoholic  KOH  gives  C2H3C1. 
2.  Moist  Ag,O  gives  glycol.  —  3.  Zinc  and 
H2S04  gives  ethylene.  —  4.  Silver  forms  ethylene 
and  ethylene  chloride  (Friedel  a.  Silva,  Bl.  [2] 
17,  242).  -5.  Cone.  HI  forms,  on  heating,  C2H4 
and  C2H4I.,.  —  6.  Ammonia  forms  ethylene-dia- 
mine  (Engel,  Bl.  [2]  48,  96). 

Chloro-iodo-etbane  CH3.CHIC1.  Ethylidene 
chloroiodide.  (118°).  S.G.  i^  2-054. 

Formation.  —  Iodine  (26  g.)  is  suspended  in 
water  (120  g.)  and  saturated  with  chlorine  in  the 
cold.  The  chloride  of  iodine  is  then  shaken 
with  ethylidene  iodide,  the  product  washed  with 
dilute  KOH  and  distilled. 


Preparation.—  Al2Iti  (8  g.)  is  dissolved  in  CS, 
(24  g.)  and  slowly  ad'ded  to  ethylidene  chloride 
(6  g.)  dissolved  in  CS2  (6  g.)  and  kept  at  0°.  The 
product  is  treated  as  above  (Maxwell  Simpson, 
Pr.  27,  424). 

Di-  hloro-iodo-ethane  C2H3Cl2l.  (172°).  S.G. 

*  2-219.     From  C2H3C1  and  IC1  (Henry,  C.  R. 
98,  518).     Alcoholic  KOH  gives  CH.,:CCL  (37°). 

CHLORO-IODO-EIHYLENE  C2H,IC1.  Acetyl- 
ene chloro-iodide.  (119°  i.  V.)  (Plimpton) ;  (115°) 
(Sabanejeff).  S.G.  *  2-230  (P.);  a  2-154  (S.) ; 
—  2-118  (S.).  Formed  by  passing  acetylene  into 
a  solution  of  IC1  in  HC1  (Plimpton,  C.  J.  41, 
392)  or  in  ether  (McGowan,  Pr.  E.  9,  589). 

Preparation. — Chlorine  is  passed  into  water 
(6  pts.)  containing  iodine  (1  pt.).  The  liquid  is 
poured  off  from  undissolved  iodine,  and  acetylene 
is  then  passed  in  (Sabanejeff,  A.  216,  264). 

Reactions.— 1.  Zinc  and  alcohol  gives  off 
acetylene.—  2.  Alcoholic  AgN03  forms  needles  of 
a  double  compound.— 3.  Heated  with  50  vols.  of 
water  at  150°,  it  is  dissolved  in  6  days  the  pro- 
ducts being  HI,  C2HC1  and  chloro -ethylene  oxide 
C^CIO  (q.  v.).— 4.  Alcoholic  KOH  gives  off  a 
gas  that  decomposes  in  air  (chloro-  or  iodo- 
acetylene). 

Chloro-iodo-ethylene  CH2:CC1I.  (101°).   S.G. 

-  2-143.     From  chloro-bromo-iodo-ethane   and 
alcoholic  KOH  (Henry,  C.  R.  98,  741).    Oil; 
turns  purple  in  air  and  light,  absorbing  oxygen. 

DI-CHLORO-TETRA-IODO-FLUORESCEIN. 
Hydrate.  C20H8C12I40?.  Formed  by  adding  a 
solution  of  iodine  in  dilute  KOH  to  an  alkaline 
solution  of  di-chloro-fluorescein  and  acidifying 
(Le  Royer,  A.  238,  359).  The  alkaline  salts  are 
used  as  dyes  ('  Eose  Bengale '). 

CHLOKO-IODO-METHANE  CH2IC1.  (109°). 
S.G.  ^  2-49.  From  IHg.CH2Cl  and  I2  (Sakurai, 
C.  J.  41,  362). 

Di-chloro-iodo-metliane  CHC12I.  (131°).  S.G. 
2  2-454.  Chloriodoform.  A  liquid  formed  by 
the  action  of  HgCLj  or  PC15  on  iodof orm  (Serullas, 
A.  Ch.  [2]  25,  314  ;  39,  225 ;  Mitscherlich,  P. 
11,  164 ;  Bouchardat,  A.  22,  229  ;  Schlagden- 
hauffen,  J.  Ph.  [3]  30,  401 ;  Borodin,  A.  126,  239). 

Di-chloro-di-iodo-methane  CC12I2.  [85°]. 
From  CHI3  and  HgCl2  (Borodin,  A.  126,  239). 
From  CH2C12  and  IBr  (Holand,  A.  240,  234). 
Glittering  scales,  with  pungent  odour.  Turned 
brown  by  light,  alcohol,  and  ether. 

CHLORO-IODO-METHYL-PYRIDINE 
C6H5C1IN.    [HI0].    Chloro-iodo-picoline.    From 
chloro- (a) -picoline,    [21°],    by  digesting  with  I 
and  NaOH.    Prisms,  apparently  trimetric  (Ost, 
J.pr.  [2]  27,  257). 

CHLORO-IODO-NITRO-BENZENE 
C6H3C1I(N02)  [1:3:4]  [63°].  From  the  corre- 
sponding chforo-nitro-aniline  [123°]  by  displacing 
NH2  by  I  through  the  diazo-  reaction  (Korner,  G. 
4,  3~81).  Prisms  (from  ether-alcohol);  volatile 
with  steam  ;  si.  sol.  cold  alcohol. 

Chloro  -  iodo  -  nitro  -  benzene  CBH3C1I(N02) 
[1:4:3].  [63°].  From  chloro-nitro-aniline  [116°] 
by  the  diazo-  reaction  (K.).  Spherical  groups 
of  needles  (from  hot  alcohol). 

CHLORO-IODO-o-OXY-BENZOIC  ACID 
C6H.,(OH)C1I(CO.,H)  [2:<r:5:l].      Chlor-iodo-sali- 
cylic  acid.    [224°].     Prepared  by  heating  chloro- 
salicylic  acid  with  iodine  and  HgO  in  alcoholic 
solution  (Smith  a.  Knerr,  Am.  8,  95).    Colour- 
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less  needles  (from  dilute  alcohol).  V.  si.  sol. 
hot  water.  Gives  a  violet  colour  with  Fe2Cl6. 

Salts.- BaA'24|aq  :  pink  needles;  m.  sol. 
water.  —  NaA'  2aq :  flat  needles.  —  CaA'2  5aq  : 
pink  needles  ;  sol.  water. — MgA'2  5^aq  :  pink 
leaflets ;  sol.  hot  water.  —  ZnA'2  3aq  :  white 
needles  ;  v.  sol.  hot  water. 

Methyl  ether  MeA'.   [130°].  Flat  needles. 

Ethyl  ether  EtA'.  White  plates.  V.  sol. 
hot  alcohol. 

TBI-CHLORO-IODO-PHENOL  C6HC13I(OH). 
[80°].  From  tri-chloro-amido-phenol  by  diazo- 
reaction  (Lampert,  J.  pr.  [2]  33,  391).  White 
needles  (from  alcohol). 

Ethyl  derivative  C6HCl3I(OEt).     [61°]. 

CHLORO  -  IOLO  -  PROPANE  C3H6C1I  i.e. 
CHa.CHCl.CH2l.  (149°).  S.G.  a  1-933 ;  ss  1-889. 
From  propylene  and  aqueous  IC1  (Maxwell  Simp- 
son, Pr.  12,  278  ;  Friedel  a.  Silva,  A.  Ch.  [2]  17, 
535).  Converted  by  HgCl2  at  100°  into  propyl- 
ene chloride.  HI  at  100°  gives  isopropyl  iodide 
and  isopropyl  chloride  (Sorokin,  B.  3,  626 ; 
Silva,  C.  B.  93,  739).  Alcoholic  KOH  gives 
CH,.CC1:CH2. 

Chloro-iodo-propane  CH3.CC1I.CH3.  Chloro- 
iodo-acetol.  (c.  120°)  at  10  mm.  S.G.  s.  1-824. 
From  CH3.CC1:CH2  and  HI  (Oppenheim,  A. 
Suppl.  6,  359).  Decomposed  by  distillation 
under  atmospheric  pressure.  Moist  Ag20  gives 
acetone. 

Di-chloro-iodo-propane  C3H5C12I.  Di-chloro- 
iodhydrin.  (c.  208°).  From  C3H5C1I(OH)  and 
PC15  (Henry,  B.  4,  701). 

CHLORO-IODO-PROPYL  ALCOHOL 
C3H5C1I(OH).  Glycerin  chloroiodhydrin.   (226°). 
S.G.  12  2-06.     From  epiiodhydrin  and  HC1 ;  or 
from  epichlorhydrin  and  HI  (Reboul,  A.  Suppl. 
1,  225).     Cone.  KOHAq  gives  epichlorhydrin. 

CHLORO-IODO-PROPYLAMINE 
C3H5C1I(NH2).    From  allylamine  hydrochloride 
and  IC1  (Henry,  B.  8,  399).— B'2H2PtCL. 

CHLORO -IODO-PROPYLENE  C3H4C1I  i.e. 
CH2:CC1.CH2I.  (c.  150°).  S.G.  is  1-913.  From 
di-chloro-propylene  and  CaI2  at  100°  (v.  Bom- 
burgh,  R.  T.  C.  1,  233).  Combines  with  mer- 
cury. Heated  with  KOH  or  Ag20  it  yields  o- 
chloro-allyl  alcohol.  AgN03  gives  a-chloro-allyl 
nitrate. 

Chloro-iodo-propylene  C3H4C1I  i.e. 
CHC1:CH.CH2I.  (162°).  S.G.  -^  1-97.  Colourless 
liquid,  with  irritating  odour  and  sharp  taste.  Pre- 
pared by  heating  dry  CaI2  with  CHC1:CH.CH2C1 
at  100°,  or  by  heating  dry  KI  or  CaLj  in  excess 
with  allylidene  chloride  at  100°  for  24  hours. 
Combines  with  Hg  forming  white  plates,  very 
soluble  in  alcohol.  With  KOH  it  yields  £-chloro- 
allyl  alcohol  (P.  v.  Romburgh,  R.  T.  C.  1,  233). 

(o)-CHLORO-IODO-TOLU£NE  C7H6C1I. 

(243°).  S.G.  n  1-716.  From  (a)-chloro-nitro- 
toluene  by  reduction  and  displacement  of  NH2  by 
I  through  the  diazo-  reaction  (Wroblewsky,  Z. 
[2]  6,  164  ;  A.  168,  210).  Liquid. 

(j8)-Chloro-iodo-toluene  C7H,.C1I.  [10°].  (240°). 
S.G.1^5 1-770.  From  ()8)-chloro-nitro-toluene  (W.). 

Chloro-iodo-toluene  C7H,.C1I.  (240°).  S.G.  ±2 
1-702.  From  chlorinated  o-toluidine  (Beilstein 
a.  Kuhlberg,  A.  156,  82). 

CHLORO -IS  ATIN  v.  ISATTN. 

CHLORO  -  ISATOIC    ACID    C8H4C1N03    i.e. 

[265°-268°].  Fromchloro- 


isatin  (10  g.),  Cr03  (20  g.l,  and  HO  Ac  (120  g.) 
(Dorsch,  J.pr.  [2]  33,  49).  Pearly  plates  (from 
alcohol-acetone).  Insol.  water,  ether,  and  benz- 
ene. Boiling  cone.  HC1  gives  C02  and  chloro-o- 
amido-benzoic  acid.  Ammonia  gives  C02  and 
chloro-benzamide. 

Di-chloro-isatoic  acid  C6H2C12<£J°>C02H. 

[256°].  From  di-chloro-isatin  (10  g.),  Cr03  (15  g.), 
and  HO  Ac  (60  g.)  (D.).  Yellow  prisms  (from 
alcohol-acetone). 

CHLORO-LACTIC  ACID  v.  CHLOEO-OXY-PEO- 

PIONIC   ACID. 

CHLORO-LEVTILIC  ACID  v.  CHLOEO-ACETYL- 

PEOPIONIC   ACID. 

CHLORO  -LUTIDINE  v.    CHLORO-DI-METHYL- 

PYEIDINE. 

CHLORO-MALEIC  ACID  C2C1H(C02H)2. 
[172°].  The  acid  so  called  by  Perkin  and  Duppa 
is  probably  chloro-fumaric  acid  (q.  v.). 

Formation. — Among  the  products  of  the  ac- 
tion of  C10H  on  benzene  (Carius,  A.  142,  139  ; 
155,  217 ;  cf.  Kekul6  a.  Strecker,  A.  223,  183). 

Salts .— KHA"  aq.— BaA"  5aq.     Crusts. 

Anhydride-C.2C\H:C203.  [0°]  and  [34-5°]. 
Formed  by  heating  a  mixture  of  chloro-fumaric 
acid  and  its  chloride  (Perkin,  C.  J.  Proc.  4,  76). 
Dimorphous. 

Di-chloro-maleic  acid  C2C12(C02H)2. 

Preparation.— The  chloride  C2C12(C2C140) 
(see  below)  warmed  with  cone.  H2S04  dissolves 
with  evolution  of  HC1.  The  crystals  which  se- 
parate (anhydride)  are  dissolved  in  water  (be- 
coming hydrated),  the  solution  is  extracted  with 
ether,  and  the  ethereal  extract  evaporated  and 
placed  over  H2S04.  Hygroscopic  crystals  of  the 
acid  are  formed.  On  sublimation  they  split  up 
into  H20  and  the  anhydride,  C2C12(CO)20.  The 
acid  may  also  be  obtained  by  boiling  its  imide 
with  potash. 

Properties.— Hygroscopic  crystals.  Changes 
over  H2S04  into  the  anhydride.  Also  by  boiling 
with  ligroin  (40 '),  in  which  the  anhydride  dis- 
solves, but  the  acid  does  not. 

Salt.—  AggA".  Silky  needles.  Explodes 
when  heated. 

Methylether.—M.e^".    (225°). 

Anhydride  C2C12(CO)20.  [120°].  Lamina; 
may  be  sublimed.  Slowly  dissolves  in  water, 
changing  to  the  acid. 

TetrachJ'Orinated  derivative  of  the 
anhydride  C2CL(C2C140). 

(ft)  Solid:  [41°]  (209°).  V.D.  (H  =  l)  254 
(Theory  277).  (?  C2C12(CC12)20). 

(a)  Liquid:  (194°-214°).  V.D.  (H  =  l)  236 
(?  C2C12(CC13)COC1). 

Preparation. — By  heating  a  mixture  of  POC13 
(24  g.),  succinyl  chloride  (8g.)  and  PC15  (45  g.)  in 
sealed  tubes  at  230°.  The  product  is  distilled 
and  the  fraction  125°-215°  is  treated  with  water. 
The  heavy  oil  which  separates  is  distilled  with 
steam.  It  is  chiefly  liquid  chloride.  To  get  the 
solid  isomeride,  the  liquid  is  heated  with  PC15  at 
250°,  the  product  poured  into  water  and  distilled 
with  steam.  The  oily  distillate  is  dried  over 
CaCl2  and  distilled.  The  distillate  deposits  plates 
of  the  solid  chloride,  which  may  be  recrystallisecl 
from  alcohol  of  90  per  cent.  (Kauder,  J.  pr.  [2] 
31,  2,  7). 

Reactions.— 1.  Warm  cone.  H2S04  converts 
both  the  solid  and  the  liquid  chloride  into  di- 
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chloro-malei'c  anhydride. — 2.  The  vapour  under- 
goes dissociation  when  heated  strongly,  hence 
the  V.D.  is  rather  low.— 3.  Water  and  dilute 
NaOH  have  hardly  any  action  on  the  chlorides. 
The  liquid  chloride  is  readily  decomposed  by  al- 
coholic NaOH,  forming  di-chloro-maleic  acid. — 
4.  Sodium  amalgam  reduces  it  in  alcoholic  so- 
lution to  succinic  acid,  di-chloro-maleic  anhy- 
dride being  also  formed.— 5.  The  liquid  chloride 
is  violently  attacked  by  ammonia.  The  solid 
chloride  is  not  attacked  by  alcoholic  ammonia 
below  130°.  Ethylamine  and  aniline  attack  the 
liquid,  but  not  the  solid  chloride. — 6.  Neither 
chloride  is  attacked  by  Cl  or  Br.— 7.  PC13  at  250° 
converts  the  liquid  into  the  solid  chloride,  but 
breaks  both  up  thus  : 
C2C12(C2C14O)  +  3PC15  =  2C.2C16  +  2PC13  +  PC\30. 

Imide  C4C1202NH.  Formed  by  chlorination 
of  succinimide  at  150° ;  or  by  boiling  per-chloro- 
pyrocoll  ortho-bromide  with  dilute  acetic  acid 
(Ciamician  a.  Silber,  £.16, 2393 ;  17, 553  ;  G.  14, 
31).  Trimetric  crystals,  a:b:c  =  '9922  : 1 : 1-5934. 
V.  sol.  hot  water,  alcohol,  and  ether.  Heated 
with  PC15  at  200°  for  24  hours  it  is  converted 
into  the  per-chloride  .C4C17N,  which  is  reduced 
by  zinc-dust  and  HC1  to  tetra-chloro-pyrrol.  By 
heating  with  water  it  yields  (o)-di-chloro-acrylic 
acid,  C02,  and  NH3. 

Perchlorinated  imideCtC!7N.  [70°-73°]. 
(144°  at  20  mm.).  White  wax-like  solid.  V.  sol. 
alcohol,  ether,  and  acetic  acid,  nearly  insol. 
water.  Formed  by  heating  di-chloro-maleimide 
with  PC15  at  200°  for  24  hours.  Zinc-dust  and 
acetic  or  hydrochloric  acid  reduce  it  to  tetra- 
chloro-pyrrol  (Ciamician  a.  Silber,  B.  17,  554). 

Phenyl-imide  C2Cl2<j^>NPh.    [201°]. 

Silvery  plates.  Got  by  action  of  PC15  on  phenyl- 
succinimide  (v.  SUCCINIMIDE).  HC1  decomposes 
it  into  aniline  and  di-chloro-maleiic  acid. 

CHLOROMALONIC  ACID  C3H3C104  i.e. 
CHC1:(CO,H)2.  [133°].  Formed  by  saponifica- 
tion  of  the"  ether  by  cold  alcoholic  KOH  (Conrad 
a.  Guthzeit,  B.  15,  605).  Prisms.  Sol.  water, 
alcohol,  and  ether.  Heated  to  180°  it  loses  C02 
and  gives  chloro-acetic  acid. — A'Ag :  white  crys- 
talline pp. 

Diethyl  ether  A."Kt2.  (222°).  S.G. f§.  1-185. 
Prepared  by  the  action  of  chlorine  on  malonic 
ether.  On  saponification  with  KOH  it  gives 
tartronic  acid  (Conrad  a.  Bischoff ,  B.  13,  600 ; 
A.  209,  218).  The  sodium  derivative  reacts 
with  [2:1]  C6H4(CH2Br)2  with  production  of 
C  .H4(CH2.CCl(CO.,Et).,)2,  whence  alcoholic  KOH 
gives  C6H4(CH:CH.C62H)2  (Perkin,  C.  J.  53, 14). 

Amide  CH.Cl(COK'H^r  [170°].  Tables,  v. 
sol.  hot  water  and  alcohol. 

CHLORO-MECONIC  ACID  v.  MECONIC  ACID. 

CHLORO-MECYLENE  v.  CHLOBO-PENTINENE. 

CHLORO-TRIMESIC  ACID  C6H2C1(C02H)3. 
[278°].  From  oxy-trimesic  acid  and  PC15  (Ost, 
J.  pr.  [2]  15,  308).  Needles  or  tables  (from 
water)  (containing  aq). — Ba3A'"2  7aq :  m.  sol. 
hot  water. 

CHLORO  -  MESITYLENE  C6H2C1(CH3)3. 
(205°).  Formed,  together  with  di-  and  tri- 
chloro-mesitylene  by  passing  chlorine  into  cold 
mesitylene  (Fittig  a.  Hoogewerff,  A.  150,  323  ; 
Z,  [2]  5,  168).  Fuming  HN03  forms  a  di-nitro- 
derivative  [177°]. 


w-CWoro-mesitylene  C6H3(CH3)2CH2C1.  (215°- 
220°).  Obtained  by  chlorinating  mesitylene  at 
215°  (Robinet,  C.  R.  96,  500).  NaOAc  gives 
CuH,(CH3).,CH.,OAc.  (242°). 

Di-chioro-mesityleae  C6HC12(CH3)3.  [59°]. 
(244°).  Formed  by  chlorinating  cold  mesitylene 
(F.  a.  H.).  Prisms  (from  alcohol).  Volatile 
with  steam. 

a>-Di-chloro-mesitylene  CaH3(CH3)(CH2Cl)2. 
[41°].  (260°).  Formed  by  chlorinating  mesityl- 
ene at  215  (R.).  Needles. 

Tri-chloro-mesitylene  C6C13(CH3)3.  [205°] 
(F.  a.  H.) ;  [208°]  (Kurbatoff ,  J.  B.  1883  [1]  129). 
(280°).  From  cold  mesitylene  and  excess  of  Cl 
(Kane,  P.  44,  474  ;  F.  a.  H.).  From  o-di-chloro- 
benzene,  A12C16,  and  MeCl  at  100°  (Friedel  a. 
Crafts,  A.  Ch.  [6]  10,411).  Slender  needles  (from 
alcohol).  Not  attacked  by  oxidising  agents.  HI 
(S.G.  1*9)  heated  with  it  forms  mesitylene. 

w-Tri-chloro-mesitylene  CtiH3(CH2Cl)3.  (c. 
280°).  Prepared  by  heating  the  corresponding 
alcohol  with  HC1  and  fractionating  the  crude 
product  in  vacua.  Has  not  been  obtained  pure. 
Heavy  oil.  Boiled  with  water  and  PbC03  it  re- 
generates C6H3(CH2OH)3  (Colson,  A.  Ch.  [6]  6, 
97). 

CHLORO-MISITYLENIC  ACID 
CtiH2Cl(CH3)2(C02H)  [4:3:5:1].  From  chloro- 
mesitylene  and  dilute  HNO3  (Fittig  a.  Hooge- 
werff,  A.  150,  325).  Monoclinic  prisms  (from 
alcohol).  Turns  brown  above  200°  without  melt- 
ing. SI.  sol.  boiling  water.  —  BaA'2  4aq. — 
CaA'2  5aq:  tufts  of  flattened  needles. 

CHLORO-METHACRYLIC  ACID  C4H5C102. 
[59°].  From  tri-chloro-isobutyric  acid,  HC1,  and 
zinc-dust  (Gottlieb,  J.  pr.  [2]  12,  19).  Formed 
also  by  heating  an  aqueous  solution  of  sodium 
citra-di-chloro-pyrotartrate ;  or  by  passing  chlo- 
rine into  an  aqueous  solution  of  sodium  citra- 
conate  (Swarts,  J.  1873,  583 ;  Morawski,  J.  pr. 
[2]  12,  369 ;  Site.  W.  [2]  74, 39).  Needles,  vola- 
tile with  steam. 

S  a  1 1  s.  —  KA'  aq.  —  AgA'.  —  CaA'2  3aq.  — 
BaA'2  4aq.— PbA'2  aq.— CuA'(OH). 

Ethyl  ether  EtA'.    (157°). 

Di-chloro-methacrylic  acid  C4H,Cl2p2.  [64°]. 
(216°).  Formed  by  the  action  of  alkalis  on  tri- 
chloro-isobutyric  acid  (Gottlieb,  J.  pr.  [2]  12,  8  ; 
Morawski,  C.  C.  1877,  131).  Slender  prisms  ; 
may  be  sublimed.  Attacks  the  skin.  Sodium 
amalgam  forms  isobutyric  acid. — NaA'  aq. — 
KA'  I  aq.— Ag  A'.—  Ca  A'2  2aq.— Pb  A'2  aq.  [100°]  .— 
CuA'2. 

CHLORO-METHANE  v.  METHYL  CHLORIDE. 

Di-chloro-methane  v.  METHYLENE  CHLORIDE. 

Tri-chloro-metbane  v.  CHLOROFORM. 

Tetra-chloro-methane  v.  CARBON-TETRA- 
CELORIDE,  vol.  i.  p.  688. 

CHLOSO  -  METHANE  -  TRICARBOXYLIC 
ETHER  CCl(C02Et)3  (210°)  at  140  mm.  Pre- 
pared by  chlorination  of  methane-tricarboxylio 
ether.  By  saponification  it  yields  oxy-methane- 
tricarboxylic  acid  (carboxytartronic  acid)  (Con- 
rad, B.  14,  618). 

TRI-CHLORO-METHANE  SULPHINIC  ACID 
*CC13.S02H.  From  tri-chloro-methane  sulpho- 
chloride  and  alcoholic  KCN  or  H,S  (Low,  Z. 
1869,  82,  614  ;  Rathke,  A.  161,  149).  Unstable 
needles.— Salts.— KA'.  Its  solution  gives  with 
Br  a  characteristic  pp.  of  CCl3.SO.,Br.  Boiling 
water  converts  it  into  CHC1  ,(SO.K).  HNO.  gives 
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CC13S02N02,  a  solid,  volatile  with  steam;  re- 
duced by  Zn  and  HC1  to  methyl  mercaptan. — 
NH4A':  from  CC13.S02C1  and  cone.  NH3Aq 
(McGowan,  C.  J.  51,  666). 

CHLORO-METHANE  STJLPHONIC  ACID 
CH2C1.SO8H.  Formed  by  the  action  of  zinc 
and  dilute  H2S04  on  trichloro-methane  sul- 
phonic  acid  (Kolbe,  A.  54,  168).  Acid  syrup. 
Sodium  amalgam  converts  it  into  methane  sul- 
phonic  acid.  KA' :  needles,  insol.  alcohol. — AgA' 
crystalline. 

Chloro-methane-disulphonic  acid 
CHC1(S03H)2.  A  by-product  formed  in  the  pre- 
paration of  chloro-sulpho-aceticacid  from  chloro- 
acetic  acid  and  C1S03H  (Andreasch,  M.  7,  172). 
Very  hygroscopic  needles.  Salts:  BaA'24aq: 
long  thin  shining  needles.  It  is  reduced  by 
sodium  amalgam  in  HC1  solution  to  the  methane 
disulphonate. — AgA' :  circular  aggregates. 

Di-cliloro-inethane  sulpkonic  acid 
*CCLH.S03H. 

Formation. — From  CC13.S02C1  and  S02  in 
alcoholic  solution  (McGowan,  J.  pr.  [2]  30,  297  ; 
cf.  Gerhardt,  Compt.  cliim.  1845,  197). 

Preparation.— 1.  By  action  of  Zn  upon 
CC13SOSH.  The  zinc  is  removed  by  K2C03,  and 
the  potassium  salt  crystallised  from  alcohol 
(Kolbe). — 2.  By  heating  chloroform  with  aqueous 
K,S03  (Strecker,  A.  148,  92). 

Salt. — A'K:  thin  plates  or  long  prisms. — 
AgA'. 

Chloride  CC12H.S02C1.  (c.  175°).  S.G. 
1-7.  From  PC15  and  the  acid.  An  oil.  Is  not 
converted  into  CC13S02C1  by  chloride  of  iodine. 

Amide  CC12H.S02NH2.  Formed  by  the 
action  of  dry  NH3  on  the  preceding.  Crystallised 
from  a  mixture  of  benzene  and  alcohol. 

Tri-chloro-methane  sulphonic  acid 
CC13.S03H. 

Preparation.— Us  chloride  is  digested  with 
aqueous  baryta ;  the  barium  is  then  removed 
by  H2S04  (McGowan,  J.pr.  [2]  30,  284). 

Properties. — Small  deliquescent  prisms.  Not 
volatile.  Very  acid. 

Reactions. — 1.  Does  not  attack  spongy  silver; 
dissolves  iron  forming  a  ferrous  salt ;  dissolves 
zinc  forming  di-chloro-methane  sulphonate  of 
zinc. — 2.  PC15  reacts,  but  without  forming  tri- 
chloromethane  sulphochloride.  PC15  does  not 
even  attack  potassium  tri-chloro-methane  sul- 
phonate.— 3.  Boiling  cone.  HNO3,  aqueous  Cr03, 
and  aqua  regia  have  no  action. 

S  a  1 1  s.  —  KA'  aq. — FeA'2  5aq.— Pb A'2  2aq.  — 
AgA'aq. 

Chloride.  CC13S02C1.  [135°].  (170°). 
Formed  by  the  action  of  chlorine  and  water  on 
CS2  (Berzelius  a.  Marcet,  Schw.  J.  9,  298).  Pre- 
pared by  exposing  a  mixture  of  CS2,  Mn02,  aqueous 
HC1  and  HNO3  to  sunlight  (Kolbe,  A.  54,  145). 
Crystallised  from  dry  benzene.  At  200°  it  splits 
up  into  S02,  CC14,  COC12,  and  CSC12  (Noelting, 
El.  [2]  37,  392).  Reactions.— 1.  Dissolves  in 
cone.  HNOS,  but  is  reppd.  by  water  unaltered. — 
2.  Boiling  alcohol  gives  CC14  and  S02(Carius,  A. 
Ill,  105).— 3.  Aqueous  or  alcoholic  KCN  acts 
thus :  CC18.S02C1  +  KCN  =--  CNC1  +  CC13.S02K 
forming  tri-chloro-methane  sulphinate  of  potas- 
sium. A  secondary  reaction  also  occurs,  thus  : 
CC13.S02K  +  KOH  =  KC1  +  CC12(OH)S02K  (Loew, 
Z.  1868,  518 ;  McGowan,  J.  pr.  [2]  30,  288).— 
4.  Reduced  by  H,S  or  S02  in  alcoholic  solution 


to  the  sulphinic  acid,  CC13.S02H.  —  5.  NH3 
forms  tri-chloro-methane  sulphinic  acid  and 
nitrogen  in  this  way:  3CC13S02C1  +  8NH3 
=  3CC13.S02NH4  +  N2  +  3NH4C1.  This  reaction 
takes  place  whatever  solvent  is  used. 

Anilide.— CCl3S02NPhH.  Needles.  From 
aniline  and  the  chloride,  dissolved  in  alcohol  or 
benzene,  but  not  in  ether. 

Bromide.— CC^SO.^.  From  tri-chloro- 
methane  sulphinic  acid  and  Br  (Loew,  Z.  1869, 
624).  With  alcohol  at  100°  it  gives  CCl3Br  and 
S02. 

CHLORO  -  METHENYL  -  AMIDO  -  NITRO- 
PHENYL-MERCAPTAN 

C7H302N2C1S  or  C6H3(N02)/   ^CCl  [1:2] 

[192°].  Needles.  Has  no  basic  properties. 
Prepared  by  nitration  of  chloro-methenyl-amido- 
phenyl-sulphydrate  (Hofmann,  B.  13,  10). 

CHLORO  -  METHENYL  -  AMID  0  -  PHEN YL  - 

MERCAPTAN  C7H4C1NS  or  C6H4/   ^CCl  [1:2] 

XS' 

[24°].  (248°).  V.D.  82-4  (obs.).  Prepared  by 
heating  phenyl-thio-carbimide  with  PC15  (Hof- 
mann, B.  12,1126;  13,8).  Crystalline  solid.  Weak 
base.  The  Cl  atom  is  very  readily  replaced.  It 
has  none  of  the  properties  of  a  mustard  oil  and 
is  incapable  of  uniting  with  amines  to  form 
thioureas. 

CHLORO-METHYL-ACETO-ACETIC  ETHER 
C;HnC103.  (180°).  S.G.  i*  1-093.  Formed,  to- 
gether with  the  di-chloro-ether,  by  treating 
methyl-aceto-acetic  ether  with  PC15  (Isbert,  A. 
234,  188).  With  NaOEt  (1  mol.)  it  gives 
CH2(OEt).CO.CHMe.C02Et  (190°-195°).  S.G. 
a  -976;  whence  alcoholic  KOH  gives 
EtO.CH2.CO.CH2CH3. 

Di-chloro-methyl-aceto-acetic  ether 
C7H10C1203.  (210°-220°).   S.G.  ^  1-225.  Formed 
as  above. 

CHLORO-METHYL-AMIDO-BENZOIC  ACID 
C6H3Cl(NHMe)C02H  [4:2:1]  or  [6:2:1].  [178°]. 
From  the  formyl  derivative  and  alcoholic  KOH. 
Fine  white  needles.  V.  sol.  alcohol  with  a  blue 
fluorescence,  v.  si.  sol.  water. 

Formyl  derivative 

CttH3Cl(NMe.COH)C02H :  [c.  202°] ;  fine  white 
plates  or  needles ;  si.  sol.  water,  ether,  and 
chloroform,  v.  sol.  hot  alcohol.  Formed,  to- 
gether with  chloro-methyl-isatin,  by  oxidation 
of  the  methylo-chloride  of  (B.  1  or  3)-chloro- 
quinoline  with  KMn04  (La  Coste  a.  Bodewig,  B. 
18,  428). 

^-CHLORO  -  TETRA  -  METHYL-^-DI-AMIDO- 
TRI-PHEN  YL-C  ARBI N  OL 

C6H4Cl.C(OH):(C6H4.NMe,)2.  [146°].  Colourless 
crystals.  Easily  soluble  "in  benzene  and  ether. 
Formed  by  oxidation  of  the  leuco-base  the  con- 
densation-product of  dimethylaniline  and  p- 
chlorobenzaldehyde.  The  zinc  double  chloride 
is  a  bluish-green  dyestuff  (Kaeswurm,  B.  19, 
744). 

TRI-CHLORO-METHYL-p-AMIDO-PHENYL- 
ETHYL  -  ALCOHOL  Cl:<C.CH(OH)C6H4.NHMe. 
[112°].  Formed  by  the  action  of  chloral  hydrate 
on  methylaniline  (Boessneck,  B.  21, 782).  Crystals 
(from  alcohol). 

Reactions. — 1.  Sodium  nitrite  added  to  a  solu- 
tion in  HClAq  forms  a  nitroso-  compound 
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[118°] :  needles,  sol.  alcohol,  HOAc,  and  ether. 
2.  On  heating  with  alkalis  chloroform  is  split 
off,  and  methyl  -  amido  -  benzoic  aldehyde  is 
formed. 

Salt.— B'HCl:  thick  prisms,  v.  sol.  hot,  v. 
si.  sol.  cold,  water. 

Tri  -  chloro  -  di  -  methyl-p-amido  -  phenyl  ethyl 
alcohol  CCl3.CH(OH).CtiH4.NMe2.  [1110].  White 
plates.  Obtained  by  adding  5  pts.  of  powdered 
ZnCl2  to  a  cooled  mixture  of  10  pts.  of  chloral 
hydrate  and  40  pts.  of  dimethylaniline,  and  al- 
lowing the  mixture  to  stand  at  about  50°  for  24 
hours ;  yield  7  pts.  By  boiling  with  aqueous  or 
alcoholic  KOH  it  is  decomposed  into  chloroform 
and  di- methyl -_p-amido-benzaldehyde  [73°]. — 
B'HCl.  Sparingly  soluble  colourless  needles 
(Bcessneck,  B.  18,  1516). 

p-CHLORO-TETRA-METHYL  -p  -  DI- AMIDO  - 
TRI-PHEN  YL-ME  T  HANE 
C6H4Cl.CH(C6H,.NMe,),.  [143°].  Obtained  by 
heating  together  di-methyl-aniline  and  p-chloro- 
benzaldehyde  in  presence  of  ZnCl2  (Kaeswurm, 
B.  19,  742).  Small  colourless  concentric  needles. 
Sol.  benzene,  alcohol  and  ether,  sparingly  in 
ligrom,  insol.  water.  On  oxidation  it  gives  the 
carbinol  base  which  forms  colourless  crystals 
[146°],  easily  sol.  benzene  and  ether,  of  which  the 
zinc  double  chloride  is  a  bluish-green  dyestuff. 

Salts.— B"H,Cl,PtCl4:  easily  sol.  yellow 
crystalline  pp.  The  chloride  and  sulphate 
are  easily  soluble  colourless  salts. 

J£.w-Di-cliloro-di-inethyl-di-amido-di-phenyl- 
methane  CCL(CKH4NMe2)2.  FromCS(C6H4NMe2)2 
and  BzCl  in  OS,  (Baither,  B.  20,  3289).  Con- 
verted by  water  into  the  ketone  CO(CdH4NMe2)2. 

a,-CHLORO-METHYL-o-AMIDO-STYRENE 
C6H4(NHMe).CH:CHCl.  Formed  by  methylation 
of  chloro-amido-styrene  (Lipp,  B.  17,  2509). 
Liquid.  V.  sol.  alcohol  and  ether,  nearly  insol. 
water.  Volatile  with  steam.  Heated  with 
sodium  ethylate  at  130°-140°  it  is  converted 

/  CH^ 
into  methyl-indole  C6H4/         ^CH. 

j/.DI-CHLORO-METHYL-AMINE  v.  METHYL- 

AMINE. 

CHLORO-METHYL-ANILINE  C7H8C1N  Le. 
CHH4Cl.NHMe.  (240°).  Formed  by  treating 
NMe(CHO).C6H3Cl.C0.2H  with  cone.  HC1  (La 
Coste  a.  Bodewig,  B.  18,  430).  Liquid.— 
B'HCl:  [164°]. 

w-Chloro-methyl-aniline  [3:1]  CtiH4Cl.NHMe. 
Acetyl  derivative  C6H4Cl.NMeAo.  [93°]. 
From  m-chloro-di-methyl- aniline  and  AcBr 
(Staedel,  B.  19,  .1948).  Tables,  v.  e.  sol.  benzene. 

£>-Chloro-methyl-aniline  Nitrosamine. 
C6H4Cl.NMe.NO.  [51°].  From  jp-chloro-di- 
methyl-aniline  and  nitrous  acid  (Koch,  B.  20, 
2459). 

o-Chloro-di-methyl-anilineC6H4Cl(NMe2)[l:2]. 
(206°).  Formed  by  heating  o  -  chloraniline 
hydrobromide  (1  mol.)  with  methyl  alcohol 
(rather  more  than  2  mols.)  for  10  hours  at  145°. 
Colourless  fluid.  The  hydrochloride  forms 
hygroscopic  needles,  the  ferrocyanide  white 
crystals,  insol.  water.— B'2H2Cl2PtCl4  (Heidlberg, 
B.  20,  149). 

m-Chloro-di-methyl-aniline  [3:1]  C6H4CLNMe2. 
(232°).  From  m-chloro-aniline  hydrobromide  (a 
little  over  2  mols.)  and  MeOH  (1  mol.)  by  heat- 
ing for  8  hours  at  145°  (Baur  a.  Staedel,  B.  10, 


32).  AcBr  decomposes  it  in  the  cold,  displacing 
Me  by  Ac,  and  forming  CaH4ClNMeAc  (Staedel, 
B.  19,  1948).— B'HBr:  red  plates.— B'HCl : 
slender  needles.— B'2H2PtCl8 :  slender  yellow 
needles. 

p-Chloro-di-methyl-anilineCGH4Cl.NMe2[l:4]. 
[36°].  (230°).  Prepared  by  the  action  of  Cu2Cl2 
upon  the  diazo-  compound  of  w-di-methyl-p- 
phenylenediamine.  Large  flat  glistening  needles. 
Sol.  alcohol,  ether,  and  benzene,  insol.  water. 
The  ferrocyanide  forms  microscopic  prisms. — 
B'2H2Cl2PtCl4 :  golden-yellow  prisms  (Heidlberg, 
B.  20,  151). 

Di-chloro-di-methyl-aniline  CHH3Cl2NMe.r 
(234°).  From  dimethylaniline  and  Cl  or  SO..C1., 
(Krell,  B.  5, 878 ;  Wenghoffer,  J.  vr.  [21  16,  462). 
Liquid.— B'2H2PtCl6. 

Tri-chloro-di-metliyl-aniline  CeHXLjNMe.,. 
[32°].  (257°).  From  di-methyl-aniline  and  Cl 
(K.).— B'HCL— B'2H2PtCl,.. 

CHLORO-METHYL-BENZENE    v.    CHLORO- 

TOLUENE. 

Chloro-di-methyl-benzene  v.  CHLORO -XYLENE. 

Chloro-tri-methyl-benzene  v.  CHLORO-MESI- 
TYLENE  and  CHLORO-^-CUMENE. 

Chloro-tetra-methyl-benzene  v.  CHLORO- 
DURENE. 

Hexa-chlor-hexa-methyl-benzene  C12H,2C16. 
[269°].  S.G.  is  1-609.  Probably  O^CH,Cl)r 
Formed  by  the  action  of  PC15  upon  C6(CH3)a. 
Colourless,  flattened  prisms  ;  commences  to  sub- 
lime at  269° ;  v.  si.  sol.  ether,  or  hot  CHC13.  In 
contact  with  boiling  water,  made  slightly  alka- 
line, it  very  slowly  loses  all  its  chlorine,  giving 
a  body  of  an  alcoholic  nature,  [180'],  v.  sol. 
acids  ;  which  is  sol.  alcohol,  si.  sol.  ether,  v.  si. 
sol.  water  (Colson,  BL  [2]  46,  197). 

Hexa-chlor-hexa-mathyl  benzene  C12H12C16. 
[147°].  C(.(CC13)(CH2C1)3(CH3)2.  Formed  to- 
gether with  the  preceding  symmetrical  isomeride 
by  the 'action  of  PC15  upon  q6(CHs)6.  Colourless 
crystals;  sol.  CHC13.  Boiling  water,  slightly 
alkaline,  removes  its  chlorine.  The  product  is  an 
alcohol-acid,  probably  C6(CH2OH)3(CH3)2(C02H) 
(Colson,  BL  [2]  46,  198). 

TRI  -  CHLORO  -  TRI  -  METHYL  -  CARBINYL 
CHLORIDE  v.  TETRA-CHLORO-ISOBUTANE. 

TRI-CHLORO-DI-METHYL  CARBONATE 
CO(OMe)(OCCl3).  (91°)  at  42  mm.  Formed  by  act- 
ing on  methyl  alcohol  with  C1C02CC13  (Hentschel, 
J.pr.  [2]  36,  314). 

Hexa-chloro-di-metlryl-carbonateCO(OCCl3)2. 
[79°].  Distils  undecomposed.  Colourless  crystals. 
Prepared  by  the  action  of  Cl  on  methyl  carbonate 
(Councler,  B.  13,  1698). 

CHLORO  -  METHYL  -pseudo  -  CARBO-STYRIL 
v.  CHLORO-OXY-METHYL-QUINOLINE. 

0-CHLORO-a-METHYL  CROTONIC  ACID 
CH3.CCl:CMe.C02H.  [69-5°].  Solidifies  at  65°. 
(210°).  From  methyl-aceto-acetic  ether  and  PC13 
(Isbert,  A.  234, 188).  Lamina  (from  hot  water). 

Salts.— MgA'2  2aq.— ZnA'  l^aq. 

Reactions.— l.'NaOEt  forms  the  ethyl  deri- 
vative of  0-oxy-a-methyl-crotonic  acid.— 2.  Cone. 
KOHAq  forms  methyl  ethyl  ketone  and  C02 : 
chloro-butylene  is  not  formed  as  Dema^ay 
asserts. 

Ethyl  ether  EtA'.    (173°). 

PER-CHLORO  -  TRI  -  METHYL  -  CYANIDINE 
v.  Paranitrile  of  TRI-CHLORO-ACETIC  ACID 
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CHLORO-TRIMETHYLENE  GLYCOL  r. 
GLYCERIN  (/SJ-CHLORHYDRIN. 

CHLOEO-METHYL    ETHEE    v.    CHLORO-DI- 

METHYL  OXIDE. 

CHLOEO  -  METHYL  -  ETHYL  -  GLYOXAL1NE 

CH9C1N,.  Chloro-oxal-ethyline.  (218°).  S.G.  M 
1-142.  From  either  di-ethyl-oxamide  by  PCl5(Wal- 
lach,  A.  184, 37 ;  214, 261).  Symmetrical  di-ethyl- 
oxamide  gives  a  good  yield,  the  unsymmetrical 
a  bad  yield.  CONEtH.CONEtH  gives,  doubt- 
less, NEt:CCl.CCl:NEt  as  intermediate  product. 
CONEt.,.CONH2  should  give  CCl2NEt2.CN  as  in- 
termediate product,  but  this  then  changes  to 
CClNEt.CClNEt  by intra-molecular  change.  This 
view  is  supported  by  the  production  of  chloro- 
cxal-ethyline  by  the  action  of  PC15  on  di-ethyl- 
cxamo-nitrile,  NEt2.CO.CN. 

Properties.-  Liquid,  with  narcotic  odour,  v. 
e.  sol.  alcohol,  ether,  ligroin,  and  CHC13.  Changed 
by  frequent  distillation  into  an  isomeric  modifi- 
cation (220°-224°),  insol.  ligroin.  Water  at 
290°  decomposes  it,  giving  NH3  and  NH2Et. 

Reactions.— 1.  Br  in  OS.,  or  CHC13  forms 
B'HBr,  CtiH8BrClN2Br.,HBr  [1131,  forming  red 
needles,  and  C6H8BrClN_,Br2  [133°].  Both  bodies 
are  unstable,  and  give,  when  boiled  with  water, 
chloro  -  bromo  -  oxal  -  ethyline.  —  2.  KMn04  gives 
cxalic  acid.— 3.  Dilute  H.,S04  at  240°  forms  NH3 
and  NEtH,.  — 4.  Conc.~H2SO4  at  220°  gives 
acetic  acid.  —  5.  Distilled  over  lime  it  forms 
para-oxal-methyline.— 6.  Na  added  to  its  solu- 
tion in  light  petroleum  forms  di-oxal-ethyline, 
C.,H,8N4.— 7.  P  and  HI  at  170°  reduces  it  to 
cxal-ethyline. 

Salts .—  B^H.PtCl,.— B'HI  aq.— B',H2ZnCl4. 
B  HBr.—  B'HCl  aq.— B'HgCL,.— B'4HgCl2.— B'I2 
[110°].-B'AgN03.— B'H2C204. 

Methylo -iodide  B'Mel:  [205°];  needles 
(from  alcohol). 

CHLORO-METHYL-TRT-ETHYL-PHOSPHO- 
NIUM  CHLOEIDE  CH,Cl.PEtsCI.  From'methyl- 
ene  chloride  and  PEt3  (Hofmann,  Pr.  11,  290) ; 
CH,(PEt3Cl)2  being  formed  at  the  same  time. 
Formed  also  by  the  action  of  water  on  the  com- 
pound of  PEt3  and  CC14.— (CH2Cl.PEt3Cl)2PtCl4. 
Slightly  soluble  needles. 

CHLORO-METHYL-GLYOXALINEC4H5C1N2. 
Chloro-oxalmethyline.  (205°).  V.D.  4-1  (obs.). 
S.G.  i§  1-247. 

Preparation.  —  Pure  di  -  methyl  -  oxamide 
(10  pts.)  is  mixed  with  PC15  (33  pts.)  in  the 
cold.  On  warming  HC1  is  evolved.  The  pro- 
duct is  distilled  under  diminished  pressure,  and 
afterwards  with  steam,  and  is  finally  extracted 
by  shaking  with  CHC13  (Wallach,  B.  14,  422  ; 
A.  214,  308). 

Properties. — Liquid ;  reduced  by  HI  to  methyl  - 
glyoxaline. 

Salts. — B'HI:  needles,  sol.  water  and  alco- 
hol.- BgBytci.. 

CHLOEO  -M ETHYL  -GLYOXIM    v.   CHLORO- 

ISO-NITROSO-ACETONE    OXI.M. 

DI-CHLORO-ME IHYL-INDOLE 
C«H4<N(CH3)^CCL    [59°].   Long  needles.  In- 
sol. alkalis.     Formed  by  methylation  of  chloro- 
oxindole-chloride  (Baeyer,  B.  15,  786). 

CHLORO-METHYL-(PSEUDO)-ISATIN 

C6H3Cl<5Me>ca  t191°J-  Long  fine  red 
needles.  Sublimable.  Formed,  together  with 


the  formyl  derivative  of  chloro-methyl-amido- 
benzoic  acid,  by  oxidation  of  the  methylo-chloride 
of  (B.  Ior3)-chloro-quinoline  with  KMn04  (La 
Coste  a.  Bodewig,  B.  18,  429). 

TETRA  -  CHLOEO  -  DI  -  METHYL  -  DI  -  KE  - 
TONE  (?)  CHC12.CO.CO.CHC12.  [84°].  (202°). 
A  product  of  the  action  of  KC103  and  HC1  on 
chloranilic  acid  (Levy  a.  Jedlicka,  3.  21,  318), 
Large  yellow  tables  (from  ether).  Pungent;  sol. 
water.  Forms  a  phenyl-hydrazide  [186°]. 

PER-CHLORO-METHYL-MERCAPTAN 
CC13.SC1  (?).   Tri-chloro-methyl-sulphur  chloride. 
Thwcarbonyl  tetrachloride.    (149°  uncor.).    S.G. 
1-722  at  0°;  1-7049  at  11°  ;  1-6953  at  17£°. 

Formation. — 1.  From  methyl  sulphocyanide 
and  dry  chlorine ;  the  yield  is  83  p.c.  of  the 
sulphocyanide  (James,  C.  J.  51,  272). — 2.  From 
CS2  and  chlorine  (Ratlike,4. 167, 180).— 3.  From 
CSC12  and  C12. 

Preparation. — By  passing  chlorine  (5  mols.) 
into  cooled  dry  CS2  (1  mol.)  containing  a  trace 
of  iodine ;  the  product  is  freed  from  chloride  of 
sulphur  by  treatment  with  water  and  distillation 
with  steam,  and  is  then  fractionated  in  vacuo. 

Properties.— Yellow  oil,  of  very  unpleasant 
strong  smell.  By  long  heating  to  its  boiling- 
point  it  slowly  decomposes,  probably  into  CC14 
and  S. 

Reactions. — 1.  By  treatment  with  chlorine  in 
presence  of  iodine  it  yields  CC14  and  S2C12. — 
2.  Alcohol  forms  an  oil,  possibly  CS3C13,  and 
crystals  of  C3HH02  (126°).— 3.  Water  at  160° 
splits  it  up  into  C02,  HC1,  and  S.  Alkalis  act  in 
the  same  way. — 4.  By  heating  with  sulphur  at 
150°-160°  it  yields  CS2,  CC14,  CSC12,  per-chloro- 
methyl  tri-sulphide  (CC13)2S3  and  per-chloro- 
methyl  di-sulphide  (CC13)2S2 ;  but  the  latter  ap- 
pears to  be  the  primary  product :  2CClrSCl  +  S., 
=  (CC13)2S2  +  S2C12.  Per-chloro-methyl-di-sul- 
phide  is  also  formed  by  heating  per-chloro- 
methyl  mercaptan  with  silver-powder,  thus : 
2CCl3.SCl  +  Ag.2=(CCl3)2S2+2AgCl  (Klason,  B. 
20,  2376).— 5.  By  SnCL,  it  is  reduced  to  CSC12.— 

6.  HN03  (S.G.  1-2)  oxidises  it  to  CC13.SO.C1.— 

7.  K,S03    gives    C(SH)(S03K)3.  —  8.     Aniline 
(2  mofs.)  forms  CCl3.S.NHPh ;  an  unstable  oil 
converted  by  excess  of  aniline  into  di-amid-di- 
phenyl   sulphide,  di-phenyl-thio-urea,   and  tri- 
phenyl-guanidine ;   and  converted  by  alcoholic 
KOH  into  CCl2.S.NPh  (?)  [140°]  (Rathke,  A.  167, 
211;  5.19,  395).— 9.  The  analogous  compound 
CC13.S.NHC,H4(CH3)      is     formed    by    adding 
(2  mols.  of)  £>-toluidine  to  its  ethereal  solution. 
This   body  is  crystalline,  and  by  boiling  with 
alcohol  it  is  decomposed  into,  ^-toluidine,  C02 
and  H2S ;  alcoholic  KOH  splits  off  HC1,  giving  a 
body  [I38°],  which  probably  has  the  constitution 
CCl2.S.N.CGH4Me  (Eathke,  B.  19,  395). 

HEXA-CHLORO-MET  aYL-METHYLENE  DI- 
KETONE  (CCl.t.CO)2.CH, ;  (258°).  (c.  192°)  at 
20  mm.  Is  the  final  substitution  product  ob- 
tained by  the  prolonged  action  of  chlorine  upon 
acetyl-acetone  at  120°-130°,  and  in  direct  sun- 
light. Colourless  liquid,  decomposes  when  dis- 
tilled under  ordinary  pressure.  Treated  with 
NaOH  (1  mol.)  it  gives  tri-chlor-acetone  and 
sodium  tri-chlor-acetate  (Combes,  A.  Ch.  [6]  12, 
238). 

co-CHLORO  -  (B)  -  METHYL  -  NAPHTHALENE 
C^H-.CH.Cl.  [47°].  (168°  at  20  mm.).  White 
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glistening  plates.  Formed  by  passing  chlorine 
into  (/3)  -methyl-naphthalene  heated  to  about 
250°  (Schulze,  B.  17,  1529). 

CHLOEO-DI-METHYL  OXIDE  C2H5C10  i.e. 
CH2C1.0.CH3.  (60°).  From  di-methyl  oxide  and 
Cl  in  daylight  (Friedel,  Bl.  [2]  24,  161 ;  28, 171 ; 
C.  B.  84,  247 ;  Kleber,  A.  246,  97).  Decomposed 
by  water  into  HC1,  MeOH,  and  formic  paralde- 
hyde  (trioxymethylene).  Ammonia  forms  hexa- 
methyleneamine.  KOAc  gives  CH3.O.CH2.OAc 
(118°) ;  which  is  decomposed  by  water. 

Di-chloro-di-methyl  oxide  (CH2C1)2O.  (105°). 
V.D.  3-9  (calc.  4-0).  S.G.  22  1-318.  From  Me20 
and  Cl  in  daylight  (Eegnault,  A.  34,  31 ;  A.  Ch. 
[2]  71,  396).  Decomposed  by  boiling  water  into 
HC1,  formic  acid,  and  formic  paraldehyde  (But- 
lerow,  Z.  1865,  618). 

Tetra-chloro-di-methyl  oxide  (CHC12)20. 
(130°).  V.D.  6-4  (calc.  6-5).  S.G.  ^  1-606. 
From  Me20  and  Cl  (Kegnault,  A.  Ch.  [2]  71, 
396). 

Hexa-chloro-di-methyl  oxide  (CC13)20. 
(100°).  S.G.  1-597.  From  Me20  and  Cl  in  sun- 
shine (Eegnault).  Decomposed  on  vaporisation, 
the  V.D.  being  only  4-67. 

Tri-CHLORO-  METHYL  -PAEACONIC  ACID 
v.  TKI-CHLOBO-OXY-ETHYL-SUCCINIC  ACID. 

DI  -CHLORO-DI-METHYL  -p  -  PHENYLENE- 
DIAMINE  C6H2Cl2(NMe2)(NH2)  [5:2:4:1]. 
Formed,  together  with  di-methyl-p-phenylene 
diamine  and  di-chloro-2>-phenylene-diamine  by 
boiling  nitroso-di-methyl-aniline  with  HC1  (1-2 
S.G-.).  By  K2Cr207  and  H2S04  it  is  oxidised  to 
di-chloro-quinone  [159°].  By  treatment  with 
Fe2Cl6  in  presence  of  H2S  and  ZnCl2  it  yields  di- 
chloro-methylene  blue  (Mohlau,  B.  19,  2010). 

CHLOEO-METHYL  ISOPROPYL  KETONE 
C5H9C10  i.e.  CH.jCl.CO.Pr.  (c.  120°).  From  pe- 
troleum pentane  (?)  or  inactive  amyl  chloride  by 
treatment  with  Cr02Cl2  followed  by  water  (Etard, 
C.  R.  84, 127).  Insol.  water  and  aqueous  KOH ; 
reduces  ammoniacal  AgN03.  Does  not  combine 
with  NaHS03. 

TRI-CHLOEO-METHYL-PUEIN 


N.CC1.C.N 


C5(CH3)C13N4  i.e.  | 


(?)  [174°]. 


Small  colourless  crystals.  Insol.  alkalis. 
Formed  by  heating  di-chloro-oxy-methyl-purin 
with  PC15  and  POC13  at  160°  for  eight  hours. 
Heated  with  alcoholic  NaOH  it  yields  chloro-di- 
ethoxy-methyl-purin,  which  by  HC1  at  130°  is 
converted  into  methyl-uric  acid  (Fischer,  B.  17, 
331,  1787). 

CHLORO-ct-METHYL-PYRIDINE  C6H6C1N. 
Chloro-(a)-picoline.  [21°].  (165°  uncor.).  S.G. 
—  1-146.  Formed  by  reducing  the  mixture  of 
penta-  and  hexa-chloro-  picolines  obtained  by 
heating  comenamic  acid  with  PC15.  The  mixture 
is  heated  at  210°  with  a  solution  of  HI  in 
glacial  acetic  acid  (Ost,  J.pr.  [2]  27,  278). 

Properties. — Colourless  prisms.  Smells  like 
pyridine.  Nearly  insoluble  in  water,  insoluble 
in  potash,  soluble  in  alcohol  and  in  ether. 

Salts .— B',HC1.  Prisms.—  (B'.HCl }  2PtCl4. 
Needles  or  prisms. 

Chloro- methyl  -pyridine  C6H6C1N.  (160°- 
170°).  From  potassium  methyl-pyrrol  and 
CHC13  (Ciamician  a.  Dennstedt,  B.  14,  1162).— 
B'2H.,PtCl6. 
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Hexa-chloro-methyl-pyridine  CP)HC13N(CC13). 
[60°].  The  chief  product  of  the  action  of  PC15 
(7  mols.)  on  comenamic  (di-oxy-pyridine  car- 
boxylic)  acid  at  290°  (Ost,  J.pr.  [2]  27,  277). 
May  be  distilled  with  steam. 

Properties. — Large  oblique  prisms,  or  plates 
(from  alcohol).  Insol.  water,  acids  and  bases. 

Chloro-di-methyl-pyridine 
MeC  =  N  -  CMe 

||      .    Chloro-lutidine.    (178°).    S.G. 
HC:CC1  .  CH 

1-105  fat  17°.  Formed  by  heating  oxy-di-methyl- 
pyridine  (leitidone)  with  PC15  at  140°  ;  the  yield 
is  50  p.c.  Colourless  oil.  81.  sol.  water. 

Salts. — The  hydrochloride  forms  slender 
needles.— B'2H2Cl2PtCl4 :  orange  crystalline  pp. 
— "B'.ftC^HgCl,:  [155°],  si.  sol.  water.  Chloro- 
di-methyl-pyridine  suspended  in  water  gives 
characteristic  pps.  with  picric  acid  KjCr207, 
CuS04,  and  AgN03  (Conrad  a.  Epstein,  B.  20, 
164). 

Tri  -  chloro  -  di  -  methyl  -  pyridine  C7HtfCl3N. 
Formed  by  chlorinating  (#)-lutidine  in  presence 
of  iodine  (Greville  Williams,  C.  N.  44,  308).— 
B'2H2PtCl6. 

CHLORO-DIMETHYL-PYEIDINE  CAEBOXY- 
LIC  ACID 

MeC  =  N- CMe 

||  .     Chloro-lutidine-di-car- 

H02C.C  =  CC1.C.C02H 

boxylic  acid.  [c.  224°].  Formed  by  the  action 
of  PC15  upon  oxy-di-methyl-pyridine-di-carboxy- 
lic  acid  (lutidone-di-carboxylic  acid)  at  140°. 
White  prisms.  Sol.  hot  water  (Conrad  a.  Ep- 
stein, B.  20,  164). 

Penta-chloro-tri-methyl-pyridine  di-carboxy- 
lic  ether.  Di-chloride.  [150°].  From  hydro- 
tri-methyl-pyridine  di-carboxylic  ether  by  chlori- 
nation  (Hantzsch,  A.  215,  19).  WooUy  needles 
(from  alcohol). 

(Py.   3)-CHLOEO-(Pi/.  1)-METHYL-QUINO- 

.CMe:CH 
LINE    C10H8NC1  i.e.  C6H4<  |      .      [59°]. 

>  N  :CC1 

(296°  cor.).  From  (Py.  3)-oxy-(P7/.  l)-methyl- 
quinoline  and  PC15  (Knorr,  A.  236,  97).  Mass  of 
slender  needles  (from  dilute  alcohol) ;  v.  si.  sol. 
water,  v.  sol.  alcohol  and  ether ;  volatile  with 
steam.— B'2H2PtCl6  2aq.  Eeduced  by  HI  to 
(Py.  l)-methyl-quinoline.  Water  at  160°  has  no 
action :  at  200°  it  converts  it  into  oxy-methyl- 
quinoline. 

(Py.  2)-Cnloro-(P2/.  IJ-methyl-quinoline 

XMe:CCl 
C9H5MeClN  i.e.  C6H4<^          |    .     [54°].  From 

\N  :  CH 

skatole,  chloroform,  and  alcoholic  NaOH  (Mag- 
nanimi,  G.  17,  252).  Delicate  needles.  Its 
picric  acid  compound  melts  at  208°,  and 
its  aurochloride  at  164°. 

Chloro-methyl-CLuinoline  C9H5MeClN  i.e. 
CH:CC1 

|       (?).    [71°].   Frommethyl-ketole, 
N:CMe 

chloroform,  and  alcoholic  NaOH,  thus : 
C8H6MeN  +  2NaOH  +  CHC1S 
=  C9H5MeClN  +  2NaCl  +  2H20 
(Magnanimi,  G.  17,  249).    White  needles,  insol. 
water,  sol.  alcohol  and  ether.  The  picric  acid 
compound  forms  pale  yellow  needles  [22 
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C9H5MeClN  i.e. 


y.     - 

.CC1: 

6H4<(        \ 
\    N: 


(Py.  l)-Chloro-(Py.  3)  -methyl-quinoline 
:CH 

.     (y)-Chloro- 
:CMe 

quinaldine.  [43°].  (270°).  From  PC15  and  oxy- 
methyl-quinoline,  the  product  of  condensation  of 
aceto-acetic  ether  with  aniline  (Conrad  a.  Lim- 
pach,  B.  20,  944).  Water  at  220°  gives  oxy- 
methyl-quinoline.  HI  in  HOAc  at  260°  gives 
methyl-quinoline.  The  picric  acid  com- 
pound melts  at  178°.—  B^H^tCl,..—  B'HBr. 
(B.  4)-Cnloro-(-B.  l)-methyl-quinoline 

CH:CMe.C.CH:CH 
C^HJMeClN     i.e.      \  II          I    •       [49°]. 

CH:CC1.C.N:CH 

From  (6,  3,  l)-chloro-ra-toluidine,  nitro-benzene, 
glycerin,  and  H2S04  (Gattermann  a.  Kaiser,  B. 
18,  2603).  Needles  ;  v.  sol.  alcohol,  ether,  and 
benzene.  HI  in  HOAc  converts  it  at  250°  into 
(B.  1)  -methyl-quinoline.  The  picric  acid 
compound  melts  at  172°.—  B'HCl.HgCl2.— 


xC 

C6H4< 
\N 


(Py.  3)-Chloro-(P?/.  2,3)-di-methyl-quinoline 
xCMe:CMe 

|        .  [131°].  From  oxy-di-methyl- 
CC1 

quinoline  and  PC15  (Knorr,  A.  245,  360).  Crystals 
(from  alcohol).  Water  at  200°  forms  again  the 
di-methyl-carbostyril.  -B'aHjPtCle  4aq. 

(Py.  l)-Chloro-(Pi/.  3;  B.  2-4)-tri-methyl- 
quinoline  CaHgNClMeg.  o-p-Di-methyl-y-chloro- 
quinaldine.  [114°].  (298°).  Formed  by  the 
action  of  PC15  in  presence  of  POC13  on  (Py.  1:3; 
jB.2:4)-Oxy-tri-methyl-quinoline  (Conrad  a.Lim- 
pach,  B.  21,  527).  Flat  prisms  (from  ether). 
Sublimes  easily.  Almost  in  sol.  water,  v.  sol.  dilute 
acids,  alcohol,  ether,  and  benzene.  On  heating 
with  aniline  the  chlorine  is  replaced  by  NHPh.  —  -. 
(B'HCl)2PtCl4  :  Needles  ;  v.  si.  sol.  hot  water. 

Di-cnloro-(P2/.  3)  -methyl-quinoline 

/"ITT.X'ITT 

C6H2C1/'      '|      .  Di-chloro-quinaldine.  [46°]. 

>  N:CMe 

(300°).  Obtained  by  heating  di-chloro-o-amido- 
benzaldehyde  with  sodium  acetate  and  aqueous 
NaOH  (Gnehm,  B.  17,  755). 

Di-chloro-(.B.  1)  -methyl-quinoline 
Cj^NMeCl,,.  [275°].  Formed  by  dissolving 
(B.  1)  -methyl-quinoline  in  boric  acid  and  treating 
this  with  a  solution  of  bleaching  powder  (Ein- 
horn  a.  Lauch,  A.  243,  361).  Needles  (from  acetic 
ether). 

(Py.  1  :2  :  3)  -Tri-chloro-  (B.  4)  -methyl-quinoline 

,CC1:CC1 
C6H3(CH3K          I     .     Tri-chloro-toluquinoUne. 

\N  :  CC1 

[112°].  Formed  by  heating  (Py.  2:3:l)-di-chloro- 
oxy-(£.  4)  -methyl-quinoline  with  PC15  at  125°. 
Long  colourless  needles.  Very  volatile  with 
steam.  Peculiar  smell  (Kiigheimer  a.  Hoffmann, 
B.  18,  2985). 

(Py.  1:2:3)  -Tri-chloro-  (B.  2)  -methyl-quinoline 

/CCl-.CCl 
C6H3(CH3)<;          |     .     Tri-chloro-toluquinoline. 

\N  :  CC1 

[134°].  Formation.  —  1.  By  the  action  of  PC15 
upon  malon-phenyl-amic  acid.  —  2.  The  acid 
malonate  of  ^-toluidine  (5  g.)  is  covered  with 
benzene  (50  g.)  and  PC15  (25  g.)  slowly  added  ; 
after  standing  for  some  time  the  reaction  is 
completed  by  heating  to  boiling. 


Properties.— Long  colourless  needles.  Sol. 
alcohol,  ether,  benzene,  &c.,  insol.  water.  Vola- 
tile with  steam.  Peculiar  smell.  Weak  base 
(Bugheimer  a.  Hoffmann,  B.  17,  740 ;  18,  2975, 
2979). 

(Py.  2:4:1)  -  DI  -  CHLOEO  -  METHYL  -  ISO  - 

,CMe  =  CCl 
QUINOLINE  C6H4<  |     .  [102°].  Formed 

\CC1  =N 

by  the  action   of    POC13  upon    the    imide   of 
phenyl  -  methyl  -  acetic  -  o  -  carboxylic       acid 

/CHMe.CO 
C6H4^  |     .    Long  flat  needles  (Gabriel, 

\CO  -  NH 
B.  20,  2504). 

DI-CHLORO-DI-METHYL-SUCCINIC  ACID 
C6H8C1204  i.e.  C02H.CClMe.CClMe.C02H.  Di- 
chloro-adipic  acid.  [185°].  Formed,  together 
with  pyrocinchonic  acid,  by  the  action  of  '  mo- 
lecular '  silver  upon  a-di-chloro-propionic  acid 
in  benzene  solution  (Otto  a.  Beckurts,  B.  18, 
847).  Small  crystals.  Sublimable.  V.  sol. 
water  and  alcohol,  v.  si.  sol.  benzene. 

Reactions. — By  further  action  of  '  molecular  ' 
silver  it  is  converted  into  pyrocinchonic  acid 
C02H.CMe:CMe.C02H.  On  reduction  it  gives 
as  chief  product  di  -  methyl  -  succinic  acid 
C02H.CHMe.CHMe.C02H  [194°].  By  the  ac- 
tion of  alcoholic  KOH,  or  by  heating  the  silver 
salt  with  water,  chlorotiglic  acid  C4HtiCl(C02H) 
is  formed  of  melting-point  [69°]. 

Salts.— A"Na2:  plates.— A"K2 2aq  :  plates. 
— A"Ag2 :  white  crystalline  pp. 

PEE-CHLORO-METHYL-DI-SULPHIDE 
(CC13)2S2.  (135°  in  vacuo).  Obtained  by  the 
action  of  silver-powder  upon  per-chloro-methyl- 
mercaptan :  2  CC13.SC1  +  Ag2  =  (CC1,)2S2  +  2  AgCl. 
Also  formed  by  heating  per-chloro-methyl-mer- 
captan  with  sulphur.  Thick  yellowish  oil,  of 
slight  turpentine-like  smell.  By  distillation 
at  the  ordinary  pressure  it  decomposes  into 
CC13.SC1,  CSC12,  and  other  products.  By  heating 
with  sulphur  at  about  170°  it  yields  per-chloro- 
methyl  tri-sulphide  (CC13)2S3  (Klason,  B.  20, 
2379). 

Per  -  chloro  -  methyl  -  tri  -  sulphide  (CC13)2S3. 
[57°].  (190°  in  vacuo).  Formed  by  heating 
per-chloro-methyl  di-sulphide  with  sulphur  at 
170°  (Klason,  B.  20,  2380) ;  or  by  passing  chlo- 
rine into  CS2  containing  iodine  (Eathke,  A.  167, 
209).  Flat  prisms ;  v.  e.  sol.  ether,  CS2,  and 
warm  alcohol.  On  distillation  at  the  ordinary 
temperature  it  decomposes  into  CC13.SC1,  CSC12, 
S,  and  other  products. 

TRI  -  CHLORO  -  METHYL-SULPHUR  -  CHLO- 
RIDE v.  PER-CHLOBO-METHYL-MERCAPTAN. 

CHLORO-METHYL-UREA. 
Acetyl  derivative  C4H6C12N202  i.e. 
CH2C1.NH.CO.NH.CO.CH2C1.  [180°].  From 
chloro-acetamide,  Br,  and  aqueous  KOH  (Hof- 
mann,  B.  18,  2735).  Decomposed  by  acids  and 
alkalis  into  formic  aldehyde  and  chloro-acetic 
acid. 

CHLORO-MUCONIC  ACID  v.  MUCONIC  ACID. 

(d)-CHLORO-NAPHTHALENE     C10H7C1    i.e. 

XCC1:CH 
CHH4<;          |     .    (251°)  (F.  a.  S.) ;  (263°)  (Atter- 

\CH:CH 
berg,  BL  [2]  28,  509).     S.G.  ^  1-20  (C.). 

formation. — 1.  Byheating  (a)-diazonaphthal- 
ene  with  a  large  excess  of  HC1 ;  the  yield  is 
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38  p.c.  of  the  theoretical  (Gasiorowski  a.  Wayss, 
B.  18, 1939).— 2.  By  boiling  naphthalene  dichlor- 
ide  C10H8C12  with  alcoholic  KOH  (Laurent,  A.  8, 
13 ;  Faust  a.  Saame,  A.  160, 68 ;  Z.  [2]  5,  705).— 

3.  By  the  action  of  PC15  on  (o)-nitro-naphthalene 
(De  Koninck  a.  Marquart,  B.  5,  11)  or  on  naph- 
thalene (a)-sulphonic  acid  (Carius,  A.  114,  145). 

4.  From    (o)-nitro-naphthalene  and  Cl  (Atter- 
berg,  B.  9,  317,  927). 

Preparation. — By  chlorinating  naphthalene, 
washing  with  alcoholic  potash  and  fraction- 
ating (Roux,  Bl.  [2]  45,  515). 

Properties. — Liquid,  not  solid  at  —17°. 
In  CS2  solution  it  is  not  much  acted  upon  by 
A12C16,  but  if  (a)-chloro-naphthalene  is  warmed 
with  20  p.c.  of  its  weight  of  A12C16,  some  naphthal- 
ene and  tarry  matters  are  produced  together  with 
the  (B)-  compound.  In  this  reaction,  therefore, 
it  behaves  in  a  similar  manner  to  (a)-bromo- 
naphthalene.  Picric  acid  compound  [137°]. 

,CH:CC1 

(£)-Chloro-naphthalene  C6H4<          |      [57°]. 

\CH:CH 
(252°) ;  (265°  cor.).     S.G.  is  1-266  (B.). 

Formation. — 1.  By  heating  (/8)-diazonaph- 
thalene  with  a  large  excess  of  HC1;  the  yield  is 
45  p.c.  of  the  theoretical  (Gasiorowski  a.  Wayss, 
B.  18,  1940  ;  cf.  Liebermann  a.  Palm,  A.  183, 
270).— 2.  By  the  action  of  PC15  on  (0) -naphthol 
or  on  naphthalene  (B)  -sulphonic  acid  (Eimarenko, 
B.  9,  663;  Cleve,  BL  [2]  25,  257).- 3.  From 
Hg(C10H7)2  and  SOC12  (Heumann  a.  Kochlin,  B. 
16,  1627).— 4.  By  intra-molecular  change  from 
(o)-chloro-naphthalene  (q.  v.). 

(l:2)-Di-cliloro-naphtlialene  C,9H6C12  [1:2] 
[35°].  Formed  by  dropping  a  solution  of  potas- 
sium nitrite  (4  g.)  in  water  (20  c.c.)  into  a  boiling 
solution  of  (a)-chloro-(£)-naphthylamine  hydro- 
chloride  (10  g.)  and  cuprous  chloride  (5  g.)  in 
hydrochloric  acid;  yield — 4g.  Also  from  (a)- 
chloro-(/8) -naphthol  and  PC15  and  from  chloro- 
(a)-naphthylamine  (obtained  by  reduction  of  di- 
chloro-o-naphthylamine)  by  replacing  NH2  by 
Cl.  Monosymmetric  tables,  a:b:c  =  1-5196:1:  ?, 
0  =  76°  46'  (Cleve,  B.  20,  1991).  On  nitration 
it  yields  di-chloro-di-nitro-naphthalene  [170°]. 
Cr03  forms  di-chloro-naphthoquinone  [181°]. 

(77)-  or  (1,3') -Di-chloro-naphthalene  C10H6C12. 
[48°].  From  naphthalene  (B)  -sulphonic  acid  by 
nitration  and  treatment  of  the  resulting  (#)- 
nitro-naphthalene  (B-) -sulphonic  acid  with  PC15 
(Cldve,  BL  [2]  29, 499).  Also  from  (j8)-naphthyl- 
amine  (7) -sulphonic  acid  by  exchanging  NH2 
for  Cl  and  treating  the  product  with  PC15  (Fors- 
ling,  B.  20,  2105).  Also  from  ('  B  ')-naphthalene- 
di-sulphonic  acid  and  PCla  (Armstrong  a.Wynne) ; 
and  synthetically  from  ?n-chloro-phenyl-isocro- 
tonic  acid  (Erdmann  a.  Kirchhoff).  Oxidation 
by  HN03  gives  chloro-phthalic  and  nitro-phtha- 
lic  acids. 

(6)  or  (l:3)-Di-chloro-naphthalene 

C6H4<CH-CC1>-     [61°  uncor.].     (286°  uncor.). 

Formation. — 1.  From  (5) -nitro-naphthalene 
(B)  -sulphonic  acid  and  PC15  (Cleve,  BL  [2]  29, 
415).  —  2.  From  di-chloro-(a)-naphthylamine 
[82°]  by  the  diazo-  reaction. 

Properties. — Flat  glistening  plates,  or  slender 
white  needles;  may  be  sublimed.  By  HN03itis 
oxidised  to  phthalic  acid  (Cleve,  B.  20,  449). 
The  so-called  '  a  '-di-chloro-naphthalene  [38°]  is 


a  mixture  of  the  6  and  '  B  '-  isomerides.  It  gives 
a  sulphochloride  [148°]. 

Di-chloro-naphthalene  C10H6C12  [1:2'].    [64°]. 

Formation.— 1.  From  0-chloro-naphthalene 
sulphonic  acid  and  PC15  (Arnell,  BL  [2]  45, 184  ; 
Armstrong  a.  Wynne,  C.  J.  Proc.  4,  106). — 
2.  From  (B)  -  naphthol  -('  a ')  -  sulphonic  acid 
(Bayer's  acid)  by  heating  with  PC15  (Glaus  a. 
Volz,  B.  18, 3157).— 3.  From  (/8)-naphthylamine- 
('  a  ')-sulphonic  acid  (Badische  acid)  (Forsling).  — 
4.  From  chloro-j8-naphthol  [101°]  and  PC15 
(C.  a.  V.).— 5.  From  p-chloro-phenyl-paraconic 
acid  (Erdmann  a.  Kirchhoff,  A.  247,  379). 

It  gives  a  sulphochloride  [119°]. 

('  )8')  or  (l,4)-Di-chloro-naphthalene 

.CC1:CH 
C10H6C12  i.e.  CtiH4^         |     .     [68°].    (287°). 


Formation. — 1.  By  distillation  of  naphthal- 
ene tetrachloride  (Krafft  a.  Becker,  B.  9,  1089  ; 
Faust  a.  Saame,  A.  160, 70).— 2.  From  naphthal- 
ene and  C12O  (Hermann,  A.  151,  63).— 3.  From 
(a)-chloro-naphthalene  in  CHC13  and  Cl  (Wid- 
mann,  Bn.  II,  139).— 4.  By  the  action  of  PC15  on 
(a) -nitro- (a) -naphthol  (Atterberg,  B.  9, 1189),  on 
bromo-naphthalene  sulphonic  acid  (Jolin,  BL  [2] 
28,  516),  or  on  chloro-naphthalene  sulphonic 
acid,  obtained  from  (a) -naphthylamine-^*- sulpho- 
nic acid  (Cleve,  BL  [2]  26,  242). 

Properties. — Needles  (from  alcohol).  Boiling 
dilute  HNOj  forms  di-chloro-phthalic  acid.  CrOs 
in  HOAc  gives  di-chloro-naphthoquinone  [174°]. 

(C)  or  Pm-Di-chloro-naphthalene  C,0H6C12, 
Cl  Cl 


probably 


(Ekstrand,£.18,2881).  [83°]. 


Formed  in  small  quantity  on  distilling  '  j8  '-di- 
nitro-naphthalene  with  PC15  (Atterberg,  B.  9, 
1732).  Formed  also  by  nitrating  (7)- di-chloro- 
naphthalene,  reducing  this  to  chloro-naphthyl- 
amine  [91°]  and  displacing  NH2  by  Cl  (Atter- 
berg, B.  10,  548).  Prisms. 

(K) -Di-chloro-naphthalene  C10HtiCl2.  [94° 
uncor.].  Formed  by  heating  (a) -naphthol  sul- 
phonic acid  with  PC15  (Claus  a.  Oeler,  B.  15, 
314).  On  moderate  oxidation  it  gives  (a)-naphtho- 
quinone  and  by  further  oxidation  phthalic  acid. 

(7)-Di-chloro-naphthalene  C10H6C12  [1:4']? 
(Ekstrand,  B.  18,  2881).  [107°].  Formed  by 
the  action  of  PC15  on  (o)-nitro-naphthalene,  or, 
better,  on  ('  a  ')-di-nitro-naphthalene  (Atterberg, 
B.  9,  317, 1188, 1734),  and  on  (a) -nitro-naphthal- 
ene (a)-sulphonic  acid  (Cleve,  BL  [2]  24,  506). 
Also  from  (a)-naphthylamine  sulphonic  acid 
(Laurent's  naphthalidinic  acid)  by  diazotisation 
and  distillation  of  the  resulting  diazo-naphthal- 
ene  sulphonic  acid  with  PC15  (Erdmann,  B.  20, 
3185).  Formed  synthetically  from  o-chloro- 
phenyl-paraconic  acid.  Scales.  Gives  a  nitro- 
derivative  [142°],  and  a  di-nitro-derivative  [246°]. 
Oxidation  by  HN03  gives  chloro-nitro-phthalic 
acid.  Cr03  in  HOAc  gives  c-chloro-phthalic 
acid  [184°]  (Guareschi,  G.  17,  119). 

(5) -Di-chloro-naphthalene  C10HaCl2.  [114°]. 
From  naphthalene-('  a  ')-di-sulphonic  acid  and 
PC13  (Cleve,  BL  [2]  26,  244).  Large  tables  ;  v. 
sol.  boiling  alcohol.  Dilute  HN03  gives  chloro- 
phthalic  acid.  It  is  perhaps  C10HBCla  [2:2']. 

(O-Di-chloio-naphthalene  C10H6C1,.  [120UJ. 
From  naphthalene  tetrachloride  (4  pts.)  and 

G  2 
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Ag20  (3  pts.)  at  200°  (Leeds  a.  Everhart,  Am. 
2,  211).  Formed,  in  very  small  quantity,  when 
CIOH8C14  is  decomposed  by  alcoholic  KOH  (Wid- 
mann,  B.  15,  2162).  Very  thin  lamina ;  si.  sol. 
cold  alcohol. 

(c)  or  (2, 3')?-Di-chloro-naphthalene  C10H6C12. 
[136°].  (285°  uncor.). 

Formation.— 1.  By  distilling  ()8)-chloro-naph- 
thalene-sulphonic  chloride  with  PC15;  thechloro- 
naphthalene-sulphonic  acid  being  obtained  either 
by  sulphonation  of  (jS)-chloro-naphthalene  or  by 
the  action  of  cuprous  chloride  upon  the  diazo- 
compound  from  the  (0)  -naphthylamine  sulphonic 
acid  obtained  from  (/3)-naphthol  sulphonic  acid 
and  NH3  (Forsling,  B.  20,  81 ;  Arnell,  BL  [2] 
45,  184). — 2.  From  naphthalene  {'  ft  ')-disulpho- 
nic  acid,  and  from  (jS)-naphthol  (o)-sulphonic 
acid  by  distilling  with  PC15  (Cleve,  BL  [2]  25, 
244 ;  Armstrong  a.  Graham,  C.  J.  39,  142 ; 
Glaus  a.  Zimmermann,  B.  14,  1483).  Needles 
(by  sublimation)  or  large  monoclinic  tables  (from 
alcohol).  Volatile  with  steam.  Sol.  ether,  chlo- 
roform, and  benzene,  si.  sol.  alcohol.  On  oxida- 
tion it  gives  chloro-phthaHc  acid  C6H3C1(C02H)2 
[4:2:1]  and  ('  ft  ')-di-chloro-(a)-naphthoquinone 
[149°]  (Glaus  a.  Miiller,  B.  18,  3073). 

(0-Tri-chloro-naplithalene  C10H5C13.  [56°]. 
Prepared  by  heating  di-chloro-naphthalene  (ft)- 
sulphonic  chloride  with  PC15  (Widmann,  B.  12, 
962).  Fine  white  needles.  Insol.  water,  si.  sol. 
hot  alcohol,  v.  sol.  benzene. 

(e)-Tri-chloro-naplitlialeiie  C10H5C13.  [65°]. 
From  77-di-chloro-naphthalene  by  nitration  and 
treatment  of  the  resulting  C10H5C12(N02)  with 
PC15  (Cleve,  BL  [2]  29,  500).  Needles,  v.  sol. 
alcohol. 

(0)-Tri-cliloro-naphtlialene  C10H5C13.  [76°]. 
From  nitro-naphthalene  ('  a  ')-di-sulphonic  acid 
and  PC15  at  225°  (Alen,  En.  II,  140).  Small 
needles  (from  HO  Ac).  V.  sol.  alcohol,  m.  sol. 
boiling  HOAc. 

('a')-Tri-chloro-naplitlialene  C10H5C13.  [82°]. 

Formation. — 1.  By  the  action  of  alcoholic 
KOH  upon  (a)-chloro-naphthalene-tetra-chloride 
(Faust  a.  Saame,  A.  160,  71).— 2.  By  heating 
(o)-naphthol-di-sulphonic  chloride  with  PC15 
(3  mols.)  at  170°-180°  (Glaus  a.  Mielcke,  B.  19, 
1182). 

Properties. — Colourless  needles.  V.  sol. 
chloroform,  ether,  and  hot  alcohol.  HN03  at 
200°  gives  tri-chloro-nitro-phthalic  acid  (Wid- 
mann, BL  [2]  28, 511). 

XChCCl 

('  £  ')-Tri-chloro-naplithalene  CBH4< 

\CH:CC1 
[90°  uncor.].     (above  360°). 

Formation. — 1.  By  heating  di-chloro-(a)- 
naphthol  [101°],  or  sodium  (a)-naphthol  (£)-sul- 
phonatewithPC!5at  130°-140°  (Glaus  a.  Knyrim, 
B.  18,  2926).— 2.  By  chlorinating  (a) -nitro-naph- 
thalene (Atterberg,  B.  9,  926). 

Properties. — Needles  (from  alcohol).  Maybe 
sublimed.  Insol.  water,  v.  sol.  other  solvents. 

Tri-chloro-naphthalene  C)0H5C13.  [90°]. 
Formed  together  with  di-chloro-(#)-naphthol 
[125°],  by  heating  sodium  (jS)-naphthol  (£)-di- 
sulphonate  with  5  mols.  of  PC15  at  210°. 

Properties. — Fine  white  needles.  Subli- 
mable.  V.  sol.  ether,  benzene,  etc.,  and  hot 
alcohol,  si.  sol.  cold  alcohol.  Heated  with  nitric 
acid  (S.G.  1-16),  at  210°  it  yields  a  syrupy  di- 


chloro-phthalic  acid.  By  Cr03  it  is  oxidised  to 
the  same  di-chloro-phthalic  acid,  together  with 
a  tri-chloro-(a)-naphthoquinone  which  gives  an 
anilide  C10H3Cl2(NHPh)02  which  melts  at  [228°]. 
Hence  it  appears  to  be  different  from  the  tri- 
chloro-naphthalene  of  melting-point  [90°] 
already  known  (Glaus  a.  Schmidt,  B.  19,  3174). 

(7)-Tri-chloro-naphtlialene  C10H5C1?.  [103°]. 
Long  white  needles.  Prepared  by  distillation  of 
dichloro-naphthalene-(a)-sulphonic  chloride  with 
PC15  (Widmann,  B.  12,  2230).  Formed  also  by 
chlorinating  (a) -nitro-naphthalene  (Atterberg,  B. 
9,  317).  Prisms.  By  heating  to  170°  withHN03 
(1*42)  it  gives  di-nitro-di-chloro-phthalic  acid. 

(rj)-Tri-chloro-naplitlialene  C10H3C13.  [113°j. 
From  nitro-naphthalene  (0)-disulphonic  chloride 
and  PC15  at  190°  (Alen,  Bn.  II,  140).  Needles 
(from  HOAc).  V.  sol.  warm  alcohol ;  v.  e.  sol. 
benzene.  Volatile  with  steam. 

(5)-Tri-chloro-naplitlialene  C10H5C13.  [131°]. 
Formed  by  the  action  of  PC13  on  ('  ft  ')-di-nitro- 
naphthalene,  nitro-(7)-di-chloro-naphthalene, 
('a')  chloro-di-nitro-naphthalene  [106°],  ('£')- 
chloro-di-nitro-naphthalene,  and  nitro-(*  ft  ')-di- 
chloro-naphthalene  (Atterberg,  B.  9,  1187,  1733; 
Widmann,  BL  [2]  28, 511).  Long  needles.  Oxida- 
tion gives  di-chloro-phthalic  acid. 

('  o')-Tetra-chloro-naphthalene  C,0H4C14. 
[130°].  Formed  by  the  action  of  alcoholic  KOH 
on  the  ('a') -di-chloro-naphthalene  ('o')-tetra- 
chloride,  obtained  by  chlorinating  naphthalene 
(Faust  a.  Saame,  A.  1QO,  72).  Formed  in  the 
same  way  from  ('  ft ') -di-chloro-naphthalene  tetra- 
chloride,  and  from  ('  ft  ')-tri-chloro-naphthalene 
dichloride  (Widmann,  BL  [2]  28,  511).  Long 
needles.  Oxidation  gives  di-chloro-phthalic 
acid. 

Tetra-chloro-naphthalene  C10H,CL  i.e. 

.CCl-.CCl 
C6H4<          |       (?).   [140°  uncor.].    Formed  by 

\CC1:CC1 

heating  (o)-naphthol-tri-sulphonic  chloride  with 
PC15  (4  mols.)  at  210°-250°.  Sublimes  in  colour- 
less feathery  needles.  Crystallises  from  toluene 
in  long  thin  needles.  V.  sol.  hot  alcohol,  ether, 
chloroform,  &c.,  si.  sol.  cold  alcohol,  insol.  water. 
On  oxidation  with  Cr03  or  HN03  it  is  converted 
into  di-chloro-(a)-naphthoquinone  [189°], 

C.CCl 
II      ,     together     with     chlorinated 
:CC1 
phthalic  acids  (Glaus  a.  Mielcke,  B.  19,  1184). 

Tetra-chloro-naphthalene  C10H4C14.  [141°]. 
Formed  by  the  action  of  alcoholic  KOH  on  (7)- 
di-chloro-naphthalene  tetrachloride  [85°],  and 
on  tri-chloro-naphthalene  di-chloride  [93°]  (At- 
terberg a.  Widmann,  B.  10,  1842).  Slender 
needles ;  si.  sol.  alcohol.  May  be  identical  with 
the  preceding. 

(C)  -  Tetra  -  chloro  -  naphthalene  CJOH4C14. 
[160'5°].  Formed  by  acting  on  (e)-di-chloro-di- 
nitro-naphthalene  with  PC15  (A16n,  BL  [2]  36, 
435).  Interlacing  needles. 

(7)  -  Tetra  -  chloro  -  naphthalene  C,0H4C14. 
[176°].  Obtained  by  the  action  of  alcoholic 
KOH  on  ('  a  ') -di-chloro-naphthalene  ('  o  ^-tetra- 
chloride got  by  chlorinating  naphthalene  (Wid- 
mann, B.  10, 1724;  BL  [2]  28,  512).  Flat  needles, 
si.  sol.  alcohol. 

(e)  -Tetra-chloro-naphthalene  C)0H4C14.  [180°]. 
From  di-nitro-(7)-di-chloro-naphthalene  by  dis- 
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tilling  with  PC15  (Atterberg  a.  Widmann,  B.  10, 
1843).  Long  needles  ;  si.  sol.  alcohol. 

('  0  ')-Tetra-chloro-naphthalene  C10H,C1,. 
[194°].  Formed  by  chlorinating  nitro-naphthal- 
ene  (Atterberg,  B.  9,  318).  Needles,  v.  si.  sol. 
alcohol. 

Penta-chloro-naphthalene  CIftH,CL  i.e. 

.CH:CH 
C6Cl4<r          |      .    [169°].     (above  360°).     Pre- 

\CC1:CH 

pared  by  heating  di-chloro-(o)-naphthoquinone 
with  twice  its  weight  of  PC15  to  250°  (Graebe,  A. 
149,  8 ;  Glaus  a.  Lippe,  B.  16,  1016).  Needles 
(from  alcohol).  On  oxidation  with  fuming  HNO3 
at  110°  it  gives  tetra-chloro-naphthoquinone. 
Dilute  HN03  at  190°  gives  tetra-chloro-phthalic 
acid. 

('  0  ') -Penta-chloro-naphthalene  CIOH8C13. 
[177°].  From  nitro- (8) -tetra-chloro-naphthalene 
and  PC15  (Atterberg  a.  Widmann,  B.  10,  1843). 
Needles.  Oxidises  to  tri-chloro-phthalic  acid. 

Hexa-chloro-naphthalene  C10H2C16.  [143°]. 
Formed  by  chlorinating  tri-chloro-naphthalene 
(Laurent).  Six-sided  columns;  v.  si.  sol. alcohol, 
m.  sol.  ether.  May  be  oxidised  to  hexa-chloro- 
uaphthoquinone. 

/CChCCl 

(#)-Hepta-chloro-naphthalene  C6C14<          | 

\CC1:CH  j 

[194°  uncor.].    Formed  by  heating  tetra-chloro-  | 
(a)-naphthoquinone  (1  pt.)  with  PC15  (2  pts.)  for  j 
6  or  8  hrs.  at  250°.     Small  colourless  needles,  i 
Sublimable.    By  heating  with  HN03  (1-5  S.G.)  j 
it  is  oxidised  topenta-chloro-(a)-naphthoquinone 
[217°],    and    tetra-chloro-phthalic    acid    [250°] 
(Claus  a.  Wenzlik,  B.  19,   1165;   cf.  Glaus  a. 
Lippe,  B.  16,  1019). 

Per-chloro-naphthalene  C10C18.  [203°  uncor.]. 
(403°).  Formed  by  heating  tetra-chloro-oxy- 
naphthoquinone  [265°],  penta-chloro-(o)-naph- 
thoquinone  [217°],  or  (a)-naphthol-tri-sulphonic 
chloride,  with  PC15  at  250°.  Prepared  by  the 
protracted  chlorination  of  naphthalene  in  pre- 
sence of  SbCl5  (Berthelot  a.  Jungfleisch,  Bl.  [2] 
9,  446  ;  A.  Ch.  [4]  15,  332).  Colourless  needles. 
Sublimable  (Claus  a.  Wenzlik,  B.  19,  1169; 
Claus  a.  Mielcke,  B.  19,  1186).  By  heating  with 
SbCl5  at  290°  it  is  split  up  into  CfiH6,  C2C16,  and 
CC14  (Kuoff,  B.  9, 1048).  It  is  partially  converted 
into  naphthalene  by  passing  with  hydrogen 
through  a  red-hot  tube. 

DI  -  CHLOEO  -  NAPHTHALENE  TETEA  - 
BROMIDE  C10H6Cl2Br4.  [c.  100°].  From  di- 
chloro-naphthalene  and  Br. 

(a)  -  CHLORO  -  NAPHTHALENE  TETRA  - 
CHLORIDE  C10H7C15.  [131°].  Formed  by  the 
action  of  Cl  on  naphthalene  (Faust  a.  Saame,  A. 
160,  67)  or  on  (a)-chloro-naphthalene  (Widmann, 
B.  10,  1724;  BL  [2]  28,  505).  Monoclinic 
prisms  (from  chloroform).  Oxidation  gives  phtha- 
lic  acid.  Alcoholic  KOH  forms  ('  a  ')-tri-chloro- 
naphthalene. 

(£)-Chloro-naphthalene  tetra-chloride 
C10H7CL.    From  (0) -chloro-naphthalene  and  Cl 
(W.).    Oil. 

Di-chloro-naphthalene  tetra-chloride 
C10H6C16.   [85°].  From  (7)-di-chloro-naphthalene 
and  Cl  (Atterberg  a.  Widmann,  B.   10,  1841). 
Prisms.    Alcoholic  KOH  gives  (S)-tetra-chloro- 
naphthalene. 


Di-chloro-naphthalene  tetra-chloride 
C.oHA.  [172°].  Formed  by  the  action  of  Cl 
on  (4  a  ')  or  ('  £  ')-di-chloro-naphthalene  (Wid- 
mann, BL  [2]  28,  506).  Monoclinic  prisms  (from 
CHC13).  V.  e.  sol.  HOAc  and  benzene.  Oxida- 
tion gives  di-chloro-phthalic  acid.  Alcoholic 
KOH  gives  ('  a ')  tetra-chloro-naphthalene. 

Di-chloro-naphthalene  tetra-chloride 
CIOHBC16.    Formed,  together  with  the  preceding, 
by  the  union  of  Cl  with  ('  a  ')-di-chloro-naphthal- 
ene.    Oil.  Alcoholic  KOH  gives  (y) -tetra-chloro- 
naphthalene. 

('  a  ')  -  Tri  -  chloro  -  naphthalene  di  -  chloride 
C10H5C15.  [93°].  From  (7)-di-chloro-naphthal- 
ene  and  Cl  (Atterberg  a.  Widmann,  B.  10,  1842). 
Alcoholic  KOH  converts  it  into  (5) -tetra-chloro- 
naphthalene. 

('  0  ')  -  Tri  -  chloro  -  naphthalene  di  -  chloride 
C10H5C15  [152°].  Formed,  together  with 
C.oH^C^HOAc  [195°],  by  passing  chlorine  into  a 
solution  of  (a)  -  chloro  -  naphthalene  in  glacial 
HOAc  (Widmann,  BL  [2]  28, 507).  Short  prisms, 
si.  sol.  alcohol. 

CHLORO  -  NAPHTHALENE  SULPHINIC 
ACID  C10H6C1.S02H.  Formed  by  the  action  of 
sodium  amalgam  on  (a)-chloro-naphthalene  sul- 
phonic  bromide  (?)  [115°]  obtained  from  bromo- 
naphthalene  sulphonic  acid  by  PC15  (Gessner,  B. 
9,  1504).  Slender  needles  (from  alcohol).  — 
BaA'2l|aq. 

(a) -CHLORO  -  NAPHTHALENE  (a)-SULPHO  - 
NIC  ACID  C10H7C1S03  i.e.  C10H6C1(S03H)  [1:40. 
Obtained  by  heating  (o)-diazo-(o)-naphthalene- 
sulphonic  acid  with  HC1.  V.  sol.  colourless 
tables  (containing  2aq). 

Salts.— A'K:  silvery  needles.— A'Na :  thin 
scales.— A'Ag  :  thin  tablets,  v.  si.  sol.  cold  water. 
A',>Ba  aq  :  sparingly  soluble  powder. 

Ethyl  ether  A'Et:  [46°];  large  monosym- 
metrical  prisms,  a:b:c  =  1-6785:1:?,  0  =  68°  58'. 

Chloride  C)0H6C1(S02C1) :  [95°];  large  crys- 
tals (from  chloroform). 

Amide  Q&GiqSQJSHJ  :  [226°] ;  sparingly 
soluble  silvery  scales  (Cleve,  B.  20,  72). 

(a)-Chloro-naphthalene  (j8)-sulphonic  acid 
C10H7C1S03  i.e.  C,0H6C1(S03H)  [1  :  2'or3'].  Ob- 
tained by  the  action  of  Cu2Cl2  upon  the  diazo- 
compound  of  the  naphthylamine  sulphonic 
formed  by  reduction  of  the  '  0  '-nitre-naphthal- 
ene ()8) -sulphonic  acid  (sparingly  soluble  Ba  salt), 
which  is  one  of  the  products  of  the  nitration  of 
naphthalene  (£)- sulphonic  acid. 

Properties. — V.  sol.  colourless  rhombic  tables. 
When  heated  in  a  current  of  steam  it  yields  (a), 
chloro-naphthalene. 

Salts. — A'Ag:  thin  glistening  tables,  sol. 
hot  water,  si.  sol.  cold.— A'2Ba  aq  :  sparingly  sol. 
crystalline  powder. 

Ethyl  ether  A'Et:  [1110];  monosymme- 
trical  crystals,  a:b:c  =  -4307:1:?,  ft  =  86°  45' ;  v.  e. 
sol.  hot  alcohol. 

Chloride  C10HtiCl(S02Cl) :  [114°];  small 
scales. 

Amide  CIOHb.Cl(S02NH2)  :  [216°]  ;  thin 
plates  (Cleve,  B.  20,  74). 

(a) -CMoro- naphthalene  ^-sulphonic  acid 
C10H,CiS03  i.e.  C10H6C1(S03H)  [1:4]. 

Formation. — 1.  By  sulphonation  of  (a) -chloro- 
naphthalene  (Zinin,  J.  pr.  33,  36).— 2.  From 
(o)-naphthylarnine-p-sulphonic  acid  (naphthionic 
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acid)  by  the  action  of  Cu.,Cl2  upon  its  diazo-  com- 
pound. 

Properties. — Silvery  plates.  Converted  by  Br 
into  chloro-bromo-naphthalene  [67°]. 

Salts.  —  KA'.  —  BaA'2.  —  ZnA'2  6aq.  — 
CuA'2  7aq.— AgA'  aq  (Arnell,  Bn.  ii.  153). 

Ethyl  ether  Et  A' :  [104°] ;  large  thin  mono- 
clinic  tables,  a:6:c  =  l-3281:l:l-1262,  0  =  80°  59'. 

Chloride  CIOH6C1(S02C1) :  [95°];  gives, 
with  PC15,  ('  ft  ')-di-chloro-naphthalene  [68°] 
(Arnell,  Bl.  [2]  39,  62). 

Amide  C10HeCl(S02NH2) :  [187°]  (Cleve,  B. 
20,  73). 

(a)  -  Chi  or  o  -  naphthalene  sul phonic  acid 
C^H.jCl.SOgH.  Formed  in  small  quantity,  to- 
gether with  the  preceding,  by  sulphonating  chloro- 
naphthalene  with  C1.SOSH  (Armstrong  a.  Wil- 
liamson, C.  J.  Proc.  2,  234). 

Chloride  C10H6C1.S02C1 :  [127°];  short 
thick  prisms. 

(£)  -  Chloro  -  naphthalene  sulphonic  acid 
C10H6C1(SO?H).  Sparingly  sol.  water. 

Formation. — 1.  By  sulphonation  of  (j8)-chloro- 
naphthalene  by  H,S04  or  C1S03H  (Arnell,  BL 
[2J  45,  184).  It  appears  to  be  formed  by  isomeric 
change  from  the  preceding  by  heating  to  150° 
(Armstrong  a.  Wynne,  C.  J.  Proc.  3,  22,  145).— 
2.  By  the  action  of  cuprous  chloride  upon  di- 
azotised  (£)-naphthylamine-sulphonic  acid  ob- 
tained by  treatment  of  (j8) -naphthol  sulphonic 
acid  with  NH3. 

Salt  s.— BaA'2.  -KA'  £aq. 

Chloride  C10H6C1(S02C1) :  [110°] ;  needles; 
by  distillation  with  PC15  it  gives  («)-di-chloro- 
naphthalene  [136°]. 

Amide  C^ClfSOaNH,)  :  [184°];  needles 
(Forsling,  B.  20,  80). 

(£)-Chloro-naphthalene  sulphonic  acid 
C10HtiCl.S03H  [2:3']  ? 

Formation. — 1.  By  heating  ()8)-chloro-naph- 
thalene  with  fuming  H2S04,  and  separated  from 
the  preceding  acid  through  the  greater  solubility 
of  its  lead  salt  (Arnell,  BL  [2]  45,  184).— 2.  By 
diazotising  (0)-naphthylamine  sulphonic  acid, 
and  boiling  with  cone.  HC1  (Forsling,  B.  19, 1715). 

Properties.  —  Trimetric  scales. — BaA'0  4aq  : 
laminae.— KA'  aq :  small  scales. 

Chloride  [129°].  Converted  by  PC1S  into 
di-chloro-naphthalene  [61-5°]. 

Di-chloro-naphthalene  (a)-sulphonic  acid 
C,0H3C12(S03H).    Prepared  by  boiling  the  tetra- 
chloride    of    (o)-naphthalene-sulphonic  chloride 
with  alcoholic  KOH   (Widmann,  B.  12,  2228). 
Long  flat  needles.     M.  sol.  cold  water. 

Salts.— A'K2aq:  fine  needles.— A'Na  aq  : 
long  flat  prisms. -A'Ag2aq:  white  needles.— 
A'2Ca  4aq  :  slightly  soluble  leaflets. 

Chloride  [145°].  Scales  or  needles.  Sol. 
benzene  and  hot  acetic  acid.  By  distillation 
-with  PC15  it  gives  (7)-tri-chloro-naphthalene. 

Amide  [about  250°].  Flat  feathery 
crystals. 

Di-chloro-naphthalene  (/8)-sulphonic  acid 
C.JH.dLXSO.H).  Prepared  by  boiling  the  tetra- 
chloride  of  naphthalene- (0) -sulphonic  chloride 
(C10H7(S02C1)C14)  with  alcoholic  KOH  (Widmann, 
B.  12,  959).  Keadily  sol.  hot  water,  less  in  cold. 
Strong  acid. 

Salts.— A'K5aq:  very  fine  needles.  S.  2-5 
at  15°.— A'Kl£aq.-A'K2iaq:  small  prisms.- 


A'Ag  aq  :  crystalline  powder. — A'2Ba  4aq :  fine 
sparingly  soluble  needles. — A'.,Ca  2aq. 

Chloride  [133°] ;  fine  white  needles.  Sol. 
C6H6  and  CS2. 

Amide  [245°];  fine  needles.  Insol.  water, 
sol.  alcohol. 

Tri-  and  Tetra-chloro-naphthalece  sulphonic 
acids  have  been  described  by  Laurent  (A.  72, 
299),  but  not  sufficiently  characterised. 

CHLORO-NAPHTHALIC    ACID    v.   CHLORO- 

OXY-  (o)  -NAPHTHOQUINONE. 

CHLORO  -  NAPHTHOHYDROQTJINONE      v. 

CHLORO-HYDRO-NAPHTHOQUINONE. 
CHLORO-(a)-NAPHTHOIC  ACID 


C02H 


C10H,.C1(C02H),  probably 


00- 

Cl 


[245°]. 


Formation. — 1.  By  chlorination  of  (a)-naph- 
thoic  acid  in  acetic  acid  solution. — 2.  By  the 
action  of  cuprous  chloride  upon  the  diazo-  com- 
pound obtained  from  nitro-(a)-naphthoic  acid 
[239°].— 3.  From  the  nitrile. 

Properties. — Sublimes  in  white  needles.  By 
fuming  HN03  it  is  converted  into  chloro-nitro- 
(a)-naphthoic  acid  [225°]  and  chloro-di-m'tro- 
naphthalene  [175°]  (Ekstrand,  B.  17,  1604 ;  18, 
2881). 

Salt. — A'2Ca2aq:  needles;  S. -86. 

Ethyl  ether  A'Et:  [42°] ;  quadratic  tables. 

Amide  C10HSC1(CONH2).  [239°].  Formed 
by  boiling  the  nitrile  with  alcoholic  KOH 
(Ekstrand,  Bn.  ii.  925). 

Nitrile  C10H6C1.CN  [145°].  White  needles. 
Formed  by  chlorination  of  (o)-naphthonitrile 
(Ekstrand,  B.  17,  1604). 

Chloro-(;8)-naphthoic  acid  C10H,.C1.C02H. 
[261°].  From  the  nitrile  and  fuming  HC1  at 
150°  (Ekstrand,  Bn.  ii.  931).  Needles  (from 
alcohol). 

Ethyl  ether  EtA'.     [45°].    Needles. 

Nitrile  C10H6C1.CN.  [138°].  From  (£)- 
naphthonitrile  in  HOAc  by  chlorinating  in  pre- 
sence of  iodine. 

Di-chloro-(j8)-naphthoic  acid  C10H3CL,.CO,H 
[291°  uncor.].  Sublimable.  Colourless  needles. 
Sparingly  soluble  in  alcohol  and  in  acetic  acid. 
Formed  by  chlorination  of  (£)-naphthoic  acid. 

Salts. — A'2Ca  2|aq :  small  sparingly  soluble 
prisms. 

Ethyl  ether  A'Et  :  [66°] ;  long  needles. 
S.  '03  (Ekstrand,  B.  17,  1605). 

(a,a4)  CHLORO-NAPHTHOL  CJOH6C1(OH)[1:4]. 
[57°].  Formed  by  the  action  of  PC15  on  (a)- 
naphthol- sulphonic  acid.  Small  felted  needles. 
On  moderate  oxidation  it  gives  (a)-naphtho- 
quinone,  and  by  further  oxidation  phthalic  acid 
(Glaus  a.  Oehler,  B.  15,  312). 

Chloro-(o) -naphthol  C10HtiCl(OH).  [109°]. 
Formed  by  distilling  the  compound  C)0H8(HOC1)2 
with  aqueous  HC1  (Grimaux,  Bl.  [2]  18,  208). 
Slender  needles. 

(jS)-Chloro- (a) -naphthol  C10H6C1(OH)[2:1]  [c. 
54°J.  Is  contained  in  the  mother  liquors  ob- 
tained by  passing  chlorine  into  a  solution  of 
(a)-naphthol  in  HOAc  (Cleve,  B.  21,  894). 

V.  e.  sol.  most  menstrua  ;  only  crystallisable 
from  petroleum  ether. 

Chlorine  forms  di-chloro-naphthol  [106°]. 
PC15  yields  tri-chloro-naphthalene  [92°J. 
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Chloro-08)-naplithol  C10H6C1(OH)[1:2].  [68°] 
(S.);  [70°]  (C.).  Formed  by  the  action  of 
chlorine  on  (£)  -naphthol  sodium  suspended  in 
CS.,  (Schall,  B.  16,  1901),  or  dissolved  in  HOAc 
(Cleve,  B.  21,  895). 

Needles  or  monoclinic  plates  (from  chloro- 
form) ;  a:b:c  =  1-96:1:1-956  ;  0  =  66°  54'.  Volatile 
with  steam.  Converted  by  PC15  into  chloro- 
naphthyl  phosphate  (C10H5C1)3P04  [152°]  or,  at 
a  higher  temperature,  into  (1,  2)-di-chloro- 
naphthalene  [34°]. 

/CH:C(OH) 

(2:3)-Chloro-(0)-naphthol    C6H4<;          | 

\CH:CC1 

[101°  uncor.].  (308°).  Formed  by  heating 
sodium  (£)-naphthol  (£)-sulphonate  (Kumpf's 
acid)  (1  mol.)  with  PC15  (2  mols.)  at  150°-160°. 
Fine  colourless  needles.  V.  e.  sol.  alcohol,  ether, 
etc.,  si.  sol.  water.  Volatile  with  steam.  By  fur- 
ther action  of  PC15  it  yields  di-chloro-naphthalene 
[61°]  (Glaus  a.  Volz,  B.  18,  3157). 

Chloro-(j8)-naphthol  C)0HtiC1.0H.  [115°  un- 
cor.]. Formed,  together  with  (e)  -di-chloro- 
naphthalene,  by  heating  potassium  ()8)-naphthol- 
sulphonate  with  PC15  (3  mols.)  to  170°  (Glaus  a. 
Zimmermann,  B.  14,  1484).  Fine  needles  or 
prisms.  Sol.  alcohol,  ether,  and  hot  water.  Not 
volatile  with  steam. 


Di-chloro-(a)-naphthol 


XC(OH):CC1 
I     . 
:CC1 


\CH 

[101°  uncor.].  Formed  by  heating  sodium  (a). 
naphthol-  (£)-sulphonate  (1  mol.)  with  PC15 
(2-2i  mols.)  at  100°-120°.  Sublimes  in  white 
needles.  V.  sol.  ordinary  solvents.  By  further 
treatment  with  PC15  it  is  converted  into  tri- 
chloro-naphthalene  [90°].  By  dilute  HN08  at 
200°  it  is  oxidised  to  phthalic  acid.  By  boiling 
with  an  acetic  solution  of  Cr03  it  is  oxidised  to  di- 

/CO.CC1 
chloro-(a)-naphthoquinoneC6H4^        ||     [189°]. 

\CO.CC1 
(Glaus  a.  Knyrim,  B.  18,  2926). 

Di-chloro-(a)-naplitliol  CIOH5C12(OH)  [1:3:4]. 
[106°]  (C.)  ;  [108°]  (Zincke,  B.  21,  1027).  Formed 
by  passing  chlorine  into  a  cold  solution  of  (a)- 
naphtholin  HOAc  (Cleve,  B.  21,  891).  Needles. 
Sol.  alcohol,  chloroform,  benzene.  Crystallises 
from  HOAc  as  C10H5C12OH  +  HOAc  losing  HOAc 
at  40°-50J. 

Reactions.  —  1.  Yields  on  heating  a  substance 
C20H10C12O2  (?).—  2.  Dilute  HN03  forms  yellow 
needles  of  a  quinone-like  substance  and  phthalic 
acid.  —  3.  Oxidation  with  chromic  acid  forms 
chloro-naphthoquinone  [116C],  which  on  heat- 
ing with  aniline  forms  the  anilide  [203°]  (cf. 
Knapp  and  Schultz,  A.  210,  189).—  4.  PC15  forms 
(1,3,4)  tri-chloro-naphthalene. 

Acetyl  derivative  C10H5Cl2OAc.     [76°]. 

Di-chloro-(£)-naphthol  C10H5C12(OH).  [125° 
uncor.].  Formed,  together  with  tri-chloro- 
naphthalene  [90°],  by  heating  sodium  (&)- 
naphthol-  (/3)-di-sulphonate  with  PC15  at  210°. 
Colourless  felted  needles.  Sublimable.  V.  sol. 
alcohol,  ether,  etc.,  si.  sol.  hot  water  (Glaus  a. 
Schmidt,  B.  19,  3174). 

Tri-cMoro-(a)-naphtholC10H4Cl3(OH)  [4:3:2:1]. 
[160°].  From  tri-chloro-naphthol  dichloride 
and  NaHS03  (Zincke,  B.  21,  1027).  Silky 
needles  (from  HOAc).  Cr03  oxidises  it  to  di- 
chloro  -  (a)  -naphthoquinone. 


Acetyl  derivative  C10H4Cl3OAc.    [124°]. 

/CO.CC1, 
Tri-chloro-(a)  -naphthol    CaH4<          |         or 

/CO .  CC1  \CC1:CH 

CgH^          ||     .  Tri-chloro-(a)-ketonapht?uilene. 

\CC12.CH 

[121°].  From  (a)-naphthol  in  HOAc  by  chlorina- 
tion  (Z.).  Flat  monoclinic  prisms ;  v.  e.  sol. 
benzene.  Boiling  dilute  alcohol  converts  it  into 
chloro- (o)  -naphthoquinone.  Hydroxylamine  hy- 
drochloride  appears  to  form  an  oxim  [o.  148°], 
a  compound  C10H5C12(NO),  and  a  third  body 

.CO.CC12 
Tetra-chloro-(a) -naphthol       C6H4^ 


CO  .  CGI 


/ 


CC1:CC1 


4  ||      .     Tetra-chtoro-(a).ketvnaph- 

\CC12.CC1 

thalene.  Two  modifications,  corresponding 
perhaps  to  the  above  formulae,  are  formed  by 
chlorinating  tri-chloro-(o)-naphthol  (Z.),  viz. 
rhornbohedra  [105°]  and  prisms  [94°].  Boiling 
dilute  alcohol  or  dilute  HOAc  convert  both  into 
di-chloro-  (a)  -naphthoquinone.  Dilute  alcoholic 
KOH  forms  chloro-oxy-naphthoquinone.  KOH 
in  absolute  alcohol  appears  to  form 
--  CO 

I     -    [149°]. 
)Et):CCl 
TRI-CHLORO-(a)-NAPHTHOL  DICHLORIDE 


,CO.CC12 


J(NPh).CCl 


[157°].    From  Cl  and  (o)- 


naphthol  in  cold  HOAc  (Zincke,  B.  21,  1027). 
Monoclinic  plates  (from  benzene).  NaHS03  in 
presence  of  HOAc  reduces  it  to  tri-chloro-(o)- 
naphthol.  Dilute  alcohol  or  dilute  HOAc  at 
130°  form  di-chloro-(a) -naphthoquinone.  Alco- 

C(NPhH) 

i 

[157°]  whence  B'^PtCl,.. 

Tetra-chloro-(a)  -naphthol  dichloride 

/CO  .  CC12 
C6H4<  |        .     [130°].    From  tetra-chloro- 

\CC12.CC12 

(a) -naphthol,  Mn02,  and  HC1  (Z.).  V.  sol. 
benzene  and  hot  alcohol,  si.  sol.  ether.  Does 
not  react  with  aniline.  May  be  reduced  to  tri- 
chloro  -  (o)  -  naphthol.  Alcoholic  KOH  forms 
CCl2:CCl.CO.CttH4.CO,H  [128°]. 

CHLORO-(a)-NAPHTHOQUINONE  C10H5C1O, 

.CO.CC1 
i.e.  C6H4<        ||        [1110]  (P.) ;    [116°]   (Cleve, 

\CO.CC1 

B.  21,  891);  [118°]  (Zincke,  B.  21,  1027).  A 
by-product  in  the  preparation  of  di-chloro- (o)- 
naphthoquinone  [189°]  by  treating  di-nitro-(a)- 
naphthol  with  KC103  and  HC1  (Plagemann,  B. 
15,  485). 

The  following  amides  are  formed  by  treating 
di-chloro- (a) -naphthoquinone  with  the  corre- 
sponding amine  in  alcoholic  solution  (P.) : 

Methylamide  C10H4C10,NMeH.  [150°]. 
Orange  needles,  v.  sol.  alcohol. 

Di-methyl-amide  C10H4C102NMe2.  [85°]. 
Scarlet  needles,  v.  sol.  alcohol. 

Ethylamide  C10H4C102NEtH.  [110°]. 
Brownish-red  needles,  v.  sol.  alcohol. 

Anilide  0,^,010.,^^^  [208°]  (P.); 
[202°]  (K.  a.  S.;  C.).  lied  metallic  needles.  Sol. 
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acetic  acid  and  alkalis,  si.  sol.  alcohol.  Its 
solution  in  cone.  H2S04  is  of  a  magenta  colour. 
SnClj  reduces  it  to  a  dihydride  [170°]  (Knapp  a. 
Schultz,  A.  210,  189). 

Nitrosamine  C10H4C102N(NO)C6H5  :  [126°]  ; 
yellow  needles  or  plates,  sol.  benzene,  si.  sol. 
ligroin  ;  formed  by  passing  nitrous  acid  into  the 
anilide  suspended  in  acetic  acid  (Plagemann,  B. 
16,  895). 

p-Bromo-anilide  C,0H4C102.NHC6H4Br. 
[262°].  Formed  by  bromination  of  chloro-naph- 
thoquinone-anilide  ;  or  by  the  action  of  ^-brorn- 
aniline  on  di-chloro-naphthoquinone.  Sol.  in 
NaOH  to  a  red  solution,  si.  sol.  alcohol  and  acetic 
acid. 


[245°].  Formed  by  the  action  of  w-nitraniline 
on  di-chloro-naphthoquinone.  Yellowish-red 
sparingly  soluble  needles. 

p-Nitro  -anilide  C10H4C102.NH.C6H4(N02)  . 
[282°].  Formed  by  the  action  of  j»-nitraniline 
on  di-chloro-naphthoquinone  ;  or  by  nitration 
of  chloro-naphthoquinone-anilide.  Bed  felted 
needles.  SI.  sol.  alcohol  and  acetic  acid,  sol. 
alkalis  to  a  violet  solution.  Nitrosamine 
C10H4C102N(NO)C6H4(N02).  [126°]. 

o  -  Toluide  C,0H4C102.NHC6H3(CH3)H. 
[152°].  Eed  metallic  crystals.  Formed  by  the 
action  of  o-toluidine  on  di-chloro-naphthoqui- 


). [196°]. 

Formed  by  the  action  of  jp-toluidine  on  di-chloro- 
naphthoquinone.  Metallic  red  crystals.  Sol. 
acetic  acid,  si.  sol.  alcohol.  Dissolves  in  NaOH 
to  a  violet  solution. 

Bromo-o-toluide 

C10H4C102.NHC6H3(CH3)Br.  [212°].  Formed  by 
bromination  of  chloro-naphthoquinone-o-toluide. 
SI.  sol.  alcohol  and  acetic  acid. 

Bromo-p-  toluide 

C]0H4C102.NHC6H3(CH3)Br.  [185°].  Formed  by 
bromination  of  chloro-naphthoquinone-^-toluide. 
Eed  needles.  SI.  sol.  alcohol,  dissolves  in  NaOH 
to  a  violet  solution. 

Nitro-o-toluide 

C10H4C102.NH.C6H3(CH3)(N02).  [230°].  Formed 
by  nitrating  the  o-toluide  (P.). 

Nitro-p-  toluide 

CIOH4C102.NHC6H3(CH3)(N02).  [236°-240°j. 
Formed  by  nitration  of  chloro-naphthoquinone- 
2>-toluide.  Eed  felted  needles.  SI.  sol.  alcohol 
and  acetic  acid.  Dissolves  in  NaOH  to  a  violet 
solution. 

C.CO 
| 
_I:CC1 

[172°].  Obtained  by  passing  chlorine  gas  into 
(jS)-naphthoquinone  suspended  in  ten  times  its 
weight  of  acetic  acid.  Eed  needles.  Sol.  hot 
alcohol,  acetic  acid,  benzene,  and  chloroform. 
Dissolves  in  dilute  caustic  alkalis  with  a  reddish- 
brown  colour  forming  chloro-oxy-(a)-naphthoqui- 
none.  With  alcoholic  NH3  or  aniline  it  yields. 
respectively  the  imide  or  anilide  of  chloro-oxy- 
(o)-naphthoquinone  (Zincke,  B.  19,  2497). 

/CO.CO 
Dichloride     C6H4<^         |          .       [128°]. 

\CHC1.CC12 

Formed  by  passing  chlorine  into  a  solution  of 
(#)  -naphthoquinone  in  HOAc  (Zincke,  B.  20, 
2890).  Thin  needles  (containing  2aq).  In  the 


hydrated  condition  it  melts  at  112°.    Methyl* 

yCO.C(OH) 

amine  forms  C^H/^  ^       [200°]. 

\C(NMe).CCl 

Di-chloro-(o)-naphthoquinone  C10H6C1202  i.e. 

.CO.CC1 

CtiH4<        ||       [189°]. 
\CO.CC1 

Formation.— 1.  From  chloro  -  naphthalene 
tetrachloride  C,0H.C13  and  boiling  HN03  (Lau- 
rent, A.  Ch.  [2]  74,  35 ;  Rev.  Scient.  13,  591).— 
2.  From  di  -  nitro  -  naphthol,  KC103  and  HC1 
(Graebe,  A.  149,  3).— 3.  From  naphthalene  in 
HOAc  and  Cr02Cl2  (Carstanjen,  B.  2,  633).— 
4.  Together  with  chlorinated  phthalic  acids  by 
oxidation  of  tetra-chloro-naphthalene  [140°] 
(from  (a)-naphthol-tri-sulphonic  chloride  and 
PC15)  with  Cr03  or  HN03. 

Properties.  —  Sublimes  in  yellow  needles. 
Insol.  water,  si.  sol.  cold  alcohol  and  ether.  By 
alkalis  it  is  converted  into  chloro-oxy-(a)-naph- 
thoquinone  which  forms  yellow  needles  [215°]. 
With  aniline  it  yields  C10H4Cl(NHPh)02,  splen- 
did violet-red  crystals  [203°  uncor.]  (Glaus  a. 
Mielcke,  B.  19,  1184).  Oxidation  gives  phthalic 
acid.  PC15  forms  penta-chloro-naphthalene. 

Di-chloride  C10H4C1402.  [117°  uncor.]. 
Formed  by  heating  di-chloro-(a)-naphthoquinone 
(10  pts.)  with  HC1  of  S.G.  1-2  (48  pts.)  and  MnO2 
(10  pts.)  for  10  hours  at  230°.  Large  colourless 
prisms.  Sublimes  unaltered.  By  SnCl2  or  other 
reducing  agent  it  is  re-converted  into  di-chloro- 
(a) -naphthoquinone  (Glaus,  B.  19,  1142). 

('  /3  ')-Di-chloro-(a)-naphthoquinone 

/CO.CC1 
C10H4C1202  probably  C6H3C1<;         ||         [149°  un- 

\CO.CH 

cor.].  Formed,  together  with  chloro-phthalic 
acid  C6H3C1(C02H)2  [4:2:1],  by  oxidation  of  (e)- 
di-chloro-naphthalene  in  acetic  acid  solution  by 
Cr03.  Yellow  needles.  Sublimable  without 
decomposition.  Dissolves  in  aqueous  KOH 
with  a  red  colour.  By  boiling  with  alkalis  it  is 
converted  into  ('#  ')-chloro-oxy-naphthoqui- 
none  C10H4C1(OH)02.  (Glaus  a.  Miiller,  B.  18, 
3073). 

Di-chloro  -  (o)  -  naphthoquinone  C,0H4C1202. 
[153°].  Formed,  together  with  the  isomeride 
[189°]  by  chlorinating  di-nitro-naphthol  (P.). 

jp-Di-chloro-(a)-naphtlioquinone  C10H4C12O2. 
[174°].  Formed,  together  with  di-chloro-phthal- 
ide,  by  oxidation  of  di-chloro-naphthalene  [68°] 
with  Cr03  and  glacial  acetic  acid.  Long  yellow 
needles.  Sublimable.  Sol.  alcohol  and  ether, 
nearly  insol.  water.  By  NaOH  it  is  converted 
into  chloro  -  oxy  -  (a)  -  naphthoquinone.  With 
aniline  it  forms  C10H4Cl(NHPh)02,  garnet  red 
needles,  [185°]  (Guareschi,  B.  19,  1155). 

.CO.CO 

Di-chloro-  (£)  -naphthoquinone  CaH4<; 

\CC1:CC1 

[184°].  Formed  by  the  action  of  chlorine  upon 
(£)  -naphthoquinone,  or  better  (a)-amido-(#)- 
naphthol  in  acetic  acid.  Eed  plates,  long  flat 
needles,  thick  rhombic  or  monoclinic  tables. 
Sol.  chloroform,  si.  sol.  alcohol.  Sublimable. 
With  alcoholic  NH,  or  aniline  it  yields  th^rimide 
or  anilide  of  chloro-oxy- (a) -naphthoquinone.  It 
dissolves  in  cold  dilute  NaOH  to  a  colourless 
solution  forming  an  acid  C10HKC12O3  which  pos- 
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,C(OH).C02H 
sibly  has  the  constitution  C,.H4< 

\CC1.CC1 

(Zincke,  B.  19,  2499).  This  acid  crystallises  in 
slender  needles  (containing  aq)  [100°] ;  it  forms 
a  methyl-ether  C10H4Cl2(OH).CO,Me  [138°]  and 
B,nacetyl-methyl  ether  CloH.4Gl2(OA.c)CO.,M.e[7Q0]. 

Tri-chloro-(a)-naphthoquinone  C6H3C1302. 
Formed  by  oxidation  of  tri-chloro-naphthalene 
[90°]  (from  ()3)-naphthol-(|8)-di-sulphonic  acid 
and  PC15)  with  Cr03  and  acetic  acid.  It  was  not 
isolated,  but  by  treatment  with  aniline  was  con- 
verted into  the  anilide  C10H3CL,(NHPh)02,  which 
formed  reddish-violet  plates  [228°]  uncor., 
sublimable  (Glaus  a.  Schmidt,  B.  19,  3177). 

Tetra-chloro-  (a)  -naphthoqumone 

/CO.CH 
C6C14<         ||        [160°    uncor.].       Long    yellow 

\CO.CH 

needles.  Sublimable.  Prepared  by  oxidation  of 
penta-chloro-naphthalene  with  fuming  HN03  at 
110°.  PC15  converts  it  into  hepta-chloro -naph- 
thalene (Glaus  a.  Lippe,  B.  16,  1018). 

Penta-chloro-(a)-naphtlioqumone 

C.CC1 
||      [217°  uncor.].    Formed  together 
.CH 

with  tetra-chloro-phthalic  acid,  by  oxidation  of 
hepta-chloro-naphthalene  [194°]  with  HN03 
(1-5  S.G.)  at  100°.  Glistening  golden  plates 
(from  chloroform).  Sublimes  in  long  glistening 
needles.  By  alkalis  it  is  converted  into 
salts  of  tetra-chloro-oxy-naphthoquinone 

C.C(OH) 
||          .    With      aniline     it     yields 
.CH 

/CO.C(NHCtiH5) 
C.Cl/^        ||  ,  which  crystallises  from 

\CO.CH 

alcohol  or  acetic  acid  in  glistening  red  plates 
[240°  uncor.].  By  heating  with  PC15  at  250°  it 
is  converted  into  per-chloro-naphthalene  [203°] 
(Glaus  a.  Wenzlik,  B.  19,  1166). 

DI  -  CHLOKO  -  (0)  -  NAPHTHOQUmONE  DI  - 

/  CO.CO 
CHLORIDE    CaH4<  [91°].      Formed 

\CC12.CC12 

by  passing  chlorine  into  a  solution  of  (1,  2)- 
amido-naphthol  in  HO  Ac  (Zincke,  B.  21,  495). 
Yellowish  crystals  (from  ether) ;  v.  sol.  ether, 
HOAc,  and  petroleum  ether. 

DI-CHLORO-(a)-NAPHTHOQUINONE  STTL- 
PHONIC  ACID  C10H3C1202(S03H)[2:3:1:4:3']. 
From  sodium  di-nitro-(a)-naphthol  sulphonate 
((a)-naphthol  yellow),  KC103  and  HC1  (Glaus, 
J.pr.  [2]  37,  181).  Light  yellow  plates,  v.  sol. 
water  and  alcohol,  insol.  ether.  Converted  by 
potash-fusion  into  (j8)-oxy-phthalic  acid.  Aniline 
forms  C10H3Cl(NPhH)02(S03H)  [190°],  a  colour- 
ing matter  crystallising  in  dark-red  plates. 

Salts. — NaA':  yellow  crystalline  powder 
(from  water)  or  yellow  plates  (from  alcohol). — 
CaA'2. — BaA'2. 

DI-CHLORO-tfAPHTHOSTYRIL        v.       Di- 

CHLOKO-AMIDO-NAPHTHOIC   LACTAH. 

TETK  A-CHLORO-  (j8]8)  -DIN  APHTH  YL 

C.,0H10C14.  Amorphous  (Smith  a.  Poynting,  C.  J. 
27,  854). 

Hexa-chloro-(aa)-dinaphtliyl  C20H8C14. 

Amorphous  (Lossen,  A.  144,  77). 


CHLORO-(a)-NAPHTHYL-AMINE   C10H8C1N 

/C(NH.,):CH  /C(NH2):CC1 

i.e.C0H4<  "    |        or     C8H4<  |     . 

N    CH=CC1  >    CH=CH 

[56°].     Obtained  by  reduction  of  di-chloro-(a)- 

naphthylamine  [82°]  with  tin  and  HC1.     Thin 

white  needles.     Very  unpleasant  smell.     SI.  sol. 

hot  water.    Very  volatile  with  steam.    Its  salts 

are  decomposed  by  water. 

Salts.  —  B'HClaq:  silky  needles.  — 
B'HClSnCl2 :  thin  glistening  plates.— B'H2S04aq : 
slender  white  needles  (Cleve,  B.  20,  450). 

CWoro-(o)-naphtliylaniine  C10H6C1(NH2). 
[86°].  From  chloro-nitro-naphthalene  by  re- 
duction (Atterberg,  B.  10,  548).— B'HCl. 

Chloro-(o)-naphthylamine  C^HgC^NHj). 
[94°].  Formed  by  reducing  (-y)-di-chloro-nitro- 
naphthalene  (Atterberg,  B.  9,  1730).  Fe2Cl8 
gives  a  greyish-green  coloration.  Displacement 
of  NH2  by  Cl  forms  (Q-di-chloro-naphthalene 
(Atterberg,  B.  10,  548). -B'HCl  aq.—B'HSnCl3. 
— B'H2S04. 

Chloro-(a)-naphthylamine  C)0H8C1(NH2). 
[98°].  Formed  by  the  slow  action  of  SnCl4  on 
a  solution  of  (o)-naphthylamine  hydrochloride 
exposed  to  air  (Seidler,  B.  11, 1201). 

AcetylderivativeC}0H.6Cl(NH.kc).[1840]. 

(a)-Chloro-(i8)-naplitliylamine  C,0H,C1.NH2 
[1:2].  [59°].  Prom  the  acetyl  derivative  and 
HC1.  Elimination  of  NHj  gives  (o)-chloro- 
naphthalene.— B'HCl  aq. 

Acetyl  derivative  C10H6Cl.NHAc.  [147°]. 
Formed  by  passing  chlorine  into  a  solution  of 
acetyl  ()8)-naphthylaminemdiluteHOAc  (Cleve, 
B.  20,  1989). 

Di-chloro-(o)-naplithylamine  CioH^fNILJ. 
[104°].  Formed  by  reducing  ('  )8  ')-di-chloro- 
nitro-naphthalene  [68°].  Needles  (from  alcohol). 
B'HCl.— B'HSnCl3.—B'2H2PtCl62aq.—B'H2S04. 

(Tj)-Di-chloro-naplithylaniine  C,0H6C12(NH2). 
[94°  ?].  Formed  by  reducing  (Tj)-di-chloro-nitro- 
naphthalene  (Cleve,  BL  [2]  29,  500).— B'HCl. 

Di-chloro-(a)-naphthylamine  C10H7C12N  pro- 

/C(NH2):CC1 
bablyC6H4<  |     .      [82°].     Obtained  by 

\    CH^CCl 

saponifying  its  acetyl  derivative,  which  is  formed 
by  passing  chlorine  (2  mols.)  into  an  acetic  acid 
solution  of  acetyl- (a) -naph thy lamine  (1  mol.). 
Crystalline  solid,  of  disagreeable  odour.  V.  e. 
sol.  alcohol.  Volatile  with  steam.  Non-basic. 
By  HN03  it  is  oxidised  to  phthalic  acid.  By 
elimination  of  the  NH,  group  by  the  diazo-re- 
action,  di-chloro-naphthalene  [61°]  is  formed. 
By  tin  and  HC1  it  is  reduced  to  mono-chloro-(a)- 
naphthylamine  [56°]. 

Acetyl  der^a^veC,0H5Cl2.NHAc:  [214°]; 
long  thin  white  needles ;  sol.  acetic  acid,  alcohol 
and  chloroform ;  sublimable  (Cleve,  B.  20,  448). 

DI-CHLORO-DI-(0)-NAPHTHYL-AMINE 

(  l°B6enl2oylderivative(C}0E6Cl).^Bz.  [203° 
uncor.]  ;  small  white  needles ;  sol.  alcohol, 
benzene,  and  chloroform.  Formed  by  the  action 
of  PC15  on  the  benzoyl  derivative  of  di-(0)-naph- 
thylamine  (Glaus  a.  Eichter,  B.  17,  1590). 

DI  -  CHLORO  -  NAPHTHYLENE  -  DIAMINE 
C.oH.Cl^NH,).,.  [205°].  Formed  by  reduction 
of  di-chloro-di-nitro-naphthalene  [253°]  by  tin, 
HC1,  and  HOAc  (Alen,  Bl.  [2]  36,  435). 
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DI-CHLORO-(a)-DINAPHTHYLENE-OXIDE 

LjO.  [151°].  Prepared  by  the  action  of 
PC15  on  (a)-dinaphthylene-oxide  (Knecht  a.  Un- 
zeitig,  B.  13,  1725).  Sublimes  and  crystallises 
in  yellow  needles.  V.  sol.  benzene  and  acetic 
acid,  si.  sol.  alcohol,  ether,  and  chloroform. 

Di-chloro-(j8)-ainaphtliylene-oxideC20H10Cl20. 
[245°].  Prepared  by  the  action  of  PC15  on  (0)- 
dinaphthylene-oxide  (K.  a.  U.).  Yellow  glisten- 
ing needles  (from  benzene). 

TBI-CHLORO-  (a)  and  (0)  -DI-NAPHTHYL- 
ETHANE  CC13.CH(C10H7)2.  Formed  together 
by  the  action  of  H.,S04  on  a  mixture  of  naphthal- 
ene and  chloral",  thus  :  CC13.CH.O  +  2C,0H8 
=  CC13.CH(C10H7)2  +  H20. 

Preparation. — 6  pts.  of  H2S04  mixed  with 
6  pts.  of  fuming  H2S04  are  added  to  a  mixture 
of  3  pts.  of  chloral,  8  pts.  of  naphthalene,  and 
6  pts.  of  chloroform  (Grabowski,  B.  11,  298). 

(^-modification  [156°].  Crystals.  Insol. 
cold,  si.  sol.  hot,  alcohol  and  ether.  Separated 
from  the  (a) -modification  by  its  sparing  solu- 
bility in  alcohol.  On  distillation  it  loses  HC1 
forming  dichloro-(j8)-dinaphthyl-ethylene. 

Tetra-nitro-derivative  [258°].  Yellow  pow- 
der. Insol.  alcohol,  ether,  C6H6,  &c. 

(^-modification.  Not  isolated  in  the  pure 
state.  V.  sol.  alcohol. 

DI-CHLORO-(o)-DI-NAPHTHYL-ETHYLENE 
CC1,:CH(CJOH7)2.  [150°].  SI.  sol.  cold,  v.  sol. 
hot,"  alcohol.  Long  colourless  needles.  Less 
stable  than  the  (&)  -modification.  Prepared  by 
distilling  crude  trichloro-(o)-di-naphthyl-ethane 
with  20  p.c.  of  lime  (Grabowski,  B.  11,  299). 

Tetra-nitro-derivative.     [214°]. 

Di-chloro-(j8)-di-naphthyl-ethylene 
CC12:CH(C10H7)2.    [219°].    (above  360°).    Distils 
without  decomposition.    Short  prismatic  pillars. 
SI.  sol.  alcohol.    Prepared  by  the  distillation  of 
tri-chloro-  ()8)  -di-naphthyl-eth  ane. 

Tetra-nitro-derivative.  [293°]  (Grabowski, 
B.  11,299). 

CHLORO  -  (£)  -  NAPHTHYL- PHOSPHORIC 
ACID  C10H6C1.0PO(OH)2.  [205°  uncor.]. 
Formed  as  a  by-product  in  the  action  of  PC15 
(2  mols.)  on  potassium  (£)-naphthol-sulphonate 
(1  mol.)  at  150°  (Glaus  a.  Zimmermann,  B.  14, 
1483).  Small  plates.  By  boiling  alkalis  it  is 
decomposed  into  chloro-(j8)-naphthol  and  phos- 
phate. 

CHLORO-NICOTINIC  ACID  v.  CHLORO-PYRI- 

DINE-CARBOXYLIC  ACID. 

«-DI-CHLORO  -  o  -  NITRO  -  ACETOPHENONE. 

C6H4(N02).CO.CHC12.  [73°].  Nitro-phenyl  di- 
chloro-methyl  ketone.  Formed  by  chlorination 
of  C6H4(N02).CO.Me  (Gevekoht,  A.  221,  328). 
Plates  (from  benzoline). 

CHLORO-NITRO-AMIDO-PHENOL 
C6H5C1N203 i.e.  C6H2C1(N02)(NH2)(OH)  [2:4:6:1]. 
[160°].  Formed  by  reducing  chloro-di-nitro- 
phenol  [110°]  with  ammonium  sulphide  (Griess 
a.  Kolbe,  A.  109,  286 ;  Faust  a.  Miller,  A.  173, 
315  ;  Z.  1871,  339 ;  Armstrong,  C.  J.  25,  14). 
Slender  brass-yellow  needles  (containing  £  aq) 
(from  hot  water).  When  dried  at  100°  it  is  scar- 
let. Elimination  of  NH2  gives  chloro-nitro- 
phenol  [110°].—  B'HCl :  yellowish  needles.— 
B',H2S04.— NH4(C6H4C1N203).— 
Ba(C6H4ClN2O3)2  4aq :  slender  black  needles. 

Chloro-nitro-amido-phenol.  Methyl  ether 
C6HJ(Cl)(NO,)(OMe)(NH2).  Chloro -nitro -anisi- 


dine.  Acetyl  derivative  [185°],  yellow 
needles,  sol.  alcohol  and  ether,  insol.  cold  water 
(Herold,  B.  15,  1686). 

Chloro-di-nitro-amido-phenol.  Methyl 

ether  C6H(Cl)(N02)2(OMe)(NH2).  Acetyl  de- 
rivative [165°],  yellow  needles  (H.). 

Chloro  -  tri  -  nitro  -  amido  -  phenol.  Me  thy  I 
ether  C6(Cl)(N02)3(OMe)(NH2).  Acetyl  de- 
rivative [198°],  orange-yellow  needles  (H.). 

CHLORO  -  NITRO  -  AMIDO  -  DI  -  PHENYL  - 
AMINE  v.  CHLORNITROPHENYL-PHENYLENE-DI- 
AMINE. 

CHLORO-NITRO- AN  ILINE 
C6H3C1(N02)(NH2)  [4:3:1].     [103°  uncor.]. 

Formation. — 1.  By  nitration  of  ^-chloro- 
aniline  dissolved  in  10  pts.  of  H2S04 ;  the  yield 
is  50  p.c.  of  the  chloraniline.— 2.  Together  with 
a  much  larger  quantity  of  the  (6:3:1) -iso- 
meride  by  reduction  of  chloro-di-nitro-benzene 
C6.H,C1(NO.,)2  [4:3:1]  in  alcoholic  solution  with 
SnCl2  and  HC1. 

Properties. — Small  yellow  glistening  needles 
(from  hot  petroleum-ether),  or  long  thin  needles 
(from  boiling  water).  V.  sol.  alcohol,  ether  and 
chloroform,  m.  sol.  hot  water,  nearly  insol.  cold 
water.  Weak  base.  By  elimination  of  the  NH2 
group  it  gives  o-chloro-nitro-benzene  [33°].  By 
replacement  of  the  NH2  group  by  Cl,  di-chloro- 
nitro-benzene  [55°]  is  formed. 

Acetyl  derivative  C6H,Cl(N02)(NHAc) 
[100°] ;  small  yellow  needles  (Glaus  a.  Stiebel 
B.  20,  1379). 

Chloro  -  nitro  -  aniline  CtiH3Cl(N02)(NH.,) 
[2:4:1].  [105°].  Prepared  by  heating  (1,  2, 4)- 
di-chloro-nitro-benzene  [43°]  with  ammonia  at 
210°J(Beilstein  a.  Kurbatoff,  A.  182,  98).  Ap- 
pears also  to  be  formed  in  small  quantity  by 
nitrating  acetyl-o-chloro-aniline.  Light  yellow 
I  needles.  Elimination  of  NH2  gives  w-chloro- 
nitro-benzene. 

Acetyl  derivative  C6H3Cl(N02)(NHAc). 
[139°]. 

Chloro  -  nitro  -  aniline  CtiH3Cl(N02)(NH.,) 
[4:2:1].  [115°].  (B.  a.  K.) ;  [116°]  (K.).  From 
(1,4,2) -di-chloro- nitro -benzene  and  alcoholic 
NH3  at  165°.  Formed  also  by  nitrating  acetyl 
!  _p-chloro-aniline  (Korner,  G.  4,  373 ;  Beilstein  a. 
Kurbatoff,  B.  9,  633;  A.  182,  94).  Orange- 
yellow  needles  (from  water)  or  spherical  groups 
of  brick-red  needles  (from  alcohol).  Elimination 
of  NH2  gives  m-chloro-nitro-benzene.  Reduc- 
tion to  chloro-phenylene-diamine  followed  by 
treatment  with  sodium-amalgam  gives  o-phenyl- 
ene-diarnine  (Korner). 

Chloro  -  nitro  -  aniline  C6H3C1(N02)  (NH2) 
[6:3:1].  [117°]. 

Formation. — 1.  Together  with  a  smaller 
quantity  of  the  (4:3:l)-isomeride  by  reduction  of 
chloro-di-nitro-benzene  C6H3C1(N02)2  [4:3:1]  in 
alcoholic  solution  with  SnCl2  (Glaus  a.  Stiebel, 
B.  20, 1379).— 2.  By  nitration  of  acetyl-o-chloro- 
aniline  (B.  a.  K.). 

Properties. — Yellow  needles.  Elimination  of 
NH2  gives  jp-chloro-nitro-benzene. 

Acetyl  derivative  C6H3Cl(N02)(NHAc). 
[154°]. 

Chloro  -  nitro  -  aniline  C6H3C1(N02)(NH2) 
[3:6:1].  [125°]. 

Formation. — 1.  By  heating  (3,6,l)-di-chloro- 
nitro-benzene  [33°]  with  alcoholic  NH3  for 
10  hours  at  160°  (Korner,  O.  4,  373).— 2.  From 
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chloro-di-nitro-benzene  [39°]  and  NH3  (Lauben- 
heimer,  B.  9,  1826).— 3.  By  nitrating  acetyl 
w-chloro-aniline  (B.  a.  K.). 

Properties. — Thin  yellow  laminae  (from  alco- 
hol). Elimination  of  NH2  gives  £>-chloro-nitro- 
benzene.  Eeduction  by  tin  and  HC1  gives 
chloro-phenylene-diamine  whence  sodium-amal- 
gam produces  o-phenylene-diamine  (Korner). 

Acetyl  derivative  C6H3Cl(N02)(NHAc). 
£115°]. 

Chloro  -  nitro  -  aniline  C6H3C1(N02)  (NH2) 
.[3:4:1].  [157°].  Formed,  together  with  the 
.preceding,  by  nitrating  acetyl  w-chloro-aniline 
(B.  a.  K.).  Yellow  laminae  (from  benzene). 
Elimination  of  NH2  gives  o-chloro-nitro-benz- 
ene  [32-5°]. 

Acetyl  derivative  [142°]. 

Chloro  -  di-nitro  -  aniline  CtiH)Cl(N02)2(NH2) 
[4:2:6:1].  [145°].  From  di  -  chloro  -  di  -  nitro- 
benzene [104°]  and  alcoholic  NH3.  Formed 
also  by  chlorinating  di-nitro-aniline  [138°]  and 
by  treating  the  methyl  ether  of  chloro-di-nitro- 
phenol  [65°]  with  NH3  (Korner).  Orange  needles. 
Alcoholic  KOH  converts  it  into  chloro-di-nitro- 
phenol. 

Di-chloro-nitro-aniline  C6H2C12(N02)  (NH.J 
[3:6:2:1].  [68°].  From  its  acetyl  derivative, 
which  is  formed,  together  with  the  (3,6,4,1) -iso- 
meride  [153°],  by  the  nitration  of  C6H3Cl2(NHAc) 
[3:6:1]  (Beilstein  a.  Kurbatow,  A.  192,  232). 
Also  from  (3,6,2,l)-di-chloro-di-nitro-benzene 
and  alcoholic  NH3  (Korner).  Yellow  needles. 
Displacement  of  NH2  by  Cl  gives  (3,6,l,2)-tri- 
chloro-nitro-benzene  [89°]. 

Acetyl  derivative  C6H2Cl2(N02)(NHAc). 
[205°]. 

Di-chloro  -  nitro  -  aniline  C6H2C12(N02)  (NH,,) 
[3:5:6:1].  [79°].  Prepared  together  with  the 
(3,5,4,l)-isomeride  [171°]  by  nitration  of  acetyl- 
(1,3,5) -di-chloro-aniline.  Yellow  needles.  Con- 
verted by  elimination  of  NH2  into  di-chloro- 
nitro-benzene  [33°]. 

Acetyl  derivative  [139°].  Sol.  OS., 
(Beilstein  a.  Kurbatow,  B.  11,  1979). 

Di-chloro-nitro-aniline  C6H2C12(N02)  (NH2) 
[4:3:2:1].  [96°].  Prepared  together  with  the 
(4,3,6, l)-isomeride  [175°]  by  nitration  of  acetyl- 
(4,3,l)-di-chloro-aniline.  Yellow  needles. 

Acetyl  derivative  [153°]  (Beilstein  a. 
Kurbatow,  B.  11,  1978). 

Di-chloro-o-nitro-aniline  CtiH2Cl2(N02)(NH2) 
[2:4:6:1].  [99°].  Formed  by  passing  chlorine 
into  a  solution  of  o-nitraniline  in  cone.  HC1 
(Langer,  A.  215,  111).  Formed  also  by  nitration 
of  acetyl-(4,2,l)-di-chloro-aniline,  or  by  chlorina- 
tion  of  ac3tyl-(4,2,l)-chloro-nitro-aniline,  and 
decomposition  of  the  resulting  acetyl  derivative 
by  HC1  (Witt,  B.  7,  1603;  8,  820).  Slender 
orange  needles  (from  benzoline).  V.  sol.  alcohol, 
ether,  or  benzoline.  Elimination  of  NH2  gives 
di-chloro-nitro-benzene  [65°] 

Acetyl  derivative  C6H,CL(NO.,)(NHAc). 
[188°].  ' 

Di-chloro-nitro-aniline  C6H.,C12(N02)  (NH2) 
[3:6:4:1].  [153°].  Prepared,  together  with  the 
(3,6,2,l)-isomeride  [68°],  by  nitration  of  acetyl- 
(3,6,l)-di-chloro-aniline.  Yellow  needles. 

Acetyl  derivative  [146°]  (Beilstein  a. 
Kurbatow,  B.  11,  1978  ;  A.  196,  235). 

Di-chloro-nitro-aniline  C6H2C12(N02)  (NH,) 
[3:2:6:1].  [163°].  Formed  by  heating  C6H2C13(N02) 


[56°]  with  alcoholic  NH3  at  210°  (Beilstein  a. 


Kurbatow,  A.  192,  235).    By  elimination 
it  gives  di-chloro-nitro-benzene  [43°]. 

Di-chloro-nitro-aniline  CtiH2CL(N02)  (NH>) 
[3:5:4:1].  [171°].  Large  yellow  needles.  Pre- 
pared, together  with  the  (3,5,6,l)-isomeride  [79°], 
by  nitration  of  acetyl-(5,3,l)-di-chloro-aniline. 
Elimination  of  NH,  gives  di-chloro-nitro-benzene 
[71°]. 

Acetyl  derivative.  [222°].  Insol.in  CS2 
(Beilstein  a.  Kurbatow,  A.  196,  227;  B.  11, 
1979). 

Di-chloro-nitro-aniline  CtiH2Cl2(N02)(NH  ) 
[3:4:6:1].  [175°].  Prepared  by  the  action  o'f 
alcoholic  NH3  on  trichloronitrobenzene  [58°]  or, 
together  with  the  (4,3,2,l)-isomeride  [96°],  by 
the  nitration  of  acetyl-(4,3,l)-di-chloro-aniline. 
Yellow  needles.  Displacement  of  NH2  by  Cl 
gives  tri-chloro-nitro-benzene  [58°]. 

Acetyl  derivative  [124°].  Less  sol. 
alcohol  than  the  isomeride  (1;4,5;6)  (Beilstein  a. 
Kurbatow,  A.  196,  225;  B.  11,  1978). 

Di-chloro-nitro-aniline  C6H2C12(N02)  (NH2) 
[2:6:4:1].  [188°].  Formed  by  chlorination  of 
^-nitro-aniline  (Korner,  G.  4,  276  ;  Witt,  B.  8, 
143).  Lemon-yellow  needles.  Elimination  of 
NH2  gives  di-chloro-nitro-benzene  [65°]. 

Acetyl  derivative  C6H2CL(N02)(NHAc). 
[210°]. 

Di-chloro-di-nitro-aniline  C6HC12(N02)2(NH  ,) 
[3:4:2:6:1].  [128°].  Formed  by  nitrating  acetyl- 
(4,3,l)-di-chloro-aniline,  and  eliminating  Ac  by 
H2S04  (Beilstein  a.  Kurbatow,  A.  196,  235; 
B.  11,  1978).  Large  red  needles. 

Acetyl  derivative  C6HCl2(N02)2(NHAc) 
[246°]. 

Tri-chloro-w-nitro-aniline 

CtiHCl3(N()2)(NH2)  [5:4:2:3:1].  [98°].  From 
ra-nitraniline  (1  pt.),  cone.  HC1  (25  pts.)  and 
water  (20  pts.),  by  passage  of  a  mixture  of  air 
and  chlorine  (Langer,  A.  215,  110).  Long, 
broad  yellow  needles  (from  light  petroleum). 

Tri-chloro-nitro-aniline  C6HC13(N02)(NH2) 
[2:4:5:6:1].  [124°].  Prepared  by  nitration  of 
acetyl-tri-chloro-aniline  [185°],  and  elimination 
of  Ac  by  HC1.  Yellow  needles. 

Acetyl  derivative  C6HCl3(N02)(NHAc). 
[193°]  (Beilstein  a.  Kurbatow,  A.  196,  235; 
B.  11,  19,80). 

CHLOEO  -  NITRO  -  ANISIDINE  v.  Methyl 
ether  of  CHLOBO-NITEO-AMIDO-PHENOL. 

CHLORO-NITRO-ANISOL  v.  Methyl  ether  of 
CHLORO-NITRO-PHENOL. 

o-CHLORO-NITRO-BENZENE  C6H4C1(N0.2) 
[1:2].  Mol.  w.  157£.  [32-5°].  (243°).  S.G.  21 
1-368. 

Fornwtion.—  1.  Together  with  the_p-isomeride, 
by  nitrating  chloro-benzene  (Jungfleisch,  A.  Ch. 
[4]  15,  186  ;  Laubenheimer,  B.  7,  1765  ;  8,  1621  ; 
Sokoloff,  Z.  1866,  621  ;  Lesimple,  Z.  [2]  4,  225). 
2.  From  chloro-nitro-aniline  [157°]  by  elimina- 
tion of  NH2  through  the  diazo-  reaction  (Beilstein 
a.  Kurbatoff,  B.  9,  633  ;  A.  182,  107).—  3.  In 
small  quantity  by  the  action  of  PC15  on  o-nitro- 
phenol  (Engelhardt  a.  Latschinoif  ,  Z.  [2]  6,  225). 

Properties.  —  Needles  ;  converted  by  aqueous 
NaOH  at  130°  into  o-nitro  -phenol.  Not  attacked 
by  alcoholic  KCy. 

m-Chloro-nitro-benzene  C6H4C1(N02)  [1:3]. 
[45°].  (236°  cor.). 

Formation.  —  1.    By  chlorination    of    nitro- 
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benzene  in  presence  of  iodine  (Laubenheimer, 
J5.  7, 1765)  or  SbCl3  (Beilstein  a.  Kurbatoff,  A. 
182, 102). — 2.  From  w-nitro-aniline  by  displace- 
ment of  NH2  by  Cl  through  the  diazo-  reaction 
(Griess,  Pr.  13,  381). 

Preparation. — 1.  From  nitro-benzene  (500  g.) 
and  Fe2Cl6  (10  g.)  by  chlorination  (Varnholt, 
J.pr.  [2]  36,  25). — 2.  By  running  a  solution  of 
NaN02  into  a  hot  solution  of  w-nitro-aniline 
and  Cu2Cl2  in  dilute  HC1  (Sandmeyer,  B.  17, 
2650). 

Properties.  —  Trimetric  crystals;  a:b:c  = 
•661:1:  -498.  Sublimes  in  flat  needles.  V.  sol. 
ether,  benzene,  chloroform,  CS2,  HOAc,  and  hot 
alcohol. 

Reactions.— 1.  Nitration  forms  C6H3C1(N02)2 
[39°].— 2.  Alcoholic  KOH  gives  (C6H4C1)2N,0. 
[97°]. — 3.  Alcoholic  KCy  gives  o-chloro-benzo- 
nitrile  (Kichter,  B.  8,  1418). 

p-Chloro- nitro-benzene  C6H4C1(N02)  [1:4]. 
[83°].  (242°).  S.G.  2a  1-38. 

Formation. — 1.  Together  with  the  o-iso- 
meride,  by  nitration  of  chloro-benzene  (Eiche, 
A.  121,  357  ;  Jungfleisch,  A.  Ch.  [4]  15,  186).— 
2.  From  _p-nitro-aniline  by  displacement  of  NH2 
by  Cl  (Griess,  Pr.  13,  381).— 3.  From  #-nitro- 
phenol  and  PC15  (Engelhardt  a.  Latschinoff ,  Z. 
1870, 230).— 4.  From  (3,6,l)-chloro-nitro-aniline 
by  elimination  of  NH2  (Beilstein  a.  Kurbatoff, 
A.  182,  105). 

Properties.— Trimetric  plates. 

Eeactipns.—l.  Heating  with  aqueous  Na2C03 
and  NaOH  at  130°  slowly  forms  ^)-nitro-phenol. 
2.  Alcoholic  KOH  gives  (C6H4C1)2N2O  and,  at 
180°,  C6H4Cl.N2.CtiH4Cl.  If  the  alcohol  be  dilute 
C6H4C1.0Et  is  formed. — 3.  Alcoholic  KCy  gives 
w-chloro-benzonitrile. 

Chloro-di-nitro-benzene  CtjH3Cl(N02)2  [1:3:4?]. 
Mol.w.  202 1.  According  to  Laubenheimer  (B. 
9,  760,  768)  the  chloro-di-nitro-benzene  formed 
by  nitrating  w-chloro-benzene,  exists  in  four 
modifications,  viz. : 

(a).  [36°].  Thick  monoclinic  prisms :  a:b:c 
- 1-887:1:  -981 ;  0  =  114°  14'.  Gradually  passes 
into  the  (7)  modification. 

()8).  [37°].  Monoclinic  prisms,  a:b:c 
=  •625:1: -560;  j8  =  91°  27'.  Gradually  passes 
into  the  (7)  modification. 

(7).  [39°].    Thin  trimetric  needles. 

(5).  Liquid. 

Reactions. — 1.  Aqueous  NaOH  forms  chloro- 
nitro  -  phenol  [39°].  —  2.  Aniline  forms 
CfiH3Cl(N02)(NPhH).-3.  Tin  and  HC1  reduce 
it  to  chloro-phenylene-diamine  [72°]. — 4.  Boiled 
with  a  solution  of  sodium  sulphite  it  gives 
chloro-nitro-benzene-sulphonic  acid  and  NaN02 
(Laubenheimer,  B.  15,  597). — 5.  Phenyl-hydra- 
zine  forms  C6H,Cl(NO,).N2H2Ph  [140°]  (Willge- 
rodt,  J.  pr.  [2]  37,  355). 

Chloro-di-nitro-benzene  CHH3C1(N02)2  [1:2:4]. 
[53-5°].  (315°).  S.G.  i-2-  1-697. 

Formation. — 1.  By  nitration  of  o-  or  p- 
chloro-nitro-benzene  (Jungfleisch,  A.  Ch.  [4]  15, 
186). — 2.  From  di-nitro-phenol  and  PCL  (Clemm, 
Z.  1870,  274). 

Properties. — Trimetric  crystals;  v.  si.  sol. 
cold  alcohol,  v.  sol.  boiling  alcohol  and  ether. 
Jungfleisch  describes  a  physical  isomeride  [42°]. 

Reactions.— 1.  Tin  and  HC1  form  chloro- 
nitro-aniline  [89°].— 2.  Strong  aqueous  KOH 
forms  di-nitro-phenol.— 3.  Alcoholic  NH3  at 


110°  forms  di-nitro-aniline  [175°]. — 4.  Alcoholic 
NMe3  forms  C6H3(N02)2(NMe2)r  [78°]. -5.  Di- 
methyl-aniline gives  C6H3(N02)2(NPhMe)  [167°] 
(Leymann,  B.  15,  1233).— 6.  By  the  action  of 
KOH  dissolved  in  an  alcohol,  it  gives  the  ether 
of  the  di-nitro-phenol  corresponding  to  the  alcohol 
used  (Willgerodt,  B.  12,  762).— 7.  Phenyl-hy- 
drazine  in  the  cold  forms  C6H3(N02)2.N2H2Ph 
[120°]  crystallising  in  red  plates  and  converted 
by  boiling  HOAc  into  C(iH3(NO)2.N2Ph  [247°] 
(Willgerodt,  J.pr.  [2]  37,  347,  449). 

Chloro  -  tri  -  nitro  -  benzene  C6H2C1(N02)3. 
[1:2:4:6].  Picryl  chloride.  Mol.  w.  247f .  [83°]. 
From  tri-nitro-phenol  (picric  acid)  and  PC15 
(Pisani,  A.  92,  326 ;  Clemm,  J.  pr.  [2]  1,  145 ; 
Z.  [2]  6,  444).  Amber-yellow  monoclinic  tables 
(from  ether)  or  nearly  colourless  needles  (from 
alcohol).  V.  sol.  boiling  alcohol,  si.  sol.  ether. 
Combines  with  benzene  and  other  aromatic  hy- 
drocarbons (Liebermann  a.  Palm,  B.  8,  378). 

Reactions. — 1.  Water  or  aqueous  Na2C03 
converts  it  into  tri-nitro-phenol. — 2.  Ammonia 
forms  tri-nitro-aniline.— 3.  Alcoholic  KOH  forms 
C6H2(N02)3OEt.  —  4.  Ethyl  •  hydrazine  forms 
C,.H2(N02)3N2H2Et  [200°]  (Fischer,  A.  199, 
299).— 5.  Phenyl-hydrazine  forms  C12H7N5O4 
[225°]  (238°)  (Willgerodt,  J.  pr.  [2]  37,  357).— 
6.  Alcoholic  di  -  methyl  -  amine  gives  rise  to 
C6H2(N02)3NMe2  [114°]  (Van  Eomburgh,  R.  T.  G. 

2,  105). 

Di-chloro-nitro-benzene  C6H3C12(N02)  [1:3:4]. 
[33°].  Formed  by  nitrating  w-di-chloro-benz- 
ene  (Korner,  G.  4,  305  ;  J.  1875, 323 ;  Beilstein  a. 
Kurbatoff,  A.  182,  97).  Long  needles  (from 
alcohol).  Converted  by  alcoholic  NH3  at  210° 
into  C6H3C1(NH2)(N02)  [1:3:4]  [125°].  Aqueous 
Na2C03  has  no  action  even  at  290°.  Alcoholic 
NaOH  readily  forms  C6H3Cl(OEt)(NO2). 

Di-chloro-nitro-benzene  C6H3C1.,(N02)  [1:2:4]. 
[43°].  From  C6H2C12(N02)(NH,)  "[1:2:4:3]  and 
[6:2:4:3]  by  displacement  of  NK,~by  H  (Beilstein 
a.  Kurbatoff,  A.  192,  235).  Formed  also  by 
nitration  of  o-di-chloro-benzene  (B.  a.  K.,  A. 
176,  41).  Long  needles  (from  alcohol).  Con- 
verted by  alcoholic  ammonia  at  210°  into 
C6H3C1(NH2)(N02)  [105°]. 

Di-chloro-nitro-benzene  C6H3C12(N02)  [1:4:6]. 
[55°].  (266°).  S.G.  23  1-669. 

Formation. — 1.  By  passing  chlorine  into 
cold  nitro-benzene  (75  g.)  containing  Fe2Cl6 
(11-5  g.)  (B.  a.  K. ;  Page,  A.  225,  208).— 2.  By 
nitration  of  ^)-di-chloro-benzene  (Jungfleisch). — 

3.  From  C6H3C1(N02)(NH2)  [4:3:1]  by  the  action 
of  Cu2Cl2  upon  the  diazo-  compound  (Glaus  a. 
Stiebel,  B.  20,  1381). 

Properties. — Triclinic  crystals  (from  CS._,). 
Volatile  with  steam.  Alcoholic  KOH  converts 
it  into  C,.H3(OH)C1(NO,)  [1:4:6]  [86°],  together 
with  (C6H3C12),,N2O  and  di-chloro-aniline  [50°] 
(Laubenheimer,  B.  7,  1600).  By  alcoholic  NH3 
at  200°  it  is  converted  into  chloro-nitro-aniline 
[115°]. 

Di-chloro-nitro-benzene  C6H3C12(N02)  [1:3:5]. 
[65°].  From  the  di  -  chloro  -  nitro  -  anilines 
C8H2(NH2)C1,(N02)  [1:2:4:6]  and  [1:2:6:4]  by 
eliminating  NH2  (Korner,  G.  4,  376 ;  Witt,  B.  7, 
1604 ;  B.  8,  144).  Long  thin  laminae  (from  al- 
cohol). Volatile  with  steam.  Alcoholic  NH3  does 
not  act  upon  it. 

Di  -  chloro  -  di  -  nitro  -benzete  C6H2C12(N02)2. 
[103°].  Formed  by  nitrating  m-di- chloro- 
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benzene  (Korner,  O.  4,  305  ;  J.  1875,  323).  Yel- 
lowish prisms.  Converted  by  aqueous  KOH  into 
a  chloro-di-nitro-phenol. 

Di  -  chloro  -  di  -  nitro  -  benzene  OJLCLfNO.), 
[1:4:2:6].  [87°]  (J.)  ;  [104°]  (Engelhardt  a. 
Latschinoff).  (312°).  S.G.  ^  1-710.  Formed,  to- 
gether with  the  following,  by  nitrating  p-di- 
chloro-benzene  (Jungfleisch).  Small  monoclinic 
plates.  Boiling  aqueous  Na2C03  converts  it  into 
di-chloro-phenol  [80°]. 

Di  -  chloro  -  di  -  nitro  -  benzene  CtiH2Cl2(N02)2 
[1:4:2:3 or  5]  [107°]  (J.);  [101°]  (E.  a.  L.).  (318°). 
S.G.  —  1-695.  Formed  as  above.  Monoclinic 
needles.  Boiling  aqueous  Na2C03  converts  it 
into  chloro-di-nitro-phenol  [70°].  Alcoholic 
NH3  at  160°  forms  C6H2C12(NH2)(N02)  [66°] 
(Korner,  G.  4,  350). 

Tri  -  chloro  -  nitro  -  benzene  C6H2C13(N02) 
[1:2:4:5].  [57°].  (288°).  S.G.  ^1-790.  Formed 
by  nitrating  C6H3C13  [1:2:4]  (Lesimple,  Bl.  [2] 
6,  161;  A.  137,  123).  Sulphur-yellow  mono- 
clinic  prisms  (from  CS2).  Converted  by  NH3 
into  CtiH2(NH2)Cl2(N02)  [1:3:4:6]. 

Tri-chloro-nitro-benzene 

C6H2C13(N02)  [1:2:3:4].  [56°J.  From  c-tri- 
chloro-benzene  and  fuming  HN03  (Beilstein  a. 
Kurbatow,  A.  192,  235).  Colourless  silky  needles 
(from  alcohol).  V.  sol.  ether  and  CS2,  m.  sol. 
dilute  (50  per  cent.)  acetic  acid,  si.  sol.  alcohol. 
May  be  reduced  to  tri-chloro-aniline  [68°]. 
Alcoholic  NH3forms  C6H2C12(NH2)(N02)  [1:2:3:4] 
[163°]. 

Tri-chloro-nitro-benzene 

CfiH2Cl3(N02)  [1:3:5:2].  [68°].  From  s-tri-chloro- 
benzene  and  fuming  HN03  (Beilstein  a.  Kur- 
batoff,  A.  192,  233).  Long  needles  (from  alco- 
hol). V.  sol.  CS2  and  light  petroleum.  Am- 
monia at  230°  forms C6H2(NH2)2C1(N02)  [1:3:5:2]. 

Tri-chloro-nitro-benzene 

C6H2C13(N02)  [1:3:6:2].  [89°].  Formed  from 
C6H,C12(NH2)(N02)  [3:6:1:2]  by  diazo-reaction 
(B.  a.  K.).  Colourless  needles  (from  light  petro- 
leum). V.  sol.  alcohol,  less  sol.  light  petroleum. 

Tri-chloro-di-nitro-benzene  C6HC13(N02)2. 
[103-5°].  (335°).  S.G.  a*  1-85.  Formed  by 
nitration  of  w-tri-chloro-benzene  (Jungfleisch). 
Light  yellow  six-sided  prisms.  Insol.  cold  alco- 
hol, sol.  hot  alcohol  and  ether. 

Tri  -  chloro  -di  -  nitro  -  benzene  C6HC13(N02)2. 
[1:3:5:2:4].  [130°].  Formed  by  nitrating  s-tri- 
chloro-benzene  (Jackson  a.  Wing,  Am.  9,  353). 
Thick  white  prisms  (from  alcohol).  Sol.  cold 
alcohol  and  ether ;  v.  sol.  benzene,  CS2,  and 
chloroform. 

Tri  -  chloro  -  tri  -  nitro  -  benzene  C6C13(N02)3 
[1:3:5:2:4:6].  [187°].  Formed  by  nitrating  the 
preceding  (Jackson  a.  Wing,  Am.  9,  354). 
Thick  white  needles  (from  alcohol).  V.  si.  sol. 
water,  sol.  alcohol,  v.  sol.  ether,  benzene,  and 
CS2. 

Tetra-ehloro-nitro-benzene 
CGH(N02)C14    [1:2:3:4:6].   [22°].     From  w-tetra- 
chloro-benzene  and  fuming  HN03  (Beilstein  a. 
Kurbatoff,  A.   192,   238).     Colourless  needles. 
V.  sol.  benzene,  CS2,  and  hot  alcohol. 

Tetra-chloro-nitro-benzene 
C6HC14(N02)  [1:2:3:4:5].  [64-5°].    From  c-tetra- 
chloro-benzene  and  fuming  HNO3  (Beilstein  a. 
Kurbatoff,  A.  192,  239).    Small  needles,  si.  sol. 
alcohol. 


Tetra-chloro-nitro-benzene 
C6H(N02)C14  [1:2:3:5:6].  [99°].  (304°).  S.G.  ^ 
1-744.  From  s-G6JijCl4  and  fuming  HNO,.  Some 
chloranil  is  also  formed,  but  light  petroleum 
dissolves  the  C«H(N02)C14  only  (Beilstein  a. 
Kurbatow,  A.  192,  236 ;  c/.  Jungfleisch,  loc.  cit.). 
Formed  also  by  passing  chlorine  at  100°  into 
nitro-benzene  containing  Fe2Cl,  (Page,  A.  225, 
208).  Needles  (from  alcohol). 

Penta  -  chloro  -  nitro  -  benzene  CHC15(NO,). 
[146°].  (328°).  S.G.  a5- 1-718.  Formed  by  heat- 
ing penta-chloro-benzene  with  fuming  HNO, 
(Jungfleisch).  Slender  needles  (from  alcohol) 
or  monoclinic  tables  (from  CS2).  V.  sol.  boiling 
alcohol,  CS2,  and  chloroform. 

CHLORO  -  NITRO  -  BENZENE  -  STTLPHONIC 
ACID  C6H3(C1)(N02)S03H  [1:4:3].  Formed  by 
boiling  (l:3:4)-chloro-di-nitro-benzene  with  a 
solution  of  sodic  sulphite. — NaA'  2aq :  glistening 
prisms  or  needles,  sol.  water  and  alcohol. 

Amide  [159°].  Plates  or  needles.  Sol. 
alcohol,  si.  sol.  water  (Laubenheimer,  B.  15, 597). 

ra-Chlor-nitro-benzene  sulphonic  acid 
C6H3(C1)(N02)(S03H)  [I'.Six].    Prepared  by  sul- 
phonation of  w-chloro-nitro-benzene.     On  re- 
duction  it    gives   a    chloro-amido-phenyl-mer- 
captan  which  does  not  form  anhydrp-  compounds. 

Salts. — A'2Bax  :  white  sparingly  soluble 
needles.— A'2Pbx  :  soluble  needles.— A'K  :  white 
soluble  needles  (Allert,  B.  14, 1434). 

(a)-Chloro-nitro-benzene-sulphonic  acid 
C§H3(C1)(N0.2)S03H    [1:3:?].    Formed   together 
with  an  isomeric  ()8)-acid  by  sulphonation  of 
w-chloro-nitro-benzene. 

Salts. — A'K:  needles  or  plates,  sol.  alcohol. 
A'Na  2|aq  :  yellow  needles. — A'-jBa  2aq  :  small 
brown  needles  or  plates,  v.  sol.  alcohol. — 
A'2Sr|aq:  thick  brown  plates,  sol.  alcohol 
(Post  a.  Meyer,  B.  14,  1606). 

(j8)-Chloro-nitro-benzene-sulplionic  acid 
C«H3(C1)(N02)S03H    [1:3:?].    Formed    together 
with  the  preceding  by  sulphonation  of  m-chloro- 
nitro-benzene. 

Salts. — A'K^aq:  light  yellow  prisms. — 
A'2Ba£aq :  small  yellow  needles,  insol.  alcohol. — 
A'2Sr :  yellow  crystalline  powder  (Post  a.  Meyer, 
B.  14,  1606). 

w-Chloro-nitro-benzene  di-sulphonic  acid 
C,.H,(C1)(N02)(S03H)2    [1:3:?:?].     Prepared    by 
sulphonating  w-chloro-nitro-benzene  with  boil- 
ing H2S04.— A"K2 :  pearly  scales  (Allert,  B.  14, 
1436). 

CHLORO-NITRO-BENZOIC  ACID 
C6H3C1(N02)(C02H)  [2:4:1].   [137°].   Formed  by 
oxidising  chloro-nitro-toluene  [65°]  by  alkaline 
KMn04  (Wachendorff,  A.  185,  275 ;  Lellmann, 
B.  17,  534). 

Chloro-nitro-benzoic  acid 

CdH3Cl(N02)(C02H)  [3:2:1].  [137°].  Formed  by 
the  action  of  H2S04  and  HN03  on  the  di-chloro- 
benzoic  acid  [15~6°]  obtained  by  direct  chlorina- 
tion  of  benzoic  acid  (Glaus  a.  Bucher,  B.  20, 
1624).  Either  this  or  the  following  acid  ought 
to  be  identical  with  the  isomeride  [235°]. 

Chloro-nitro-benzoic  acid 
C6H,C1(N02)(C02H)    [3:4:1].    [136°].    Obtained 
by  the  action   of  H2S04  and  HN03  on  the  di- 
chloro-benzoic  acid  [201°]  formed  by  chlorina- 
tion  of  benzoic  acid(C.a.B.).-  BaA'24aq  (B.a.K.). 

(£)-Cbloro-nitro-benzoic  acid 
CliHa'Cl(NOJ(C02H)  [3:6:1].    [138°].  One  of  the 
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products  of  the  nitration  of  w-chloro-benzoic 
acid  (Ulrich,  A.  222,  97). 

Salts.-  BaA'2.— Ca  A'2aq.— PbA'2.— 
KA'  2Aaq. 

Ethyl  ether'EtAf.  [282°]  (Cunze  a.Hiibner, 
A.  135, 113). 

Anilide  C6H3Cl(N02)(CONPhH) :  [164°]; 
needles. 

Chloro-nitro-benzoic  acid 
C.ftClfNOJCO.H  [4:2:1].     [139°].    From 
C-H,Cl(NO3Me    [4:2:1]      by     oxidation    with 
HN03  (S.G.  1-1)  (Varnholt,  J.pr.  [2]  36,  30). 
Formed  also  by  saponifying  its  nitrile  with  dilute 
H2S04.    Long  needles ;  si.  sol.  cold  water  and 
CS2,  m.  sol.  chloroform. 

Nitrile  C6H3C1(N02)CN.  [98°].  From  the 
corresponding  chloro-nitro-aniline  by  Sand- 
meyer's  reaction  (Glaus,  J.  pr.  [2]  37,  197). 
Needles,  v.  sol.  ether  and  alcohol,  m.  sol.  cold 
water. 

Chloro-nitro-benzoic  acid 

C6H3C1(N02)C02H  [1:3:5].  [147°].  From 
C6H3(NH2)(N02)C02H,  cone.  HC1,  and  nitrous 
acid  gas  (Hiibner,  A.  222,  89).  Small  needles. 
V.  sol.  alcohol,  ether  and  glacial  acetic  acid. 

Salt  s.— BaA'2  4aq.— PbA'2. 

Chloro-nitro-benzoic  acid  C6H3C1(N02)C02H 
[2:5:1].  [164°].  S.  -361  at  15°.  Formed  by 
nitration  of  o-chloro-benzoic  acid  (Wilkens  a. 
Eack,  A.  222,  195;  cf.  Kekule,  A.  117,  153). 
Formed  also  by  the  action  of  PC15  on  nitro-o-oxy- 
benzoic  acid  (Hiibner,  Z.  [2]  2,  614).  Long  thin 
monoclinic  needles  (from  dilute  HC1).  V.  sol. 
hot  water,  si.  sol.  cold  water,  v.  e.  sol.  alcohol, 
ether  and  benzene. 

Salts.  —  NH4A'«  —  NaA'.  —  BaA'23aq.  — 
SrA'2  4|aq.— CaA'2  2aq.— ZnA'2  5|aq.— CdA'2  5aq. 
— PbA'2. 

Ethyl  ether  EtA'.    [29°]. 

Nitrile  C6HSC1(N02)CN.  [106°].  Formed 
by  nitrating  the  nitrile  of  o-chloro-benzoic  acid 
(Henry,  B.  2,  493). 

Chloro-nitro-benzoic  acid  C6H3C1(NO2)C02H 
[4:3:1].  [180°].  Formed  by  nitration  of  p-chloro- 
benzoic  acid  (Eeveill,  A.  222,  182).  Formed  also 
by  oxidising  the  corresponding  chloro-nitro- 
toluene  (Hiibner,  Z.  [2]  2,  614). 

S  alts.— BaA'24aq.— CaA'2  5|aq.— MgA'2  5aq. 

Ethyl  ether  EtA'.     [59°]. 

Anilide  C6H3Cl(N02)CO.NPhH.     [131°]. 

Nitrile  C6H3C1(N02)CN.  [101°].  From 
the  corresponding  chloro-nitro-aniline  by  Sand- 
meyer's  reaction  with  cuprous  cyanide  (Glaus, 
J.pr.  [2]  37, 197).  Needles,  si.  sol.  cold  water. 

Chloro-nitro-benzoic  acid  C6H3C1(N02)C02H 
[3:4:1].  [186°].  From  the  nitrile  by  saponifica- 
tion  with  dilute  H^O,  (Glaus,  J.pr.  [2]  37,  200). 
White  needles.  V.  sol.  hot  water,  alcohol,  ether, 
chloroform,  si.  sol.  cold  water,  CS2.— Salts. — 
BaA'22aq.  — CaA'22aq.  — AgA':  needles  (from 
water). 

Nitrile  C6H3C1(NO?)CN.  [87°].  From  the 
corresponding  chloro-nitro-aniline  by  displace- 
ment of  NHj  by  Cy.  Colourless  needles,  si.  sol. 
cold,  v.  sol.  hot,  water. 

(a)-Chloro-nitro-benzoic  acid 
C6H3C1(N02)(C02H)  [3:2:1].     [235°].    From  m- 
chloro-benzoic  acid  and  fuming  HN03.  Separated 
by  water  from  the  more  soluble  (/3)-isomeride 
[137°]  (Ulrich,  A.  222,  95).    Long  thin  needles, 


or  six-sided  tables.  V.  si.  sol.  water,  v.  sol. 
ether. 

Salts.— BaA'2  4aq. — CaA'2  3aq. 

Anilide  C6H3Cl(N02)(CONPhH).     [186°]. 

Chloro-di-nitro-benzoic  acid 
C?H2C1(N02)2C02H  [2:(3or)5:3?:l].  [238°].  By 
nitration  of  o-chloro-benzoic  acid  (Wilkens  a. 
Eack,  A.  222,  201).  Small  colourless  needles 
(from  petroleum).  V.  sol.  water,  alcohol,  ether, 
or  petroleum,  si.  sol.  benzene. 

Di-chloro-nitro-benzoic  acid 
C6H2C12(N02)(C02H)  [4:3:a:l].  [160°].  Obtained 
by  nitration  of  (4,3,l)-di-chloro-benzoic  acid 
[201C],  which  is  formed  by  direct  chlorination  of 
benzoio  acid  (Glaus  a.  Biicher,  B.  20,  1621). 
Small  needles.  Sol.  water. 

Di-chloro-nitro-benzoic  acid 
C6H2C12(N02)(C02H)  [3:2:^:1].  [215°].  Prepared 
by  nitrating  (3,2,l)-di-chloro-benzoic  acid  [156°], 
which  is  got  by  chlorinating  benzoic  acid  (Glaus 
a.  Biicher,  B.  20, 1621).  SI.  sol.  boiling  water.— 
BaA'2  4aq :  lens-shaped  aggregates  of  small 
needles. 

Tri-chloro-nitro-benzoic  acid 
C6HC13(N02)(C02H)  [2:4:6:3:1].  [220°].  From 
CgHClgjCOgH)  [2:4:6:1]  by  nitration  (Beilstein  a. 
Euhlberg,  A.  152,  239).  Small  needles  (from 
water).  V.  si.  sol.  boiling  water. — CaA'2  l^aq. — 
BaA'2  2aq  :  crystalline  powder. 

Tetra-chloro-nitro-benzoic  acid 
C6C14(N02)C02H  [5:4:3:2:6:1].  Formed  by  nitra- 
tion of  tetra-chloro-benzoic  acid  [5:4:3:2:1],  by  a 
mixture  of  fuming  HN03  and  cone.  H2S04. 
Silvery  plates.  Sol.  water.  By  tin  and  HC1  it 
is  reduced  to  tetra-chloro-amido-benzoic  acid. 

Salts. — A'2Ba2^aq:  v.  sol.  water,  small 
colourless  needles. — A'2Ca:  easily  soluble  glisten- 
ing plates  (Tust,  B.  20,  2441). 

CHLORO-NITRO-BENZOIC  ALDEHYDE 
CtiH3Cl(N02)CHO  [3:4:1].  [62°].  From  [3,4,1]- 
chloro-nitro-toluene  by  chlorinating  and  treating 
the  resulting  C6H3C1(N02).CH2C1  with  lead  or 
copper  nitrate  solution  (Landsberg,  D.  P.  J.  262, 
139).  White  needles  (from  water). 

Di-chloro-o-nitro-benzoic  aldehyde 
C6H2C12(N02)CHO.  [138°].  Obtained  by  nitra- 
tion of  di-chloro-benzoic  aldehyde  with  a  mixture 
of  HN03  and  H2S04  (Gnehm,  B.  17,  753) .  Pearly 
plates  or  needles.  By  treatment  with  acetone 
and  NaOH  it  yields  tetra-chloro-indigo. 

CHLORO-NITRO-CAMPHOR  v.  CAMPHOB. 

a-CHLORO-p-NITRO-CINNAMIC  ACID 
C6H4(N02).CH:CC1.C02H.  [224°].  From a-chloro- 
^>-nitro-)8-oxy-£-phenyl-propionic  acid  and  HC1 
(S.G.  1-1)  at  180°  (Lipp,  B.  19,  2646).    Prisms 
(from  alcohol). 

CHLORO-DI-NITRO-CYMENE 
C6HC1(N02)2(CH3)(C3H7)  [2:?:?:1:4].   [109°].  Mo- 
noclinic prisms.   Prepared  by  nitration  of  chloro- 
cymene  [214°]  (Gerichten,  B.  11,  1091). 

Chloro-di-nitro-cymene 

C6HC1(N02)2(CH3)(C3H7)  [3:?:?:1:4].  [101°]. 
From  di-nitro-thymol  and  PC15  (Ladenburg  a. 
Engelbrecht,  B.  10, 1220).  Light  yellow  prisms. 

w-Di-chloro-nitro-cymene 

C6H3(CHC12)(N02)(C3H7)  [1:3:4].  From  nitro- 
cuminio  aldehyde  C6H3(CHO)(N02)(C3H7)  and 
PC15  (Widmann,  B.  15,  167).  Oil. 

CHLORO-DI-NITRO-ETHANE  C2H3C1(N02)2  ? 
A  liquid  formed  when  ethylidene  chloride  is 
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heated  in  a   sealed  tube  with  HNOS  at  100° 
(Lauterbach,  B.  12,  677). 

Tetra  -  chloro  -  di  -  nitro  -  ethane  C2C14N204. 
Formed  by  direct  union  of  tetra-chloro-ethylene 
with  nitric  peroxide  (Hoch  a.  Kolbe,  J.  pr.  [2]  4, 
60).  Feathery  needles  (from  alcohol);  insol. 
water.  Volatile  with  steam.  Decomposes  at 
140°.  Alcoholic  KOH  forms  long  prisms  of 
C.,C13(N02)2(OK). 

"  CHLORO-NITRO-ETHYL-ANILINE 
C8H9ClN202i.e.C6H3Cl(N02).NHEt  [5:2:1].  [84°]. 
From  chloro-di-nitro-benzene  and  an  alcoholic 
solution  of  ethyl-aniline  (Laubenheimer,  B.  11, 
1156).     Golden  needles  ;  si.  sol.  cold  alcohol. 

DI-CHLORO-NITRO-ETHYL-BENZENE 
C6H5.CHC1.CHC1.N02.     [30°]  ?     Formed  by  the 
union   of  01  with  C6H5CH:CH.N02  (Priebs,  A. 
225,344).     Usually  an  oil.  Volatile  with  steam. 
Aqueous  NaOH  forms  C6H5.CG1:CH.N02. 

Di-chloro-nitro-ethyl-benzeneC6H2Cl2(N02)Et 
[l:4:z:2].  [175°].  Formed  by  boiling  di-chloro- 
ethyl-benzene  with  HN03  and  H2S04  for  50  ; 
hours  (Istrati,  Bl.  [2]  48,  41).  Crystalline  plates, 
sol.  hot  water.  Gives  a  yellowish-white  pp. 
with  Fe2Cl6. 

Di-chloro-tri-nitro-ethyl-benzene 
C6Cl2(N02)3Et.     [195°].     Formed  at  the   same 
time  as  the  preceding   (Istrati).       Groups    of 
small  crystals ;    insol.  water,  v.  sol.   alcohol. 
Fe2Cl6  pps.  its  alcoholic  solution. 

Tetra-chloro-nitro-ethyl-benzene 
CdCl4(N02)(C2H5)  [1:3:4:5:2:6].  [30°].  Formed 
by  passing  C2H4  into  a  mixture  of  A12C16  and 
CHC14(N02)  (Istrati,  A.  Ch.  [6]  6, 498).  Gelatin- 
ous solid,  v.  sol.  ether  and  CHC1S.  Decomposes 
on  distillation,  giving  tetra-chloro-di-ethyl- 
benzene. 

TRI-CHLORO-NITRO-ETHYLENEC2C13N02(?) 
Formed  by  adding  C2C14  to  a  cooled  mixture  of 
H2S04  and  fuming  HN03  (Hoch,  J.  pr.  [2]  6,  95). 
Pungent  yellow  oil ;  decomposed  by  water  and 
alkalis.  Br  at  150°  converts  it  into  C2Cl3Br2(N02) 
[c.  120°].  Liquid  nitric  peroxide  at  115°  forms 
feathery  crystals  of  an  unstable  compound 

2  CHLORO-NITRO-MESITYLENE  C9H10C1N02 
i.e.  C6HCl(N02)Me3  [2:4:1:3:5].  [57°].  Formed 
by  nitrating  chloro-mesitylene  (Fittig  a.  Hooge- 
werff,  A.  150,  324  ;  Z.  [2]  5,  168).  Pale  yellow 
spicular  crystals,  v.  sol.  alcohol. 

Chloro-di-nitro-mesitylene  C6Cl(N02)2Me3. 
[179°].  The  chief  product  of  the  action  of 
fuming  HN03  on  chloro-mesitylene  (F.  a.  H.). 
Long  colourless  needles  (from  alcohol).  SI.  sol. 
cold  alcohol.  May  be  sublimed. 

CHLORO  -NITRO-METHANE  CH,C1(NO,). 
(123°).  S.G.  ^  1-466.  Formed  by  the  action 
of  chlorine  -  water  on  sodium  nitro  -  methane : 
CH2Na(N02)  +  Cl2  =  NaCl  +  CH2Cl(N02).  Thepre- 
sence  of  01  and  the  chlorous  nitroxyl  (N02) 
render  the  hydrogen  displaceable  by  sodium : 
hence  the  liquid  dissolves  in  alkali. 

Chloro-di-nitro-methane  CC1H(N02)2. 

Potassium  salt  CKC1(N02)2 :  large  yellow 
crystals,  sol.  water,  explodes  at  145°  (Losanitsch, 
£.17,  849). 

Di-chloro-di-nitro-methane  CC12(NO.,).>. 

(above  100°).  S.G.  ^  1-685  (M.).  Formed  by 
passing  chlorine  into  an  aqueous  solution  of 
CKC1(N02)2  (Losanitsch,  B.  17,  848). 

Preparation.— Crude  naphthalene  tetrachlor- 


ide  (200  grms.)  is  treated  with  fuming  HNO, 
(400  c.c.)  in  a  large  retort ;  when  the  reaction 
is  over,  the  mixture  is  distilled  as  long  as  the 
residue  in  the  retort  froths  strongly.  The  distil- 
late is  diluted  with  twice  its  bulk  of  water  and 
the  di-chloro-di-nitro-methane  distilled  off  with 
steam;  the  yield  is  4  p.c.  of  the  naphthalene 
tetrachloride  (Marignac,  A.  38,  16 ;  Baschig,  B. 
18,  3326). 

Properties. — Pungent  oil :  volatile  with 
steam.  On  reduction  with  Sn012  it  yields 
hydroxylamine. 

Tri-chloro-nitro-methane  CC13(N02).  Chloro- 
picrin.  Nitro-chloroform.  Mol.  w.  164|.  (112° 
cor.).  S.G.  §  1-6923  (Thorpe).  C.E.  (0°-10°) 
•001106;  (0°-100°)  -0012256.  S.  (alcohol  of 
80-5  p.c.)  -743  (Cossa,  G.  2,  181).  S.V.  110-49. 
/i.,  1-4679  (Gladstone,  C.  J.  23,  101). 

Formation. — 1.  By  distilling  picric  acid  and 
other  nitro-  compounds  with  bleaching-powder 
(Stenhouse,  A.  66,  241 ;  P.  M.  [3]  33,  53 ;  Ger- 
hardt  a.  Cahours,  Campt.  chim.  1849, 34,  170).— 
2.  By  distilling  chloral  with  cone.  HN08  (Ke- 
kule,  A.  106,  144).— 3.  From  chloroform  and 
HN03  (Mills,  C.  J.  24,  641).— 4.  By  distilling 
alcohol  with  sodic  chloride,  KN03  and  H2S04 
(Kekute,  A.  101,  212). 

Preparation. — A  saturated  (at  30°)  solution 
of  picric  acid  (Ipt.)  is  mixed  with  bleaching 
powder  (10  pts.)  previously  made  into  paste  with 
water,  and  the  mixture  distilled  (Hofmann,  A. 
139,  111). 

Properties. — Pungent  liquid.  V.  si.  sol. 
i  water,  v.  sol.  alcohol  and  ether. 

Beactions.—  l.  Maybe  reduced  by  iron  and 

acetic  acid  to  methylamine  (Geisse,  A.  109,  282). 

2.  Fuming  HI  at  100°  forms  NH3,  HC1,  and  C02 

(Mills,  C.  J.  17,  153).— 3.  NaOEt  in  absolute 

I  alcohol     gives     orthocarbonic    ether    C(OEt)t 

I  (Bassett,   C.   J.  17,  198).— 4.   KCy  and  dilute 

|  alcohol        forms        chloro  -  nitro  -  malonitrile 

!  C(N02)ClCy2,  an  unstable  compound  which  gives 

1  with  aqueous  lead  acetate  app.  C(N02)ClCy23PbO 

andwithsilvernitrate(C(N02)ClCy2)3(AgN03)48aq 

(Bassett,  C.  J.  19,  352). — 5.  Alcoholic  ammonia 

forms  guanidine  C(NH)(NH2)2  (Hofmann,  G.  J. 

!  i9?  249).— 6.  Alcoholic    KOH    gives  KC1  and 

!  KN02  (S.).— 7.  Alcoholic  KOAc  at  100°  gives 

KC1,  K2C03,  and  KN02  (Bassett,  C.  J.  18,  31).— 

!  8.   K2S03  forms  CH(N02)(S03K)2  (Bathke,  A. 

161,   149). — 9.  With  benzene    in   presence    of 

A12CL    it    yields    tri-phenyl-carbinol    and    tri- 

phenyl-methane  (Elbs,  B.  16,  1274).— 10.  With 

phenol  and  A12C16  the  chief  product  is  aurin 

1  (tri-oxy-tri-phenyl-carbinol)    (E.).  —  11.    With 

naphthalene  and  A12C16  it  yields  tri-naphthyl- 

carbinol  (E.). 

|        DI-CHLORO-NITRO-TETRA-METHYL-DI- 
i  AMIDO-TRI-PHENYL-METHANE 
a,H,,N,ClA  *•*•  C6H4(N02).CH(C6H3Cl.NMe2)2. 
[208°"].      From     m  •  chloro  -di-  methyl  -aniline, 
_p-nitro-benzoic  aldehyde,  Zn012,  and  HOI  (Kock, 
B.  20,  1562).    Lemon-yellow  scales  (from  ben- 
zene).   May  be  reduced  to  C23H25N3C12  [181°]. 
Picrate  CAN^ed*     [189°]. 
CHLORO-NITRO-DI-METHYL-ANILINE 
C6H3Cl(N02)(NMe2)  [4:3:1].     [56°].    Formed  to- 
gether  with   other  products  by  the  action  of 
nitrous    acid    upon   p-chloro-di-methyl  aniline 
(Koch,  B.  20,  2459 ;  cf.  Heidlberg,  B.  20,  119). 
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CitLORO-NlTRO-NAPHTHALENE. 


CHLORO-NITRO-NAPHTHALENE 

C10H6C1(N02)  [1:4].  [85°].  From  (a)-chloro- 
naphthalene  and  cold  HN03  (S.G.  1-4).  Ex- 
tremely slender,  light  yellow  concentric  needles. 
PC15  gives  ('  ft  ')-di-chloro  naphthalene.  Tin  and 
HC1  reduce  it  to  (a)-naphthylamine  (Atterberg, 
B.  9,  927). 

('  a  ')-Chloro-di-nitro-naphtlialene 
C10H5C1(N02)2  [1:4:1'].  [106°].  Formed,  together 
with  the  foregoing  by  treating  (o)-chloro-naph- 
thalene  with  warm  HN03  (S.G.  1-4)  (A.;  Faust 
a.  Saame,  A.  160,  68).  Long  yellow  pliable 
needles,  v.  sol.  hot  alcohol.  PC15  converts  it 
into  (5)-tri-chloro-naphthalene. 

('  ft  ')-Chloro-di-nitro-naplitlialene    probably 
N02  N02 


.    [180°]  (A.) ;  [175°]  (E.).    Obtained 


by  the  action  of  hot  fuming  HN03  on  (o)-chloro- 
naphthalene  (Atterberg).  Formed  by  the^ action 
of  HN03  upon  chloro-nitro-(a)-naphthoic  acid 
[225°]  (Ekstrand,  B.  18,  2881).  Glistening 
yellow  needles  (from  alcohol).  SI.  sol.  boiling 
alcohol. 

('  ft  ')-Di-chloro-nitro-naphtlialene 
CIOH5C12(N02)  [l:4:r].     [92°].     From  ('/3')-di- 
chloro-naphthalene  and  HNO,  (S.G.  1-45)  (Wid- 
mann,  BL  [2]  28, 509).  With  PC15  it  gives  (S)-tri- 
chloro-naphthalene. 

Di-cMoro-nitro-naphtlialene  0,eH<013(N08). 
[95°  ?].  Formed,  together  with  an  isomeride 
[142°],  by  the  action  of  cold  cone.  HNO,  on  (8)- 
di-chloro-naphthalene  (Alen,  BL  [2]  36,  433). 

Di-chloro-nitro-naphthalene  Cj0H5Cl2(N02). 
[c.  114°].  From  (e)-di-chloro-naphthalene  and 
cold  fuming  HN03  (Alen,  Bl.  [2]  36,  435).  Yel- 
lowish needles. 

(??)  -Di-chloro-nitro-naphtlialene 
C10H5C12(N02).  [119°].  Formed  by  adding 
fumingHN03toa  solution  of  (7)-di-chloro-naph- 
thalene  in  HOAc  (Cleve,  Bl.  [2]  29, 499).  Golden- 
yellow  needles;  m.  sol.  boiling  alcohol.  PC1S 
forms  (t)-tri-chloro-naphthalene. 

Di-chloro-nitro-naphthalene  C10H5C12(N02). 
[139°].  Formed,  together  with  the  isomeride 
[114°],  by  treating  (e)-di-chloro-naphthalene 
with  cold  fuming  HN03  (Alen,  Bl.  [2]  36,  435). 
Needles,  turning  brownish-violet  in  the  air. 

Di-chloro-nitro-naplitlialene  C,0HSC12(N02). 
[142°].  From  (S)-di-chloro-naphthalene  and  cold 
cone.  HN03  (Alen,  Bl.  [2]  36,  433).  Needles, 
turning  green  in  the  air. 

(7)-Di-chloro-nitro-naplithalene 
C10H5C12(N02).  [142°].  From  (7)-di-chloro- 
naphthalene  and  cold  HN03  (S.G.  1-4)  (Atter- 
berg, B.  9,  928).  Short  sulphur-yellow  brittle 
prisms  (from  HOAc).  PC15  gives  (S)-tri-chloro- 
naphthalene. 

('  ft  ')-Di-cliloro-di-nitro-naplitlialene 
C10H4C12(N02)2.      [158°].      Formed    by    adding 
HN03  (S.G.  1-48)  to  a  solution  of  ('£  ')-di-chloro- 
naphthalene  in  HOAc  (Widmann,  Bl.  [2]   28, 
510).    Long  yellow  needles :  si.  sol.  alcohol. 

(7)-Di-chloro-di-nitro-naplitlialene 
C10H4C12(N02)2.  [246°].  From  (7)-di-chloro-nitro- 
naphthalene  [142°]  and  HN03  mixed  with 
H2S04  (Atterberg,  B.  9,  1730).  Light  yellow 
brittle  prismatic  needles ;  v.  si.  sol.  all  solvents. 
PC15  gives  (e)-tetra-chloro-naphthalene. 


(5)-Di-chloro-di-nitro-naphthalene 
C10H4C12(N02)2.      [246°].      Formed    by    adding 
fuming  HN03  to   a   solution   of    (S)-di-chloro- 
naphthalene  in  HOAc  (Alen,  Bl.  [2]  36,  434). 
Pale  yellow  prisms,  turning  green  in  air. 

(e)-Di-chloro-di-nitro-naplithaleiie 
C10H4C12(N02)2.  [253°].  Formed  by  acting  on 
(€)-di-chloro-naphthalene  dissolved  in  glacial 
acetic  acid  with  fuming  HN03  (Alen,  Bl.  [2]  36, 
435 ;  Glaus  a.  Dehne,  B.  15,  320).  Pale  yellow 
needles,  turning  red  in  air.  PC15  gives  (0-tri- 
chloro-naphthalene.  Alcoholic  KOH  forms 
C10H4(OEt)2(N02)2. 

Di-chloro-tri-nitro-naphthalene 
C10H3C12(N02)3.  [178°].  From  ('o')-di-chloro- 
naphthalene,  H2S04,  and  HN03  (S.G.  1-48) 
(Widmann,  BL  [2]  28,  505).  Brittle  yellow 
prisms  (from  HOAc);  si.  sol.  alcohol,  v.  sol. 
chloroform. 

(e)-Di-cliloro-tri-nitro-naphtlialene 
C10H3C12(N02)3.     [200°].    Formed  by  boiling  (e)- 
di-chloro-naphthalene  with  fuming  HN03  (Alen, 
BL  [2]  36, 435).    Pale  yellow  needles.  PC15  gives 
(rj)-tetra-chloro-naphthalene  [160°]. 

Di-chloro-tri-nitro-naphthalene 
C10H3C12(N02)3.     [201°].    Formed  by  acting  on 
(S)-di-chloro-naphthalene  with  fuming  HN03  at 
100°  (Alen,  BL  [2]  36, 434).    Pale  yellow  needles, 
turning  greenish  in  the  air. 

Tetra-chloro-nitro-naphtlialene 
C10H3C14(N02).  [155°].  From  (S)-tetra-chloro. 
naphthalene  and  cone.  HN03  (Atterberg  a.  Wid- 
mann, B.  10,1841).  Large  pale-yellow  trimetrie 
prisms  (from  alcohol-toluene).  PC15  gives  ('  ft  ')- 
penta-chloro-naphthalene. 

CHLORO-NITKO-(a)-NAPHTHOIC  ACID 


C02H 


C10H5C1(N02)(C02H)  probably 


.  [225°]. 


Formed  by  nitration  of  chloro-(o)-naphthoie  acid 
[245°].  Prismatic  needles. 

Ethyl  ether  A'Et:  [121°];  tables  (from 
alcohol)  (Ekstrand,  B.  18,  2881). 

TRI-CB.LORO-TETRA-NITRO-DI-(|8)-NAPH- 
THYL  -  ETHANE  C22H)1(N02)4C13.  [258°]. 
From  tri  -  chloro  -  di  -  (ft)  -  naphthyl  -  ethane 
(C10H7)2CH.CC13  and  HN03  (Grabowski,  B.  11, 
298).  Crystalline  powder,  insol.  alcohol,  ether, 
and  HOAc. 

DI  -  CHLORO  -  TETRA  -  NITRO-  DI- (a) -NAPH- 
THYL -  ETHYLENE  C22H10(N02)4C12.  [214°]. 
From  di  -  chloro  -  di  -  (a)  -  naphthyl  -  ethylene 
(C)0H7)2C:CC12  and  fuming  HN03  (Grabowski,  B. 
11,  299). 

Di-  chloro  -tetra  -nitro-di-(/3)-naplitliyl-etliyl- 
ene  C22H,0(N02)4C12.  [293°].  Formed  by  nitra- 
ting di-chloro-di-(£)-naphthyl-ethylene  (G.). 

CHLORO-NITRO-o-OXY-BENZOIC  ACID 

C6H2(C1)(N02)(OH)C02H  [5:?:2:1],  [163°].  Pre- 
pared by  nitration  of  m-chloro-salicylic  acid 
(Smith  a.  Peirce,  B.  13,  34;  Am.  1,  176).  Short 
needles. 

Salt  s.— A'K :  soluble  yellow  needles.— A'2Ba : 
sparingly  soluble  orange  needles. — A'Ag :  insol. 
pp. 

Ethyl  ether  A'Et:  [89°];  colourless  flat 
needles. 

Amide  [199°].  SI.  sol.  water,  v.  sol.  alcohol. 


CHLORO-NITRO-PHENOL. 
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Chloro-di-nitro-o-oxy-benzoic  acid 
CtiHCl(NO,)2(OH).CO,H.     [78°].    From  chloro- 
salicylic  acid  and  fuming  HN03  (Hasse,  B.  10, 
2191).     Long  yellow  needles  (from  water). 

(Py.  1:2)-DI-CHLORO-(J3. 1 :  3or4)-DI-NITRO- 
(P?/.3)-OXY-(£.2)-METHYL-QUINOLINE 

,CC1:CC1 
C10H3N3C1A  i.e.  CtiH(CH3)(N02)2<         | 

\N:C(OH) 

Di-chloro-di-nitro-tolucarbostyril.  [186°]. 
Formed  by  nitration  of  (Py.  l:2:3)-di-chloro-oxy- 
(B.  2)-methyl-quinoline  in  cold  H,SO4  solution 
by  means  of  N2O3.  Long  yellow 'needles  with 
greenish  reflex  (iliigheimer  a.  Hoffmann,  B.  18, 
2982). 

&  -  CHLORO  -  o  -  NITRO  -  a  -  OXY  -  ft  -  PHENYL- 
PROPIONIC  ACID  C,,H8C1N(X  i.e. 
[2:1]C6H4(N02).CHC1.CH(OH).CO,H.  [126°]. 
From  o-nitro-a-oxy-cinnamic  acid  and  fuming 
HC1  (Lipp,  B.  19,  2649).  Needles  (from  ether- 
ligro'in).  Alcoholic  KOH  re-converts  it  into  o- 
nitro-o-oxy-cinnamic  acid. 

j8-Chloro-^-nitro-a-oxy-£-pheiiyl-propionic 
acid  [4:l]CtiH4(N02).CHCl.CH(OH).C02H.  [168°]. 
From  ^3-nitro-a-oxy-cinnamic  acid  and  fuming 
HC1  (L.).  Small  glittering  needles  ;  si.  sol.  cold 
water.  The  Ba  salt  is  split  up  by  boiling  water 
into  C02,  BaCl2,  and  ^>-nitro-phenyl-acetic  alde- 
hyde. Alcoholic  KOH  gives  p-mtxo-a-oxy-Gm- 
namic  acid. 

a-Ch.loro-o-nitro-j8-oxy-j8-phenyl-propionic 
acid  [2:l]C(iH4(N02).CH(OH).CHCl.C02H.  [120°]. 
Formed  by  passing  chlorine  into  a  solution  of  o- 
nitro-cinnamic  acid  in  dilute  aqueous  NaOH 
(Baeyer,  B.  13,  2261).  Crystalline  mass  (from 
benzene-ligrom).  Sol.  ether.  Converted  by  NaOH 
and  FeS04  into  indole.  Alcoholic  KOH  gives  o- 
nitro-|3-oxy-cinnamic  acid. 

a-Chloro-jD-nitro-^-oxy-phenyl-propionic  acid 
[4:l]CaH4(NO2).CH(OH).CHCl.CO,H.  [165°].  Pre- 
pared in  the  same  way  from  jp-nitro-cinnamic 
acid  (Beilstein  a.  Kuhlberg,  A.  163,  142).  Tri- 
metric  plates  (from  water).  HC1  (S.G.  1-1)  at 
150°  gives  chloro-nitro-cinnamic  acid.  Na2C03Aq 
gives,  on  warming,  p-nitro-j8-oxy-cinnamic  acid. 

CHLORO-o-NITRO-PHENOL  C6H4C1N03  i.e. 
C0H3C1(N02)(OH)  [3:6:1].  Mol.  w.  173|.  [39°] 
(L.).  [40°  and  32^°]  (U.). 

Formation. — 1.  By  boiling  (3,6,l)-chloro-di- 
nitro-benzene  with  aqueous  NaOH  (Lauben- 
heimer,  B.  9,  768). — 2.  By  nitrating  w-chloro- 
phenol  (Uhlemann,  B.  11,  1161). 

Properties. — Lemon-yellow  needles  or  prisms 
(from  water). 

Salts.— C6H3Cl(N02)(ONa) :  scarlet  prisms, 
m.  sol.  cold  water. — BaA'2  aq  :  slender  scarlet 
needles.  — AgA'. 

Methyl  ether  C6H3Cl(N02)(OMe).  [70-5°]. 
Needles. 

Chloro-o-nitro-phenol  CtiH3Cl(N02)(OH) 
[6:2:1].  [70°].  Formed,  together  with  the  iso- 
meride  [1110],  by  treating  o-chloro-phenol  with 
nitric  acid  (S.G.  1'36)  diluted  with  an  equal 
weight  of  water  (Faust  a.  Miiller,  A.  173,  309). 
Flat  yellow  needles  (from  chloroform).  Volatile 
with  steam.  HN03  gives  chloro-di-nitro-phenol 
[1110]. 

Salts.— C6H3C1(N02) (OK)  :  long  dark-red 
needles,  v.  sol.  water.— CaA'2  aq :  reddish-brown 
prisms,  m.  sol.  water. — BaA'2  aq :  short  copper- 
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brown  plates,  si.  sol.  water.— AgA' :  carmine-red 
scales,  si.  sol.  water. 

Chloro-o-nitro-phenol  CaH3Cl(NOo)(OH) 
[4:2:1].     [87°]. 

Formation.—  1.  The  sole  product  of  the  action 
of  dilute  HN03  on  p-chloro-phenol  (Faust,  B.  6, 
132  ;  A.  173,  317  ;  Suppl.  7,  190  ;  Z.  [2]  5,  450). 
2.  By  chlorination  of  o-nitro -phenol  (Armstrong 
a.  Prevost,  B.  7,  922).— 3.  One  of  the  products  of 
the  action  of  alcoholic  KOH  on  (4,2,1) -chloro-di- 
nitro-benzene  (Laubenheimer,  B.  7,  1601). 

Properties. — Light  yellow  monoclinic  prisms 
(from  CHC13).  V.  si.  sol.  water,  m.  sol.  alcohol. 
Volatile  with  steam.  Br  and  water  at  100°  give 
chloro-bromo-nitro-phenol  [125°]  (Ling,  C.  J.  51, 
786).  But  Br  in  HO  Ac  gives  an  isomeric  chloro- 
bromo-nitro-phenol  [120°]. 

Salts.— C6H3C1(N02)(ONH4) :  orange-red 
needles. — NaA'  aq  :  red  prisms. — BaA'2  4aq : 
short  red  prisms. — AgA'. 

Ethyl  e ther C0H3Cl(N02)(OEt).  [62°].  From 
AgA'  and  EtI.  Formed  also  by  nitrating  the 
ethyl  ether  of  p-chloro -phenol  (Hallock,  Am.  2, 
258 ;  B.  14,  37). 

Chloro-p-nitro-phenol  CdH3Cl(N02)  (OH) 
[2:4:1].     [1110]. 

Formation. — 1.  By  chlorinating  p-nitro-phe- 
nol  (Armstrong,  C.  J.  25,  12 ;  Faust  a.  Miiller, 
A.  173,  309  ;  Kollrepp,  A.  234,  4).— 2.  Together 
with  the  isomeride  [70°],  by  treating  o-chloro- 
phenol  with  dilute  HN03  (F.  a.  M.).— 3.  From 
chloro-di-nitro-phenol  [1110]  by  reduction  to 
chloro-nitro-amido-phenol  followed  by  displace- 
ment of  NHj  by  Cl  through  the  diazo-  reaction 
(Faust,  Z.  1871,  339). 

Properties. — White  silky  needles,  m.  sol.  boil- 
ing water,  v.  sol.  alcohol,  ether,  and  chloroform. 
Very  slightly  volatile  with  steam.  HN03  con- 
verts it  into  chloro-di-nitro-phenol  [1110]. 

S  alt  s.— C6H3C1(N02)(OK)  aq :  brown  needles, 
v.  sol.  water. — CaA'2  4aq  :  tufts  of  canary-yellow 
needles,  v.  sol.  water.— BaA'2  7aq :  long  dark- 
yellow  needles. — AgA':  copper-brown  flattened 
needles,  si.  sol.  water. 

Methyl  ether  C8H,Cl(N08)(OMe).  From 
the  methyl  ether  of  nitro-o-amido-phenol  by  dis- 
placement of  NH2  by  Cl.  Needles. 

Ethyl  ether  C6H,Cl(N02)(OEt).  Chloro- 
nitro-phenetol.  [78°].  Formed  by  chlorinating  the 
ethyl  ether  of  p-nitro-phenol  by  HC1  and  KC103 
(Hallock,  B.  14,  37  ;  Am.  3,  21). 

Chloro-nitro-phenol.     Methyl  ether 
C6H3Cl(NO.,)(OMe)  [2 :«:!].     Chloro-nitro-anisol. 
[94°].  Prep'ared  by  nitration  of  the  methyl  ether 
of  o-chloro-phenol  (Fischli,  B.  11,  1461).  Colour- 
less spikes. 

Chloro-di-nitro-phenol  CtiH2Cl(N02),(OH) 
[4:2:6:1].  [81°]. 

Formation. — 1.  From  _p-chloro-phenol  and 
HN03  (S.G.  1-4)  (Dubois,  Z.  1867,  205).— 2.  By 
nitration  of  p-chloro-phenol  sulphonic  acid 
(Petersen  a.  Praderi,  A.  157,  156).— 3.  By  nitra- 
ting chloro-nitro-phenol  [87°]  (Faust  a.  Saame).— 

4.  From   di-chloro-di-nitro-benzene   [104°]   and 
boiling    aqueous    NaOH    (Engelhardt    a.   Lat- 
schinoff,  Z.  1870,  234;  Korner,   G.  4,  395).— 

5.  By  chlorinating  ('  £  ')-di-nitro-phenol  (Arm- 
strong, B.  6,  649).— 6.  In  small  quantity,  together 
with  the  isomeride  [lll°j,  by  the  action  of  1 
on  tri-nitro-phenol  (picric  acid)  (Petersen,  B.  b, 
369  ;  Armstrong,  loc.cit.).—!.  By  boiling  chloi 
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di-nitro-aniline  [145°]  with  aqueous  KOH  (Kor- 
ner). — 8.  By  dissolving  chloro-o-oxy-benzoic  acid 
in  fuming  HNO.,  (Smith  a.  Peirce,  A.  Ph.  S.  17, 
707 ;  Am.  1,  176  ;  B.  13,  35). 

Properties. — Yellow  monoclinic  prisms  (from 
chloroform).  SI.  sol.  hot  water,  v.  sol. 
alcohol.  Combines  with  aniline,  forming 
C6H3C1N2O5NH2C6H5  [137°]  (S.  a.  P.)  ;  decom- 
posed by  boiling  water. 

Salts.-CaH2Cl(NO,)2(OK) :  long  red  needles 
with  green  lustre;  v.  sol.  hot,  v.  si.  sol.  cold 
water.— NH4A':  deep  orange  needles.-  NaA'3aq: 
scarlet  moss-like  forms.— BaA',  aq  :  pale,  saffron- 
yellow  needles,  v.  si.  sol.  hot  water.— CuA'2  2aq : 
saffron-yellow  needles. — PbA'2aq:  yellow  needles. 
AgA' :  red  nsedles. 

Methyl   ether  CKH2C1(NO  )(OMe) :  [65°]. 

Ethyl  ether  CsH2Cl(NO.,).,^Et) :  [55°]. 

Chloro-di-nitro-phenol  CtiH,Cl(NO,),(OH). 
[80°].  Formed,  together  with  the  preceding, 
with  which  it  is  perhaps  identical,  by  nitrating 
chloro-o-oxy-benzoic  acid  (Smith  a.  Peirce, 
A.  Ph.  S.  17,  707).  Solidifies  at  25°,  whereas 
the  preceding  solidifies  at  69°.— KA'  l^aq :  orange 
needles,  much  more  soluble  in  water  than  the  K 
salt  of  the  preceding.  -  AgA' :  bronzed  needles. 

Chloro-di-nitro-phenol  C,H  ,C1(N02).,(OH) 
[2:4:6:1].  [Ill0]  (F.  a.  S.) ;  [96°]  (Zehenter,  M. 
6,  527).  S.  -052  at  10°. 

Formation.—  1.  From  o-chloro-phenol  and 
cone.  HN03  (Griess,  A.  109,  286;  Armstrong, 
C.  J".  25,  96 ;  Faust  a.  Miiller,  A.  173,  312).— 

2.  From    o-   or   _p-nitro-phenol    by    successive 
chlorination  and  nitration  (Faust  a.  Saame,  A. 
Suppl.  7,  195;    Seifart,  A.   Suppl.  7,   198).— 

3.  The  chief  product  of  the  action  of  TCI  on 
picric  acid  (Peterson,  B.  6,  368).— 4.  By  chlori- 
nating di-nitro-phenol  [114°]  (Armstrong,  C.  J. 
25,  12  ;  Faust,  Z.  1871,  339).— 5.  By  nitrating 
(2,4,l)-chloro-nitro-phenol  (Armstrong ;  F.  a.  M.). 
6.  By  nitrating    (2,6,1) -chloro-nitro-phenol    (F. 
a.M.). — 7.  From  di-nitro-amido-phenol  (picramic 
acid),  by  displacing  NH2  by  Cl  through  the  diazo- 
reaction  (F.).— 8.  By  the  action  of  HNO3  on  di- 
chloro-phenol  jp-sulphonic  acid  (Armstrong,  C.  J. 
24,1112). — 9.  From  di-chloro-^-nitro-phenol  and 
HN03    (A.).  —  10.  By  nitrating   o-chloro-phenol 
sulphonic  acid  (Armstrong  a.  Prevost,  B.  7,405). 

Properties. — Yellowish  laminae  (from  alcohol) 
or  irregular  six-sided  tables  (from  CHC13).  SI. 
sol.  hot  water,  m.  sol.  alcohol  and  ether.  Tastes 
bitter. 

Salts.-C6H2Cl(N02)2(OK)aq:  short  slender 
yellow  needles. — NaA'l^aq:  short  yellow  needles. 
— NH4A'  liaq.— NH4A'  (G.).— NH4A'aq  (F.  a.  S.). 
— BaA'2  9aq  (F.  a.  S.).— BaA',  lOaq  (F.  a.  M.).— 
CaA',  7aq:  flat  golden  needles.— MgA'2  7aq. — 
MgA'210aq.— CuA',  8aq:  greenish -yellow  hair- 
like  needles.— AgA' aq. 

Chloro-di-nitro-phenol  CHH,C1(NO,),(OH). 
[70°].  From  di-chloro-di-nitro-benzene  and 
aqueous  NaOH  (Engelhardt  a.  Latschinoff,  Z. 
1870,  234  ;  Korner,  G.  4,  395).  Long  needles.— 
BaA'2  3aq  :  yellow  needles. 

Di-ch  oro-nitro-phenol  CdH.,Cl2(NO.,)(OH) 
[2:4:6:1].  [122°]. 

Formation. —  1.  By  nitrating  di-chloro-phenol 
[43°]  (Fischer,  A.  Suppl.  7,  185  ;  Chandelon,  B. 
16,  1752)  or  its  sulphonic  acid  (Armstrong,  C.  J. 
24,  1119  ;  25,  93). -2.  By  passing  chlorine  into 
an  aqueous  solution  of  o-nitro-phenol^j-sulphonic 


acid  (Schmitt  a.  Glutz,  B.  2,  52).— 3.  By  chlori- 
nating chloro-nitro-phenol  [87°]  (Faust  a.  Saame, 
A.  Suppl.  7,  195).— 4.  From  o-chloro-phenol  by 
successive  nitration  and  chlorination  (A.). — • 
5.  By  chlorinating  chloro-nitro-phenol  sulphonic 
acid  (A.). — 6.  From  di-chloro-o-oxy-benzoic  acid 
by  dissolving  in  HOAc  and  treating  with  HN03 
(Smith  a.  Knerr,  Am.  8,  95). 

Properties. — Yellow  lamina?  (from  alcohol). 
SI.  sol.  water,  forming  a  deep  yellow  solution. 
V.  sol.  alcohol  and  ether.  Volatile  with  steam. 
Explodes  when  heated  suddenly.  HN03  forms 
chloro-di-nitro-phenol  [81°].  Bromine  and  water 
at  100°  form  chloro-tri-bromo-quinone  (Ling, 
C.  J.  51,  781). 

Salts.  --  C6H,C1,(N02)(ONH4)  :  orange 
needles;  may  be  sublimed.— NaA' :  nodular 
groups  of  orange-red  needles. — KA' :  needles  of 
the  colour  of  Cr03. -  KA'aq  (Faust,  A.  173,  317). 
BaA'.,  2aq  :  orange  needles,  v.  si.  sol.  water. — 
MgA'~,  2aq.— PbA'(OH).—  ZnA',  2aq. 

Ethyl  ether  CliH2Cl2(N02)(OEt).  [29°]. 
Pearly  prisms. 

Acetyl  derivative  C6H2Cl2(N02)(OAc). 
[77°].  From  NaA'  and  AcCl. 

Di  -  chloro  -  nitro  -  phenol  C  ,H .,C1  ,(N02)  (OH) 
[6:2:4:1].  [125°]. 

Formation.  —  1.  By  chlorinating  ^>-nitro- 
phenol  (Seifart,  A.  Suppl.  7,  198  ;  Kollrepp,  A. 
234,  8). — 2.  By  nitrating  di-chloro-phenol  sul- 
phonic acid  (Armstrong,  C.  J.  24,  1112 ;  Faust, 
Z.  1871,  338). 

Properties.  —  Slightly  yellowish  prisms  or 
tables  (from  ether),  or  colourless  needles  (from 
chloroform).  V.  si.  sol.  hot  water ;  not  volatile 
with  steam.  Converted  by  heat  into  di-chloro- 
quinone,  NO,  and  N  (Armstrong  a.  Brown,  B.  7, 
926).  HN03  (S.G.  1-45)  forms  chloro-di-nitro- 
phenol  [1110].  Bromine  and  water  at  100°  form 
di-chloro-di-bromo-quinone  (Ling,  C.  J".  51,  786). 

Salts.— CaH3Cl2(N02)(ONH4)  aq  :  shining 
yellow  needles,  becoming  anhydrous  and  colour- 
less over  H,S04. — NaA'  5aq  :  yellow  needles. — 
KA'aq :  orange  needles. — BaA'.,  3^aq :  red  needles 
(Ling,  C.  J.  51,  786).— BaA'24aq  (S.)  :  brown- 
red  lamina?  or  red  needles. — BaA'.,  8aq  :  yellow 
needles  (F.  a.  M.  ;  A.  173,  311)"-CaA',9aq: 
golden  needles  or  lamina?,  v.  sol.  water. — 
CdA'23jaq.  --  PbA'24>aq.  --  CuA',  5aq.  - 
MgA'2  lOaq  :  rosettes  of  yellow  needles.  —AgA' : 
colourless  needles. 

Ethyl     ether    CdH,CL(NO,)(OEt)     [35°]. 

Di-chloro-nitro-phenol  C6H,CL(NO,)  (OH). 
Formed  in  small  quantity  by  nitrating  di-chloro- 
phenol  with  C1SO.,H  (Armstrong,  Z.  1871,  679). 
Short  yellow  needles  (from  water). 

Tri-chloro-nitro-phenol 

C0HC1S(NO,)(OH)  [6:4:2:3:1].  [69°].  Obtained 
by  saponifying  its  nitro-benzoyl  derivatives, 
which  are  obtained  by  nitrating  benzoyl-tri- 
chloro-phenol  (Daccomo,  B.  18,  1164).  Glisten- 
ing colourless  needles.  V.  sol.  alcohol,  ether, 
and  benzene,  si.  sol.  water.  Fe2Cl6  gives  a 
violet-blue  colouration. 

Salts.  —  A'NH,  :  small  yellow  needles. — 
A'K  aq. — A'Ag:  small  yellow  needles.— A'JBa  aq: 
yellow  p;ates. 

o- Nitro-benzoyl     derivative 
C,IIC13(NO,).OCO.C0H4(NO,)  :  [10u°  cor.] ;    col- 
ourless glistening  scales  ;  sol.  alcohol  and  ether. 
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m-Nitro-benzoyl  derivative 
O^C1,(N08).OCO.08H4(NO8):  [146° cor.];  large 
colourless  tables ;  sol.  alcohol  and  ether,  insol. 
water. 

Ethyl  ether  (?)  [54°].  From  tri-chloro- 
phenetol  and  cold  H.,SO4  and  HN03  (Faust,  A. 
149,  152). 

Tri  -  chloro  -  nitro  -  phenol  C(iHCl3(N02)(OH) 
[2:3:5:4:1].  [146°].  From  tri-chloro-phenol  [54°] 
and  HNO:{.  White  needles.  Eeduces  to  tri- 
chloro-j7-amido-phenol  (Lampert,  J.  pr.  [2]  33, 
382). 

Ethyl    ether   C,,HCl:)(N02)(OEt).   [69°]. 

Tri-chloro-di-nitro-phenol.  Ethyl  ether 
0$ClJ(NO.i).4(OEt).  [100°].  From  tri-chloro- 
phenetol  and  warm  HN03  mixed  with  H2S04 
(Faust,  A.  149,  152). 

CHLOttO-NITRO-PHENOL  SULPHONI3  ACID 
CtiH,Cl(NO,)(OH)(S03H)  [2:0:1:4].  From  di- 
chloro-phenol  sulphonic  acid  and  cold  HNO3 
(Armstrong,  C.  J.  24,  1117).  Formed  also  by 
nitrating  o-chloro -phenol  sulphonic  acid  (Arm- 
strong a.  Prevost,  B.  7,  404).  An  isomeric 
acid  is  formed  by  chlorinating  nitro-phenol 
sulphonic  acid  (Armstrong  a.  Brown,  C.  J.  25, 
872).  HN03  converts  it  into  chloro-di-nitro- 
phenol  [1110].  Chlorine  forms  di-chloro-nitro- 
phenol  [121°]. 

Salt  s.—  CaH.,ClNSOtiK2 :  orange-red  six-sided 
plates,  v.  e.  sol.  hot  water.— C^GINSC.^  |aq  : 
yellow  needles. 

DI-CHLORO-DI-NITRO-DIPHENYL 
0^8(N02)C1.C?H3(N02)C1.  [140°].  Prepared 
by  the  nitration  of  di-chloro-diphenyl.  [4:1] 
C.H.Cl.C.H.Cl  [1:4]  (Schmidt  a.  Schultz,  B.  12, 
494).  Small  needles  or  long  prisms.  SI.  sol. 
cold,  v.  sol.  hot,  alcohol,  and  G^Hg. 

CHLORO-NITRO-DI-PHENYL-AMINE 
C]2H8C1N202  i.e.  CdH^NH.08H3Cl(NO2).  [109°]. 
Slowly  formed,  together  with  benzene-azo- 
aniline  (amido  -  azo  -  benzene)  by  mixing 
(l,3,4)-chloro-di-nitro-benzene  [39°]  (Imol.)  with 
aniline  (3  mols.)  (Laubenheimer,  B.  9,  771). 
Long  red  needles  (from  alcohol).  Does  not  com- 
bine with  acids. 

Nitrosamine  CdH5.N(NO).CtiH3Cl(N02). 
[1110].  Yellow,  six-sided  laminae,  m.  sol.  cold 
alcohol. 

CIILORO  -  DI  -  NITRO  -  DI  -PHENYL-AMINE- 
o-OARBOXYLIC  ACID 

CliHli(N02),Cl.NH.CH1.CO,H  [256°].  Formed  by 
mixing  alcoholic  solutions  of  di-chloro-di-nitro- 
benzene  C;H  C1,(NO,)..[1:4:2:6]  and  anthranilic 
acid  C ,H,(NH2)C03Hfl:2]  and  adding NH3  (Jour- 
dan,  B.  18,  1454).  Glistening  red  prisms.  Sol. 
hot  alcohol  and  acetic  acid,  insol.  water. 

Chloro-di-nitro-di-phftnyl-amine-o-carboxylic 
acid  C,(H:)(NO,),.NH.C,iH:!Cl.C02H.  [282°  uncor.]. 
Obtained  by  mixing  alcoholic  solutions  of  chloro- 
di-nitro-benzene  C,H.,C1(NO,).,[1:2:4]  and  chloro- 
amido-benzoic  acid  CdH3Cl(NH,)C02H[l:4:5],  and 
adding  NH,  (Jourdan,  B.  18, 1450).  Fine  orange 
needles.  V.  si.  sol.  cold  alcohol  and  acetic  acid, 
insol.  water,  benzene,  and  ligrom.  A'2Ca :  si.  sol. 
water. 

TRI  -  CHLORO  -  DI  -  NITRO  -  DI  -  PHENYL  - 
BUTANE  C1BH,3C1,(NO.,)2.  From  tri-chloro-di- 
phenyl-butane  and  fuming  HN03  (Hepp,  B.  7, 
1420).  Small  yellowish  tables  (from  alcohol). 
81.  sol.  CS2,  v.  sol.  ether. 


CHLORO  -  NITRO  -  PHENYLENE  -  DIAMINE 

C,.H.,C1(NO..)(NH.), [1:4:3:5].  [192°-194].  From 
CJI,C1,(N6,)[1:3:5:2]  and  alcoholic  NH3  at  200° 
for  several  days  (Beilstein  a.  Kurbatoll,  A.  192, 
233).  lied  needles.  V.  sol.  alcohol,  sol.  dilute 
(50  per  cent.)  acetic  acid  or  benzene,  si.  sol.  light 
petroleum. 

DI-CHLORO-NITRO-PHENYL-ETHANE     v. 

Dl-CHLORO-NITRO-ETHYL-BENZENE. 

Penta-chloro-di-nitro-di-phenyl-ethane 
CUH7C15N.,04  i.e.  CC1VCH(CIJH,C1.NO.,).,.    [143°]. 
From     CC1,.CH(C,JH4C1).,     and    fuming    HN03 
(Zeidler,  B.  7,  1181).     Needles  (from  alcohol). 

CHLORO  -  NITRO  -  PHENYL  MERCAP  TAN 
CdH4ClNSO2i.e.  C((BL,C1(NOJ)(SH)  [3:0:1].  [171°]. 
From  (3,G,l)-chloro-di-nitro-benzene  and  alcoho- 
lic KSH  (Beilstein  a.  Kurbatoff,  A.  197,  82). 
Yellow  needles,  v.  sol.  chloroform,  v.  si.  sol.  alco- 
hol. 

Chloro-nitro-phenyl  mercaptan 
CH:1C1(N(X)(SH)  [4:2:1].  [213°].  From  (1,4,2)- 
di-ciiloro-nitro-benzene  and  alcoholic  KSH  (Beil- 
stein a.  Kurbatoff,  A.  197,  79).  Yellow  tables 
(from  HO  Ac).  SI.  sol.  alcohol.  Alcoholic  am- 
monium sulphide  converts  it  into  CI2H,C12N2S3 
[147°],  which  crystallises  in  yellow  needles,  and 
is  converted  by  HNO,  into  CBH,C1N,S  [104°]. 

CHLORO-NITRO-PHENYL-ra-PHENYLENE- 
DIAMINE  NH,.CaH4.NH.CtiH3Cl(NO,).  [151°]. 
Bed  needles.  SI.  sol.  cold  alcohol.  Prepared  by 
warming  an  alcoholic  solution  of  w-phenylene- 
diamine  and  (1,3,4)  -  chloro  -  di  -  nitro  -  benzene. 
Forms  with  acids  unstable  yellow  salts  (Lauben- 
heimer, B.  11,  1158). 

(Py.  4:1:2)-CHLORO  -  NITRO  -  PHENYL  -  ISO- 

~l(N02):CPh 
QUINOLINE  C^HyClO.N.i.e.  C6H4  " 


f  j*.jun  *  Jj  -  .to 

XC(N02):C] 

•»\ 
\CC1=^N 


[150°].  Formed  by  heating  nitro-oxy-phenyl- 
isoquinoline  (nitro  -  iso  -  benzal  -  phthalimidine) 
with  POC13  (Gabriel,  B.  19,  834).  Small  yellow 
needles  or  prisms.  V.  sol.  hot  acetic  acid,  benz- 
ene, chloroform,  ether,  and  CS2 ;  si.  sol.  alcohol, 
v.  si.  sol.  ligrom.  By  HI  and  P  it  is  reduced  to 
amido-phenyl-isoquinoline.  Heated  with  alco- 
holic sodium  ethylate  it  yields  the  ethyl-ether  of 
nitro-oxy-phenyl-isoquinoline. 

DI  -  CHLORO  -  DI  -  NITRO  -  DI-PHENYL-SUL- 
PHIDE  (CdHJCl.N02),S.  [150°].  Yellow  needles. 
Almost  insol.  alcohol^  si.  sol.  acetic  acid.  Pre- 
pared by  the  action  of  alcoholic  K2S  on  (1,  4,  6)- 
di-chloro-nitro-benzene  (Beilstein  a.  Kurbatow, 
£.11,  2050;  A.  197,  79). 

CHLORO-NITRO-PHENYL-p-TOLYL-AMINE 
CtjH1Me.NH.CliH3Cl(N02).  [124°].  Small  red 
needles.  81.  sol.  cold  alcohol.  Prepared  by  the 
action  of  a  cold  alcoholic  solution  of  ^-toluidine 
on  (1,  3,  4)-chloro-di-nitro-benzene  (Laubenhei- 
mer, B.  11,  1157). 

DI  -  CHLORO-DI-NITRO-DI-PHENYL  -  UREA 
CnHsCl,NA  i.c.  CO(NH.CUH;JC1.N02)2.  [210°]. 
From  di-chloro-di-phenyl-guanidine  and  HN03 
(Losanitsch,  Bl.  [2]  32,  170).  Yellow  tables,  in- 
sol. water,  si.  sol.  alcohol. 

CHLORO-NITRO-PHTHALIC  ACID 
CSH4C1N06  i.e.  C,)H.>C1(NO2)(CO.H)2.    From  (7)- 
di-chloro-naphthalene  and  HN03  (Atterberg,  B. 
10,  547).— K.,A"  :  crystals ;  explodes  above  300^. 

Di-chToro"-nitro-plitlia'ic  acid.  From  (0-tri- 
chloro-naphthalene  and  HN03  (S.G.  1-2)  at  150J 
(Widmann,  J3.  12,  900). 
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Tri-chloro-nitro-plitlialic  acid  C8H2C1SNO8. 
From  ('  o  ')-tri-chloro-naphthalene  and  HN03 
(Atterberg  a.  Widmann,  B.  10,  1844). 

DI-CHLORO-DI-NITRO-P  ROPANE 
C3H4C1,(N02)2  (?).  From  di-chloro-propylene 
(from  tri-chloro-butyric  aldehyde)  and  fuming 
HN03  (Pinner,  A.  179,  49).  Oil ;  converted  by 
tin  and  HC1  into  C3H5C13  (1  9°),  C3H4C13(NH2), 
and  tri-chloro-nitro-propane 

Tri-chloro-nitro-propane  C3H4C13(N02).  (c. 
193°).  Formed  as  above. 

DI-CHLORO-NITRO-PROPYLENE 
C3H8C12(N02).     (c.  159°).    Formed  by  the  action 
of  aqueous  NaOH  upon  di-chloro-di-nitro-pro- 
pane  and  upon  tri-chloro-nitro-propane  (Pinner, 
A.  179,  57). 

CHLORO-NITRO-QUINOLINE  CUH6C1(N02)N 
[120°-123°].  Formed,  together  with  the  isomer- 
ide  [186°],  by  nitration  of  (B.  1  or  3)-chloro- 
quinoline  (La  Coste  a.  Bodewig,  B.  17,  927). 
V.  sol.  hot  alcohol,  si.  sol.  water. 

Chloro-nitro-quinoline  C9H5C1(N02)N.  [186°]. 
Formed,  together  with  the  preceding,  by  nitra- 
tion of  (B.  1  or  3)-chloro-quinoline  (La  Coste  a. 
Bodewig,  B.  17,  927).  Long  colourless  needles. 
SI.  sol.  alcohol. 

CHLORO-NITRO-QUINONE  Anilide 
C6HCl(N02)(NHPh)02  [6  or  2:3:2  or  6:4:1].  [208°]. 
Small  red  trimetric  tables.  Formed  by  the  action 
of  aniline  in  alcoholic  solution  upon  di-chloro- 
nitro-quinone  C6HC12(N02)02  [6:2:3:4:1]  (Guares- 
chi  a.  Daccomo,  B.  18,  1172). 

Di  -  chloro  -  nitro  -  quinone  C6HC12(N02)02 
[6:2:3:4:1].  [220°].  Formed  by  the  action  of  a 
mixture  of  HN03  and  H2S04  upon  the  propionyl 
derivative  of  tri-chloro-phenol  (Guareschi  a. 
Daccomo,  B.  18,  1171).  Small  yellow  needles. 
Sol.  cold  alcohol,  si.  sol.  ether  and  CS.,,  v.  si.  sol. 
hot  water. 

CHLORO-ISO-NITROSO-ACETIC  ETHER 
N(OH):CCl.C02Et(?).  Chloro  -  oximido  -  acetic 
ettier.  [80°].  From  chloro-aceto-acetic  ether 
(v.  Allihn,  B.  11,  567)  and  fuming  HN03  (Prop- 
per,  A.  222,  50).  Glittering  columns  (from 
ether).  V.  e.  sol.  alcohol  and  ether.  Boiling 
water  splits  it  up  into  hydroxylamine,  oxalic 
acid,  and  alcohol. 

CHLORO-ISO-NITROSO-ACETONE 
CH,.CO.CC1(NOH).  Mono-oxim  of  u-chloro- 
pyruvic  aldehyde.  [110°].  Formed  in  small 
quantity  by  treating  chloro-acetone  with  fuming 
HN03  (Glutz,  Z.  1870,  529  ;  Barbaglia,  B.  6, 
321).  Formed  also  by  heating  the  product  of 
the  action  of  nitrous  acid  gas  upon  acetone 
((CH3)2C(ON02).C(NOH).CO.CH3(?)),  with  dilute 
HC1 ;  acetone  and  HNO2  are  formed  at  the  same 
time  (Sandmeyer,  B.  20,  640).  Prisms  or  tables  ; 
v.  sol.  water,  alcohol,  and  ether. 

Oxim  CH3.C(NOH).CC1(NOH).  Di-oximof 
fa -chloro -pyruvic  aldehyde.  Chloro-methyl-gly- 
oxim.  [171°].  Small  white  needles. 

a-CHLORO-o-NITRO-STYRENE  C8HKC1NO2  i.e. 
C6H4(NO2).CC1:CH2.  Nitro-phenyl-chloro-ethyl- 
ene.  From  o-nitro  -  acetophenone  and  PCL 
(Gevekoht,  A.  221,  329).  Oil. 

o-Chloro-p-nitro-styrene  CtjH4(N02).CCl:CH2 
[64°].  From  _p-nitro-acetophenone  and  PC15 
(Drewson,  A.  212,  162).  Concentric  groups  of 
slender  needles  (from  benzoline). 

a-Chloro-w-nitro-styrene  Ph.CCl:CH.N02 
[49°].  From  PhCHCl.CHCl.N02  and  aqueous 


NaOH  (Priebs,  A.  225,  345).  Golden  plates 
(from  light  petroleum).  Insol.  water,  soluble, 
when  finely  divided,  in  alkalis. 

«-Chloro-o-nitro-styreneCdH4(N02).CH:CHCl. 
[59°].  Formed  as  a  by-product  in  the  pre- 
paration of  chloro-o-nitro-oxy-phenyl-propiomc 
acid  by  the  action  of  hypochlorous  acid  on  o- 
nitro-cinnamic  acid  (Lipp,  B.  17, 1070).  Glisten- 
ing needles  or  prisms.  V.  sol.  ether  and  hot 
alcohol,  si.  sol.  hot  water,  insol.  cold  water. 

TRI-CHLORO-NITRO-THIOPHENE 
C4SC13(NO,).      [86°].     Formed  by  nitration  of 
tri-chloro-thiophene.        Keddish-yellow     felted 
needles.    V.  sol.  benzene  and  ether,  less  in  al- 
cohol (Eosenberg,  B.  12,  652). 

CHLORO-NITRO-TOLUENE 
C6Hj(CH3)Cl(N02)  [1:4:3]  :    [9°].     (260°  i.   V.). 
S.G.  ||  1-297. 

Formation.— 1.  Together  with  the  (1:2:4)- 
isomeride  by  nitration  of  p-chloro-toluene  (10 
pts.)  with  a  cold  mixture  of  cone.  HNO.}  (12  pts.) 
and  cone.  H2S04  (17  pts.)  (Engelbrecht,  B.  7, 
797;  Goldschmidt  a.  Honig).— 2.  Fromm-nitro- 
jp-toluidine  C6H3(CH3)(NOj(NH2)  [1:3:4]  by  the 
action  of  Cu2Cl2  upon  the  diazo-  compound  (Gat- 
termann  a.  Kaiser,  B.  18,  2599). 

Reaction.— On  reduction  it  gives  p-chloio-m- 
toluidine  [28°]  (Goldschmidt  a.  Honig,  B.  19, 
2438). 

(a)-Chloro-nitro-toluene  CdH3(CH3)Cl(N02) 
[l:2:af).  (250°).  Oil.  Formed  by  nitration  of 
o-chloro-toluene.  On  reduction  it  gives  a  chloro- 
toluidine  [83°]  (Goldschmidt  a.  Honig,  B.  19, 
2443;  cf.  Wroblewsky,  A.  168,  200).  - 

CMoro-nitro-tolueneCtiH3(CH3)Cl(N02)  [1:4:2]. 
[38°].  (240°  at  718  mm.). 

Formation.— 1.  Together  with  the  [1:3:4] 
isomeride,  by  nitration  of  jt>-chloro-toluene  (10 
pts.)  with  a  cold  mixture  of  cone.  HN03  (12  pts.) 
and  cone.  H.,S04  (17  pts.)  (Engelbrecht,  B.  7, 
797 ;  Goldschmidt  a.  Honig,  B.  19,  2438).-  2. 
From  o-nitro-p-toluidine  by  the  action  of  Cu,Cl_, 
upon  the  diazo-  compound  (Beilstein  a.  Kuhlberg, 

A.  158,  336). 

Properties. — Needles;  si.  sol.  cold  alcohol, 
volatile  with  steam.  On  reduction  it  gives  p- 
chloro-o-toluidine  [22°]  (Goldschmidt  a.  Honig, 

B.  19,  2438). 

Chloro-nitro-toluene  CdH3MeCl(N02)  [1:2:5] 
[44°].  (248°)  at  711  mm. '  Obtained  by  the 
action  of  Cu.,Cl2  upon  diazotised  nitro-o-toluidine 
CriH,Me(NH,)(NO,)  [1:2:5].  Needles  (from  ether) 
(Golclschmid't  a.  Honig,  B.  20,  199). 

Chloro-nitro-toluene  C..H.,  (CH3)  Cl  (N02)  [1:3 :5J. 
[55°].  Formed  from  m-nitro-w-toluidine 
C6H3Me(NO2)NH,  [1:3:5]  by  the  action  of  cuprous 
chloride  upon  the  diazo-  compound.  Yellow 
needles  (from  alcohol).  Volatile  with  steam 
(Honig,  B.  20,  2419). 

Chloro-nitro-toluene  C(iH  ,(CH,)  (Cl)  (NO,) 
[1:2:4].  [65|°].  Formed  by  the  action  of  PC15 
on  p-nitro-toluene  (Lellmann,  B.  17,  534  ;  cf. 
Wachendorff,  A.  185,  273).  Colourless  crystals. 
V.  sol.  alcohol.  Volatile  with  steam.  On  re- 
duction it  gives  chloro-^-toluidine  [26°]  (238°). 

Chloro-di-nitro-toluene  CHH2(CH3)C1(NO.J2 
[1:4:3:5].  [48°].  Formed  by  nitration  of  chloro- 
nitro-toluene  CKH3(CH3)C1(NO,)  [1:4:3].  Long 
white  needles  (Honig,  B.  20,  2420). 

Chloro-di-nitro-toluene  C  .H,(CH3)(N02)2C1 
[1:2?:6?:4].  [76°].  Small  yellow" needles  (from 
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ether),  formed  by  nitration  of  p-chloro-toluene 
with  fuming  HN03  (Goldschmidt  a.  Honig,  B 
19,  2439). 

Chloro-di-nitro-toluene  C6H2(CH3)C1(NO,)2 
[1:4:2:6].  [101°].  Formed  by  nitration  of 
p-chloro-o-nitro-tolueneC6H3(CH3)(N02)Cl[l:2:4J. 
Long  white  needles  (Honig,  B.  20,  2420). 

Di-chloro-nitro-toluene  C6H,(CH3)C12(N02). 
[-14°].  (274°).  S.G.  ^  1-455.  From  di-chloro- 
toluene  and  fuming  HN03  (Wroblewsky,  A.  168, 
212).  Oil. 

(ff)  -Di-chloro-nitro-toluene 
C6H2(CH3)C12(NO,)  [1:2:4:?].  [53°].  Formed  by 
the  action  of  cone.  HN03  on  (o)-dichlorotoluene 
(Seelig,  A.  237,  163).  Long  needles  (from  methyl 
alcohol). 

(a)  -Di-chloro-di-nitro-toluene 
C6H(CH3)C12(N02).,  [1:2:3:?:?].  [122°].  Formed 
by  the  action  of  HN03  (2  pts.)  and  H2S04 
(1  pt.)  on  (ct)-di-chloro-toluene  (10  pts.)  (Seelig, 
A.  237,  163).  Needles  (from  methyl  alcohol). 
Yields  on  reduction  a  diamine  which  is  appa- 
rently meta. 

(j8)-Di-chloro-di-nitro-toluene 
CdH(CH3)Cl2.(N02)2  [1:2:4:5:6].    [102°].    Formed 
by  the  action  of  a  mixture  of  HN03  (2  pts.)  and 
H,S04  (1  pt.)   on   (jS)-chloro-toluene   (10  pts.) 
(iSeelig,  A.  237,  163).     Needles. 

(a)-Tri-chloro-nitro-toluene 
CdH(CH3)Cl3(N02).  [92°].  S.  (alcohol)  4-5  at 
20°  (Schultz,  A.  187, 277).  Formed  by  dissolving 
(o)-trichlorotoluene  in  cone.  HN03  (Seelig,  A. 
237,  139  ;  B.  18,  422  ;  Beilstein  a.  Kuhlberg,  A. 
152,  240).  Colourless  plates  (from  alcohol). 

(£)-Tri-chloro-nitro  -toluene 
C6H(CH,)C13(N02).  [60°].  Formed  by  dissolving 
(£)-trichlorotoluene  in  cone.  HN03  (Seelig,  A. 
237,  140).    Long  yellow  needles. 

(a-)  Tri-chloro-di-nitro-toluene 
C,;(CH3)C13(N02)2.  [227°].  Formed  by  warming 
(a)-trichlorotoluene  with  a  mixture  of  cone. 
HN03  and  H.,S04  (Schultz,  A.  187,  280  ;  Seelig, 
A .  237, 140 ;  B.  18, 422) .  White  plates  or  needles  ; 
v.  si.  sol.  alcohol.  Eeduced  by  tin  and  HC1  to 
tri-chloro-tolylene-p-diamine. 

()8-)  Tri-chloro-di-nitro-toluene 
C6(CH3)C13(N02)2.  [141°].  Formed  by  warming 
(i8)-trichlorotoluene  with  a  mixture  of  cone. 
HN03  and  H2SO4  (Seelig,  A.  237,  140 ;  5.  18, 
422).  Light  yellow  needles,  si.  sol.  alcohol. 
Alcoholic  NH3  at  100°  gives  tri-chloro-nitro- 
toluidine  [191°]. 

CHLOKO  -  NITRO  -  TOLUENE  SULPHONIC 
ACID  C7H6ClNS05z.e.  C«H2(CH3)C1(N02)(S03H). 
From  liquid  (o)-chloro-nitro-toluene  and  fuming 
sulphuric  acid  (Wroblewsky,  A.  168,  204).— 
BaA'2  4aq:  nesdles,  si.  sol.  water. 

(a)-TRI-CHLORO-NITRO-TOLUIDINE 
C6(CH3)(N02)C13(NH2).     [191°].    Formed  by  the 
action  of  alcoholic  NH3  upon  tri-chloro-di-nitro- 
toluene  [227°]  (Seelig,  B.  18,  423  ;  A.  237,  140). 
Orange-yellow  needles  (from  alcohol). 

(£)-Tri-chloro-nitro-toluidine 
C6(CH3)(N02)C13(NII2).    [192°].    Formed  by  the 
action  of  alcoholic  NH3  upon  tri-chloro-di-nitro- 
toluene  [141°]  (Seelig,  B.  18,  423).     Orange-red 
needles  (from  alcohol). 

TRI  -  CHLORO  -  DI  -  NITRO  -  DI  -  TOLYL- 
ETHANE  C16H13C1,(N02)2.  [122°].  From 
tri-chloro-di-tolyl-ethane  (C7H7)2CH.CC13  and 


fuming  HN03  (0.  Fischer,  B.  7,  1191).     Short 
yellowish  prisms. 

DI-o,-CHLORO-NITRO-XYLENE 
C6H3(N02)(CH.,C1)2.     [45°].    From  di-«-chloro- 
p-xylene  and  fuming  HN03  (Grimaux,  Z.  1871, 
598).     Small  plates.    V.  sol.  ether. 

Di-chloro-di-nitro-xylene  C6(CH3)2C12(N02)2. 
[225°].  Formed  by  nitrating  di-chloro-p-xylene 
(Kluge,  B.  18,  2098).  Needles. 

CHLORO-OCIANE  v.  OCTYL  CHLORIDE. 

Di-chloro-octane  CsHI6Cl2i.e.  C6HI3.CC1.,.CII3. 
(c.  195°).  From  methyl  hexyl  ketone  and  PCL 
(Dachauer,  A.  106,  271). 

Di-chloro-octane  C8H16C12.  (c.  199°).  From 
Cl  and  the  octylene  from  castor  oil  (D. :  c/. 
Behal,  Bl.  [2]  47,  33). 

Di-chloro-octane  C8H16C12.  (c.  235°).  Formed 
by  the  action  of  Cl  on  a  mixture  of  octylene  and 
octane  derived  from  paraffin  (Thorpe  a.  Young, 

A.  165,  16). 

CHLORO-OCTYL  ALCOHOL  C8H17C10.  S.G. 
2  1-003 ;  21  -987.  From  octylene  and  very  dilute 
(f  p.c.)  aqueous  HOC1  (De  Clermont,  Z.  1870, 
411).  Oil. 

CHLORO-OCTYL-BENZENE  C6H4(C8H17)C1. 
(270°-275°).  Formed  by  chlorination  of  octyl- 
benzene  in  presence  of  a  trace  of  iodine.  Oil. 
V.  sol.  alcohol  and  ether,  insol.  water  (Ahrens, 

B.  19,  2719). 

CHLOR  )-OPIANIC  ACID  v.  OPIANIC  ACID. 

TRI-CHLORO-ORCIN  (?)  C7H,C1302  i.e. 
C6(CH,)C13(OH),.  [59°].  From  orcin  and  Cl 
(Schunck,  A.  54,  271)  or  HC1  and  KC103  (De 
Luynes,  A.  130,  34).  Slender  needles. 

Tri-chloro-orcin  C6(CH3)C13(OH)2.  [123°]. 
From  the  pentachloride,  HI,  and  phosphorus 
(Stenhouse,  Tr.  1848,  88;  Pr.  20,  72).  Needles 
(from  water)  or  plates  (from  HOAc),  m.  sol.  CS2, 
m.  sol.  benzene,  v.  e.  sol.  alcohol  and  ether. 
Volatile  with  steam.  HIAq  and  phosphorus  at 
180°  convert  it  into  orcin.  K3FeCy6  oxidises  it 
to  di-chloro-oxy-toluquinone  [157°]. 

Penta  -  chloro  -  orcin  C6(CH3)C13(OC1).,  or 
C6(CH,)C1(C12)202.  [120-5°].  According  to  Sten- 
louse,  this,  and  not  tri-chloro-orcin,  is  formed  by 
;reating  orcin  with  KC1O3  and  HC1.  Prisms 
from  CS2).  M.  sol.  CS2  and  benzene,  v.  sol. 
ether.  Boiling  water  or  alcohol  decompose  it 
with  formation  of  tri-chloro-orcin.  Liberates 
odine  from  KI,  and  gives  a  pp.  of  AgCl  with 
AgN03  (Liebermann  a.  Dittler,  A.  160,  265). 

Compound C«(CH3)C13(OC1)2HC10.  [140-5°]. 
From  orcin,  calcium  hypochlorite,  and  HC1. 
Prisms  (from  benzene).  V.  sol.  ether,  si.  sol. 
3S,.  Converted  by  NH3  into  C6H5C13NO  [187°] 
Stenhouse,  B.  6,  575). 

CHLORO-OXALAMYLINE     v.     CHLORO-ISO- 


BUTYL-ISOAMYL-GLYOXALINE . 

CHLORO-OXALETHYLINE 


v.    CHLORO-ME- 


THYL-ETHYL-GLYOXALINE. 

CHLORO-OXALMETHYLINE      v.     CHLORO- 

METHYL-GLYOXALINE. 

CHLORO-OXALPROPYLINE      v.      CHLORO- 

ETHYL-PROP  YL-GLYOXALINE . 

CHLORO-OXETHOSE  C4C160.  (210°).  S.G. 
a  1-652.  Formed  from  alcoholic  K2S  and  per- 
jhlorinated  ether : 

C4C1100  +  2K.,S  -  4KC1  +  S.,  +  C4C160 
Malaguti,  A.  Ch.  [3]  16,  19).     Oil ;  smells  like 
meadow-sweet.     Has  a  sweet  taste. 

Reactions. — 1.  In    sunlight   it  re-combines 
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with  chlorine  C4C1H0  +  2C12  =  C4C1100.—  2.  Chlor- 
ine water  forms  trichloracetic  acid. 

CHLORO  -  OXIMIDO  -  ACETIC  ETHER  v. 
CHLORO-ISONITKOSO-ACETIC  ETHER. 

CHLORO-oXINDOLE  v.  OXINDOLE. 

Chloro-oxindole    chloride    v.    DI-CHLORO-IN- 

DOLE. 

CHLORO-DI-OXY-ACETIC  ACID  Chloro-gly- 
oxylic  acid. 

Diethyl  derivative  of  the  Nitrile 
ClC(OEt)2CN.  (c.  160°).  Obtained,  impure, 
from  CCl,(OEt)CN  and  NaOEt  (Bauer,  A.  229, 
176).  Polymerises. 

Dipropyl  derivative  of  the  Nitrile 
ClC(OPr),CN.  (c.  201°).  From  CCl,(OPr)CN 
and  NaOPr.  Polymerises. 

TETRA-  CHLORO  -  TETRA-  OXY  -  ADIPIC 
ETHER.  Anhydride  C,0H1(1C1406  i.e. 
EtO,C.CCl2.CO.CO.CCL,C02Et.Oa-aZ?/Z-fZi-c7iZoro- 
acetlc  ether.  [93°].  Formed  by  the  action  of 
chlorine  upon  di-oxy-quinone-di-carboxylic  ether. 
Slightly  greenish  prisms.  By  hot  alcoholic  NH3 
it  is  split  up  into  1  mol.  of  oxamide  and  2  mols. 
of  di-chloro-acetamide  (Hantzsch  a.  Lo3\vy,  B. 
19,  26,  2385  ;  Hantzsch  a.  Zeckendorf,  B.  20, 
1308). 

DI-CHLORO-DI-OXY-  DI  -AMIDO  -  BENZENE 

V.  Dl-CHLORO-DI-AMIDO-HYDROQUINONE. 

DI  -  CHLORO  -  DI-  OXY  -  AMIDO  -  PYRIDINE 
C5H4C1202N2  probably 

Di-chloro-glutazine.  [242°].  Formed  in  small 
quantity,  together  with  tri-chloro-oxy-amido- 
pyridine,  tri-chloro-amido-pyridine,  and  tetra- 
chloro-amido-pyridine,  by  heating  glutazine  with 
PC15  (6  or  7  pts.).  Short  flat  colourless  needles. 
SI.  sol.  hot  water  and  alcohol.  Dissolves  readily 
in  aqueous  acids  and  alkalis.  Combines  with 
bromine  (Stokes  a.  Pechmann,  B.  19,  2710; 
Am.  8,  391). 


Di-ethyl  derivative 

[98°].  Long  colourless  needles.  Keadily  sub- 
lime. Volatile  with  steam.  V.  sol.  alcohol  and 
ether,  insol.  water.  Formed  together  with  the 
mono-ethyl  derivative  by  heating  tetra-chloro- 
amido  pyridine  with  an  excess  of  sodium  ethyl- 
ate  at  190°  for  3  or  4  hours. 
Mono-ethyl  derivative 

Flat  needles. 


Sublimable.     Not  volatile  with  steam.     V.  sol.  ! 
alcohol  and  ether,  si.  sol.  hot  water.    Dissolves 
in  alkalis,  but  not  in  dilute  acids.     It  is  also 
formed  by  heating  tri-chloro-oxy-amido-pyridine  : 
with  sodium  ethylate.—  A'Na  :  glistening  rhom-  i 
bic  tables  (Stokes  a.  Pechmann,  B.  19,  2710;  ' 
Am.  8,  396). 

TRI  -  CHLORO  -  OXY  -  AMIDO  -  PYRIDINE 


C.H.Cl.N.O    probably    N 

[282°].    Formed,  together  with  an  equal  quan- 
tity  of  tetra-chloro-amido-pyridiiie  and   small 
quantities     of     di-chloro-di-oxy-amido-pyndine 
and  tri-chloro-amido-pyridine,  by  heating  gluta-  j 
zine  with  PC1?   (6  to  7  pts.).     Flat  culouvless  ; 
needles.     Sublimable.     V.  sol.  hot  water,  nearly 
insol.  cold,  m.  sol.  hot  alcohol,  si.  sol.  cold,  si. 
sol.  ether  and  benzene,  insol.  ligroin.     Mono- 
basic acid,  decomposes  soluble  carbonates.   Dis- 
solves in  cone.  HC1  or  cone.  H2S04,  but  is  re-  ' 


precipitated  on  dilution. — A'Na  zaq :  needles,  m. 
sol.  cold  water. 

Ethyl    derivative    N 

[82  °] .  Colourless  needles.  Very  volatile  with  steam. 
Peculiar  odour.  V.  sol.  alcohol,  ether,  etc. 
Formed  by  ethylation  of  the  above,  or  by  heat- 
ing tetra-chloro-amido-pyridine  with  sodium 
ethylate  (Stokes  a.  Pechmann,  B.  19,  2710  ;  Am. 
8,  392). 

7-CHLORO-a-OXY-ANGELIC  ACID  C5H7C102 
;.e.CH3.CCl:CH.CH(OH).C02H.  [116°].  From 
tri-chloro-oxy-valenc  acid,  zinc,  and  HC1  (Pin- 
ner a.  Bischoff,  A.  179,  100 ;  Pinner  a.  Klein,  B. 
11,  1496).  V.  sol.  water,  alcohol,  and  ether, 
si.  sol.  CS2.  Combines  with  Br.  PC15  gives 
CH3.CC1:CH.CHC1.COC1.  —  ZnA'2.  —  CuA'2.  — 
AgA' :  needles,  m.  sol.  cold  water. 

EthyletherEtA.'.     (230°). 

Isobutyl  ether  CH,3?r.A'.     (c.  238°). 

CHLORO-DI-OXY-ANTHRAQUINONE 
C14H.C104.    Chloro-alizarin.    [244°-248°].   Pre- 
pared by  the  action  of  Cl  on  a  cold  solution  of 
alizarin  in  CS2  (Diehl,  B.  11,  187).    Sublimes  in 
red  needles.     Sol.  boiling,  si.  sol.  cold,  water. 

Di-chloro-di-oxy-anthraquinone  C14H6C1204. 
Di-chloro-alizarin.  [208°-210°].  Prepared  by 
the  action  of  SbCl5  on  alizarin  (Diehl,  B.  11, 188). 
Sublimes  in  beautiful  orange-red  spikes.  Com- 
bines with  mordants  readily,  the  colours  resem- 
bling those  produced  by  nitre-alizarin. 

Tetra-chloro-di-oxy-anthraquinone 
C14H2(OH).,C1402.  Tetra-chloro-alizarin.  [c. 
260°].  Prepared  by  the  action  of  SbCl5  on 
alizarin  (Diehl,  B.  11,  189).  Further  action  of 
SbCl5  forms  C,Cld>  C2C16,  CC14,  and  C02.  Eeddish- 
brown  crystalline  powder.  Does  not  combine 
with  mordants. 

CHLORO-OXY-BENZAMIDE  v.  AMIDE  OF 
CHLORO-OXY-BENZOIC  ACID. 

DI-CHLORO-TETRA-OXY-BENZENE 
C6C12(OH)4.  Hydrochloranilic  acid.  From  di- 
chloro-di-oxy-quinone  by  reduction  with  aqueous 
S02  at  100°,  or  with  tin  and  HC1  (Koch,  Z.  1868, 
203 ;  Graebe,  A.  146,  32).  Needles.  V.  sol. 
water,  alcohol,  and  ether.  Oxidised  by  moist  air 
into  di-chloro-di-oxy-quinone  (chloranilic  acid). 

Tetra-acetyl  derivative  C6Cl2(OAc)4. 
[235°]. 

CHLORO-o-OXY-BENZOIC  ACID  C7H5C1O3 
i.e.  C6H3C1(OH).C02H  [5:2:1].  Chloro-salicylic 
acid.  Mol.  w.  175|.  [172-5°]  (H.  a.  B.);  [168°] 
(V.).  S.  -09  at  20°  ;  1-25  at  100°. 

Formation.  - 1.  By  passing  the  calculated 
quantity  of  chlorine  into  salicylic  acid  dissolved 
in  a  large  quantity  of  CS.,  (Hiibner  a.  Brenken, 
B.  6,  174;  cf.  Cahours,  A'.  Ch.  [3]  13,  106),  or  in 
HOAc  (Smith,  B.  11,  1226 ;  Marshall,  A.  Ph.  S. 
17,  476). — 2.  From  (5,2,l)-chloro-amido-benzoic 
acid  by  displacement  of  NH2  by  OH  through  the 
diazo-  reaction  (Hiibner  a.  Weiss,  B.  6,  175). — 
3.  From  (2,5,l)-oxy-amido-benzoic  acid  by  dis- 
placement of  NH2  by  Cl  (Schmitt,  Z.  1864,  321 ; 
Beilstein,  B.  8,  816). — 4.  From  j9-chloro-phenol, 
CC1,,  and  alcoholic  KOH  (Hasse,  B.  16,  2196).— 
5.  From  CHH4Cl(ONa)  [1:4]  and  C02  at  150° 
(Varnholt,  J.  pr.  [2]  36,  20). 

Properties. — Needles  (from  water).  V.  sol. 
alcohol,  ether,  and  benzene.  Fe2Cl6  colours  its 
aqueous  solution  red. 


CHLORO-OXY-BUTYRIC  ACID. 
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Salts.  -NaA'.— LiA  2aq.— KA'.— BaA'  3aq. 
CaA'.,3aq.— PbA'.,.— CuA'2.— AgA. 

Methyl  ether  MeA'.  [48°].  (249°).  Needles. 

Ethyl  ether  EtA'.  [110°].  Needles. 

Acetyl  derivative  CBH3Cl(OAc).CO.,H 
[149°]. 

Amide  C6H3C1(OH)(CONH.)  [223°]. 

Chloro-oxy-benzoic  acid  CaHjCl(OH).CO.,H 
[3:2:1].  [178°].  S.  -08  at  3-5°.  From  [2:1] 
CtiH4Cl(ONa)  and  C02  at  150°  (Varnholt,  /.  pr. 
[2]  36,  22).  Long  needles,  volatile  with  steam, 
may  be  sublimed.  V.  sol.  alcohol  and  chloro- 
form. Fe2Cl6  gives  a  violet  colour. — NaA. — 
BaA'2  3aq. 

Me  thy  I  ether  MeA'.  [83°].  (260°).  Needles. 

Chloro-oxy-benzoic  acid  08HsCl(OH).CO.jH 
[4:2:1].  [207°].  From  CtiH4Cl(ONa)  [1:3]  by 
treatment  with  C02  and  heating  the  product, 
CHH4Cl(O.COoNa)  at  150°  (Varnholt,  J.  pr.  [2] 
36,  28).  Also  from  CKH3(C02H)(N02)C1  [1:2:4]  by 
reduction,  diazotisation,  and  boiling  with  water. 
Small  needles,  volatile  with  steam,  may  be  sub- 
limed. V.  sol.  alcohol  and  chloroform,  si.  sol. 
water.  Fe2Cl6  gives  a  violet  colour. 

Chloro-p-oxy-benzoic  acid  CbH3Cl(OH)CO.,H 
[3:4:1].  [188°]  (P.) ;  [170°]  (L.).  S.  -37  at  c.  15°. 

Formation. — 1.  From  silver  ^-oxy-benzoate 
and  Cl  (Peltzer,  A.  146,  284 ;  Z.  [2]  5,  225).— 
2.  From  j>-oxy-benzoic  acid  and  SbCl5  (Lossner, 
J.  pr.  [2]  13,  432).— 3.  From  o-chlorophenol, 
KOH,  CC14  and  alcohol  at  130°  (Hasse,  B.  10, 
2192). 

Properties. — Silky  needles ;  v.  sol.  hot  water, 
v.  e.  sol.  alcohol  and  ether.  May  be  sublimed. 
Fe2Cl6  gives  a  reddish-brown  pp.  in  neutral 
solutions. 

Salt.— BaA'26aq. 

Methyl  derivative  C6H:,Cl(OMe).C02H. 
Chloro-anisic  acid.  [215°].  White  glistening 
scales.  Formed  by  oxidation  of  the  methyl- 
ether  of  chloro-p-cresol. — A'Ag:  sparingly 
soluble  pointed  plates. — A'2Ba  3|aq  :  thin  rect- 
angular tables,  soluble  in  hot  water  (Schall  a. 
Dralle,  B.  17,  2529). 

Chloro-^-oxy-benzoic  acid.  Methyl  deri- 
vative C6H3Cl(OMe)C0.2H.  Chloro-anisic  acid. 
[176°]  (C.) ;  [180°]  (L.).  From  anisic  acid  and 
Cl  (Laurent,  B.  J.  23,  421;  Cahours,  A.  56, 
312).  Prisms  or  needles.  May  be  sublimed. 
~Insol.  water,  v.  sol.  alcohol  and  ether.  Probably 
identical  with  the  preceding. 

Di-chloro-o-oxy-benzoic  acid 
C6H,C12(OH)(CO,H).  Di-chloro-salicylic  acid. 
[214°].  Prepared  by  leading  Cl  into  an  acetic 
acid  solution  of  salicylic  aeid  (Smith,  B.  11, 
1225 ;  A.  Ph.  S.  17,  486  ;  cf.  Cahours,  A.  Ch. 
[3]  13,  106).  Formed  also  by  heating  salicylic 
acid  (1  mol.)  with  SbCl5  (3|  mols.)  (Lossner, 
J.pr.  [2]  13,  429).  Small  prisms  (from  dilute 
alcohol).  SI.  sol.  hot  water.  May  be  sublimed. 

Salts. — AVBa  3aq.  Long  needles,  insol.  cold 
water. — A'K  :  soluble  needles. — A'Na :  large 
soluble  needles. — A'2Mg :  small  soluble  crystals. 
A'2Pb.  Insoluble  pp. 

Methyl  ether:  [142°];  needles. 

Ethyl  ether:  [47°];  needles. 

Iso-butyl  ether:  [188°];  small  needles. 

Amide:  [209°]  ;  needles. 

Methyl  derivative  CaH2Clo(OMe)C02H 
[104°].  From  methyl-salicylic  a'cid  and  Cl 


(Procter,  J.  Ph.  [3]  3,  275  ;  Cahours,  A.  Ch.  [31 
10,  343).  Needles. 

Ethyl  derivative  CJ^Cl2(OEt)C(XH. 
Needles  (Cahours,  A.  Ch.  [3]  27,  46i). 

Di-chloro-p-oxv  benzoic  acid 
C6H,C1,(OH).C02H  [156°  uncor.].  Formed  by 
oxidation  of  di-chloro-p-cresol  with  CrOs  in 
acetic  acid  (Glaus  a.  Eiemann,  B.  16,  1600). 
Sublimable.  Long  white  needles.  Sol.  alcohol, 
ether,  and  hot  water,  nearly  insol.  cold  water. — 
A'Na*  :  small  needles,  sol.  water  and  alcohol. 

Di-chloro-p-oxy-benzoic  acid.  Methyl  deri- 
vative C6H,Cl2(OMe).CO.,H.  Di-chloro-anisic 
acid  [196°].  Formed,  together  with  tetra-chloro- 
quinone,  by  treating  anisic  acid  with  HC1  and 
KC103  (Keinecke,  Bl.  [2]  7,  177).  Large  needles 
(from  alcohol) ;  insol.  water. 

CHLORO-o-OXY-B  iNZOIC  ALDEHYDE 
C7H,C102  i.e.  CriH:tCl(OH).CHO.  From  salicylic 
aldehyde  and  Cl  (Piria,  A.  30,  169  ;  Lowig,  B.  J. 
20,  311).  Tables  (from  alcohol).  Insol.  water. 
Combines  with  NaHSOa  (Bertagnini,  .4.85,  196). 
Ba(O.C6H,Cl.CHO)., :  powder.  With  NH:1  it 
forms  yellow  needles  of  (C6H3C1(OH).CHLN~ 
(Piria,  A.  Ch.  [2]  69,  309). 

Chloro-/?-oxy-benzoic  aldehyde 
C,H.tCl(OH).CHO.  [149°].  From^-oxy-benzoic 
aldehyde  and  dry  chlorine  (Herzfeld,  B.  10, 
2196).  Silky  needles ;  v.  sol.  water,  alcohol, 
and  ether.  Absorbs  NH3  (2  mols.).  Fe2Cl6  gives 
a  violet  colour. 

CHLO^O-OXY-BENZYL  ALCOHOL 
C7H7C10,     i.e.    CaH,Cl(OH).CH,OH,       Chloro- 
salicjenin.     From  chloro-salicin  by  hydrolysis  by 
emulsin  (Piria,   A.  56,   60).     Trimetrio  plates 
(from  water).     Turned  blue  by  Fe2Cl6. 

a-CHLORO-0-OXY-BTTTYRIC  ACID 
CH3.CH(OH).CHC1.CO,H.  [63°].  Prepared  by 
addition  of  hypochlorous  acid  (C10H)  to  (a)- 
crotonic  acid  (Melikoff,  B.  16,  1270 ;  Bl.  [2]  41, 
311;  47,  167;  Pavoloff,£Z.  [2]  43, 115).  Needles. 
V.  sol.  water. 

Reactions. — 1.  By  the  action  of  alcoholic 
KOH  it  gives  propylene-oxide-carboxylic  ((£)- 

methyl-glycidic)   acid  /\  [84°] 

CH3.CH.CH.CO.jH 

whence  HC1  forms  the  following  acid. — 2.  Heat- 
ing with  H2S04  gives  o-chloro-crotonic  acid 
whence  zinc  and  H  ,S04  produce  crotonic  acid. — 
3.  Heating  with  HC1  gives  CH,.CHC1.CHC1.C02H 
[69°]  (?)  whence  alcoholic  KOH  gives  rise  "to 
CH.i.CH:CCl.CO,H  [98°]. 

Salts.— A'2Zn:  extremely  soluble  tables. — 
A'2Ca  :  easily  soluble  amorphous  powder. 

Chloro-oxy-butyric  ac'.d  CaHJCl(OH).CO.,H. 
[82°]. 

Formation. — 1.  By  the  addition  of  hypo- 
chlorous  acid  (C10H)  to  iso-crotonic  acid.— 2. 
By  the  addition  of  HC1  to  propylene  oxide 
carboxylic  acid. 

Properties. — Long  prisms.  V.  sol.  water, 
alcohol  and  ether.  By  the  action  of  alcoholio 
KOH  it  gives  butyro-glycidic  acid. 

Salts. — A'2Ca  4aq  :  easily  soluble  micro- 
scopic crystals. — A'.  Zn  2aq  :  trimetric  crystals, 
si.  sol.  cold  water  (Melikoff,  B.  16,  1268). 

Chloro-oxy-butyric  acid 

CH,C1.CH(OH).CH,.CO.,H.  Formed  at  the  same 
time  as  the  preceding  "by  the  union  of  HOC1 
with  isocrotonic  acid  (Melikoff,  J.  R.  16,  541). 
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CHLOKO-OXY-BUTYRIC  ACID. 


Liquid.      Converted    by  alcoholic    KOH    into 
propylene  oxide  carboxylic  ((7)-methyl-glycidic) 

acid      /\ 

CH2  .  CH.CH2.C02H 
Chloro-oxy-isobutyric  acid 

CH.,Cl.CMe(OH).C02H.      Chloro-acetonic  acid. 
[107°].     (c.  233°). 

Formation. — 1.  From  chloro- acetone  by 
treatment  with  HCN  and  saponification  of  the 
resulting  nitrile  (Bischoff,  B.  5,  865).— 2.  From 
methacrylic  acid  and  HOC1  (Melikoff,  Bl.  [2] 
41,  311;  43,  116).— 3.  From  propylene  oxide 
carboxylic  acid  ((a)- methyl -glycidic  acid) 

0 

/\        and  cone.  HC1  (M,). 
CH3.C(C02H).CH2 

Properties.— Long  prisms  (from  ether) ;  v. 
sol.  water.  Converted  by  alcoholic  KOH  into 
propylene-oxide  carboxylic  acid. 

Salts.— CaA'2  2aq.— ZnA'2. 

Nitrile  CH2Cl.CMe(OH).CN.  Fromchloro- 
acetone,  by  boiling  with  alcohol  and  cone, 
aqueous  HCN  (B.).  Oil.  Split  up  by  distilla- 
tion into  HCy  and  C3H4C120. 

Chloro-oxy-butyric  acid.     Nitrile 
C4HaClN03.      From  epichlorhydrin  and  anhy- 
drous  HCy    at    140°   (Hormann,   B.   12,    23). 
Liquid,  v.  sol.  water.    Dilute  HC1  forms  a  liquid 
chloro-oxy-butyric  acid. 

Di-chloro-oxy-isobutyric  acid 
CHCl2.CMe(OH).CO2H.    [83°].    From  its  nitrile 
and  HClAq    at   100°   (Bischoff,    B.    8,   1334). 
Prisms. — AgA'. 

Ethyl  ether  EtA'.     (c.  212°). 

Nitrile  CHCl2.CMe(OH).CN.  From  di- 
chloro-acetone  and  cone,  aqueous  HCy  (B.). 
Liquid.  Split  up  by  distillation  or  by  alkalis 
into  HCy  and  di-chloro-acetone.  Aqueous  KCy 
forms  crystalline  (C3H4C12O)2HCN  (Glutz  a. 
Fischer,  J.  pr.  [2]  4,  52). 

Di-chloro-oxy-isobutyric  acid 
(CH2C1)2C(OH).C02H.    [92°]. 
Obtained  by  boiling  its  nitrile  for  12  hours  with 
cone.  HClAq  (Grimaux  a.  Adam,  Bl.  [2]  36,  20). 
Deliquescent  tables,  v.  sol.  alcohol  and  ether. 
KCN  converts  it  into   a  nitrile  of  citric  acid 
(CH2CN)2C(OH).C02H. 

Ethyl  ether  EtA'.  (c.  228°).  From  s- 
di-chlorhydrin,  chloroformic  ether,  and  sodium 
amalgam  (Kelly,  B.  11,  2222).  Cone.  KOH 
produces  glycerin. 

Nitrile  (CH,C1)2C(OH).CN.  From  s-di- 
chloro-acetone  (50  g.)  by  digesting  with  HCy 
(20  g.),  a  little  water,  and  alcohol  8  c.c. 

Tri-chloro-oxy-isobutyric  acid 
CCl:j.CMe(OH).C02H.     From  tri-chloro-acetone 
by   successive  treatment  with   HCy  and  HC1 
(Bischoff,  B.  8,  1339).     Syrup. 

TRI-CHLORO-DI-OXY-DI-CYMYL-ETHANE 
C.,,H27Cl:t02  i.e.  CC13.CH(C10H12OH)2.  [194°]. 
From  thymol  (2  mol.),  chloral  (1  mol.)  and 
cone.  H2S04  diluted  with  HOAc  (Jaeger,  B.  7, 
1197  ;  C.  J.  31,  262).  Monoclinic  needles  (con- 
taining HOEt).  Insol.  water.  Alcohol  and 
zinc -dust  form  CH3CH(C10H12OH)2  and 
CH,,:C(C10H12OH), 

CHLORO  -  OXY  -  ETHYL  -  AMIDO  -  PHENYL  - 
ETHANE  CCl.j.CH(OH).C(iH4NHEt.  [98°].  From 
chloral  hydrate  and  ethyl-aniline  (Boessneck,  B. 
21,  782). 


Nitrosamine  CIOHHC13N(NO)  [138°]. 

(Py.  3:1:2)  -CHLORO-OXY-ETHYL-QUINOL- 

.C(OH):CEt 
INE     C6H.<  I      .     [248°].    Formed  by 

\N=CC1 

the  action  of  PC15  upon  aniline  ethyl-malonate 
under  benzene.  Colourless  needles.  M.  sol. 
alcohol  (Kiliani,  B.  20,  1235). 

TRI-CHLORO-OXY-ETHYL-SUCCINICACID. 
Lac  tone.  CC13.CH.CH(C02H).CH2.CO.O.  Tri> 

chloro-methyl-paraconic  acid.  [97°].  From 
chloral,  sodium  succinate  and  Ac20  (Fittig,  B. 
20,  3179).  Converted  by  baryta  into  barium 
isocitrate. 

DI-CHLORO-DI-OXY-HEXANE  C6H12C12O2 
i.e.  CH2C1.CH(OH).CH2.CH2.CH(OH).CH2C1.  (?) 
S.G.  ^  1-4.  From  diallyl  and  aqueous  HOC1  in 
the  cold  (Henry,  B.  7,  415  ;  Z.  [2]  5,  479).  Oil. 
Potash  converts  it  into  diallyl  dioxide  whence 
baryta-water  produces  the  anhydride  of  tetra- 
oxy-hexane  C6H1203  (Przibytek,  Bl.  [2]  45,  248). 

Di-chloro-tetra-oxy-hexane  v.  MANNITE. 

DI  -  CHLORO  -  DI  -  OXY  -  HEXINOIC  ACID 
C6HaCl204  i.e. 

CH,C1.C(OH):CC1.C(OH):CH.C02H  (?).  Di- 

chloro-di-oxy-amenyl  carboxylic  acid.  [177°]. 
From  the  following  by  sodium  amalgam 
(Hantzsch,  B.  20,  2789).  Lustrous  prisms. 
Cone,  aqueous  NaOH  forms  C6H3C104Na2  6aq 
which  crystallises  in  canary  yellow  needles  and 
is  converted  by  HC1  into  C5H5C102  [97°],  which 
forms  a  salt  NaA'  3aq.—  NH4A'.  [185°J. 

Acetyl  derivative  [134°]. 

Tri-chloro-di-oxy-hexinoic  acid  C6H-C1304 
i.e.  CH2C1.C(OH):CC1.C(OH):CC1.C02H  (?) 

[177°].  Formed,  together  with  tri-chloro-phe- 
nol,  by  passing  chlorine  into  an  alkaline  solu- 
tion of  phenol  (Hantzsch,  B.  20,  2789).  The 
yield  is  50  p.c.  Needles  (from  water)  ;  or  mono- 
clinic  crystals  (containing  4aq).  Decomposed 
by  cone,  aqueous  KOH.  —  NH4A'  2aq  :  trimetric 
prisms,  si.  sol.  water. 

Methyl  ether  MeA'.     [126°]. 

Di-acetyl     derivative     C6H3Ac2Cl304. 


CHLORO-DI-OXY-INDONAPHTHENE 


6H4<^  | 


4<™  >C(OH). 


nylene-chloro-oxy-acetylene-ketone.     [114°]  . 
Formed  by  the  action  of  acids  or  alkalis  upon 

C(OH)V 
the  amides  C6H4<^  |         J>C:NE  or 

which  are  obtained  by  the 
action  of  amines  upon  di-chloro-oxy-indonaph- 
thene  (q.  v.)  ,  C6H4<^°^>CC1.  It  is  reconverted 

into  these  amides  by  the  action  of  amines  (Zincke, 
B.  20,  1271).  White  glistening  plates  (from  dilute 
alcohol),  or  small  compact  crystals  (from  petro- 
leum-spirit). Dissolves  in  aqueous  alkalis  with 
a  red  colour.  By  PC15  it  is  converted  into  the 

CCL 
compound  CeH4<^  |      \CO. 


CHLORO-BI-OXY-METHYL-PUR1N. 


(In.  3:1: 2) -Di-chloro-oxy-indonaphthene 


C6H 


>CO.     [125°].    Formed  by  the  action 


It  is  not 


or 


of     PC15     upon     chloro-di-oxy-indonaphthene 
C6H4<;£;(°H)>CO.    Glistening  plates  (from  di- 

lute alcohol)  (Zincke,  B.  20,  1272). 

(In.  3:2:l)-Di-chloro-oxy-indonaplitliene 

C6H4<^CC1^CC1.  Phenylene-di-chloro-acetylene- 
ketone.     [90°].    Formed  by  oxidation  of  the  car- 

yCfOHj.ocga 

boxylic  acid  C6H4^     \  (from  di-chloro- 

\CC1:CC1 

(l8)-naphthoquinone)  with  Cr03.  Small  yellow  or 
long  glistening  golden  needles.  Very  volatile 
with  steam.  It  has  some  of  the  characteristics 
of  a  quinone.  With  aromatic  bases  it  forms 
coloured  compounds.  Eeacts  with  hydroxyl- 
amine  and  with  phenylhydrazine.  With  halogens 
it  yields  colourless  addition-products. 
affected  by  SnCl2  or  by  PC15. 

Methyl  -amide    O 

>C(OHk 

C6H4<    |          >C:NMe  :  [195°]  ;   long  dark-red 

\CC1     / 

needles,  sol.  hot  alcohol  and  acetic  acid,  si.  sol. 
benzene. 

Di-methyl-amide    C6H4:C3C10.NMe2  : 
[140°];     long    red  needles    or  'thick  tables.  — 
B'2H2Cl2PtCl4  :  yellow  crystalline  pp. 

Anilide  C6H4:C3C10.NHPh  :  [204°];  slender 
deep-red  needles  ;  dissolved  in  warm  dilute  al- 
kalis without  decomposition. 

Oxim  CtfH4<°gJOH);>CCl  :    [120°];  long 

yellow  needles  ;  v.  sol.  warm  alcohol  and  acetic 
acid  (Zincke,  B.  20,  1265). 

Di-chloride    C.H^^  >CC12.       [108°]. 

Converted  by  aqueous  NaOH  into  tri-chloro- 
vinyl-benzoic  acid  [163°]  (Zincke  a  Frohlich,  B. 
20,  2053). 

Di-bromide  C6H4<£g1Br>CClBr.    [114°], 

and,  when  rapidly  heated,  [c.  128°].     Converted 
by  aqueous  NaOH  into  di-chloro-bromo-vinyl- 
benzoic  acid  CClBr:CCl.CBH4.C02H  [174°]. 
Chloro-oxy-indonaphthalene  dichloride 

C6H4<^C1>CC12.    [59°].    From  the  dihydride 

of  tri-chloro-di-oxy-indonaphthene  carboxylic 
acid  and  dilute  Cr03Aq  (Zincke,  B.  20,  2890). 
Thick  needles  (from  alcohol).  Converted  by  al- 
kalis into  di-chloro-vinyl-benzoic  acid. 

DI-CHLORO-DI-OXY-INDONAPHTHENE 
C(OH)C02H 

CARBOXYLIC     ACID      C6H/\CC12.     [139°]. 

CO 

Formed  by  dissolving  the  hydrate  of  tetra-chloro- 
(j8)-naphthoquinone  in  dilute  Na2C03Aq  andppg. 
with  an  acid  (Zincke,  B.  21,  497).  Thick  needles 
(containing  aq)  (from  water).  V.  sol.  alcohol, 

benzene,  and  HO  Ac.  Cr03  gives  CGH4<^>CC12 

[124°]. 

Methyl  ether  MeA'  [124°]  large  oblique 
crystals. 


Acetyl  derivative  C10HrAcCl20. 
Prisms. 
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[126°]. 


Tri-chloro-oxy-indonaphthene        carboxylic 
acid.    Dihydride  C10H7C1303  i.e. 
/  C(OH).CO,H 

6    4\CHCl^CCl2<    From  the  dihydride  of  di- 

co.co 

chloro-(j8)-naphthoquinoneC8H4<''  I      and 

CHC1.CC12 

dilute  NaOH  (Zincke  a.  Frohlich,  B.  20,  2894). 
Liquid. 

Methyl  ether  MeA'.     [150°]. 

Acetyl  derivative  of  the  methyl  ether 
C,0H,MeAcCl303.  [116°J. 

DI-CHLORO-OXY-METHANE  SULPHINIC 
ACID  CC12(OH)SO,H.  Unstable  deliquescent 
needles. 

Salt.— A'K.  Trimetric  plates.  From  KCy 
and  aqueous  or  alcoholic  trichloro-methane  sul- 
phochloride  (q.v.):  CCl3.SO2Cl  +  KCy-t-H.,O 
=  CyCl  +  HCl  +  CCl2(OH).S02K.  Boiled  with 
potash  it  forms  KC1  and  K2S03  (Loew,  Z.  1868, 
518  ;  McGowan,  J.  pr.  [2]  30,  288). 

DI-CHLORO-OXY-METHANE  SULPHONIC 
ACID. 

Chi  or  id  e.— *  CC12(OH)  S02C1.  FromPCl,  and 
CC12(OH)S02K  (McGowan,  J.pr.  [2]  30,  289). 

A  nil  id  e.— CC12(OH)  S02NPhH.  Ehombo- 
hedra.  From  aniline  and  the  above  chloride. 

TRI  -  ca  -  CHLORO  -  a  -  OXY  -  ME  THYL-AMIDO- 
PHENYL  -  ETHANE  CCl3.CH(OH)CdH4NHMe. 
[112°].  From  chloral  hydrate  and  methyl-ani- 
line (Boessneck,  B.  21,  782). 

Nitrosamine  CCl3.CH(OH).CfiH.NMeNO. 
[118°].  Needles. 

Tri-a-chloro-a-oxy-di-methyl-amido-benzene 
CCla.CH(OH).C6H4NMe2.    Formed  by  condensa- 
tion of  chloral  hydrate  with  di-methyl-aniline  in 
presence  of  ZnCl2  (Knofler  a.  Boessneck,  B.  20, 
3193). 

(Py.  3:l)-CHLORO-OXY-(£.  4)-METHYL- 
(Py.  2)-ETHYL-QUINOLINE 

/C(OH)  =  CEt 
C6H3Me^  | 

a-Chloro-P-ethyl-y-oxy-o-toluquinoline. 
[225°].    Formed  by  the  action  of  PC15  upon  <r- 
toluidine  ethyl-malonate  under  benzene.     Silky 
needles  (from  alcohol)  (Kiliani,  B.  20,  1233). 

CHLORO-DI-OXY-METHYL-PURIN. 

Methyl  ethyl  derivative 
C5N4(CH3)(OMe)(OEt)Cl  (?)  Ethoxy-chloro-oxy. 
di-methyl-purin.  [160°].  Granular  crystals. 
Formed  by  the  action  of  a  solution  of  NaOH  in 
50  p.c.  alcohol  on  di-chloro-methoxy-methyl- 
purin.  By  HC1  at  130°  it  is  converted  into  tri- 
Dxy-di-methyl-purin  (di-methyl-uric  acid).  By 
HI  it  is  reduced  to  di-oxy-di-methyl-purin 
(Fischer,  B.  17,  335). 

Di-ethyl  derivative  C3(CH,)(OEt)2ClN4. 
Formed  by  heating  tri-chloro-methyl-purin  with 
alcoholic  NaOH  (Fischer,  B.  17,  332).  Fine 
felted  needles.  Heated  with  HC1  at  130°  it 
gives  methyl-uric  acid  (tri-oxy-methyl-purin). 

Di-chloro-oxy-methyl-purin   C6H4ON4C12  i.e. 
N=CC1 

I  | 
5(CH3)  (OH)C12N4  probably  C1C    C— NH 

II  II 
N=-C— NMe 
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CHLORO-BI-OXY-METHYL-PURIN. 


[274°].  Obtained  by  heating  methyl-uric  acid 
with  PCI  .and  POC13  at  130°  (Fischer,  B.  17,  330, 
1786).  Fine  white  needles.  Very  stable  body, 
volatilising  without  decomposition  and  not  being 
attacked  by  HN03  or  by  KC103  and  HC1.  By 
HI  it  is  reduced  to  oxy-methyl-purin. 

Di-chloro-oxy-di-methyl-purin      C7H,.OC12N4 

i.e.     C1C    C-NMev         or  C5N4(CH3)(OMe)Cl2 
II     II  /CO 

N— C— NMe/ 

[183°].  Di-chloro-methoxy-methyl-purin.  Formed 
by  heating  the  lead  compound  of  di-chloro-oxy- 
methyl-purin  with  methyl  iodide  (Fischer,  B. 
17,  334,  1787).  Fine  colourless  needles.  Insol. 
alkalis.  By  HI  it  is  reduced  to  methoxy-methyl- 
purin. 

(Py.  4,  3)  -  CHLORO-OXY  -  (B.  2)  -  METHYL- 
QUINOLINE  O,HSCH3NOC1  i>e. 
CMe:CH.C.CH:CH 

||          |    .     Chloro  -methyl  -pseudocar- 
CH :  CH.C:NC1.CO 

bostyril.  [121°].  Formed  by  treating  a  solu- 
tion of  (B.  2)  methylquinoline  in  boric  acid  with 
bleaching  powder  solution  (Emhorn  a.  Lauch, 
A.  243,  358).  White  needles  (from  acetic  ether). 

Reactions.— I.  Boiled  with  NaOHAq  (B.  2)- 
methyl-carbostyril  [228°]  is  obtained.— 2.  Yields 
an  isomeride  [281°]  on  boiling  with  alcohol. 

(Py.  l,3,4)-Chloro-oxy-methyl-quinoline 

,  CChCH 
C6H4<f  |      [117-5°].     From  (7)-chloro-car- 

\NMe.CO 

bostyril,  Mel,  and  alcoholic  NaOH  (Friedlander 
a.  Miiller,  B.  20,  2009).  Hair-like  needles  (from 
MeOH). 

(Py.)  -  Chloro  -di-  oxy-  (B.  2)-methyl-quinoline 
Di-ethyl  derivative  CtiH.j(CH.i)NC.<Cl(OEt)2. 
[71°].  Formed  by  heating  (Py.  l:2:3)-tri-chloro- 
(B.  2)-methyl-quinolinewith  a  solution  of  sodium 
in  absolute  alcohol  at  100°-130°.  Long  colourless 
needles  (Eiigheimer  a.  Hoffmann,  B.  18,  2982). 

(Py.  2:3:1)  -  Chloro  -  di  -  oxy-(.B.   4)  -  methyl  - 
quinoline  C,0HSNC120  i.e. 
,C(OH):CC1 


|  or 

=  C(OH) 
yC(OH):CCl 
CtiH3(CH3)<  |     .     Chloro-oxy-tolucarbo- 

> NH— CO 

styril.  [277°].  Formed  by  heating  (Py.  2:3:1)- 
di  -  chloro  -  oxy  -  (B.  4)  -  methyl  -  quinoline  with 
dilute  HC1  at  160°.  Large  plates  or  tables.  V. 
sol.  acetic  acid,  si.  sol.  alcohol,  insol.  water. 
Dissolves  in  acids  and  alkalis  (Eiigheimer  a. 
Hoffmann,  B.  18,  2986). 

(Py.   1)  -Chloro-  (B.   2)-oxy-methyl-quinoline. 
Methyl    derivative     C(OMe):CH.C.CCl.CH 

CH=CH.C.N.CMe 

[100°].  (c.  298°).  From  the  corresponding 
C9H4Me(OH)(OMe)N  by  POC13  (Conrad  a.  Lim- 
pach,  B.  21,  1649).  Silky  prisms. 

(Py.  1:2:3)  -  Di  -  chloro  -  oxy  -  (B.  2)  -  methyl  - 
quinoline  C10H.NC120  i.e. 

/CChCCl  .CC1:CC1 

C6H3(CH3)<;  or  OACCHX         I     - 

\N=C(OH)  \NH.CO 

Di-chloro-tolucarbostyril.  [292°].  Obtained  by 
heating  (P7/.l:2;3)-tri-chloro-(-B.2)-methyl-quino- 


line  with  dilute  HC1  at  180°.  Small  crystals.  Sol. 
benzene  and  acetic  acid,  si.  sol.  alcohol  and  ether, 
insol.  water.  Has  both  weak  basic  and  weak  acid 
properties  (Kiigheimer  a.  Hoffmann,  B.  18, 
2981). 

(Py.  1:2:3)-  Di  -  chloro  -  oxy  -  (B.  4)  -  methyl  - 

/CC1:CC1 
quinoline  CeH3(CH3)<  .      Di-chloro- 

\N  :  C(OH) 

tolucarbostyril.  [288°].  Formed  by  heating 
(Py.  1:2:3)  -tri-  chloro  -(B.  4)-methyl-quinoline 
with  dilute  HC1  at  180°.  Small  white  needles 
(from  acetic  acid).  Sublimes  in  needles.  SI. 
sol.  alcohol,  insol.  water  (Eiigheimer  a.  Hoff- 
mann, B.  18,  2985). 

(Py.  2:3:1)  -Di  -  chloro  -  oxy  -  (B.  4)  -  methyl- 

/C(OH):CC1 
quinoline  C6H3(CH3)<  I     .  [245°]. 

N  N  -=001 

Formed  by  the  action  of  PC15  upon  the  acid 
malonate  of  o-toluidine  in  presence  of  cold 
benzene.  Needles.  SI.  sol.  alcohol  and  acetio 
acid,  nearly  insol.  water.  Decomposes  alka- 
line carbonates  (Eiigheimer  a.  Hoffmann,  B.  18, 
2983). 

(Py.  2:4:  3)  -  CHLORO-OXY-METHYL-ISO- 

/CH:CC1 

QUINOLINE    C10H8C1NO    i.e.     C6H4<          |      . 

\CO.NMe 

[112°].  Formed  by  methylation  of  (Py.  2:4)- 
chloro-oxy-isoquinoline  [220°].  Long  needles. 
V.  sol.  ether,  benzene,  chloroform,  and  hot  alco- 
hol (Gabriel,  B.  19,  2361). 

(Py.  4:2:l)-Chloro-oxy-methyl-isoquinoline 
CHMe.CO 


Needles  (from  acetic  acid).  Sol.  aqueous  alkalis. 
Formed  as  a  by-product  of  the  reaction  of 
POCLj  upon  the  imide  of  phenyl-methyl-acetic-o- 

CMe—  CO 
|        (Gabriel,  B. 
—  NH 
20,  2504). 

CHLORO-OXY-(a)-NAPHTHOQUINON!, 
C10H5C10,  i.e.  C10H,C1(OH)0,.  Chloro-naph- 
thalic  acid,  [above  200°].  Formed  by  boiling 
chloro-naphthalene  tetrachloride  with  HN03 
(Laurent,  A.  35,  293).  Formed  also  by  boiling 
di-chloro-naphthoquinone  with  alcoholic  KOH 
(Graebe,  A.  149,  14  ;  P.  a.  E.  Depouilly,  Bl.  [2] 
4,  10)  ;  and  by  boiling  the  alkylamides  of 
chloro-(a)-naphthoquinone  with  acids  or  aqueous 
KOH.  Yellow  needles  ;  may  be  sublimed.  Insol. 
water,  m.  sol.  alcohol  and  ether.  HN03  oxidises 
it  to  phthalic  arid  oxalic  acids.  Turned  red  by 
alkalis.  Distillation  with  PC15  gives  penta- 
chloro-naphthalene. 

Salts.—  KC10H4C104  ccaq  :  crimson  needles.  — 
BaA'.,  aq  :  silky  orange  needles. 

/CO    .    C(OH) 

Imide     C6H4<  ||         .      [c.     260°]. 

\C(NH).CC1 

Formed  by  the  action  of  alcoholic  NH.,  upon  a 
hot  alcoholic  solution  of  chloro-  08)-naphtho- 
quinone.  Dark  metallic  plates.  SI.  sol.  alcohol 
and  acetic  acid.  Dissolves  in  dilute  NaOH  with 
a  dark-violet  colour.  Long  boiling  with  IIC1 
yields  chloro-oxy-(a)-naphthoquinone  (Zincke, 
B.  19,  2499). 


CHLORO-OXY-PHENYL-CARBAMIC   ACID. 
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Anilide 


CO C(OH) 

*H<  ||          .       [253°]. 

\C(NPh).CCl 
Dark  metallic  plates.     Formed  by  the  action  of 
aniline  upon  a  hot  alcoholic  solution  of  chloro- 
(0)-naphthoquinone  (Zincke,  B.  19,  2499). 

('  £  ')-Chloro-oxy-(a)-na;.htlioquinone 
C,oH,Cl(OH)O2.      [205°    uncor.].      Formed    by 
boiling     ('  £  ')  -  di  -  chloro  -  (a)  -  naphthoquinone 

with   alkalis.      Felted  yellow 


needles.  V.  sol.  alcohol,  ether,  &c.,  si.  sol. 
water.  Sublimable.  The  alkali-salts  are  v.  sol. 
water  with  a  deep  red  colour ;  the  Ca  and  Ba 
salts  are  sparingly  soluble. — A'.XJu  :  insoluble 
red  pp. — A'.,Pb  :  yellowish  red  pp. 

Anilide  CI()H4Cl(NHPh)02:  [155°  uncor.]. 
Formed  by  boiling  an  alcoholic  solution  of 
('  ft  ')-di-chloro-naphthoquinone  with  aniline. 
Dark  violet  crystals.  V.  sol.  acetic  acid,  si.  sol. 
alcohol. 

o-Toluide  C10H4C1(NHC7H.)0  :  [175°  un- 
cor.]. 

p-Toluide  C]0H4C1(NHC;H.)02:  [164°  un- 
cor.] (Claus  a.  Miiller,  B.  18,  3074). 

Chloro-oxy-(/8)-napht]ioquinone.    Ethyl  de- 

.00  —  CO 

rivative  C6H4<  |      .      [149°].      From 

\C(OEt):CCl 

,CO.CC12 
tetra-chloro-(a)-naphthol  C6H4<f         |       and  al- 

\CC1:CC1 

coholic  KOH  (Zincke,  B.  21,  1027).  Orange 
needles. 

P ropy  I  derivative  C,0H4C10,(OPr).  [190°]. 
Formed  in  like  manner,  using  propyl  alcohol. 

Tri-chloro-oxy-  (a)  -naphthoquinone 
C1(,H2C13(OH)0.2.  [235°  uncor.].  Formed  by 
boiling  tetra-chloro- (a) -naphthoquinone  with 
alcoholic  KOH.  Yellow  needles.  Sublimable. 
V.  sol.  alcohol,  ether,  <£c.,  si.  sol.  water.  Its 
salts  are  deep  red.  By  treatment  with  aniline  it 
gives  an  anilide  [180°  uncor.],  which  forms 
coppery  needles.  Sol.  hot  alcohol,  acetic  acid, 
and  ether,  si.  sol.  cold  alcohol,  insol.  water. 

The  corresponding  o-  and  p-toluidine  deriva- 
tives melt  at  [205C]  and  [203°]  uncor.  respec- 
tively (Claus,  B.  19,  1141). 

Tetra-chloro-oxy-(a)-naplitlioq[uinone 

/CO.C(OH) 
C6C14<         ||          .      [265°  uncor.].     Formed  by 

\CO.C(OH) 

dissolving  penta-chloro-(a)-naphthoquinone  in 
alcoholic  KOH,  and  precipitating  the  acid  by 
HC1.  Sublimes  in  yellow  needles.  The  alkaline 
salts  are  v.  sol.  water,  the  Ag,  Pb,  Cu,  &c.  salts 
are  red  pps.  (Claus  a.  Wenzlik,  B.  19,  1168). 

DI-CHLORO-DI-OXY  -  (a)  -NAPHTHOaUI- 

.CO.C(OH)2 
NONE  DIHYDRIDE  C6H4<          |  .    [105°]. 

\CO.CC12 

From  chloro  -  amido  -  naphthoquinone  and  Cl 
(Zincke  a.  Gerland,  B.  20,  3216).  Thick  needles. 
Converted  by  alkalis  into  a  compound  [129°] 
which  may  be  oxidised  to  another  [125°]. 

CHLORO-OXY-NAPHTHOQUINONE  SUL- 
PHONIC  ACID  (?)  CIOH5C1S06  i.e. 
C10H3C10.,(OH)(SO  H).  From  naphthalene, 
KC103,  and  H,SO4  (Hermann,  A.  151,  63  ;  Z. 
[2]  4,  551).  Amorphous  mass,  m.  sol.  water,  v.  sol. 
alcohol  and  ether.  When  boiled  with  water  it 


exchanges  Cl  for  OH.  The  K  salt  is  a  red 
dye. 

(2,  3?)-Chloro-Dxy-(a)-nxphtlioquinone  (3')- 
sulphonic  acid  C,UH  Cl02(OH)(SO,H).  [211°]. 
From  di-chloro-naplithoquinone  sulphonic  acid 
by  displacing  Cl  by  OH  (Claus,  /.  pr.  [2]  37, 
184).  Crystals;  v.  sol.  water,  si.  sol.  alcohol, 
insol.  ether. 

Salts.—  The  normal  salts  are  yellowish-red, 
the  basic  salts  are  dark  red.  —  Na2A"  2aq.  — 
BaA"  2aq.  -PbA".—  Ag,A"aq. 

Phenyl  derivative 

CloH,(SO,H)Cl(OPh)O2.  [121°].  Formed  by 
the  addition  of  phenol  and  a  small  quantity 
of  potash  to  a  hot  solution  of  the  sodium  salt. 
C10H1(S0.1Na)Cl(OPh)0,(PhOH).—  BaA',2PhOH. 
Small  needles  (from  water).  —  AgA'PhOH. 
Needles.  V.  sol.  hot,  si.  sol.  cold,  water. 

Acetyl  derivative  C)0H((SO,H)Cl(OAc)0.,. 
Salt  s.—  NaA'  :  bright  yellow  needles.  The  Ag, 
Pb  and  Ba  salts  form  double  salts  with  the  pre- 
cipitant. 

CHLORO-OXY-NICOTINIC  ACID  v.  CHLOBO- 

OXY-PYRIDINE    CABBOXYLIC   ACID. 

DI-CHLORO-DI-OXY-OCTANE 

C8H,,CLXOH)2.  Formed  by  the  action  of  C10H 
on  CH2:CMe.CH2.CH.,.CMe:CH.)  (Przybitek,  B.  20, 
3239). 

DI-CHLORO-OXY-OCTOIC  ACID  C8H14C120, 
i.e.  (C,H6C1)2C(OH).C02H.  Formed  by  the 
union  of  HC1  with  (C3H-)2C(OH).C02H  obtained 
from  oxalic  ether  and  zinc  allyl  (Schatzky, 
J.  R.  17,  73).  Syrup. 

DI-CHLO  RO-HEXA-OXY-DIPHENYL. 
Tetra-methyl  ether.  ClfiHltiCl.,Od  i.e. 
C12H2CL,(OH),(OMe)4.  Di-chloro-hydrocceru- 
lignon.  [220U].  From  its  acetyl  derivative  and 
alcoholic  KOH  (Hayduck,  B.  9,  929).  Small 
plates  (from  alcohol).  M.  sol.  hot  alcohol.  — 
C^H^ICCl./),;  :  needles.  -BaA". 

Di-  acetyl  -derivative 

C,,H,Cl,(OAc)2(OMe)4.  [172°].  From  di-acetyl- 
coerulignon  and  PC15.  Small  prisms. 

Hex  a  -methyl  ether  C,.,H,Cl2(OMe)6. 
From  C1,H4(OMe)ti  and  Cl  (Ewald.X  11,  1624). 
Needles  (from  alcohol). 

Tetra-chloro-di-oxy-diphenyl  C^HjC^O.^ 
i.e.  CbH2Cl2(OH).CtiH2Cl2(OH).  [233°  uncor.]. 
From  di-oxy-diphenyl  in  HOAc  and  Cl  (Ma- 
gatti,  B.  13,  227).  Needles  (from  dilute  alcohol). 
Fuming  HN03  gives  dark  red  insoluble  scales  of 
C0H,CL,0 

CtiH2Cl2.o' 

Octo-chloro-di-oxy-diphenyl  C,,C1,(OH)2. 
Per-chloro-diphenol.  [234  ].  Prepared  by  heat- 
ing per-chloro-diphenyl  with  alcoholic  NaOH 
at  150  '  (Weber  a.  Sollscher,  B.  16,  883).  Quad- 
ratic tables.  Sol.  benzene  and  alkalis. 

Di-methyl  ether  C12Cls(OMe)2  :  [226°]; 
long  white  needles. 

Di-acetyl  derivative  C12Cls(OAc)2  : 
[194°]  ;  pointed  crystals. 

CHLORO-OXY-PHENYL-CARBAMIC  ACID. 


Anhydride     C^ClCO.       Carbonyl- 
chloro-amido-phenol.     [193°].     Formed  by  boil- 
ing with  alcohol  the  product 
(C6H3C1<^NQ  ^>CO)  of  the  action  of  bleaching- 
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powder  on  C.H^Q  >CO  (Jacoby,   J.  pr.   [2] 

37,  32).    Plates  (from  water,  HOAc,  and  benz- 
ene).    SI.  sol.  hot  water.     May  be  sublimed. 
j^so-v-di-chloro-oxy-phenyl-carbamic      acid. 

Anhydride    C^Cl^^CO.         (^-Car- 

bonyl chloro-phenol  chlorimide.  [119°].  From 
the  preceding  and  chlorine-water  (Jacoby,  J.  pr. 
[2]  37,  40).  Plates;  m.  sol.  chloroform  and 
benzene.  Converted  by  heat  into  the  following 
isomeride.  Converted  into  the  preceding  body 
by  boiling  with  alcohol,  ether,  water,  aniline, 
di-methyl-aniline,  and  phenyl-hydrazine. 

Di-chloro-oxy-phenyl-carbamic  acid.  Anhy- 

dride C6H2C12<^™^>CO.     (a)  -  Carbonyl  -  di  - 

chloro-amido-phenol.  [270°].  The  chief  product 
of  the  action  of  heat  on  the  preceding,  the  fol- 
lowing isomeride  being  also  formed  (J.).  Prisms 
(from  alcohol).  May  be  sublimed. 

Di-chloro-oxy-phenyl-carbainic  acid.      A  n  - 

hydride      C^Cl^^^CO.     (fy-Carbonyl- 

di-chloro-amido-phenol.      [214°].     Formed    as 
above.    Needles;  v.  e.  sol.  alcohol,  ether,  and 
HOAc;  m.  sol.  water.     Sublimes  in  needles. 
Tri-chloro-oxy-phenyl-carbamic  acid.     An- 


hydride C^Cl^-CO.  (a)-Carbonyl-di- 
chloro-phenol  chlorimide.  [c.  147°].  From 
C6H3C1<NQ  *>CO  and  a  solution  of  bleaching- 

powder  (Jacoby,  J.pr.  [2]  37,  46). 

Tri-chloro-oxy-phenyl-carbamic  acid.    An- 

hydride C^Cl^^CO.  [89°].  (^-Car- 
bonyl -  di-chloro  -phenol  chlorimide.  From 
C6H2C12<N^I>CO  in  HOAc  by  adding  a  solu- 

tion of  bleaching-powder  (J.).  Needles;  sol. 
water. 

Tri-chloro-oxy-phenyl-carbamic  acid.    An- 

hydride C6HC13<N03>CO.  Carbonyl  -  tri- 
chloro-amido-phenol.  [262°].  Formed  from 
CgH^^^CO  in  HOAc  by  chlorination  and 

subsequent  decomposition  of  the  product  by 
boiling  alcohol  (J.).  Needles,  si.  sol.  alcohol, 
HOAc,  and  water.  Sublimes  in  plates. 

Tetra-chloro-oxy-phenyl-carbamic          acid. 

Anhydride  C6C14<1QH;>CO.  Carbonyl- 
tetra-chloro-amido-pJienoL  [c.  229°].  Formed 
by  heating  C^Cl^^^CO  which  is  ob- 

tained by  treating  a  solution  of  the  preceding  in 
HOAc  with  bleaching-powder  (Jacoby,  J.  pr.  [2] 
37,  48).  White  crystalline  sublimate;  si.  sol. 
water  ;  m.  sol.  alcohol  and  HOAc  ;  v.  sol.  ether 
and  benzene.  Converted  by  bleaching-powder 

solution  into  C^lCO   whence  it  is  re- 


generated by  boiling  with  alcohol. 

TRI  -  CHLORO  -  DI  -  OXY  -  DI  -  PHENYL  - 
ETHANE  C14HHC1302  i.e.  CCl3.CH(CaH4OH)2. 
[202°].  From  phenol,  chloral,  H.2SO4,  and 
HOAc  at  0°  (ter  Meer,  B.  7,  1201).  Small  crys- 
tals ;  v.  sol.  alcohol  and  ether.  Alcohol  and 
zinc-dust  give  CH2:C(C6H4OH)2. 


Di-acetyl    derivative 
CCl3.CH(CtiH4OAc)2.     [138  ;J.     Needles. 

DI  -  CHLORO  -  OXY  -  PHENYL  -  METHYL  - 
PYRAZOLE  C10HSN2OC12  i.e. 

Ph.N<C^r£Me2>  •  [61°].  Obtained  by  pass- 
ing chlorine  into  oxy-phenyl-methyl-pyrazole 
dissolved  in  chloroform  (Knorr,  A.  238,  178). 
Crystalline  mass,  volatile  with  steam,  insol. 
water  and  alkalis,  sol.  alcohol  and  ether.  Ke- 
duced  by  Sn  and  HC1  to  oxy-phenyl-methyl- 
pyrazole. 

)8-CHLORO-(a)-OXY  -  PHENYL  -  PROPIONIC 
ACID  C9H9C103  i.e.  Ph.CH(OH).CHCl.CO,H 
[104°].  From  sodie  cinnamate,  sodic  carbonate 
and  chlorine  (Glaser,  A.  147,  80 ;  219,  183)  or 
better,  from  potassic  cinnamate  and  HC10 
(Erlenmeyer  a.  Lipp,  A.  219,  181).  Slender 
six-sided  laminae  (containing  aq).  Melts,  in 
the  hydrated  condition,  at  80°.  M.  sol.  cold 
water. 

Reactions. — 1.  Alkalis  form  so-called  #-oxy- 
phenyl-cinnamic  acid  which  is  probably  the 
anhydride  of  a^-di-oxy-phenyl-propionic  acid 


3dH5.CH  .  CH.( 


(Erlenmeyer,  B.  20,  2465), 
CdH5.CH  .  CH.C02H 

and  aj8-di-oxy-phenyl-propionic  acid. — 2.  So- 
dium amalgam  forms  j8-oxy-phenyl-propionic 
acid. — 3.  Fuming  HC1  produces  oj8-di-chloro- 
phenyl-propionic  acid. — 4.  Boiling  with  Ac20 
gives  a-chloro-cinnamic  acid. 

S  a  1 1. — AgA':  crystalline  powder. 

a-Ch.loro-£-oxy-phenyl-propionic  acid 
C6H5.CH(OH).CHC1.C02H.      From  ajS-di-oxy- 
phenyl-propionic    acid    and    HC1    (Leschhorn, 
Dissert.  Wurzburg,  1884).    Formed  also  by  the 
O 

action  of  HC1  on  C6H5.CH.CH.CO,H,  which  is 
obtained  by  treating  the  preceding  acid  with 
alkalis  (Erlenmeyer,  jun.,  B.  20,  2466). 

Chloro-oxy-o- phenyl-propionic  acid  C9H9C103. 
Chloro-tropic  acid.  [130°].  From  atropic  acid 
and  aqueous  C10H  (Ladenburg,  A.  217,  110). 
Crystals ;  v.  e.  sol.  water.  Zinc-dust  and  iron 
filings  in  HOAc  convert  it  into  tropic  acid. 

(Py.  1:4:2)  -  CHLORO  -  OXY  -  PHENYL  -  ISO  - 
QTTINOL1NE  C)5H10C1NO  i.e. 

Cl:CPh  .CC1  :  CPh 

I       orC6H4<;  |       . 

.NH  \C(OH):N 

Chloro-isobenzalphthalimidine.  [212°].  Formed 
by  heating  chloro-methoxy-phenyl-isoquinol- 
ine  [76°]  with  fuming  HC1  at  100°.  Silky 
needles.  V.  sol.  benzene,  chloroform,  and  acetic 
acid,  m.  sol.  cold  alcohol  and  ether  (Gabriel,  B. 
19,  2358). 

Methyl      derivative      C16H12NOC1      i.e. 

CC1    :    CPh 
C6H4<  |      .    [76°].    Formed  by  heating 

\C(OMe):N 

di-chloro-phenyl-isoquinoline  with  a  solution  of 
sodium  in  methyl  alcohol  at  100°.  Colourless 
needles.  V.  sol.  ether,  chloroform,  benzene,  and 
acetic  acid.  Very  weak  base.  By  heating  with 
fuming  HC1  at  100°  it  yields  chloro-oxy-phenyl- 
isoquinoline  (chloro-isobenzalphthalimidine)  and 
methyl  chloride  (Gabriel,  B.  19,  2357). 
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TETRA  -  CHLOEO  -  DI  -  OXY  -  DI  -  PHENYL 
SULPHONE  C^H.C^SO,  i.e.  S02(CBH,C12.OH)2. 

[289°].  S.G.  i£  1-777.  From  SO,(C;H4.OH)', 
KC103,  and  HC1  (Annaheim,  A.  172,  38 ;  B.  9, 
1150).  Needles  or  prisms.  Insol.  water,  v.  si. 
sol.  cold  alcohol. 

DI  -  CHLORO  -  DI  -  OXY  -  DI  -  PHENYL  - 
THIOUREA.    Di-methyl  ether 
SC(NH.C6H3Cl(OMe))2.      [153°].    From  chloro- 
anisidine,  alcohol,  and  CS2.     White  needles,  sol. 
alcohol  and  ether  (Herold,  B.  15,  1687). 

CHLORO-OXY-PICOLINIC  ACID  v.  CHLOBO- 

OXY-PYBIDINE    CABBOXYLIC   ACID. 

CHLORO-OXY-PROPANE  SULPHONIC  ACID 

C3H7C1S04  i.e.  CH2C1.CH(OH).CH2.S03H.  From 
epichlorhydrin  and  Na2S03  at  100°  (Darmstadter, 

A.  148,    126).      Syrup.— NaA' 2aq :  monoclinic 
crystals.—  NaA'  aq :  trimetric  tables.— NaA' ^aq 
(Pazschke,  J.pr.  [2]  1, 94).— CaA'26aq.-  BaA'  aq. 
PbA'.,2aq.— AgA'3aq. 

j8-CHLORO-a-OXY-PROPIONIC  ACID 
CH,C1.CH(OH)C02H.    Chloro-lactic  acid.    [78°]. 

Formation. — 1.  From  chloro-acetic  aldehyde 
by  treatment  with  HCN  and  HOI  (Glinsky,  Z. 
1870,  515  ;  Frank,  A.  206,  344).— 2.  Together 
with  its  isomeride  by  the  union  of  HOC1  with 
acrylic  acid  in  aqueous  solution  at  0°  (Melikoff, 

B.  13,  2153). 

Preparation.— Epichlorhydrin  (5  g.)  is  heated 
with  (20  g.  of)  nitric  acid  (S.G.  1-38)  on  a  water 
bath  until  the  odour  of  chloropicrin  is  perceived. 
The  product  is  poured  into  water  and  extracted 
with  ether.  On  evaporation  this  leaves  an  oil 
that  solidifies  over  H2S04  (v.  Richter,  J.pr.  128, 
Xt/o ). 

Properties. — Flat,  deliquescent  prisms.  V. 
sol.  water,  alcohol,  and  ether.  Cannot  be  dis- 
tilled. Moist  Ag20  converts  it  into  glyceric  acid. 
When  heated  with  water  it  splits  up  into  alde- 
hyde, C02,  and  HOI  (Erlenmeyer,  B.  13,  309). 

Salt  s.— CaA'2  3aq.—  ZnA'2  3aq.—  Mn A'  3aq. 
CuA'2.-AgA'. 

Methyl  ether  MeA':  (186°);  liquid. 
Ethyl  ether  EtA'.     [37°].     (205°). 
a-Chloro-j8-oxy-propionic  acid 
CH2OH.CHC1.C02H. 

Formation.— 1.  From  glyceric  acid  and  HOI 
(Werigo  a.  Melikoff,  B.  12,  178). —2.  From 
acrylic  acid  and  HOC1.— 3.  By  the  action  of 
water  on  a/8-di-chloro-propionic  acid  (Melikoff, 
B.  12,  2227).— 4.  From  oxy-acrylic  acid  and  HOI 
(Melikoff,  B.  13,  273). 

Properties. — Syrup.  V.  sol.  water,  alcohol, 
and  ether.  Converted  by  moist  Ag20  into  gly- 
ceric acid,  and  by  alcoholic  KOH  into  oxy-acrylic 
acid.  Cone.  HC1  forms,  at  100°,  a/8-di-chloro- 
propionic  acid  [50°].  Zinc  and  dilute  H2S04 
reduce  it  to  hydracrylic  acid  (Melikoff,  J.  R~.  13, 
164). 

Salt. — ZnA'2  :  hygroscopic  gummy  mass. 
Di-chloro-oxy-propionic  acid 
CHC12.CH(OH).C02H.     [77°].    From  di-chloro- 
acetic   aldehyde,   HCN,  and  HOI   (Grimaux  a. 
Adam,  B.  10,  903  ;  Bl.  [2]  34,  29).    Deliquescent 
tables ;    v.   e.   sol.  water,   alcohol,   and  ether. 
Eeduces  ammoniacal  AgNO.}. 

Ethyl  ether  EtA'.  (220°).  From  the  acid. 
Also  from  tri-chloro-oxy-propionic  ether  in  alco- 
holic solution,  by  treatment  with  zinc,  and  HC1 
(Pinner  a.  Bischoff,  A.  179,  88). 


Tri-chloro-oxy-propionic  acid 
CCI3.CH(OH).C02H.        Tri-chloro-lactic      acid. 
[105°-110°].    From  its  nitrile  by  HOI  (Pinner, 
A.  179,  79  ;  B.  17,  1997).    Prisms  ;  sol.  ether. 
Split  up  by  alkalis  into  chloral  and  formic  acid. 

Reactions.—  1.  With  strong  aqueous  NH3  it 
gives  glycosine.  —  2.  With  hydroxylamine  it 
yields  glyoxim.—  3.  With  phenyl-hydrazinc  it 
yields  glyoxal-di-phenyl-hydrazide.  —  4.  With 
urea  and  a  little  water  it  gives  acetylene-urea 

/NH.CH.NHv 
C4H6N402  i.e.  OC<  >CO  (Pinner,  B. 

\NH.CH.NH/ 

17,  1997).  —  5.  Fusion  with  urea  forms  some  uric 
acid  (Horbaczewski,  M.  8,  584). 

Salts.—  NH4A'.—KA':  prisms. 

Ethyl  ether  EiA?.  [67°].  (c.235°).  Formed 
by  heating  chloralide  with  alcohol  (Wallach,  A. 
193,  8). 

Preparation.—  Chloral-hydrate  is  converted 
into  its  cyanhydrin  by  mixing  with  strong  HCN, 
and  after  24  hrs.  standing  the  mixture  is  digested 
on  the  water-bath  for  4-6  hrs.  and  evaporated. 
The  crystalline  cyanhydrin  is  dissolved  in  one- 
third  its  weight  of  alcohol  and  HOI  gas  led  into 
the  boiling  solution.  When  the  reaction  is  com- 
plete the  ether  is  precipitated  by  water,  and 
solidifies  on  cooling  ;  the  yield  is  90  p.c.  of  the 
theoretical  (Pinner,  B.  18,  754). 

Properties.  —  Insol.  water.  Converted  by 
alkalis  into  tartronic  acid.  Zinc  and  HOI  reduce 
it,  in  alcoholic  solution,  to  di-chloro-oxy-propionic 
acid. 

Acetyl   derivative    C013.CH(OAc).C02H. 

Tri-chloro-ethylidene  ether  v.  CHLO- 
RALIDE. 

Tri-bromo-ethylidene  ether 

CBr3.CH<°)-CO>CH.CCl3.   [149°]  (Wallach,  A. 

193,  1). 

Amide  CC13.CH(OH).CONH2.  [96°].  From 
the  nitrile,  HOAc,  and  H2S04  (Pinner  a.  Fuchs, 
B.  10,  1061).  Slender  needles;  v.  sol.  cold  water. 
Acetyl  derivative  CCl3.CH(OAc).CO.NH2. 
[95°]. 

Nitrile  CC13.CH(OH).CN.  [61°].  (c.  218°). 
From  chloral  and  HCN  (Hagemann,  B.  5,  151  ; 
Pinner  a.  Bischoff,  A.  179,  77;  17,  1997).  Tri- 
metric tables  (from  CS2).  V.  sol.  water,  alcohol, 
and  ether.  Reactions.  —  1.  Alkalis  split  it  up  into 
chloroform,  HCy,  and  formic  acid.  —  2.  Ammonia 
forms  di-chloro-acetamide.  —  3.  Heated  with 
urea  it  yields  tri  -  chloro  -  ethylidene  -  di  -  ureide 
CC13.CH(NH.CO.NH2)2  as  chief  product,  and 
biuret  as  a  by-product  (Pinner  a.  Lifschiitz,  B. 
20,  2345). 

Acetyl  derivative  CCl3.C(OAc).CN.  [31°]. 
(208°). 

o>-TRI-CHLORO-£-OXY-(.4.)-PfiOPYL-ACRID- 
INE  C16H12ONC13  C6H4 

i.e.  N  --  C:CH2.CH(OH).CC13(?). 


Methyl-acridine  chloral.  Formed  by  warming 
(u4.)-methyl-acridine  (60  g.)  suspended  in  benzene 
(600  g.)  with  anhydrous  chloral  (70  g.)  ;  at  70°- 
75°  the  product  separates  as  a  sandy  pp.  ;  the 
yield  is  nearly  theoretical.  Yellow  needles  or 
prisms.  Above  200°  it  is  again  resolved  into 


110 


TRI-CHLORO-OXY-PROPYL-AORIDINE. 


methyl-acridine  and  chloral.  SI.  sol.  all  ordi- 
nary solvents.  Its  basic  properties  are  very  slight. 
The  solution  in  cone.  H,S04  has  a  splendid 
greenish-yellow  fluorescence.  By  alkalis  it  is 
partially  resolved  into  methyl-acridine  and  chlo- 
ral, and  partly  converted  into  acridyl-acrylic  acid 
C,3H8N.CH:CH.CO.H  whence  KMn04  produces 


acridine-(A)-aldehyde 


^- 
|  \C6H4     [140°] 


(Bernthsen  a.  Muhlert,  B.  20,  1542). 

DI-CHLORO-OXY-PYRIDINE  C5H2(OH)C12N 
[178°].  Formed  by  heating  the  ethyl  ether  with 
HC1  (Koenigs  a.  Geigy,  B.  17,  1834).  Colourless 
crystals.  V.  sol.  hot  water. 

Ethyl  ether  C5H,(OEt)Cl2N  :  [31°];  white 
crystals;  formed  by  heating  tri-chloro-pyridine 
with  sodium  ethylate. 

CHLOHO-(7)-OXY-PYRIDINECARBOXYLIC 
ACID  C,H,ClN(OH)(CO.j;H).  Chloro-oxy-picolinic 
acid.  S.  4  at  100°. 

PreparatLOJi.-Comena.mic  acid  (q.v.)  is  heated 
with  PC15  (5  equivalents)  in  a  sealed  tube  at 
220°.  The  product  is  poured  into  water  at  0°. 
The  oil  that  separates  is  extracted  with  hot 
water  and  the  extract  evaporated  to  crystallisa- 
tion. The  crystals  are  dissolved  in  a  little  hot 
water  and  NH:!  is  added  :  ammonic  comenate  se- 
parates and  calcic  chloride  is  then  added  to  the 
filtrate.  Calcic  chloro-oxy-methyl  pyridine  car- 
boxylate  crystallises  out  slowly  (Bellmann,  J.  pr. 
[2]  29,  3). 

Properties.  —  Pointed  needles  (containing  aq). 
Insol.  cold  water,  ether,  chloroform,  and  benz- 
ene. Sol.  alcohol  and  acids. 

Reactions.  -  1.  Fe.Cl,;  gives  a  brown  pp.  sol. 
excess.  —  2.  AgN03  gives  a  bulky  white  pp.  soon 
becoming  granular.  —  3.  Reduced  by  Sn  and  HC1 
to  (7)-oxy-pyridine  carboxylic  acid  ((7)-oxy-pico- 
linic  acid). 

Salts.-  B'HCl.  Very  soluble  pointed  needles. 
CaA'2  aq.  Got  by  adding  CaCl2  to  a  solution  of 
the  acid  nearly  neutralised  by  NH3.  M.  sol. 

water.  -  C^CIN  <^Q  >Ca  |aq.   Got  by  adding 

CaCL  to  a  solution  of  the  acid  quite  neutralised 
by  NH3. 

Chloro-oxy-pyridine  carboxylic  acid 
C5H,C1N(OH)C02H.  Chloro-oxy-picolinic  acid. 
[c.  257°].  Obtained  by  heating  penta-chloro- 
methyl-pyridine  C.H2C1,N.CC13  withH,S04  (Ost, 
J.  pr.  [2]  27,  257).  Thick  needles  (containing 
aq).  Reduced  by  HI  in  acetic  acid  to  ()3)-oxy- 
picolinic  acid. 

Salt.—  CaA'24aq. 

Chloro-oxy-pyridine  carboxylic  acid 
C5H,C1N(OH).C02H.  Chloro-oxy-picolinic  acid. 
Obtained  by  the  action  of  H2S04  on  penta-chloro- 
methyl-pyridine  obtained  by  treating  picolinic 
acid  with  PC15  (Seyfferth,  J.  pr.  [2]  34,  254). 
Clusters  of  needles.  Does  not  melt  below  315°. 
SI.  sol.  cold  water.  Does  not  combine  with  HC1. 

Chloro-oxy-pyridine  carboxylic  acid 
C,H,C1N(OH)CO2H.     Chloro-oxy-nicotinic  acid. 
[302°].     From  nicotinic  acid  by  successive  treat- 
ment with  PCL  and  H^SO4.     Monoclinic  prisms 
(S.). 

Di-chloro-oxy-pyridine  carboxylic  acid 
C5HCLN(OH)CO.,H.     Di  -  chloro  -  oxy  -  picolinic 
acid.  "[c.  282°].  " 

Preparation.—  By  heating    hexa-chloro-me- 


thyl-pyridine  C5HC13N.CC13  with  (80  p.c.)  H2S04 
(Oat,  J.pr.  [2]  27,257). 

Properties. — Felt-work  of  fine  needles  (con- 
taining aq)  (from  water),  or  else  as  small  hard 
prisms.  Decomposes  about  282°.  Not  attacked 
by  Sn  and  HC1  or  by  aqueous  HI.  Reduced  by 
HI  in  glacial  acetic  acid  to  (a)-oxy-picolinic  acid. 

Salts. — Mostly  soluble,  except  the  calcium 
salt,  CaA'2,  which  is  but  slightly  soluble,  although 
it  is  more  soluble  than  the  acid.  Separates  by 
spontaneous  evaporation  as  silvery  stars. 

Chloro-oxy-pyrotartaric  acid  C5H7C105. 

Chloro-citramalic  acid.     [100°]. 

Formation. — 1.  From  citraconates  and  HC10 
(Carius,  A.  126,  204). — 2.  From  citra-  or  mesa- 
di-chloro-pyrotartaric  acid  by  warming  with 
water  (Gottlieb,  A.  160,  101 ;  Morawski,  J.  pr. 
[2]  10,  68 ;  11,  466).— 3.  By  passing  chlorine 
into  an  aqueous  solution  of  sodium  mesaconate 
(Morawski,  J.pr.  [2]  12,  392). 

Properties. — Trimetric  crystals.  Water  at 
120°  converts  it  into  di-oxy-pyrotartaric  acid  and 
acetone. 

Salts. — BaA''4aq:  monoclinic  tables,  v.  si. 
sol.  cold  water. — PbA"  4aq.— Ag2A". 

Chl<>ro  -  oxy  -  pyrotartaric  acid  C5H7C105. 
Hydro-chloro-oxy-citraconic  acid.  [162°].  From 
oxy-citraconic  acid  and  fuming  HC1  at  120°  (Mo- 
rawski, J.pr.  [2]  11,  443).  Plates.  Split  up  by 
bases  into  HC1  and  oxy-citraconic  acid.  Sodium 
amalgam  reduces  it  to  oxy -pyrotartaric  acid. 
CHLORO-OXY-QUINOLINE  C9HdNOCl  i.e. 

,CH:CH 
CdH4\          I        •   [112°].  Formed  by  the  action 

\  N  :COC1 

of  bleaching  powder  solution  on  the  borate  of 
quinoline   (Einhorn    a.  Lauch,  A.    243,   343). 
j  White  prismatic  needles.     Sol.  hot  water,  acetic 
ether,  HOAc. 

Reactions. — 1.  Boiled  in  an  alkaline  solution 
carbostyril  is  formed.— 2.  PC15  forms  (Py.  3) 
chloro-quinoline.  —  3.  Boiled  with  alcohol  p- 
chloro-carbostyril  [263°]  is  formed. 

(B.  2)-Chloro-(P2/.  3)-oxy-quinolme 
CC1:CH.C.CH:CH 

||          |      .  p-Chloro-carbosti/ril  [263°]. 
CH:CH.C.N:C(OH) 

Formed  by  treating  the  following  body  with 
alkalis,  and,  by  intramolecular  change,  from  the 
preceding  body.  When  its  alkaline  solution 
mixed  with  NaOCl  is  treated  with  CO,  the  fol- 
lowing body  is  ppd.  KMn04  gives  p-chloro- 
isatin  [248°]. 

(B.  2,  Py.  3)-Di-chloro-(P?/.  3)-oxy-quinolme 
CC1:CH.C.CH:CH 

||          |        .     [115°]  and  [145°].    From 
CH:CH.C.N:COC1 

(B.  2) -chloro-quinoline  and  bleaching  powder 
(Einhorn  a.  Lauch,  A.  243,  353).  Plates  (from 
HOAc)  or  needles  (from  EtOAc).  Dimorphous. 
Boiling  alkalis  give  chloro-carbostyril  [263°]. 

Chloro-oxy-quinoline  v.  CHLORO-CARBOSTYRIL. 

Tri-chloro-oxy-quinoline  CBH3C1SON.  [200°]. 
Prepared  by  passing  chlorine  for  6  hours  into  a 
solution  of  quinoline  in  dilute  acetic  acid.  The 
product  is  crystallised  from  alcohol.  The  yield 
is  15  p.c.,  most  of  the  quinoline  being  recovered. 
Thin  matted  needles,  sol.  benzene,  chloroform, 
and  alcohol.  Reduced  by  HI  at  2-30°  to  oxy- 
quinoline,  which  is  found  to  be  (Py.  3)-oxy- 
quinoline  (J.  Rotheit,  J.pr.  [2]  29,  300). 


CHLORO-OXY-TOLUCARBOSTYRIL. 
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(Py.  2:4)-CHLORO-OXY-ISOQUINOLINE 

s  CH  :  CC1  /CH:CC1 

C9HaClNOi.e.CGH4<  |     or  C6H4<         |    . 

\C(OH):N  XJO.NH 

[220°].  Fine  needles.  V.  sol.  ordinary  solvents. 
Dissolve's  in  dilute  NaOH.  Formed  as  a  by- 
product in  the  action  of  alcoholic  KOH  upon  di- 
chloro-isoquinoline.  Obtained  by  the  action  of 
dry  HC1  gas  at  c.  150°  upon  (Py.  2:4)-chloro- 


methoxy-isoquinoline 


On 


Ethyl    derivative 

Si 


4\C(OMe):N 
methylationwith  Mel  and  methyl  alcoholic  KOH, 
it  is  converted  into   (Py.  2:4:3)-chloro-oxy-me- 

,CH:CCl 
thyl-isoquinoline  QJ3.&          \        ,  isomeric  with 

\CO.NMe 

the  above  chloro-methoxy-isoquinoline  (Gabriel, 
B.  19,  2360). 

CH=-CC1 
Methyl    derivative   C0H4<;  |      . 

\C(OMe):N 

[74°].  Formed  by  heating  di-chloro-isoquinoline 
with  a  solution  of  sodium  in  methyl  alcohol,  at 
100°.  Thick  needles.  V.  sol.  alcohol,  ether,  &c. 
By  digestion  with  fuming  HC1  at  100°  it  is  con- 
verted into  the  imide  of  phenyl-acetic-o-carboxy- 

yCH,.CO 
lie  acid  CaH4/       "  |      (di-oxy-isoquinoline).  By 

\  CO.NH 

dry  HC1  at  150°  it  is  converted  into  chloro-oxy- 
isoquinoline  (Gabriel,  B.  19,  2359). 

'    CH=CC1 

ctiH4<;         i  . 

\C(OEt):N 

[37°].  Formed  by  heating  di-chloro-isoquinoline 
with  alcoholic  sodium  ethylate  at  100°.  Long 
needles.  V.  sol.  ordinary  solvents  (Gabriel,  B. 
19,  2358). 

(Py.  4:2)-Chloro-oxy-i  oquinoline    C,,HaClNO 

.CH:C(OH)  ,CH.,.Cb 

i.e.  CaH4<          |  or  CriH4<(       "  |     [197°]. 

\CC1:N  \CC1:N 

Formed  as  a  by-product  in  the  preparation  of 
di-chloro-isoquinoline  by  the  action  of  POC13  at 
150C-170°  upon  the  imide  of  phenyl-acetic-o- 

.CH.CO 
carboxylic  acid  C,H,<        "  |      (di-oxy-isoquino- 

\CO  .NH 

line).  Long  thick  needles,  or  colourless  plates. 
M.  sol.  hot  alcohol,  si.  sol.  ether,  cold  acetic  acid, 
hot  benzene,  and  chloroform. 

Methyl  derivative  C9H3(CHS)NO  :  [67°]. 
Small  white  crystals ;  v.  sol.  alcohol,  ether,  &c., 
insol.  alkalis.  Formed  by  heating  chloro-oxy- 
isoquinoline  with  Mel  and  methyl  -  alcoholic 
KOH  (Gabriel,  B.  19,  2355). 

Di-chloro-oxy-isoquinoline  (?) 

CO.CHC1 
C.,H,C12NO  probably  C6H4<  |      .  Formed  by 

\CC1:N 

heating  hippuric  acid  with  PC15.  By  further 
action  of  PCI.  it  is  converted  into  a  body 
C,,H5NCltt,  [134°]  (Riigheimer,  B.  19,  1169  ;  cf. 
Schwanert,  A.  112,  59). 

DI-^-CHLORO-DI-OXY-QTJINONE 
C(.C1.,(OH).,0.,[1:4:2:5:3:6].      Chloranilic       acid 
(Hantzsch,  B.  20,  1303/2279). 

Formation. — 1.  By  dissolving  tetra-chloro- 
quinone  (chloranil)  in  dilute  aqueous  KOH 
(Erdmann,  J.  pr.  22,  281;  cf.  Stenhouse,  A. 


}  Suppl.  8,  14).— 2.  By  the  action  of  potash  on 
tri-chloro-quinone  (Graebe,  A.  146,  24). 

Properties.  —  Glittering  red  plates  (containing 
aq).  May  be  partially  sublimed.  Its  aqueous 
solution  is  violet,  but  decolourised  by  HC1  or 
H.,S04,  by  which  it  is  ppd. 

Reactions. — 1.  Reduced  by  tin  and  HC1  to 
di  -  chloro  -  tetva  -  oxy  -  benzene.— 2.  PC15  forms 
tetra-chloro-quinone. — 3.  By  treatment  with  bro- 
mine it  is  converted  into  di-chloro-tetra-bromo- 
acetone  CBr.,Cl.CO.CBr2Cl  [79°]  (Levy  a.  Jedlicka, 
B.  20,  2318;  cf.  Stenhouse,  A.  Suppl.  8,  17).— 
4.  HC1  and  KC103  form  tetra-chloro-acetone 
CHCL.CO.CHCl.,,  which  crystallises  with  4aq 
[49°]  "(Levy  a.  Jedlicka,  B.  21,  318).— 5.  Am- 
monia forms  C6C1,0.,(NH,)(OH)  3aq  crystal- 
i  lising  in  black  needles  and  forming  the  salts 
I  CdCl30  (NHJ(ONH.)  4aq  and  C.CltOt(NH1)(OAg). 
6.  A  small  quantity  of  S02  forms  tetra-chloro- 
tetra-oxy-quinhydrone  C,2H,.C14O8,  crystallising 
in  black  needles. 

Salts. — K2C6C12O4 aq :  purple  prisms,  form- 
ing a  purple  solution  in  water  or  alcohol. — 
Na.,A"4aq :  dark  crimson  needles  (Hesse,  A. 
114",  304).— BaA"3aq:  red-brown  scales.— Ag,A" : 
red  pp. 

Di- ethyl  ether  Et2CaCL04.  Red  prisms 
(from  alcohol). 

CHLORO-DI-OXY-QTJINONE  STJLPHONIC 
ACID  CeH3ClS07  i.e.  C6C1(OH).,0,(SO(H). 
Potassium  salt  C6C1(OK)20,(SO"3K)  2aq.. 
From  tri-chloro-hydroquinone  sulphonic  acid 
and  KOH  (Grabe,  A.  146,  55).  Red  needles; 
y.  sol.  water,  insol.  alcohol.  With  HC1  it  gives 
yellow  laminae  of  C(iCl(OH)202(S03K),  decolourised 
by  tin  and  HC1. 

DI  -p  -  CHLORO-DI-^-OXY-TEREPHTHALIC 
ACID  C.CyOH^CO.JH),  [1:4:2:5:3:6].  From  the 
colourless  ether"  (v.  infra)  and  cone,  aqueous 
NaOH  at  100°.  Greenish-yellow  needles  (con- 
taining 2aq).  Stable  in  the  air,  but  effloresces 
over  H,SO,  into  the  white  anhydrous  pseudo- 
form  (di-chloro-quinone  di-hydro-di-carboxylic 
acid)  which  is  reconverted  into  the  unstable  form 
by  heating  with  aqueous  NaOH. 

Ethyl  ether.    Di-chloro-hydroquinone-di- 
carboxylic  ether.   [123°].     Formed  by  reduction 
of    di  -  chloro  -  quinone  -  di  -  carboxylic    ether 
C0CUX(C02Et).,  with  zinc-dust  and  acetic  acid. 
Long   thin   colourless   needles.     V.   sol.   ether. 
By  melting  and  quick  cooling  it   is  converted 
into  yellowish-green  dichroic  tables,  which  are 
|  probably    the    pseudo-form     CtiH,ClA(CO,Er), 
I  (di-chloro-quinone-di-hydro-di-carboxylic  ether); 
|  this  is  unstable,  and  by  a  gentle  warming  is  con- 
verted back  into  the  colourless  needles  of  the 
stable   form   (Hantzsch  a.   Zeckendorf,  B.  20, 
1312). 

CHLORO-OXY-THYMOQUINONE 
C10H,U(OH)C10,  i.e.  CriCl(CH()(C3H.)0,(OH). 
[122°].  From  di-nitro-thymol  by  treatment  with 
PCI,  the  chloro-di-nitro-thymol  so  formed  being 
reduced  by  tin  and  HC1  and  the  resulting 
amido-  compound  oxidised  by  CrO:i  (Ladenburg 
a.  Engelbrecht,  B.  10,  1218).  Lemon-yellow 
prisms  (from  alcohol).  Rja^ily  sublimes.  Its 
alkaline  solutions  are  violet.  Boiling  with  KOH 
converts  it  into  di-oxy-thymoquinone. 

CHLORO  -  OXY  -  TOLUCARB031YRIL  V. 
CHLORO-DI-OXY-METHYL-QUINOLINE. 
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CHLORO-OXY-TOLUQUINOLINE. 


CHLORO-OXY-TOLUQUINOLINE  v.  CHLORO- 

OXY-METHYL-QUINOLTNE. 

DI-CHLORO-DI-OXY-TOLUQTJINONE  (?) 
C7H4C1203  i.e.  CeCl,Me(OH)O,.  [157°].  From 
tri-chloro-orcin  and'alkaline  K3FeCy6  (Stenhouse 
a.  Groves,  B.  13,  1306).  Deep  yellow  scales 
(from  water).  SI.  sol.  water,  v.  sol.  alcohol. 
Eeduced  by  S02  to  colourless  C7H6C1203,  which 
on  oxidation  gives  purplish-brown  crystals  of  a 
quinhydrone.  A  di-chloro-di-oxy-toluquinone 
has  been  described  by  Brauninger  (A.  185,  339) 
as  obtained  from  beech-wood  creosote  by  treat- 
ment with  KC103  and  HC1 ;  the  resulting  tetra- 
chloro-toluquinone  being  reduced  by  S02  to  the 
tetra  -  chloro  -  hydrotoluquinone,  whence  dilute 
KOH  forms  di-chloro-di-oxy-toluquinone,  a  brick- 
red  crystalline  powder. 

DI-CHLORO-DI-OXY-DI-o-TOLYL-PXRA- 

C7H7.N-CC1.CO 
ZINE  III*    [201°].    From  di-oxy- 

CO.CC1.N.C7H7 

di-tolyl-pyrazine  dihydride  and  PC15  (Abenius  a. 
Widmann,  B.  21,  1662). 

CHLORO-OXY-VALERIC  ACID 
C3H3C1(OH).CH2.C02H.    Obtained  by  oxidising 
chloro-allyl-propyl  alcohol  by  chromic  mixture 
(Lopatkin,  J.  pr.  [2]  30,  396).    Crystalline. 

Salts .— BaA'2  8aq.— Na  A'  aq. 

7-Chloro-7-oxy-valeric  acid 
Lac  tone.  C5H702C1  i.e.  CH3.CC1.CH2.CH2.CO.O 

(80°- 82°)  At  10  mm.  Got  by  passing  HC1  into 
(a)-angelico-lactone.  Decomposed  by  water  into 
HC1  and  levulic  acid.  On  distillation  it  splits 
up  into  HC1  and  (£)-angelico-lactone.  Bromine 
converts  the  lactone  into  brominated  bodies, 
whence  water  forms  a  great  deal  of  di-bromo- 
levulic  acid  and  some  bromo-levulic  acid  (Wolff, 
A.  229,  249). 

Chloro-oxy- valeric  acid  C^ClOg  i.e. 
CH3.CHCl.CMe(OH).C02H.  [75°].  Formed, 
together  with  its  isomeride,  by  the  union  of 
tiglic  acid  with  HOC1  (Melikoff,  A.  234,  225; 
Bl.  [2]  47,  166).  Needles,  sol.  water,  alcohol, 
and  ether.  Alcoholic  KOH  converts  it  into  butyl- 
ene  oxide  carboxylic  (di-methyl-glycidic)  acid 
0 

CH3.CH.CMe.CO,H  [62°],  whence  HC1  repro- 
duces the  original  acid  [75°]. 

Salts.-  ZnA'2.— Ca  A'2 :  prisms. 

Chloro-oxy- valeric  acid 

CH,.CH(OH).CMeCl.C02H.  [112°].  Formed, 
together  with  the  preceding,  by  the  union  of 
HOC1  with  tiglic  acid  (M.).  Prisms;  v.  sol. 
water,  alcohol,  and  ether.  Alcoholic  KOH  con- 
verts it  into  the  same  butylene  oxide  carboxylic 
acid  as  the  preceding. 

Salts  .—These  are  gummy  masses. — ZnA'2. — 
CaA'2.— BaA'2. 

Tri-chloro-oxy-valeric  acid 
CH3.CHC1.CC12.CH(OH).C02H.  [140°].  Pre- 
pared by  boiling  with  HC1  the  compound  of  tri- 
chloro-butyric  aldehyde  with  HCN  (Pinner  a. 
Klein,  B.  11, 1492 ;  A.  179,  99).  Trimetric  tables, 
v.  sol.  alcohol,  ether,  and  hot  water. 

Salts. — NaA'aq:   crystals.— PbA'2 :    amor- 
phous pp. 

Ethyl  ether  EtA'.     [40°].    (255°).    Long 
prisms.  Alcoholic  NH3  con  verts  it  into  C^CIN/) 


(?  amide  of  chloro-imido-angelic  acid)  [118°] 
whence  boiling  alcohol  produces  C5HdClN02. 

Acetyl  derivative  CsH8AcCl,08  aq.  [84°]. 
Slender  needles. 

Tri-chloro-ethylidene  ether 

CC13CH<Q  CO>CH.CC12.CHC1.CH3.     '     [87°]. 

(297°).  From  the  acid  and  chloral  at  175° 
(Wallach,  A.  193,37).  Thick  crystals  (from 
chloroform) ;  explodes  when  struck. 

A  mide  CH3.CHC1.CC12.CH(OH).CO.NH, 
[119°].  SI.  sol.  water  and  C6H6,  v.  sol.  alcohol 
and  ether.  Prepared  by  the  action  of  strong 
H.,S04  on  the  nitrile  (Pinner  a.  Klein,  B.  11, 
1490). 

Nitrile CH;J.CHC1.CC1,.CH(OH).CN.  Butyl- 
chloral  cyanhydrin.  [102'].  (c.  230°).  From 
tri-chloro-butyric  orthaldehyde,  alcohol,  and 
cone.  HCyAq.  Leaflets  (from  dilute  HClAq)  ; 
m.  sol.  cold  water,  v.  sol.  alcohol.  Converted  by 
alcoholic  NH3  into  the  amide  of  (jS)-chloro-cro- 
tonic  acid.  Urea  gives  chloro-crotonyl-urea 
C3HjCl.CONH.CO.NH2and  butyro-chloral  biuret. 

Acetyl  derivative  of  the  nitrile 
CH3.CHCl.CCl2.CH(OAc).CN.  (240°-252°).  From 
the  nitrile  and  AcCl.  Yellowish  oil. 

TETRA-CHLORO-a>-DI-OXY-XYLENE.    An 

hydride  C8H4C140  i.e.  C6C14<^2>0.  [218°]. 

From  tetra-chloro-phthalic  acid  (7*7  g.),  cone. 
HI  (3-5  c.c.)  and  red  phosphorus  (2  g.)  at  230° 
(Graebe,  A.  238,  331).  Needles  (from  toluene). 
SI.  sol.  hot  alcohol,  m.  sol.  hot  benzene  or  HOAc. 
Insol.  boiling  alkalis. 

CHLORO-PENTANE  v.  AMYL  CHLOBIDB. 

Di-chloro-pentaneC.H]0Cl2.  Amylene  chloride. 
(145°).  S.G.  s.  1-22  ;  2  i-058.  From  crude  amyl- 
ene  and  PC15  (Guthrie,  C.  J.  14,  128 ;  A.  121, 
115)  or  Cl,  the  temperature  being  first  at  - 15°, 
afterwards  boiling  (Bauer,  Z.  [2]  4,  380,  667 ;  cf. 
Kondakoff,  C.  C.  1887,  979). 

Di  -  chloro  -  pentane  (CH3)2CH.CH2.CHC12. 
Isoamylidene  chloride.  (130°).  S.G.  **  1-05. 
From  isovaleric  aldehyde  and  PC15  (Ebersbach, 

A.  106,  265).     KOH  gives  (CH3)2CH.CH:CHC1 
(86°)  and  (CH3),CH.C:CH  (Bruylants,  B.  8,413). 

aa-Di-chloro-pentaneCH3.CH2.CH,.CCl2.CH3. 
From  methyl  propyl  ketone  andPC!5  (Bruylants, 

B.  8,  411).     Liquid ;    decomposed  by  distilla- 
tion.    Dry  KOH  forms  CH.rCH2.CH,.C:CH.    Al- 
coholic KOH  forms  CH3.CH2.CH2.CC1:CH,  (96°) 
and  CH3.C:C.C2H5  (Favorsky,  Bl.  [2]  45,  247). 

Di-chloro-pentane  C5H10C12.  (155°-160°). 
S.G.  Q  1-19.  Formed  by  chlorination  of  ordinary 
amyl  chloride  (Buff,  A.  148,  350). 

Di-chloro-pentane  C5H10C12.  (151°).  From 
valerylene  and  HC1  at  100°  (Keboul,  Z.  1867, 
173).  Heavy  oil. 

Tri-chloro-pentane  C5H9C13.  (185°-190°). 
S.G.  x—  1-33.  By  chlorination  of  ordinary  amyl 
chloride  (Buff,  A.  148,  350).  A  crystalline  tri- 
chloro-pentane  is  formed  (160°-190°)  by  chlori- 
nating crude  amylene  (Bauer,  J.  pr.  100,  42). 

Tetra-chloro-pentane  C5H8C14.  (240°).  S.G. 
-  1*429.  From  amylene  and  Cl  (Bauer,  J.  pr. 
100,  43). 

Penta-  and  Hexa-chloro-pentanes  have  been 
obtained  by  Spring  a.  Lecrenier  (Bl.  [2]  48,  623) 
by  chlorinating  isoamyl  mercaptan. 

CHLORO-ISO-PEN  TANE  SULPHONIC  ACID 
C3H10C1.S03H.  From  isopentane  sulphonic  acid 


CHLORO-PHENOL. 


and  Cl  in  sunshine  or,  in  presence  of  iodine,  at 
130°  (Spring  a.  Winssinger,  B.  17,  537  ;  Bl.  [2] 
41,  301).— BaA'2. 

CHLORO-PENTENOIC  ACID  v.  CHLORO-ANGE- 
LIC  ACID  and  CHLOKO-TIGLIO  ACID. 

CHLORO-PENTENYL  ALCOHOL 
CH3.CH:CCl.CHMe.OH.  Methyl-chloro-allyl 
carbinol.  (159°)  at  725  mm.  S.G.  ~\  1-0882. 
V.D.  4-09  (Theory  4-17).  From  tri-chloro-amyl- 
alcohol  C3H4Cl3.CHMe.OH,  finely  divided  iron, 
and  acetic  acid  (Garzarolli-Thurnlackh,  A.  223, 
154),  or  zinc-dust  and  dilute  HC1.  Colourless 
mobile  liquid  with  pungent  smell,  faintly  soluble 
in  water,  soluble  in  ether,  CS2,  and  chloroform. 
Combines  with  bromine.  Acetic  acid  is  among 
the  products  of  oxidation  by  chromic  mixture. 

Acetyl  derivative  C5H8AcClO.  (173°)  at 
735  mm.  V.D.  5-73  (for  5-66).  Does  not  com- 
bine with  bromine. 

PEE-CHLOKO-PENTINENE  C3C18.  Per- 
chloro-mecylene.  [39°].  From  comenic  acid  and 
PC13  at  280°  (Ost,  J.  pr.  [2]  27,  293).  Prisms 
(from  alcohol) ;  smells  like  camphor.  Begins 
to  distil  with  decomposition  at  270°. 

CHLORO-PHENANTHRENE      v.     PHENAN- 

THRENE. 

CHLORO-PHENETOL  v.  Ethyl  ether  of 
CHLORO-PHENOL. 

o-CHLORO-PHENOLCtiH4Cl(OH)  [2:1].  [7°]. 
(176°  i.V.). 

Formation. — 1.  From  o-amido-phenol  by 
displacing  NH2  by  Cl  by  the  diazo-  reaction 
(Schmitt  a.  Cook,  B.  1,  67  ;  Faust  a.  Miiller,  B. 
5,  777).  Solution  of  NaN02  is  run  into  a  hot 
solution  of  o-amido-phenol  and  Cu2Cl2  in  dilute 
HC1  (Sandmeyer,  B.  17,  2651).— 2.  Together 
with  the  j0-isomeride  by  passing  chlorine  into 

phenol  (F.  a.  M. ;  Kramers,  A.  173,  331) 

3.  From  o-chloro-aniline  by  displacing  NH2  by 
OH  through  the  diazo-  reaction  (Beilstein  a. 
Kurbatoff,  A.  176,  39).— 4.  Formed  by  neutralis- 
ing with  acid  a  mixture  of  sodium  hypochlorite 
and  phenol  (Chandelon,  B.  16,  1749). 

Properties. — Colourless  liquid ;  si.  sol.  water, 
v.  sol.  alcohol  and  ether.  Potash-fusion  converts 
it  into  pyrocatechin  (Petersen,  B.  6,  368).  HNO3 
gives  two  chloro-nitro-phenols  [1110]  and  [70°]. 
PC15  gives  o-di-chloro-benzene  (179°). 

Methyl  ether  CtiH4Cl(OMe).  o-Chloro- 
anisol.  (203°).  Prepared  from  o  -  anisidine 
C.H4(NH2)(OMe)  by  Sandmeyer 's reaction  (Wal- 
lach  a.  Hensler,  A.  243,  237;  cf.  Fischli,  B.  11, 
1463). 

Ethyl  ether  C6H4Cl(OEt).  o-Chloro-phe- 
netol.  (208°). 

Benzoyl  derivative  C8H4C1.0Bz.   (314°). 

Phthalyl  derivative  CaH.iC204QCeH.4Gl)y 
[98°]  (Mosso,  C.  C.  1887,  1396). 

w-Chloro-phenol  C6H4C1(OH)[3:1].  [28-6°]. 
(214°  i.  V.).  From  w-chloro-aniline  by  displacing 
NH,  by  OH  through  the  diazo-  reaction  (Beilstein 
a.  Kurbatoff,  A.  176,  45 ;  Uhlemann,  B.  11, 1161 ; 
Varnholt,  /.  pr.  [2]  36,  26).  White  needles. 

Benzoyl  derivative  C6H4Cl(OBz).   [86°]. 

Phthalyl  derivative  [108°]  (Mosso). 

p-Chloro-phenol  C6H4C1(OH)[4:1].  [37°]. 
(217°). 

Formation. — 1.  From  phenol  and  S02C12 
(Dubois,  Z.  [2]  2,  705;  3,  205).- 2.  Together 
with  the  o-isomeride  by  passing  chlorine  into 
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cold  phenol  (D. ;  Petersen  a.  Biihr-Praderi,  A 
157,  123).— 3.  From  ^-amido-phenol  by  displa- 
cing NH2  by  Cl  through  the  diazo-  reaction 
(Schmitt,  B.  1,  67).— 4.  From  p-chloro-aniline 
by  displacing  NH2  by  OH  through  the  diazo- 
reaction  (Beilstein  a.  Kurbatoff,  A.  176,  30 ;  B. 
7,  1395). 

Properties. — Crystalline  ;  v.  si.  sol.  water, 
v.  e.  sol.  alcohol  and  ether.  Insol.  aqueous 
Na2C03.  Potash-fusion  converts  it  into  hydro- 
quinone  and  resorcin  (Petersen,  B.  6,  1399 ;  7, 
61;  cf.  Faust,  B.  6,  1022).  PC15  gives  #-di- 
chloro-benzene  [53°].  HN03  forms  chloro-mtro- 
phenol  [87°]. 

Salt.— C6H4Cl(ONa)  (Varnholt,  J.pr.  [2]  36, 
19). 

Methyl  ether  C,.H4Cl(OMe).  (c.  200°); 
S.G.  2  1-182  (Henry,  Z.  [2]  6,  247). 

Ethyl  ether  C6H4Cl(OEt).     [21°].     (211°). 

Benzoyl  derivative  C6H4Cl(OBz).    [93°]. 

Phthalyl  derivative  C^CO.AH.Cl),. 
[11°]  (Mosso). 

(4:2:l)-Di-chloro-phenol  C6H3C12(OH)  [4:2:1] 
[42°].  (210°). 

Formation. — 1.  By  chlorinating  phenol  (Lau- 
rent, A.  Ch.  [2]  63, 27  ;  [3]  3,  210 ;  F.  Fischer,  Z. 
[2]  4,  386;  A.  Suppl.  7,  180). -2.  By  adding 
HC1  to  a  mixture  of  phenol  (1  mol.)  and  sodium 
hypochlorite  (2  mols.),  the  (6:2:l)-isomeride  is 
formed  simultaneously  (Chandelon,  B.  16, 1751). 

Properties. — White  needles.  Sol.  alcohol  and 
ether,  nearly  insol.  water.  Expels  C02  from 
boiling  aqueous  Na2C03,  but  in  the  cold  it  is  ppd. 
from  its  salts  by  C02.  PC15  gives  tri-chloro- 
benzene  [16°]. 

Salts.— NH4O.CtiH4Cl:  needles  (from  hot 
NH3Aq).— KA'  |aq  :  decomposed  by  water  at  70°, 
giving  off  £>-chloro-phenol. — HOPbA'. — AgA'. 

Ethyl  ether  C6H4Cl(OEt).     (237°). 

Acetyl  derivative  C6H4Cl(OAc).   (245°). 

Benzoyl  derivative  C6H,Cl2OBz.     [97°]. 

Phthalyl  derivative  C6H4(C02C6H3C12)2. 
[108°]  (Mosso,  Ann.  Chim.  Farm.  87,  184). 

(6:2:l)-Di-chloro-phenol  C6H3CL,(OH)  [6:2:1] 
[63°].  (218°). 

Formation. — 1.  Together  with  the  (4:2:1)- 
isomeride  by  adding  HC1  to  a  mixture  of  phenol 
(1  mol.)  and  sodium  hypochlorite  (2  mols.) 
(Chandelon,  B.  16,  1752).— 2.  From  di-chloro- 
2>-amido-phenol  by  displacing  NH2  by  Cl  through 
the  diazo-  reaction  (Seifart,  A.  Suppl.  7,  203  ;  Z. 
[2]  5,  450). 

Properties.— Needles.  Sol.  alcohol  and  ether, 
nearly  insol.  water. 

Tri  -  chloro  -  phenol  C,iH,Cl3(OH)[6:4:2:l]. 
[68°].  (244°).  S.  -051  at  11°  ;  -243  at  96°. 

Formation.  — 1.  By  chlorination  of  phenol 
(Laurent,  A.  Ch.  [2]  63,  27  ;  [3^3,  497),  of  sail- 
genin  (the  product  being  distilled  with  cone. 
H,S04,  Piria,  A.  56,  47),  of  aniline  (Hofmann, 
A"  53,  8),  of  indigo  (Erdmann,  J.  pr.  19,  332  ; 
22,  276 ;  25,  472),  of  phenol  sulphonic  acid 
(Vogel,  Z.  1865,  529),  or  of  phenyl  benzyl  oxide 
C6H5O.CH.,Ph  (Sintenis,  A.  161,  338).— 2.  By  the 
action  of  NaOCl  upon  (2,  6,  l)-di-chloro-phenol 
[65°],  and  upon  (2,  4,  l)-di-chloro-phenol  [43°] 
(Chandelon,  Bl.  [2]  38,  123). 

Properties.— Needles  or  prisms.  Acid  to 
litmus. 

Reactions.— -1.  HN03  forms  di-chloro-qumone 
[120°];  alcohol  and  N203  produce  the  same 
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body.— 2.  PC15  or  FejCl,  from  tetra-chloro-benz- 
ene.— 3.  HC1  and  KC103  give  tetra-chloro-quin- 
one.  CrOs  and  HOAc  produce  the  same  body 
(Levy  a.  Schultz,  A.  210, 160).— 4.  K2S03  at  170° 
gives  chloro  -phenol  disulphonic  acid  and  di- 
chloro-phenol  sulphonic  acid  (Armstrong  a.  Har- 
row, C.  J.  29,  474).— 6.  Br  gives  C6H2Cl3OBr 
[99°]  (Benedikt,  M.  4,  235). 

Salts.— NH4C6H2C130:  needles;  v.  si.  sol. 
cold  water.— KA'  ^aq.— MgA'2  2aq.— BaA'2  4aq : 
radiate  groups  of  laminae.— PbA'2.—(PbA'2)4PbO. 
AgA' :  yellow  amorphous  pp. 

Ethyl  ether  C6H2Cl3(OEt) :  [44°].  (240°). 
(Faust,  A.  149,  152  ;  Lampert,  J.  pr.  [2]  33,  381). 

Acetyl  derivative  C6H2Cl3(OAc).    (262°). 

Propionyl  derivative 
C6H2C13.0(CO.C2H5)     (263°    uncor.),    colourless 
heavy  liquid. 

Butyryl  derivative  CeH.,Cl3.0(CO.C3H7) : 
(274°  uncor.). 

Valeryl  derivative  C6H2C13.0(CO.C4H9) : 
(283°  uncor.). 

Benzoyl  derivative  C6H2Cl3.OBz :  [70°]; 
colourless  needles  ;  sol.  alcohol  and  ether,  insol. 
water. 

Phthalul  derivative 


C6H2C13.0 


C6H4 :    [194°] ;    v.  sol.  chloro- 


form, si.  sol.  alcohol  and  ether,  insol.  water 
(Daccomo,  B.  18,  1163). 

Tri-chloro-phenol  C6H2C13(OH).  [54°].  (253° 
uncor.).  From  tri-chloro-^-amido-phenol  (Lam- 
pert,  J.pr.  [2]  33,  378).  Also  from  phenol  and 
NaOCl  (Chandelon,  Bl.  [2]  38,  119).  Silky 
needles  (from  dilute  alcohol).  Volatile  with 
steam.  HN03  gives  no  quinone,  but  a  nitro- 
derivative  [146°].  PC15  gives  CHHC15. 

Ethyl  ether  C6H2013(OEt) ;  (246°  uncor.). 

Acetyl  derivative  C6H2Cl3(OAc) ;  (259° 
uncor.). 

Tetra-chloro-phenol  C6H2C13(OC1)  [6:4:2:1] 
or  C6H2C12(C12)0.  'Tri-chloro-phenol  chloride.1 
[119°].  Formed  by  passing  Cl  into  tri-chloro- 
phenol  suspended  in  fuming  aqueous  HC1  (Bene- 
dikt, M.  4,  233).  Trimetric  pyramids ;  a:b:c 
=  1:-61:-51.  May  be  distilled.  Cone.  KOHAq 
turns  the  crystals  blue,  and  on  boiling  forms  tri- 
chloro-phenol.  Hot  cone.  H2S04  gives  tri-chloro- 
phenol  and  tetra-chloro-quinone. 

Penta-chloro-phenol  C8C15(OH)  [188°]. 

Formation. — 1.  By  the  action  of  chlorine  on 
an  alcoholic  solution  of  tri-chloro-phenol,  chloro- 
isatin,  or  di-chloro-isatin  (Erdmann,  J.  pr.  22, 
272;  Laurent,  A.  Ch.  [3]  3,  497).— 2.  From 
phenol  and  chloride  of  iodine  (Schiitzenberger, 
Bl.  [2]  4,  102).— 3.  By  passing  chlorine  into  a 
mixture  of  phenol  or  tri-chloro-phenol  and 
SbCl5  at  200°  (Merz  a.  Weith,  B.  5,  458  ;  Bene- 
dikt a.  Schmidt,  M.  4,  606).— 4.  Obtained  by 
heating hexa-chloro-benzene  with  a  glycerin  solu- 
tion of  NaOH  at  250°-280°.  Properties.— Sub- 
limes in  long  white  needles.  HN03  forms  tetra- 
chloro-quinone.  PC15  gives  CyClg. 

Salts.  -CaCl5ONa.  -  KA'.— AgA'. 

Methyl  ether  C6Cl5(OMe) :  [108°];  long 
white  needles  ;  v.  sol.  alcohol ;  sublimable. 

Acetyl  derivative  CfiCl5(OAc) :  [148°]; 
fine  white  needles;  v.  sol.  alcohol;  sublimable 
(Weber  a.  Wolff,  B.  18,  335). 

Bichloride  C,;C1,(OH).C12  [78|°-80°]. 
Formed  in  the  chlorination  of  w-chloro-acetanil- 


ide  in  acetic  acid  (Beilstein,  B.  11,2182).  Large 
colourless  pillars.  Difficultly  soluble  in  50  p.c. 
acetic  acid,  easily  in  C6H6,  CHC13,  CS2,  alcohol, 
&c.  Alkalis  decompose  it  entirely.  On  heating 
with  alcohol  per-chloro-phenol  is  formed. 

Hexa-chloro-phenol  C6C16O.  [46°].  Formed 
by  passing  Cl  into  a  solution  of  penta-chloro- 
phenol  in  dilute  HC1  (Benedikt  a.  Schmidt,  M.  4, 
607).  Golden-yellow  crystals  ;  gives  off  chlorine 
on  heating.  Tin  and  HC1  re-convert  it  into 
penta-chloro-phenol. 

Di chloride  C6C18O.  [102°].  Formed  by 
chlorinating  penta-chloro-phenol  in  acetic  acid 
solution  (B.  a.  S.).  Prisms  (from  ligroin). 

Hexa-chloro-phenol  CtiCldO.  [106°].  From 
penta-chloro-aniline  by  chlorination  in  acetic 
acid  solution  (Langer,  A.  215,  122).  Yellowish 
prisms  (from  ligroin). 

Per-chloro-diphenol  v.   OCTO-CHLORO-DI-OXY- 

DIPHENYL. 

o-CHLOKO-PHENOL  (7) -SULPHONIC  ACID 

C6H5C1S04  i.e.  C6H3C1(OH)S03H.  From o-chloro- 
phenol  and  fuming  H2S04  (Kramers,  A.  173, 331). 
Small  colourless  plates  or  cubes  (containing  aq). 
V.  e.  sol.  water  and  alcohol.  It  begins  to  de- 
compose at  80°.  Fe2Cl6  colours  its  solutions 
violet.  HN03  forms  chloro-di-nitro-phenol 
[1110]. 

Salts.— KA'iaq:  S.  (of  KA')  14  at  9°.— 
K2C6H3C1S04  3|aq  :  deliquescent  lamina.  — 
NaA'aq.  —  Na2C6H3ClS04  3aq.  —  CaA'2aq.— 
CaC6H3ClS04  3|aq :  efflorescent  crystalline 
aggregates ;  S.  38  at  12°.— BaA'2  l|aq  :  granu- 
lar aggregates  of  crystals.  —  PbA'2  4aq.  — 
PbC6H3ClS04aq.— CuA'24aq:  bluish-green  tri- 
metric  prisms. 

o-Chloro-phenol  (S)-sulphonic  acid 
C6H3C1(OH)S03H.  Formed,  together  with  the 
preceding,  when  the  sulphonation  is  effected  in 
the  cold  by  fuming  H2S04  (1  pt.)  mixed  with 
cone.  H,S04  (1^  pts.)  (K.).— KA':  small  plates. 
CaC(iH3ClS04  2aq :  small  needles ;  S.  2-25  at 
11°. 

o-Chloro-phenol  (/3)- sulphonic  acid 
C6H,C1(OH)S03H.  Obtained,  in  small  quantity, 
in  sulphonating  impure  ^-chloro-phenol  (Peter- 
sen  a.  Baehr-Praderi,  A.  157,  129).  Potash- 
fusion  gives  pyrogallol.  Fe.2Cl6  colours  its 
neutral  solutions  violet.  HN03  gives  chloro-di- 
nitro-phenol  [81°]. — KA':  stellate  groups  of 
short  prisms ;  less  soluble  than  potassium 
^-chloro-phenol  sulphonate. 

^-Chloro-phenol  (a) -sulphonic  acid 
C6H3C1(OH)(SOSH).  [76°].  From  _p-chloro- 
phenol  and  fuming  H.,S04  at  100°  (Petersen  a. 
;  Baehr-Praderi,  A.  157",  121).  Glittering  plates 
(containing  aq).  Begins  to  decompose  at  100°. 
Gives  a  bluish- violet  colour  with  Fe2Cl6.  Pot- 
ash-fusion gives  pyrogallol  and  a  trace  of  hydro- 
quinone.  HN03  forms  chloro-nitro-phenol  sul- 
phonic acid  (Armstrong,  B.  7,  404)  and  chloro- 
di-nitro-phenol  [81°]. 

Salts.— KA'2aq  :  flat  monoclinic  prisms; 
S.  10-8  at  20°;  44-3  at  100°.— KA'  aq.— KA' 
(from  alcohol) :  needles.  —  NaA' :  groups  of 
needles.— LiA'  aq.— NH4A' :  [230°].— BaA'2.— 
BaC6H3ClS04  2aq.— CaA'2  2aq  :  easily  soluble 
needles.— MgA'2  6aq :  small  flat  plates  or 
needles.— CuA'2  6aq :  greenish-white  needles,  v. 
e.  sol.  water. 

Ethyl  derivative  C6H3Cl(OEt)S03H. 


CHLOftO-PHENYL-ACETIC  ACID. 
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Salt. — KA' :  stellate  groups  of  needles. 

Chloro-phenol  disulphonic  acid 
C6H2C1(OH)(S03H),  [4:1:6:2].  Formed, together 
with  di-chloro-phenol  sulphonic  acid,  by  heating 
tri-chloro-phenol  with  K2S03  at  170°  (Armstrong 
a.  Harrow,  C.  J.  29,  474).  The  same  acid 
appears  to  be  formed  by  sulphonating  ^-chloro- 
' phenol  at  100°  (Petersen  a.  Baehr-Praderi,  A. 
157,  153).  Cone.  HN03  forms  chloro-di-nitro- 
phenol  [81°]. 

Di-chloro-phenol  sulphonic  acid 
CtiH2Cl2(OH)(S03H)  [4:2:1:6].  From  (4,2,l)-di- 
chloro-phenol  and  C1S03H  [43°]  (Armstrong, 
C.  J.  25,  93).  Formed  also  by  chlorinating 
phenol  o-sulphonic  acid;  and  by  heating  tri- 
chloro-phenol  with  K.,SO.,  at  170°  (Armstrong  a 
Harrow).  HN03  (S.G.  1-36)  forms  di-chloro- 
nitro-phenol  [121°]. 

Di-chloro-phenol  sulphonic  acid 
C6H2C1,(OH)(S03H)  [2:6:1:4].  Formed  by  chlo- 
rinating phenol  ^-sulphonic  acid  (Kolbe  a. 
Gauhe,  A.  147,  76)  and  by  sulphonating  (2,6,1)- 
di-chloro-phenol.  Deliquescent  trimetric  tables 
or  prisms.  HN03  forms  di-chloro-nitro-phenol 
and  chloro-di-nitro-phenol  [1110]  (Faust,  Z. 
1871,  338;  Armstrong,  C.  J.  24,  1112).— 
BaA'22aq  (dried  at  100°). 

Tri-chloro-phenol  sulphonic  acid 
C6HC1.?(OH)(S03H).  From  tri-chloro-phenol 
and  C1S03H  (Armstrong,  C.  J.  25,  97  ;  cf.  Ke- 
kule,  K.  3,  233).  Its  aqueous  solutions  decom- 
pose with  deposition  of  tri-chloro-phenol. 

TKI-CHLORO-PHENOMALIC  ACID 
C5H3C13O3      i.e.      CC13.CO.CH:CH.C02H 
CH.C(OH).CC13 

CH.CO 

acetyl-acrylic  acid.  [132°].  From  benzene  (80g.), 
H2S04  (1,200  g.)  and  water  (600  g.),  to  which 
KC103  (120  g.)  is  slowly  (in  5  days)  added  with 
gentle  shaking.  The  benzene  is  then  separated 
and  evaporated,  the  residue  is  extracted  with 
water  and  the  acid  (6  g.)  extracted  from  the 
water  by  ether  (Carius,  A.  140,  317  ;  142,  131  ; 
Kekule"  a.  0.  Strecker,  A.  223,  179).  Quinone 
may  be  substituted  for  benzene. 

Properties. — Glittering  plates  (from  water). 
May  be  sublimed.  Is  volatile  with  steam. 

Reactions. — 1.  Warmed  with  baryta  it  gives 
chloroform  and  baric  maleate. — 2.  Combines 
with  bromine  in  chloroform  with  formation  of 
CCl3.CO.CHBr.CHBr.C02H  [97-5°].  This  is  si. 
sol.  water,  v.  sol.  alcohol,  ether,  and  chloroform. 
Boiled  with  lime  water,  it  gives  chloroform  and 
inactive  calcic  tartrate. 

Theory  of  Formation.  —  Kekul6  supposes 
that  it  is  produced  from  chloro-quinone,  and  if 

this  is  written  CO<^CH;C£^>CO  the  conversion 

CTT'PTT 

of  it  into  CO<\OH  CC1  ^>G®  ^oes  not  aPPear 
very  difficult  to  understand. 

CHLOKO-PHENOXY-ACETIC  ACID 
C8H7C103  i.e.  C(jH4C1.0.CH2.C02H.  [152'].  From 
phenoxy-acetic   acid    by    successive   treatment 
with  PCI.  and  water  (Michael,  J.  pr.  [2]  35,  96). 
Trimetric  prisms  (from  water). 

o-CHLORO-DIPHENYL  C12HqCl  i.e. 
C6H5.CtiH4Cl  [2:1].  [34°].  (267°). "  Formed,  to- 
gether with  the  jp-isomeride,  by  passing  chlorine 
into  diphenyl  mixed  with  SbCl5  (Kramers,  A. 


189,  142).     Monoclinic  crystals ;  v.  sol.  ligroin. 
Cr03  gives  o-chloro-benzoic  acid. 

w-Chloro-diphenyl  CSH,.CBH4C1  [3:1]  ?  [89°]. 
Formed  by  heating  CJB^OK  with  calcium 
m-chloro-benzoic  acid  (Pf annkuch,  J.  pr.  [2]  6, 

p-Chloro-diphenyl  C.H-.C.H.Cl  [4:1].  [75°]. 
(282').  Formed  by  chlorinating  diphenyl  (v. 
supra)  or  by  treating  .p-oxy-diphenyl  with  PCI. 
(G.  Schultz,  B.  7,  52).  Thin  plates  (from 
ligroin).  Smells  like  oranges.  May  be  oxidised 
to  jp-chloro-benzoic  acid. 

Di-j>-chloro-diphenyl[4:l]CaH4Cl.C6H4Cl[l:4]. 
[148°].  (c.  317°  cor.). 

Formation.— 1.  Amongst  the  products  of  the 
action  of  PC15  on  di-p-oxy-diphenyl  (Schmidt  a 
Schultz,  JB.  12,  494;  A.  207,  339).— 2.  From 
di-amido-diphenyl  (benzidine)  by  displacement 
of  NH2  by  Cl  through  the  diazo-  reaction  (Griess, 
Tr.  1864,  iii.  730) ;  e.g.  by  heating  tetrazo-di- 
phenyl  with  a  large  excess  of  HC1;  the  yield 
being  16  p.c.  of  the  theoretical  (Gasiorowski  a. 
Wayss,  B.  18,  1941).— 3.  By  chlorinating  di- 
phenyl (Kramers,  A.  189,  138,  145).— 4.  By 
passing  chloro-benzene  through  a  red-hot  tube. 

Properties. — Prisms  or  needles  ;  insol.  water, 
si.  sol.  alcohol,  v.  sol.  ether.  Cr03  gives  ^-chloro- 
benzoic  acid. 

Penta  -  chloro  -  diphenyl  C,2H5C15.  [179°]. 
Formed  together  with  other  products  by  the 
action  of  PC15  on  di-p-oxy-diphenyl  (Schmidt  a. 
Schultz,  JB.  12,  495 ;  cf.  Doebner,  B.  9,  130). 
Long  needles.  Sublimable. 

Per-chloro-diphenyl  C12C1,0.  Prepared  by 
exhaustive  chlorination  of  diphenyl  in  presence 
of  SbCl5  or  iodine  (Euoff,  B.  9,  1491 ;  Weber  a. 
Sollscher,  B.  16,  882 ;  Merz  a.  Weith,  B.  16, 
2881).  Formed  also  by  exhaustive  chlorination 
of  ditolyl  (Merz  a.  Weith,  B.  12,  677),  benzidine, 
carbazole  (Zetter,  B.  10,  1233),  and  phenanthra- 
quinone  (Merz  a.  Weith,  jB.  16,  2871).  Long 
tables  or  prisms.  Does  not  melt  below  270°. 
V.  si.  sol.  alcohol  or  ether.  Not  attacked  by 
SbCl5  even  at  350°.  Alcoholic  NaOH  at  150° 
gives  C12C18(OH)2. 

o-CHLORO-PHENYL-ACETIC  ACID  C8H7C102 
.  C6H5.CHC1.C02H.     [78°]. 

Formation.  —  1.  From  mandelic  acid 
C6H5.CH(OH).CO,H  and  HC1  at  140°  (Eadzis- 
zewski,  B.  2,  208). — 2.  From  benzoic  aldehyde 
by  conversion  into  PhCH(OH)CN  by  KCN  and 
HC1,  the  mandelo-nitrile  being  then  treated  with 
HC1  (Spiegel,  B.  14,  235  ;  E.  Meyer,  A.  220,  41). 
3.  From  CtiH5.CH:CH.N02  and  fuming  HC1  at 
100°  (Priebs,  A.  225,  337). 

Properties. — Trimetric  tables ;  si.  sol.  cold 
water  and  ligroin,  v.  e.  sol.  alcohol  and  ether. 
Sodium  amalgam  converts  it  into  phenyl-acetic 
acid.  Boiling  aqueous  KOH  forms  mandelic 
acid.  Phenyl-hydrazine  forms  benzylidene- 
phenyl-hydrazine  CtiH5CH:N2HPh  (Eeissert,  B. 
17,  1452).  The  salts  are  unstable. 

Methyl  ether  MeA'  (248°  cor.).  Oil  (Meyer 
a.  Boner,  B.  14,  2392). 

^-Chloro-phenyl  acetic  acid  C8H4C1CH2.C(XH. 
104°].  Prepared  by  saponification  of  the  nitrile 
Neuhof ,  A.  147, 346  ;  Jackson  a.  Field,  P.  Am.  A. 
14,  58).  Also  by  treating  phenyl-acetic  acid 
with  Cl  in  sunshine  (Eadziszewski,  B.  2,  208). 
Jong  needles  (from  water).  V.  sol.  bonxene, 
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water,  alcohol,  and  ether.—  AgA'  :  curdy  mass.— 
CaA'2  aq. 

J.wi^C6H4CLCH2.CONH2.  [175°].  Tables 
(from  alcohol).  V.  sol.  alcohol  and  ether,  si.  sol. 
hot  water. 

Nitrile  C6H4C1.CH2.CN.  <  [29°].  From  p- 
chloro-benzyl  bromide  by  heating  with  alcoholic 
KCy  (Jackson  a.  Field,  Am.  2,  88).  Prisms; 
sol.  alcohol  and  ether. 

Di-a-chloro-phenyl-acetic  acid 
C6H5.CC12.C02H.     [68°].    Prepared  by  the  action 
of  PC15  on  phenyl-glyoxylic  ether  and  subsequent 
saponification  (Claisen,  B.  12,  630).  SmaU  tables. 
V.  sol.  water,  alcohol,  and  ether. 

Ethyl  ether  A'Et.     (263°-266°). 

.  (224°).  Frombenzoyl 


cyanide  and  PC15  (C.). 

DI-a-CHLORO-PHENYL-ACETIC  ALDEHYDE 
C6H5.CC12.CHO.  (295°).  From  chloral,  benzene, 
and  A12C16  at  70°.  The  product  is  treated  with 
water  and  fractionally  distilled  in  vacua,  when 
the  compound  C6H5.CC12.CHC1(OH)  passes  over 
at  180°.  By  the  action  of  KOH  it  is  converted 
into  the  aldehyde  by  removal  of  HC1  (Combes, 
C.  B.  98,  678).  Liquid.  Eeduces  Fehling's 
solution  and  combines  with  NaHSO3,  although 
with  difficulty.  Benzene  and  A12C16  convert  the 
aldehyde  into  tri-phenyl-methane. 

CHLORO  -  PHENYL  -  ACRYLIC  ACID  v. 
CHLORO-CINNAMIC  ACID. 

CHLORO-PHENYL-AMIDO-CHLORO-NAPH- 
THOQUINONE  v.  CHLORO  -  NAPHTHOQUINONE  - 

CHLORO  -ANILIDE. 

CHLORO  -  PHENYL  -  AMIDO  -  HYDRONAPH- 
THOQUINONE  CI6H12C1N02  i.e. 
C10H4Cl(OH)2(NHPh).      [171°].     From  chloro- 
naphthoquinone  anilide  and  cone,  aqueous  SnCl2 
(Knapp  a.  Schultz,  A.  210,  190). 

Acetyl  derivative  [169°]. 

CHLORO  -  DI  -  PHENYL-DI-AMIDO  -HYDRO- 
QUINONE  C18H15ClN2O2i.e.  C6HCl(OH),(NHPh)2. 
From  chloro-di-phenyl-di-amido-quinone,  cone. 
SnCl2Aq,  and  alcohol  (Knapp  a.  Schultz,  A.  210, 
181).  Slender  needles.  Decomposes  about 
223°.  Keadily  oxidised  to  the  corresponding 
quinone. 

Di-chloro-di-  phenyl  -  di  -  amido-hydroquinone 
C18HJ4C12N2O2  i.e.  C6Cl2(NHPh)2(OH),.  Formed 
by  boiling  di-chloro-di-phenyl-di-amido-quinone 
C6Cl2(NPhH)202  with  cone,  aqueous  SnCl2 
(Knapp  a.  Schultz,  .4.  210,  181).  Slender  needles, 
v.  sol.  water.  Oxidation  gives  C6Cl2(NPhH)202. 
Boiling  Ac20  gives  long  needles  of  Ci8H20N206 
[255°]. 

^-CHLORO  -  DI  -  PHENYL-  DI  -p-AMIDO-TRI- 
PHENYL-METHANE  C6H4Cl.CH(CdH4.NHPh)2. 
Not  isolated  in  a  pure  state.  Formed  by  heating 
together  diphenylamine  and  ^?-chloro-benzalde- 
hyde  in  presence  of  ZnCl2.  On  oxidation  it  gives 
a  green  dye-stuff  (Kaeswurm,  B.  19,  745). 

'  TRI  -  CHLURO  -  TRI  -  PHENYL  -TRI  -  AMIDO- 
DI-PHENYL-TOLYL-CARBINOL  v.  TRI-CHLORO- 

TRI-PHENYL-ROSANILINE. 

CHLORO  -PHENYL-  AMIDO  -QTJINONES  v. 

ANILIDES  of  CHLORO-QUINONES. 

p-CHLORO-DI-PHENYL-AMINE 
PhNHC6H4Cl.  [74°].  Formed  by  treating  diazo- 
tised    p-amido-di-phenyl-amine    with    cuprous 
chloride   (Ikuta,   A.   243,  286).      Long  prisms. 
V.  si.  sol.  water,  v.  sol.  ether,  alcohol,  benzene, 


petroleum  ether.  Yields  a  nitrosamine 
PhN(NO)C,.H4Cl  [88°],  v.  sol.  alcohol  and  ether, 
which  on  standing  with  alcoholic  HC1  is  con- 
verted into  the  isomeric  p-nitroso-chloro-di- 
phenyl-amine  C6H4(NO)NHC6H4C1  [159°]  green 
plates  (from  benzene). 

Di  -  chloro  -  di  -  phenyl  -  amine  NH(C6H4C1)2. 
[80°].  From  the  benzoyl  derivative  and  alco- 
holic KOH  at  160°  (Claus  a.  Schaare,  B.  15, 
1286).  Needles. 

Benzoyl  derivative^~Bz(GbIL4Cl)2.  [153°]. 
From  benzoyl-di-phenyl-amine  by  chlorination 
(C.  a.  S.  ;  cf.  Claus,  B.  14,  2368).  Needles  (from 
alcohol). 

Tetra-chloro-di-phenyl-amine  NH(C6H3C12)2. 
[134°].  Formed  by  passing  Cl  into  a  solution  of 
di-phenyl-amine  in  HO  Ac  (Gnehm,  B.  8,  1040). 
Prisms  or  needles. 

Per-chloro-tri-phenyl-amine  N(C6C15)3.  From 
tri-phenyl-amine  by  exhaustive  chlorination 
(Euoff,  B.  9,  1494).  Needles  (from  benzene-alco- 
hol). 

DI-CHLORO-PHENYL-ANTHRANOL 

.C^H.Clk 

CMH1ZC120  i.e.  C6H4<  |  '  >C6H3C1.  [170°]. 

\  -  ' 


From     CO<^4C1>C(OH).C6H4C1      (phenol- 

phthalidei'n  chloride),  acetic  acid,  and  zinc-dust 
(Baeyer,  A.  202,  95).  Needles  (from  alcohol). 
V.  si.  sol.  alcohol  ;  m.  sol.  acetone  and  ether, 
with  bluish-green  fluorescence. 

Dihydride  W<^g§ff>W^ 
Hydrophenolphthalidin  chloride.  [56°].  From 
the  preceding  by  heating  in  alcoholic  solution 
with  sodium  amalgam  (B.).  Long  needles  (from 
CS2). 

PER-CHLORO-DI-PHENYL-BENZENE 
018C1I4.  Formed  by  exhaustive  chlorination  of 
di-phenyl-benzene  by  means  of  SbCl5  (Merz  a. 
Weith,  B.  16,  2884).  Colourless  needles.  V. 
sol.  hot  nitrobenzene,  si.  sol.  alcohol,  ether,  and 
acetic  acid. 

Per  -  chloro  -  tri  -  phenyl  -  benzene  C24C118. 
Formed  by  exhaustive  chlorination  of  tri-phenyl- 
benzene  by  means  of  SbCl5  (Merz  a.  Weith,  B. 
16,  2883).  Colourless  needles.  V.  sol.  hot 
nitrobenzene,  si.  sol.  ether,  benzene,  and  alcohol. 
It  is  only  slightly  attacked  by  HN03  at  350°. 

CHLORO-PHENYL  BENZYL  OXIDE 
C6H4C1.0.CH2Ph.     [71°].    From  phenyl  benzyl 
oxide  and  Cl  in  presence  of  HgO  (Sintenis,  A. 
161,  338).    Long  needles  (from  alcohol). 

TRI-CHLORO-DI-PHENYL-BUTANE 
C1BH15C13  i.e.  CH3.CHCl.CCl2.CHPh2.     [80°].     S. 
(ether)  50;  (alcohol)  2.     From  tri-chloro-butyric 
aldehyde,  benzene,  and  H2S04  (Hepp,  B.  7,  1420). 
Monoclinic  prisms  (from  ether-alcohol). 

TRI-CHLORO-DI-PHENYL-BUTANEDISUL- 
PHONIC  ACID  C18H,,Clg(SOlH)r  From  C1BH1SC1S 
and  fuming  H.SO,  (Hepp,  B.  7,  1420).—  BaA". 

CHLORO-DI-PHENYL-^r^-BUTYL  ALCOHOL 
CClPh2.CMe,OH.  (239°).  From  liquid  acetone- 
chloroform,  "benzene,  and  A12C16  (Willgerodt, 
J.pr.  [2]  37,  362). 

Di-chloro-phenyl-teri-butyl  alcohol 
CCLPh.CMe.OH.     (217°).    From  acetone-chlo- 
roform, benzene,  and  A12C16  (Willgerodt  a.  Ge- 
nieser,  J.pr.  [2]  37,  367).    Liquid. 


CHLO&O-DI-PHENYL-ETHYLENE. 
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CdH7ClN2  i.e.  CaH,Cl(NH2)2  [4:2:1].  [72°].  From 
chloro-di-nitro-benzene  [39°]  by  reduction  with 
tin  and  HC1  (Laubenheimer,  B.  9,  773).  Laminae. 
Fe2Cl6.  gives  a  red  colour  and  a  brown  pp. 

Chloro-w-phenylene-diamine  CttH3Cl(NH2)2 
[4:3:1].  [86°].  From  chloro-di-nitro-benzene 
[50°],  tin,  and  HC1  (Beilstein  a.  Kurbatoff,  A. 
197,  76).  Needles  (from  ligroin). 

Chloro-p-phenylene-diamine  C6H3C1(NH2)2 
[2:4:1].  [123-5°].  From  di-chloro-nitro-aniline 
[188°],  tin,  and  HC1  (Witt,  B.  8,  145).  Flat 
needles.  —  B'HCl  :  long  needles. 

Di-ehloro-o-phenylene-diamineC6H2Cl2(NH,)2 
[5:3:2:1].  [60-5°].  From  di-chloro-nitro-aniline 
[100°],  tin  and  HC1  (Witt,  B.  7,  1604).  Long 
flexible  needles  (from  alcohol). 

Di-chloro-^-phenylene-diamineC6H2Cl2(NH2)2 
[5:2:4:1].  [164°].  Formed,  together  with  di- 
methyl -p-phenylene-diamine  and  di-chloro-di- 
methyl-p-phenylene-diamine,  by  boiling  nitroso- 
di-methyl-aniline  with  HC1  (S.G.  1-2)  (Mohlau, 
B.  19,  2010).  Colourless  glistening  prisms.  By 
K2Cr207  and  H2S04  it  is  oxidised  to  di-chloro- 
quinone  [159°].  The  dilute  HC1  solution  on 
treatment  with  chloride  of  lime  yields  di-chloro- 
quinone-di-chlorimide  [134°]. 

Tetra-chloro-p-phenylene  diamine 
C,.C14(NH2)2.   [218°].  Formed  by  boiling  quin  one 
dichlorimide  with  HC1  (S.G.  1-2)  (Krause,  B.  12, 
51).    Bed  needles  (from  dilute  alcohol). 

DI-CHLORO-DI-PHENYLENE  KETONE 
C13H6C120.     [158°].    From  di-chloro-fluorene  by 
Cr03  (Hodgkinson  a.  Matthews,  C.  J.  43,  170). 

DI-a-CHLORO-  PHENYLENE  -  DI  -  METHYL- 
DI-MALONIC  ETHER  CtiH4(CH2CCl(C02Et)2)2. 
v.  Exo-di-chloro-xylylene-malonic  ether. 

TETRA-CHLORO-PHENYLENE-DI-METHYL 

OXIDE   C6C14<0]^>0.    [218°].  V.D.  8-6  (calc. 

8-9).  From  tetra-chloro-phthalic  acid,  HI,  and  P 
at  230°  (Grjebe,  A.  238,  331).  Needles  (from 
benzene). 

Octo-chloro-phenylene-di-methyl  oxide 

From  tetrachlor°- 


phthalic  anhydride  and  PC15  at  200°  (G.) 

DI-CHLORO-PHENYLENE-  (a)  -N  APHTH  YL- 
ENE-OXIDE  C16H8C120.  [245°].  Prepared  by 
the  action  of  PC15  on  phenylene-(a)-naphthylene- 
oxide  (Arx,  B.  13,  1727).  Fine  white  needles. 
V.  sol.  alcohol  and  ether,  si.  sol.  benzene. 

TETRA-CHLORO-PHENYLENE  OXIDE 
0,01,0  (?)  [320°].  (above  360r).  Formed  by 
distilling  potassium  penta-chloro-phenol  C6C1SOK 
(Merz  a.  Weith,  B.  5,  461).  Flat  needles.  V.  si. 
sol.  alcohol  and  ether.  Not  affected  by  PC15  at 
250°  or  by  sodium-amalgam. 

CHLORO  -  PHENYL  .  ETHANE  v.  CHLORO  - 

ETHYL-BENZENE. 

Chloro  -  di  -  phenyl  -  ethane  C14H13C1  i.e. 
CH2Cl.CHPh2.  From  di-chloro-di-ethyl  oxide 
CH,Cl.CHC1.0Et,  benzene,  and  H2S04  (Hepp,  B. 
6,  1439).  Liquid.  Splits  up  on  distillation  or 
treatment  with  alcoholic  KOH  into  HOI  and 
CHH12. 

Di-p-chloro-di-phenyl-ethane 
C6H4C1.CH2.CH2.C6H4C1.         Di-chloro-dibenzyl. 
[112°].    Formed  by  passing  chlorine  over  a  solid 
cake  of  dibenzyl  (150  pts.)  and  iodine  (1  pt.)  till 
the  cake  liquefies.    This  is  distilled  and  the  pro- 


duct crystallised  from  alcohol  (Kade,  J.  pr.  [2] 
19,  462).  Glittering  plates  which  feel  greasy. 
Sol.  alcohol,  ether,  and  chloroform.  Chromic 
mixture  oxidises  it  to  ^-chloro-benzoic  acid. 

(a)-Di-ecco-chloro-s-di-phenyl  ethane 
C6H5.CHC1.CHC1.C6H5.  Stilbene  (a) -chloride. 
[193°].  Formed,  together  with  the  (j8)-isomeride, 
by  the  action  of  PC15  on  hydrobenzo'in  (Zincke, 
A.  198,  129)  and  by  the  union  of  Cl  with  s-di- 
phenyl-ethylene  (Laurent,  B.  J.  25, 620).  Formed 
also  from  isohydrobenzoi'n  and  PC15  (Ammann, 
A.  168,  67).  Perhaps  identical  with  the  com- 
pound [180°]  which  is  formed  by  heating  benzyl- 
idene  chloride  with  copper-powder  at  100°  (Onu- 
frowicz,  B.  17,  835). 

^  Properties.— Silky  needles  (from  alcohol), 
prisms  (from  toluene),  or  plates  (0.).  SI.  sol. 
boiling  alcohol.  May  be  sublimed.  Alcoholic 
KOH  forms  s  -  di  -  phenyl  -  acetylene  (tolane). 
AgOAc  followed  by  KOH  gives  isohydrobenzoin. 

(£)-Di-exo-chloro-s-di-phenyl-ethane 
C6HVCHC1.CHC1.C6H3.      Stilbene    (0) -chloride. 
[94^    Formed  as  above.     Thick  tables.     At 
200°  it  is  partially  converted  into  the  (o)-iso- 
meride. 

Tri  -  chloro  -  s  -  di  -  phenyl  -  ethane  C, 4H, , C13. 
[85°].  From  s  -  di  -  phenyl  -  ethylene  and  Cl 
(Laurent). 

Tri-chloro-?^-di-phenyl-ethane  C013.CHPh2. 
[64°].  From  chloral,  benzene,  and  HjSO., 
(Baeyer,  B.  5,  1098).  SmaU  thin  plates.  Alco- 
holic KOH  gives  CPh2:CCl2. 

Tri-chloro-w-di-phenyl-ethane 
CH2Cl.CH(C6H4Cl)o.      From    di-chloro-di-ethyl- 
oxide    CH2Cl.CHCl.OEt,    chloro-benzene,    and 
H2S04  (Hepp,  B.  7,  1419).     Ou  distillation  it 
gives  CH2:C(C6H4C1)2. 

Tetra-chloro-s-di-phenyl-ethane 
C6H5.CCl2.CCl2.C6H5.ToZawe  tetra-chloridc.  [163°]. 

Formation. — 1.  From  benzil  and  PC15  (Zinin, 
Z.  1868,  718).— 2.  A  by-product  in  the  pre- 
paration of  benzotrichloride  by  chlorinating 
toluene  (Liebermann  a.  Homey er,  B.  12,  1971). 
3.  By  heating  benzotrichloride  with  copper- 
powder  at  100°  (Onufrowicz,  B.  17,  833).— 4. 
By  heating  benzotrichloride  with  benzene  and 
copper-powder  (Hanhart,  B.  15,  901). 

Properties. — Trimetric  crystals;  sol.  benz- 
ene, hot  alcohol,  and  ether.  Gives  a  violet  dye 
with  dimethylaniline  and  Zn012.  Alcohol  and 
zinc-dust  gives  (a)  and  (0)  di-chloro-di-phenyl- 
ethylene. 

Penta-chloro-w-di-phenyl-ethane 

C013.CH(CttH4Cl)2.     [105°].     S.  (95  p.c.  alcohol) 

I  10.     From  chloral,  chlorobenzene,  and  H,SO4 

!  (Zeidler,   B.  7,   1181).      Felted  needles   (from 

ether-alcohol).    Alcoholic  KOH  gives  C14H8C14. 

CHLORO-DI-PHE  N  YL-ETHYLE  N  E 
C6H..CCl:CH.CtiH5.    Chloro-stilbene.    From  stil- 
bene°  di-chloride  and  alcoholic  KOH  (Zinin,  A. 
149,375).    Oil. 

(a)-Di-chloro-s-di-phenyl-ethylene 
C6H5.CC1:CC1.C6H5.      Tolane  -  (a)  -  di  -  chloride. 
[143°].     Formed,  together  with  the  (^-modifi- 
cation, by  the  action  of  powdered  zinc  on  an 
alcoholic    solution    of    tetra- chloro -di- phenyl 
ethane  (Liebermann  a.  Homeyer,  B.  12,  1973 ; 
c/.  Zinin,  B.  4,  289)  ;  or  of  iron  powder  on  an 
acetic  acid  solution  of  the  same  body  (Lacho- 
!  wicz,  B.  17,  1165).    Formed  also  by  passing  C 
:  into  a  solution  of  s-di-phenyl-ethylene  in  chloro- 
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form.  Both  modifications  are  also  formed  by 
heating  benzo-trichloride  with,  copper-powder 
(Hanhart,  J5.  15,  899),  and  by  heating  s-di- 
phenyl-ethylene  with  PC15  at  180°  (Limpricht 
a.  Schwanert,  B.  4,  379).  Trimetrie  tables  or 
prisms.  81.  sol.  alcohol.  Alcoholic  KOH  at 
180 '  gives  s-di-phenyl-acetylene  (tolane). 

(j8)-Di-cliloro-s-di-plienyl-etliyiene 
C  H5.CC1:CC1.C6H5.  Tolane  -  (0)  -  di  -  chloride. 
[63°].  Formed  as  above.  Long  needles.  More 
soluble  in  alcohol  than  the  (a) -modification. 
The  (a)  and  (ft)  modifications  can  be  partially 
changed  into  one  another  by  distillation. 

Di-chloro-w-di-phenyl-ethylene  CCl,:CPh2. 
[80°].  Formed  by  passing  Cl  into  w-di-phenyl- 
ethylene  and  distilling  the  resulting  CCl^.CClPh., 
(Hepp).  Formed  also  from  CCl3.CHPh2  by 
boiling  with  alcoholic  KOH  (Baeyer,  B.  6,  223). 
Monocliriic  prisms  (from  alcohol). 

Di-chloro-di-phenyl-ethylene 
C6H4Cl.CH:CH.CtiH4Cl.  [170°].  Formed  by  pass- 
ing Cl  in  excess  into  melted  dibenzyl  (Kade, 
J.  pr.  [2]  19,  466).     Needles  or  plates  (from 
alcohol). 

Di-chloro-w-di-phenyl-ethylene 
CH2:C(C,.H4C1)2.     (283°).    Formed  by  distilling 
CH2C1.CH(C6H4C1)2  (Hepp,  B.  7,  1419). 

Tri  -  chloro-s-di  -  phenyl  -  ethylene  C14H9C13. 
Two  modifications  are  formed  by  treating  s-di- 
phenyl-acetylene  (tolane)  with  PC15  (Limpricht 
a.  Schwanert,  B.  4,  379). 

(a)-Modification:  [137°-145°] ;  needles. 

(j3)-M  edification:  [150°];  prisms. 

Tetra-chloro-di-phenyl-ethylene 
CC12:C(C6H4C1)2.   [89°].   From  CC13.CH(C6H4C1)2 
and  alcoholic  KOH  (Zeidler,  B.  7,  1181). 

a,-TRI-CHLORO-DI-PHENYL-ETHYLIDENE 
DIAMINE  C14H13N2C13  i.e.  CCl3.CH(NHC6Ha)2. 
[101°].  Formed  by  the  action  of  aniline  on 
chloral  (Wallach,  B.  5,  251;  A.  173,  277). 
Tabular  crystals  (from  alcohol).  Insol.  water. 
Decomposes  at  150°.  Boiling  with  alkalis  forms 
phenyl  carbamine.— B'2H2PtCl6  (Amato,  B.  9, 
198). 

DI-CHLORO-DI-PHENYL-GUANIDINE 
C,3HUC12N3     i.e.     NH:C(NH.C6H4C1)2.       From 
aqueous  di-phenyl-guanidine  hydrochloride  and 
Cl  (Hofmann,  A.  67,  147).    Laminas  (from  alco- 
hol).—B'2H2PtClfi. 

Di-chloro-di-phenyl-guanidine 
NH:C(NH.C6H4C1)2.     [141°].     From   di-chloro- 
di-phenyl-thio-urea,  PbO,  and  NH3  (Losanitsch, 
Bl.  [2]  32,  170).     Needles.     Perhaps  identical 
with  the  preceding. 

Tri-p-chloro-tri-phenyl-guanidine 
C19HI4Cl3N3;.e. C6H4C1.N.C(NH.C6H4C1)2.  Formed 
by  adding  iodine  to  an  alcoholic  solution  of  di- 
chloro  -  di  -  phenyl  -  thio  -  urea  CS(NH.CHH  ,C1) , 
(Beilstein  a.  Kurbatoff,  A.  176,  51).  Slender 
needles  (from  CS2).— B'HCl.— B'HI :  [255°].— 
B'2H2S04. 

CHLORO-DI-PHENYL-KETONE  v.  CHLOBO- 

BENZOPHENONE. 

CHLORO-PHENYL  MERCAPTAN 
CriH4Cl.SH.     [54°].     From  chloro-benzene  sul- 
phonic  chloride,  zinc,  and  dilute  H2S04  (Otto, 
A.  143,  109).     Four-sided  trimetric  tables  (from 
alcohol).— (C6H4Cl.S)2Pb  :  yellow  pp. 

2>-CHLORO-PHENYL  MERCAPTURIC  ACID 
CnH,,,ClNSO,  i.e. 
CH3.CO.NH.CMe(S.C6H4Cl).CO.H.  [154°]. 


Found  in  the  urine  of  a  dog  after  it  had  taken 
chloro-benzene  (Jaffe,  B.  12,  1092).  Colourless 
leaflets  or  tables.  V.  si.  sol.  ether,  v.  sol. 
alcohol. 

ft  .  CHLORO  -  £  -  PHENYL  -  METH  ACRYLIC 
ACID  0MH,CaOli-8:0<H6.CCl:CMe.CO1^a.  [11G~]. 
From  methyl-benzoyl-acetic  ether,  POC13,  and 
PC15  (Perkin,  jun.,  a.  Caiman,  C.  J.  49,  159). 
Needles,  v.  sol.  alcohol,  ether,  benzene,  and 
HOAc,  m.  sol.  cold  light  petroleum.  —  AgA'. 

CHLORO-DI-PHENYL-METHANE 
(CKH5)2CHC1.  Di-  phenyl  -carbinyl  chloride. 
[14°].  From  di-phenyl-carbinol  and  HC1  (Engler 
a.  Bethge,  B.  7,  1128).  Decomposed  by  heat 
into  HC1,  tetra-  phenyl-  ethylene,  and  tetra- 
phenyl-ethane  (Anschutz,  A.  235,  220). 

Di-chloro-di-phenyl-methane  (C6H.)2CC12. 
Benzophenone  chloride.  (305°  i.V.).  S.G.  —1-235. 
From  benzophenone  and  PC15  (Behr,  B.  3,  752). 
Liquid.  Decomposed  by  distillation.  Warm 
water  reconverts  it  into  benzophenone.  KHS 
gives  (C6H5)2CS.  Heating  with  silver  forma 
Ph2C.CPh2.  Aniline  forms  Ph2C:NPh.  Di- 
methyl-aniline gives  Ph2CH.C6H4NMe2  (Pauly, 
A.  187,  198). 

Chloro-tri-phenyl-methane  (C6H5)3CC1.  Tri- 
phenyl  carbinyl  chloride.  [105°-115°].  From 
tri-phenyl-carbinol  and  PC15  (Hemilian,  B.  7, 
1207).  Formed  also  by  the  action  of  benzene  on 
CC14  in  presence  of  A12C16  (Friedel  a.  Crafts, 
A.  Ch.  [6]  1,  502).  At  250°  it  gives  HC1,  tri- 
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phenyl-methane,  and  |        ^CH.C6H5(Hemilian, 

C6H/ 

B.  11,  837).    Hot  water  forms  tri-phenyl-car- 
binol. 

DI  -CHLORO  -  TRI  -  PHENOL  -  METHANE 
CARBOXYLIC  ACID  (C6H4C1)2CH.C6H4.C02H. 
[206°].  From  di-chloro-di-phenyl-phthalide  and 
boiling  alcoholic  NaOH  ;  the  resulting 
(C6H,Cl)2C(OH).CtiH4.C02H  being  reduced  with 
zinc-dust  and  aqueous  NaOH  (Baeyer,  A.  202, 
84).  Six-sided  tables  (from  alcohol).  Cr03 
gives  di-chloro-phenyl-oxanthranol. 

Tetra-chloro-di-phenyl-inethane  carboxylio 
acid  v.  TETRA-CHLORO-O-BENZYL-BENZOIO  ACID. 

DI-CHLORO-DI-PHENYL-METHANE  SUL- 
PHONIC  CHLORIDE  C13HsS204Cl4  i.e. 
CC12(C6H4S02C1)2.  [129°].  From  CO(C6H,SO,C1)2 
and  PC15  (Beckmann,  B.  8,  992).  Amorphous; 
si.  sol.  alcohol. 

TETRA  -  CHLO  RO  -  DI  -  PHENYL  -  METHYL- 
AMINE  C13HS,NC14  i.e.  (C6H3Cl,)2NMe.  [97°]. 
Formed  by  passing  Cl  into  a  solution  of  NPh.,Me 
in  HOAc  (G-nehm,  B.  8,  1040).  Prisms. 

CHLORO  -PHENYL-  METHYL  -KETONE  v. 
CHLORO-ACETOPHENONE  . 

DI-CHLOEO-PHENYL-OXA  »IC  ACID 
C.H.Cl^NH.CO.CO.H.  [122°].  S.  -124  at  25°. 
Prepared  by  boiling  tetra-chloro-oxanilide  (4  gr.), 
alcohol  (125  cc.)  and  KHO  (5  gr.)  for  10  minutes 
(Dyer  a.  Mixter,  Am.  8,  354).  White  fibres. 
Sol.  alcohol  and  ether.  KHO  solution  gives  di- 
chloro-aniline  [63°]. 

Salts.—  KA':  white  hair-like  fibres. 

TETRA-CHLORO-DI-PHENYL-OXAMIDE 
C,02(NH.C,H3C12)2  [1:2:4].    Tetra-chloro-oxanil- 
ide.   [c.  255°].    From  oxanilide  by  chlorination 
in  HOAc  (Dyer  a.  Mixter,  Am.  8,  349).     White 
fibres. 


CHLORO-DI-PHENYL  StlLPIIONli!. 
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Dl-CHLORO-PHENYL-OXANTHRANOL 

C20H12C1202    i.e.     CO<WC1>C(OH).C6H4C1. 

Phenol-phthalide'in-chloride.  [156°].  From  di- 
oxy-phenyl-oxanthranol  •  (phenol  -  phthalidein) 
and  PC15  at  120°  (Baeyer,  A.  202,  100).  Silky 
needles  (from  alcohol). 

CHLORO-PHENYL-PHOSPHORIC  ACID 
C6H(iClPO4t.e.C6H4C10.PO(OH)2.  [81°J.  Formed 
together  with  ^>-di-chloro-benzene  by  treatment 
of  phenol  jp-sulphonic  acid  and  PC15 ;  the  result- 
ing CBH4C1.0.POC12  being  decomposed  by  water 
(Kekule,  B.  5,  877 ;"  6,  944).— BaA". 

Chloride  C6H4C1.0.POCL.     (265°). 

^-CHLOROPHENYL  PHTHALIMIDE 
C  =  O 

0  [194°-195°    uncor.].     Pre- 

N.C6H4C1 

pared  by  heating  £>-chloro-aniline  with  phthalic 
anhydride  (Gabriel,  B.  11,  2260).  Long  fine 
needles.  Sol.  hot  alcohol,  C6HS,  and  acetic 
acid. 

a-CHLORO-o-PHENYL-PROPIONIC  ACID 
C!tHDC102  i.e.  CH3.CClPh.CO,H.  Chloro-lnjdro- 
atropic  acid  [73°].  From  atrolactic  acid  and 
HC1  in  the  cold  (Merling,  A.  209,  19).  Small 
prisms,  m.  sol.  hot  water,  si.  sol.  cold  water. 
Volatile  with  steam.  Attacks  the  mucous  mem- 
brane. Decomposes  at  110°.  Boiling  alkaline 
carbonates  form  no  styrene. 

/3-Ch.loro-a-phenyl-propionic  acid 
CH2Cl.CHPh.C02H.  Chloro-hydratropic  acid. 
[89°].  Possibly  identical  with  the  preceding. 
Prepared  by  the  action  of  HC1  on  the  cyan- 
hydrin  obtained  from  acetophenone  and  HCN 
(Spiegel,  B.  14,  235).  From  tropic  acid  and  PC15 
followed  by  water  (Ladenburg,  A.  217,  77). 
Formed  also  by  the  union  of  atropic  acid  with 
fuming  HC1  at  100°  (Merling,  A.  209,  3).  Colour- 
less prisms.  Sol.  alcohol,  ether,  and  benzene, 
si.  sol.  water  and  ligroin.  On  boiling  with 
aqueous  NaOH  it  gives  atropic  acid.  On  heat- 
ing with  Na2C03  solution  to  130°  tropic  acid  is 
formed.  Boiling  aqueous  Na2CO3  forms  tropic 
acid  and  a  little  styrene. 

o-Chloro-j8-phenyl-propioiiic  acid 
CeSitCl.C2'H.4.G0.2H..o-Chloro-hydrocinnamicacid. 
[97°].     Needles  or  plates.     Formed   by  reduc- 
tion of  o-chloro-cinnamic  acid  with  HI  and  P 
(Gabriel  a.  Herzberg,  B.  16,  2037). 

ra-Chloro-j8-ph.eiiyl-propionic  acid 
CCH  jd.C.IIj.CO.fH.     m  -  Chloro  -  hydrocinnamic 
acid.  [78°].  White  easily  soluble  plates.  Formed 
by  reduction  of  m-chloro-cinnamic  acid  with  HI 
and  P  (G.  a.  H.). 

^j-Chloro-phenyl-propionic  acid 
CtiH.4Cl.C.2H.i.C02'H..p-Chloro-hydrocinnamicacid 
[124°].     Formed   by  reduction  of  p-chloro-cin- 
namic  acid  (G.  a.  H.). 

)8-Chloro-j8-phenyl-propionic  acid 
C,H5.CHC1.CH2.002H.  [126°].  From  £-oxy-j8- 
plienyl-propionic  acid  and  fuming  HC1  (Glaser, 
A.  147,  95).  Very  slowly  formed  by  combina- 
tion of  cinnamic  acid  with  HC1  in  cone,  aque 
ous  solution  (Erlemneyer,  B.  14, 1867).  Lamime. 
Split  up  by  heat  into  HC1  and  cinnamic  acid ; 
and  by  aqueous  Na2C03  into  C02,  HC1,  and 
styrene. 

a/3-Di-chloro-j8-phenyl-propionic  acid 
C(JH5.CHC1.CHC1.C02H.    [164°].    White  plates.  ] 


Formed  by  leading  Cl  into  a  CS,  solution  of  cin- 
namic acid.  With  aqueous  Na,C03  it  gives  «- 
chloro-styrene  (Erlenmeyer,  B.  14, 1867). 

(Py.  l)-CHLORO-(Pi/.  2)-PHENYL-ISOQUIN- 

/CChCPh 
OLINE   C15H10C1N   i.e.    C6H/        |      .    [70°]. 

\CH:N 

Obtained  by  reduction  of  (Py.  l:4)-di-chloro-(Pw. 
2)-phenyl-isoquinoline  with  HI  and  P.  Glisten- 
ing pillars.  Salts.— B'HCl:  small  thick  crys- 
tals.—B'2H2Cl2PtCl4  :  orange  yellow  needles  (Ga- 
briel, B.  18,  3475). 

(Py.  4)  -  Chloro-  (Py.  2)  -phenyl  -  isoquinoline 

/CH:CPh 
C15H10C1N  i.e.  C6H4^        |        .   [78°].   Prepared 

by  boiling  (Py.  4)-oxy-(Pi/.  2)-phenyl-isoquinoline 
(isobenzalphthalimidine)  with  POC13  (2  pts.).  It 
is  also  formed  by  heating  the  same  compound 
with  PCl3at  100°- 130°.  Flat  pointed  needles. 
Sol.  alcohol,  v.  sol.  benzene,  ether,  petroleum- 
spirit,  chloroform,  and  CS2,  insol.  water.  Heated 
with  HI  and  P  at  170°  it  is  reduced  to  phenyl- 
isoquinoline  (Gabriel,  B.  18,  3473). 

(Py.  l:4)-Di-chloro-(P?/.  2)-phenyl-iso<iuinol- 

ine  C15H9C12N  i.e.  C6H4/  [163°].     Ob- 

\CC1:N 

tained  by  heating  (Py.  4)-oxy-(Py.  2)-phenyl-iso- 
quinoline  (isobenzalphthalimidine)  with  PC15  at 
100°.  By  boiling  with  HI  and  P  it  is  reduced  to 
(Py.  l)-chloro-(P?/.  2)-phenyl-isoquinoline  [70°] 
(Gabriel,  B.  18,  3473). 

TRI  -  CHLORO-TRI-PHENYL  -  ROSANILINE 
C6H4Cl.NH.C6H3Me.C(OH)(C6H4.NH.CtiH4Cl),. 
The  o-,  m-  and^-compounds  are  formed  by  heating 
rosaniline  with  o-,  m-,  or  ^-chloraniline  in  pre- 
sence of  benzoic  acid.  They  dye  silk  various 
shades  of  bluish  violet  (Heumann  a.  Heidlberg, 
B.  19,  1992). 

DI-CHLORO-DI-PHENYL  SULPHIDE 
(CtiH4Cl)2S.         [89°].        From      « thio-aniline  ' 
S(C6H4NH2)2    by  displacement  of  NH,  by   Cl 
through  the  diazo-  reaction  (Krafft,  B.  7,  1165). 

Di-chloro-di-phenyl  di-sulphide  (C6H4C1),S.,. 
[71°].  From  C6H4C1.SH  and  HN03  (S.G.  1-12) 
(Otto,  A.  143,  111).  Tables.  Zinc  and  dilute 
H.,S04  reconvert  it  into  chloro-phenyl  mercaptan. 

"  CHLORO-DI-PHENYL  SULPHONE 
C6H..S02.CUH4C1.  [92°].  (389°).  From  benzene 
sulphonic  chloride,  benzene,  and  Al.^Clg ;  the 
yield  is  87  p.c.  of  the  theoretical  (Beckurts  a. 
Otto,  B.  11,  2067  ;  19,  2418).  Leaflets.  Insol. 
water  ;  v.  sol.  hot  alcohol. 

Di-o-chloro-di-phenyl  sulphone  (C(iH,Cl),S02. 
[174°].  (360°).  Formed  in  sulphonating  o-di- 
chloro-benzene  (Friedel  a.  Crafts,  A.  Ch.  [6]  10, 
414).  Crystals. 

Di-chloro-di-phenyl-sulphone  C,oH8Cl2S02. 
(above  300°).  Formed  by  chlorinating  di-phenyl- 
sulphone  in  diffused  daylight  at  100°  in  presence 
of  iodine  (Otto  a.  Gruber,  A.  149,  180).  Oil. 

Di-^-chloro-di-phenyl-sulplione  (C6H4C1).,SO.,. 
[141°]  (0.);  [147°]  (B.  a.  0.).  From  chloro"- 
benzene  and  S03  (Otto,  A.  145,  28).  Also  from 
chloro-benzene  and  C1S03H  (Beckurts  a.  Otto, 
B.  11,  2065).  Plates.  H,S04  at  150°  gives 
chloro-benzene  sulphonic  acid.  Sodium  amal- 
gam in  alcoholic  solution  gives  benzene,  chloro- 
benzene  sulphonic  acid,  and  benzene  sulphonio 
acid. 
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CHLOHO-PHENYL-THIO-CARBAMIO  ETHE&, 


CHLORO-PHENYL-THIO-CARB  AMIC  ETHER 

C6H4Cl.NHCS.OEt.  [103°].  Formed  by  adding 
iodine  to  an  alcoholic  solution  of  di-chloro- 
di-phenyl-thio-urea  (Beilstein  a.  Kurbatoff,  A. 
176,52).  Needles. 

o-CHLORO-PHENYL-THIO-CARBIMIDE 
C6H4(C1).NCS  [1:2].  [45°].  (250°).  Crystalline 
solid.  Prepared  by  the  action  of  P205  on  the 
corresponding  urea  derived  from  o-chloro-nitro- 
benzene  (Hofmann,  B.  13,  14).  An  isomeride  is 
chloro-methenyl-amido-phenyl-mercaptan 

C6H4<f>CCl. 

w-Chloro-phenyl-thiocarMmide  C6H4(C1).NCS 
[1:3].  (250°).  Prepared  by  the  action  of  P205 
on  the  corresponding  urea  [122°]  obtained  from 
w-chloro-aniline  and  CS2  (Hofmann,  B.  13,  13). 
Liquid. 

^-Chloro-phenyl-thio-carbimide  CKH4(C1).NCS 
[1:4].  [45°].  (250°).  Crystalline  solid.  Pre- 
pared by  the  action  of  CS2  on  ^-chloro-aniline 
and  decomposition  of  the  resulting  di-chloro- 
phenyl-urea  (Hofmann,  B.  13,  13 ;  Beilstein  a. 
Kurbatoff,  A.  176,  51 ;  Losanitsch,  B.  5,  156). 

DI-o-CHLORO-DI-PHENYL-THIO-UREA 
C13H10C12N2S  i.e.  CS(NH.C6H4C1)2.  [146°].  From 
o-chloro-aniline  and  CS2  (Hofmann,  B.  13,  14). 

Di-m-chloro-di-phenyl-tMo-urea  [122°]  (H.). 

Di-p-chloro-di-phenyl-thio-urea  [168°].  S. 
(in  CS2)  -0264  at  13-7°  (Beilstein,  A.  176,  47). 
From  ^-chloro-aniline,  CS2,  and  alcohol  (Losa- 
nitsch, B.  5, 156;  BL  [2]  32,  170).  Iodine  acting 
on  its  alcoholic  solution  forms  di-chloro-di- 
phenyl  -  urea,  tri  -  chloro  -  tri  -  phenyl  -  guanidine , 
chloro-phenyl  thio-carbimide,  and  chloro-phenyl- 
carbamic  ether. 

TRI  -  CHLORO  -PHENYL-  TOLYL- ETHANE 
CARBOXYIC  ACID  C16Hlsd,02  i.e. 
CH3.C6H4.CH(CC13).C6H4.C02H.  [174°].  From 
(CH3.C6H4)2CH.CC13  and  chromic  mixture  (0. 
Fischer,  B.  7,  1192).  Tables  (from  alcohol). 
Alkalis  give  CH3.C6H4C(CC12).C6H4.C02H. 

DI  -  CHLORO  -  PHENYL  -  TOLYL  -  KETONE 
CARBOXYLIC  ACID  v.  DI-CKLOKO-TOLUYL-BEN- 

ZOIC   ACID. 

co-CHLORO-PHENYL-TOLYL-METHANE 

CH2C1.C6H4.CH2.C6H5.  A  mixture  of  the  o-  and 
p-  varieties  of  this  body  is  one  of  the  products  of 
the  action  of  benzyl  chloride  on  water  at  a  high 
temperature,  the  reaction  being  as  follows  : 
2C6H5.CH2C1  =  HC1  +  CH?C1.C6H4.CH2.C6H5.  The 
mixture  on  oxidation  gives  o-  and  £>-benzoyl- 
benzoic  acid  (Senff,  A.  220,  249). 

DLp-CHLORO-DI  PHENYL-UREA 
(C6H4C1.NH)2CO.  A  secondary  product  in  the 
preparation  of  p-chloro-phenyl  thiocarbimide  by 
the  action  of  P205  or  of  iodine  on  the  corre- 
sponding thio-urea  (Beilstein  a.  Kurbatoff,  A. 
176,  46).  Long  needles  (from  HO  Ac).  Volati- 
lises at  270°. 

TRI-CKLORO-PHLOROGLTTCIN  C6H3C1303. 
[129°].  Formed  by  passing  chlorine  into  a  solu- 
tion of  phloroglucin  in  HOAc  until  the  liquid 
ceases  to  give  a  red  colour  with  wood  (Webster, 
C.  J.  47,  423  ;  Hazura  a.  Benedikt,  M.  6,  706). 
Slender  needles  (containing  3aq).  Dilute  HN03 
gives  oxalic  acid.  Chlorine,  in  presence  of  CC14, 
gives  chlorinated  acetic  aldehyde  and  tri-chloro- 
acetic  acid.  When  chlorine  is  passed  into  an 
aqueous  solution  of  phloroglucin  there  is  formed 
di-chloro-acetic  acid. 


Hexa-Hydride  C6H9C1303.  [125°].  From 
hexa-bromo-phloroglucin  dibromide,  tin,  and 
HC1  (H.  a.  B.).  Needles  (containing  3aq). 

CHLORO-PHLORONE    v.     CHLOBO-XYLOQUI- 

NONE. 

^-CHLORO-PHTHALIC  ACID  C8HrC104  i.e. 
C6H3C1(C02H)2  [4:2:1].  [148°]  (C.  a.  D.;  G.  a. 
B.  ;  C.  a.  M.)  ;  [130°]  (I.)  ;  [c.  134°]  (K.). 

Formation.  —  1.  By  oxidation  of  (e)-di-chloro- 
naphthalene  [135°]  (Alen,  BL  [2]  36,  434),  of 
chloro-  (jS)-naphthol  (Glaus  a.  Dehne,.B.  15,320), 
of  the  two  chloro-toluic  acids  [130°]  and  [166°] 
(Kriiger,  B.  18,  1758),  of  ('  )8  ')-di-chloro-(a)- 
naphthoquinone  (Glaus  a.  Miiller,  B.  18,  3076), 
and  of  chloro-di-ethyl-benzene  (Istrati,  A.  Ch. 
[6]  6,  413).—  2.  By  saponifying  the  chloride 
which  may  be  formed  by  the  action  of  PC15  on 
the  tri-chloride  of  sulpho-phthalic  acid 

0<ggl2>C6H3.S02Cl  (Bee,  A.  233,  236). 

Properties.  —  Small  needles.  V.  sol.  water  and 
alcohol  ;  m.  sol.  dilute  HC1,  chloroform,  and  CS2, 
si.  sol.  benzene,  insol.  ligroin.  With  resorcin  it 
gives  a  chloro-fluorescem. 

Salts.  —  K2A":  large  needles,  v.  sol.  water.  — 
BaA"  :  amorphous  ;  si.  sol.  water.  —  BaH2A"2  : 
small  needles,  si.  sol.  water.  —  CaA"  :  scales,  si. 
sol.  water.  —  Ag2A"  :  white  pp.' 

Anhydride   C6H3C1<^>0.     [95°]  (C.  a. 

D.)  ;  [97°]  (G.  a.  B.  ;  K.)  ;  [114°]  (I.).  Formed 
by  heating  the  acid.  Triclinic  needles  (by  sub- 
limation). 

Me  thy  I  ether  Me9A".     [37°].     Needles. 

Ethyl  ether  Et^A",  [-20°].  (c.  303°) 
(Graebe  a.  Bee,  C.  J.  49,  528). 

0.  (276°uncor.). 


Chloride   C6H3 


Liquid. 

Imide  C6H3C1<>NH.      [211°].      From 

the  anhydride  and  NH3  (Bee,  A.  233,  236). 

c-Chloro-phthalic  acid  C-H3C1(CO2H)2  [3:2:1]. 
[184°]  (G.)  ;  [181°]  (K.).  S.  2-16  at  14°. 

Formation.  —  1.  By  oxidation  of  chloro-toluic 

acid  [154°]  with  KMn04  (Kriiger,  B.  18,  1758).— 

2.    By   oxidation  of    (7J-di-chloro-naphthalene 

[107°]  with  Cr03inHOAc  (Guareschi,  0.  17,  121  ; 

\  B.  19,  134). 

Properties.  —  Long  needles  ;  si.  sol.  cold,  v. 
sol.  hot,  water  ;  v.  sol.  alcohol  and  ether.  Gives 
the  anhydride  on  melting.  Heated  with  phenol 
and  cone.  H2S04  it  gives  a  phthalein  which  dis- 
solves in  alkalis  forming  a  violet  solution. 

Salts.  —  BaA"aq  :  long  silky  needles,  v.  sol. 
cold,  si.  sol.  hot,  water.  By  boiling  with  water 
it  is  converted  into  an  insoluble  crystalline  pow- 
der BaA"  aq.  —  Ag2A"  :  crystalline  pp. 

Anhydride    C6H3C1<£°>0.  [123°]. 

Needles  (by  sublimation).  By  chlorination  of 
phthalic  acid  Auerbach  (J".  1880,  862)  obtained 
an  (impure  ?)  phthalic  acid  [150°]  whose  anhy- 
dride melted  at  143°. 

Di  -  chloro  -  phthalic  acid  C6H2C12(C02H)2. 
Formed  by  oxidation  of  the  tri-chloro-naphthal- 
ene  [90°]  (from  (j8)-naphthol-(0)-di-siilphonate 
and  PClJ,  by  heating  with  dilute  HNOS  (S.G. 
1-16)  at  210  J.  Syrup.  Could  not  be  obtained 
crystallised  although  apparently  pure. 

Salts.  —  The  Na  and  K  salts  are  excessively 
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sol.  water. — A"Ba :  v.  sol.  amorphous  solid. — 
A"Ag2:  white  pp.,  nearly  insol.  cold  water.— 
A"Pb :  insol.  white.pp.  (Glaus  a.  Schmidt,  B.  19, 
3175). 

(jSj-Di-chloro-phthalic  acid  C6C12H2(C02H)2. 
[118°].  Formed  by  oxidation  of  a  chlorinated 
naphthalene  (Graebe  a.  Le  Eoyer,  A.  238,  350). 
V.  e.  sol.  hot  water,  m.  sol.  cold  water  or  alcohol. 

Salts .— (NH4)2A".  —  Ag2A".  —  CaA"  4aq.  — 
BaA"  2aq. 

Ethers.— Et2A"  [60°].— EtHA"  [75°-85°].— 
Et(NH4)A". 

Anhydride  C6C12H2C203.    [c.  151°].  (340°). 

Chloride  C6C12H2C202C12.  [below  50°] .  (c. 
314°). 

Tetrachloride  C6C12H2C2OC14.  [117°]. 
(above  300°). 

Imide  C6C12H2C202NH.  [191°].  Eeduced 
by  Zn  and  HC1  to  dichlorophthalimidine  [210°]. 

Di-chloro-phthalic  acid  C6H2C12(CO2H)2. 
[183°].  Formed  by  oxidation  of  the  di-chloro- 
o-xylene  [4°]  by  dilute  HN03  (Glaus  a.  Kautz, 
B.  18,  1370).  Formed  also  by  oxidation  of  ('  )3  ')- 
di-chloro-naphthalene  (Atterberg,  B.  10,  547) ; 
and  by  boiling  di-chloro-naphthalene  tetra- 
chloride  with  HN03  (Faust,  A.  160, 64).  Prisms ; 
v.  sol.  hot  water,  alcohol,  and  ether. 

Salts . — BaA"  aq. — CaA"  4aq :  prisms,  si.  sol. 
water. 

Anhydride  CSH2C12C203.     [187°]. 

Tri-chloro-phthalic  acid  C.-HCL^CO.jH),,. 
Formed  by  oxidation  of  tri-chloro-o-xylene  [s)3°J 
by  dilute  HN03  (Glaus  a.  Kautz,  B.  18,  1370). 
Formed  also  by  the  action  of  cone.  HN03  on  (#)- 
penta-chloro-naphthalene  (Atterberg  a.  Wid- 
mann,  B.  10, 1841).  Yellowish -white  mass;  con- 
verted by  heat  into  the  anhydride. 

Anhydride  [157°].    Needles. 

Tetra-chloro-phthalic  acid  C6C14(C02H)2. 
[250°].  S.  -57  at  14° ;  3-03  at  99°. 

Formation.— I.  From  (a)-penta-chloro-naph- 
thalene  and  dilute  HN03  at  190°  (Graebe,  A. 
149,  18).— 2.  Together  with  penta-chloro-(a)- 
naphthoquinone,  by  oxidation  of  hepta-chloro- 
naphthalene  [194°]  with  HN03  (1-5  S.G.)  at  100° 
(Glaus  a.  Wenzlik,  B.  19,  1166). 

Preparation. — Phthalic  anhydride  (5  kilos.) 
is  heated  with  SbCl3  (30  kilos.)  at  200°,  and 
chlorine  is  passed  in  for  10  hours.  The  product 
is  distilled  (Gnehm,  A.  238,  319). 

Properties. — Plates  (from  water).  V.  sol.  al- 
cohol and  ether,  si.  sol.  benzene  and  chloroform. 

Reactions. — 1.  Converted  by  heat  into  H2O 
and  its  anhydride.— 2.  Calcium  salt  gives  octo- 
chloro-anthraquinone  (in  small  quantity)  when 
distilled  (Kircher,  B.  17,  1170).— 3.  Sodium 
amalgam  reduces  it  in  dilute  alcoholic  solution 
to  phthalic  acid  (Glaus  a.  Spruck,  B.  15,  1401) ; 
the  reduction  is  better  performed  in  aqueous  so- 
lution, but  hydrophthalic  acid  and  other  products 
are  also  formed  (Graebe,  A.  238,  323).— 4.  HI 
and  P  at  230°  give  tetra-chloro-s-phenylene-di- 

methyl  oxide,  06Cl4^Qg2>0,  and  some  tetra- 

chloro-phthalide  C6C14<^2>0.      The    latter 

body  is  also  produced  by  the  action  of  zinc-dust 
and  glacial  acetic  acid. — 5.  PC15  forms 


Salts.  —  E^/'.-BaA  2iaq.—  BaA'2  3£aq 
(Tust,  B.  21,  1532).—  CuA'^aq.-AgjA". 

Ether  s.-EtjA".  [60-5°].—  EtHA".  [95°].— 
Me2A".  [92°]. 

Anhydride  O.C14<£!°>0.    [245°]. 

Chloride  C6C14<^>0.    [118°].     (336°) 

at  733  mm.    From  the  anhydride  and  PCL  at 
220°. 

Tetrachloride   C.Cl^^^O.    [140°]. 

Imide  C6C14C202NH.  Frorn  NH3  and  the 
anhydride. 

(7)-CHLORO-ISO-PHTHALIC  ACID 

CtiH3Cl(C02H)2.     [278°].     S.  -026  at  15°. 

Preparation.  —  A  solution  of  amido-iso- 
phthalic  acid  in  HC1  is  mixed  at  0°  with  NaN02, 
and  the  pp.  of  the  hydrochloride  of  diazo-  iso- 
phthalic  acid  is  gently  warmed  with  HC1. 
Crystallised  from  water  (Beyer,  J.  pr.  133,  506). 

Properties.  —  Slender  needles  (from  water). 
When  dried  over  H2S04  they  contain  water 
(£aq).  V.  si.  sol.  hot  water. 

Salts.—  The  neutral  potassium  salt  gives 
no  pp.  with  solutions  of  salts  of  Ca,  Sr,  Ba, 
Mg,  Zn,  Mn,  Co,  Ni,  nor  with  HgCl2.  It  gives, 
with  CdS04,  bulky  white  pp.;  Fe2Cl6  light 
brown  pp.  ;  Pb(OAc)2  and  AgNO3,  white  pps. 
soluble  in  hot  water.  CuS04,  blue  pp.; 
Hg2(N03)2,  white  gelatinous  pp.  A"K2  :  needles 
arranged  like  ferns.  —  A"Na,.—  A"Mg  7aq.  — 
A"Ca  2aq.  S.  3  54  at  15°.-A"Sr  aq.  S.  '929  at 
15°.—  A"Ba  2aq.  S.  1-41  at  15°.—  A"Cd.  S.  -303 
at  15°.  —  A"  Ag2.  Gelatinous  pp.  Crystallises  in 
small  needles  (from  hot  water). 

Ethyl  ether  A"Et2  [45°J.  Short  prisms 
(from  ether). 

Chloro  -  tere  -  phthalic    acid      v.    CHLORO- 

TEREPHTHALIC  ACID. 

DI-CHLORO-PHTHALIDE 

C6H2C12<£H2>0  .     [122°].    From  the  chloride 


of  di-chloro-phthalic  acid  C 


0  by 


reducing  with  Zn  and  HC1  (Le  Eoyer,  A.  238, 
355).  Also  from  nitroso-di-chloro-phthalimid- 
ine  and  alkalis.  Crystals  (from  alcohol). 

Di-chloro-phtlialide  C6H2C12<^Q2^>0 

[1:4:5:6].  [163°].  Formed,  together  with  di- 
chloro-(a)-naphthoquinone  by  oxidation  of  di- 
chloro-naphthalene  [68°]  with  Cr03  and  glacial 
acetic  acid.  Short  prisms  or  flat  needles.  Sol. 
alcohol  and  ether,  v.  si.  sol.  water.  Sublimable. 
It  does  not  react  with  hydroxylamine  (Guar- 
eschi,  B.  19,  1155). 

Tetra-chloro-phthalideCBCl4<^o2>0. 

[208-5°].  From  tetrachlorophthalic  anhydride, 
glacial  HOAc  and  zinc-dust  (Graebe,  A.  238, 
330).  V.  si.  sol.  cold  alcohol ;  insol.  Na,C03Aq  ; 
sol.  boiling  NaOH  and  reppd.  by  acids  un- 
altered. 

CHLORO -PHTHALIMIDE  v.  Imide  of  CHLORO- 

PHTHALIC  ACID. 

DI-CHLORO-PHTHALIMIDINE 

CyHXl-X'SS^NH.  [210°].  From  di-chloro- 
phthalimide,  tin,  and  HC1  (Eoyer,  A.  238,  356) 
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Crystals  (from  chloroform).  Gives  a  nitroso- 
derivative. 

TETBACHLORO-DIPHTHALYL     C16H4C1404 

i.e.  C6C14/      ^Q  0<     ^>C6H4.    Formed  by 

the  condensation  of  tetra-chloro-phthalide  and 
phthalic  anhydride  without  the  use  of  sodium 
acetate  (Graebe  a.  Guye,  A.  233, 245).  Brownish 
yellow  powder ;  insol.  alcohol,  glacial  acetic 
acid  and  toluene ;  sol.  chloroform,  aniline  and 
phenol. 

CHLOROPHYLL— the  peculiar  substance  to 
which  the  green  colour  of  leaves  and  other 
parts  of  plants  is  due — was  first  examined  by 
Pelletier  and  Caventou,  who  called  it  chloro- 
phyll. From  the  chemist's  point  of  view  it  is 
simply  an  organic  colouring  matter,  like  indigo 
or  alizarin. 

It  is  important  to  bear  this  in  mind,  since 
much  confusion  and  misunderstanding  have 
arisen  from  the  term  chlorophyll  having  been 
applied  to  distinct  things.  Some  chemists  under- 
stand by  chlorophyll  the  sum  of  the  coloured  con- 
stituents of  leaves  insoluble  in  water,  and  it  has 
accordingly  been  proposed  to  call  that  consti- 
tuent the  colour  of  which  inclines  more  to  blue, 
Kyanophyll,  while  that  constituent  or  group  of 
constituents  which  gives  solutions  of  a  yellow 
or  greenish-yellow  tint  should  be  named  Xan- 
tJwphyll.  In  works  on  vegetable  physiology  the 
term  chlorophyll  is  sometimes  applied  to  the 
complex  of  substances  contained  in  living  green 
cells,  which  take  part  in  the  process  of  assimi- 
lation and  of  which  the  colouring  matter  con- 
stitutes a  portion,  and  chemists,  following  this 
example  in  giving  a  name  to  the  whole  which 
should  have  been  confined  to  one  part,  have 
been  led  to  ascribe  to  chlorophyll  properties 
which  no  mere  chemical  substance  can  possibly 
possess.  In  order  to  avoid  confusion  it  should 
therefore  be  understood  that  in  using  the  term 
chlorophyll  we  mean  simply  the  substance — or 
it  may  be  mixture  of  substances — to  which 
the  pure  green  colour  of  ordinary  healthy  leaves 
and  of  other  vegetable  organs,  such  as  unripe 
fruit,  is  due.  The  appearance  in  leaves  of  any 
colour  other  than  green,  such  as  red,  yellow,  or 
purple,  would  indicate  the  presence  of  some  sub- 
stance accompanying  the  chlorophyll  and  dis- 
guising its  colour  or  even  replacing  it  entirely. 

Chlorophyll  is  invariably  present  in  vege- 
table cells  in  which  the  process  of  assimilation, 
i.e.  the  formation  of  organic  matter  from  C02 
and  H20  with  elimination  of  0,  is  going  on. 
Parasitic  and  other  plants,  such  as  fungi,  which 
obtain  their  nutriment  ready-formed  from  other 
organisms  or  from  decaying  organic  matter,  and 
do  not  decompose  C02  in  the  same  way  as  the 
majority  of  plants,  contain  no  chlorophyll. 
Plants  or  shoots  grown  in  the  dark  from  seeds 
or  tubers  are  also  devoid  of  chlorophyll ;  they 
grow  at  the  expense  of  the  matter  stored  up  in 
the  seed  or  tuber,  and  when  this  is  exhausted 
they  die.  The  appearance  of  chlorophyll  in 
etiolated  plants  on  exposure  to  light  indicates 
the  commencement  of  assimilation.  It  is  cer- 
tain, therefore,  that  chlorophyll  plays  some  part 
in  the  process  of  assimilation,  and  that  its 
presence  is  essential,  but  how  it  acts  in  assist- 
ing the  process  is  unknown,  its  physical  and 


chemical  properties,  so  far  as  they  are  known 
to  us,  affording  no  certain  clue  to  the  solution 
of  the  problem.  In  the  green  cells  of  plants 
the  chlorophyll  is  found  associated  with  the 
protoplasmic  constituent  from  which  it  may 
be  easily  separated  by  treatment  with  alcohol 
or  ether.  The  green  corpuscles  seen  in  vegetable 
cells  are  in  fact  masses  of  albuminoid  and  other 
matters,  permeated  and  tinged  by  chlorophyll, 
which  is  probably  contained  in  a  state  of  solu- 
tion in  the  cell  and  not  as  a  solid. 

Physical  and  chemical  properties  of  chloro- 
phyll.— Considering  the  great  importance  of 
chlorophyll  in  relation  to  the  process  of  assimi- 
lation in  plants,  it  can  hardly  be  a  matter  for 
surprise  that  it  should  very  frequently  have 
been  examined.  The  literature  of  chlorophyll 
is  very  extensive,  and  comprises  memoirs  by 
physicists,  chemists,  and  physiologists,  some  of 
them  men  of  great  eminence  in  their  respective 
branches  of  science.  Nevertheless,  our  know- 
ledge of  its  properties,  physical  and  chemical, 
is  very  scanty.  The  imperfect  state  of  our 
knowledge  of  the  subject  is  due  to  several  causes. 
In  the  first  place  the  quantity  of  chlorophyll  con- 
tained in  an  extract  of  leaves,  though  the  latter 
may  be  intensely  coloured,  is  extremely  small ; 
secondly,  chlorophyll  is  associated  in  the  plant 
with  large  quantities  of  other  substances,  colour- 
ing matters,  resins,  fats,  &c.,  which  accompany 
it  on  extraction  with  ordinary  solvents,  and 
from  which  it  cannot  easily  be  separated ; 
thirdly,  it  is  a  substance  which  is  very  apt  to 
undergo  change,  so  that  during  any  process  of 
purification  to  which  it  may  be  submitted,  it 
will  almost  certainly  be  more  or  less  altered ; 
fourthly,  chlorophyll,  like  most  substances  which 
play  an  important  part  in  the  vegetable  or 
animal  economy,  is  certainly  amorphous,  and 
the  freedom  from  impurity  of  any  specimen 
must  therefore  always  be  more  or  less  doubtful. 
Some  observers  have  described  bodies  which 
they  have  held  to  be  crystallised  chlorophyll, 
but  the  writer  is  of  opinion  that  these  were  in 
all  cases  products  of  decomposition  derived 
from  chlorophyll.  Chlorophyll  contains  nitro- 
gen in  addition  to  carbon,  hydrogen  and  oxygen, 
but  the  percentage  is  certainly  not  large.  It 
has  been  supposed  to  contain  iron  like  the 
haemoglobin  of  blood ;  after  incineration  a  minute 
quantity  of  ferric  oxide  is  indeed  always  found 
in  the  ash,  but  whether  this  is  derived  from 
chlorophyll,  or  from  some  substance  or  sub- 
stances accompanying  it,  is  uncertain.  The 
ash  also  contains  calcium  and  magnesium 
phosphates,  but  of  these  again  it  cannot  with 
certainty  be  said  that  they  are  constituents  of 
chlorophyll  itself.  Chlorophyll  may  be  de- 
scribed as  a  neutral  body,  like  indigo,  having 
the  properties  neither  of  an  acid  nor  a  base ; 
in  constitution  it  may  resemble  the  fats  or  the 
lecithins,  as  suggested  by  Hoppe-Seyler.  Though 
not  itself  a  glucoside,  it  is  always  found  asso- 
ciated with  a  body  having  the  characteristics 
peculiar  to  that  class,  as  was  first  pointed  out 
by  the  writer. 

Chlorophyll  is  insoluble  in  water,  but  soluble 
in  alcohol,  ether,  carbon  disulphide  and  ethereal 
oils. 

These  solutions  show  a  lively  green  colour 
of  great  intensity,  accompanied  by  a  marked 
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red  fluorescence.  The  solutions  show  an  ab- 
sorption spectrum  which  is  quite  characteristic, 
and  must  therefore  be  shortly  described.  A  solu- 
tion of  chlorophyll  made  by  extracting  fresh  green 
leaves  with  alcohol  or  ether  is  found,  when  very 
dark,  to  absorb  nearly  the  whole  spectrum,  only 
a  narrow  strip  of  light  at  the  extreme  red  end 
being  visible.  When  the  solution  is  made  paler 
by  the  addition  of  more  solvent,  the  green  of 
the  spectrum  begins  to  appear,  a  faint  absorption 
band  showing  itself  about  the  middle.  On  still 
further  diluting,  other  bands  make  their  appear- 
ance in  succession.  When  an  average  depth  of 
colour  is  reached  the  following  absorption  bands 
are  seen : — A  very  dark  band  beginning  close 
to  the  line  B  and  extending  over  C,  followed  by 
a  second  band  between  C  and  D  which  is  much 
lighter,  after  which  comes  a  third  still  paler 
one  beyond  D  and  close  to  the  latter,  lastly,  a 
fourth  band  is  seen  partly  on  E  which  is  usually 
the  faintest  of  all,  but  is  sometimes  as  dark  as, 
and  even  darker  than  the  third  (see  Fig.  i.). 
Total  obscuration  begins  about  the  line  P.  The 
four  bands  just  described  are  usually  marked 
with  the  numerals  I.-IV.  in  accordance  with 
the  notation  employed  by  Ingstrom,  and  are 
seen  so  constantly  and  invariably,  when  proper 
precautions  are  taken  to  have  a  solution  of  un- 
changed chlorophyll  of  average  strength,  as  to 
constitute  a  certain  test  for  chlorophyll,  which 
may  accordingly  be  denned  as  the  substance 
which  in  solution  shows  this  particular  absorp- 
tion spectrum.  It  should  be  mentioned  that 
there  is  a  considerable  amount  of  obscuration  j 
throughout  the  whole  spectrum  of  chlorophyll  j 
solutions,  excepting  only  at  the  extreme  red,  so 
that  the  parts  usually  represented  as  white  are 
in  reality  more  or  less  darkened,  and  also  that 
the  bands,  with  the  exception  of  band  I.,  are  not 
so  sharply  denned  as  the  ordinary  representa- 
tions would  lead  one  to  suppose  in  consequence 
of  the  edges  gradually  shading  off.  Opinions 
differ  as  to  whether  the  same  absorption  spec- 
trum is  seen  when  a  green  leaf  is  placed  before 
the  slit  of  a  spectroscope,  some  observers  main- 
taining that  only  band  I.  is  discernible,  while 
others  say  that  all  four  bands  can  be  made  out, 
the  only  difference  being  that  the  bands  are  all 
shifted  towards  the  red  end,  from  which  it  has 
been  inferred  that  in  the  plant  chlorophyll 
exists  in  a  state  of  solution,  the  solvent  having 
a  density  greater  than  that  of  alcohol  or  ether. 
Eeturning  to  the  solution  of  chlorophyll  showing 
the  spectrum  just  described,  let  us  now  see  what 
takes  place  on  further  dilution.  A  beam  of 
sunlight  having  been  thrown  on  the  slit  of  the 
spectroscope  the  solution  is  to  be  considerably 
diluted  until  it  becomes  quite  pale.  It  will  then 
be  found  that  band  I.  having  become  narrower 
and  paler  has  left  the  line  C  altogether  and 
taken  its  place  near  B ;  band  II.  has  become 
much  narrower  and  paler,  but  remained  in  the 
same  place,  while  bands  III.  and  IV.  have 
entirely  disappeared.  At  the  other  end  of  the 
spectrum,  however,  two  pale,  ill-defined  bands 
have  made  their  appearance,  one  being  situated 
between  F  and  G-,  the  other  on  G  (see  Fig.  ii.). 
These  bands  are  numbered  V.  and  VI.  Whether 
they  belong  to  chlorophyll  itself  or  to  some 
other  colouring  matter  accompanying  it  is  un- 
certain, no  one  having  as  yet  succeeded  in  ] 


obtaining  a  solution  of  chlorophyll  in  which 
they  are  not  seen,  provided  the  solution  is 
sufficiently  dilute  and  is  observed  in  sun-light. 
The  writer  is  of  opinion  that  the  two  bands 
belong  to  a  yellow  colouring  matter  (xantho- 
phyll  ?)  always  accompanying  chlorophyll,  from 
which  the  latter  cannot  be  separated.  It  is 
certain  that  all  leaves  contain  a  colouring 
matter,  the  chrysophyll  of  Hartsen  (Bougarel's 
erythrophyll),  which  may  be  obtained  in  lustrous, 
orange-coloured  crystals,  and  gives  yellow  solu- 
tions, showing  two  distinct  absorption  bands  at 
the  blue  end — not  exactly  in  the  same  position 
as  those  just  referred  to— but  no  trace  of  any 
band  in  the  other  parts  of  the  spectrum ;  the 
bands  V.  and  VI.  may  belong  to  a  nearly  allied 
substance. 

The  absorption  bands  of  chlorophyll  solu- 
tions were  first  described  by  Sir  D.  Brewster, 
who  was  also  the  first  to  observe  the  red  fluor- 
escence of  these  solutions.  The  bands  were 
next  examined  by  Stokes  and  Ingstrom,  by  the 
latter  of  whom  they  were  also  correctly  figured. 
Many  other  observers  have  worked  on  the  same 
field ;  among  these'the  following  may  be  named : 
Askenasy,  Gerland  and  Kawenhoff,  Hagenbach, 
Harting,  Kraus,  L.  Liebermann,  Lommel,  A. 
Meyer,  Micheli,  Morot,  Pringsheim,  Kussell  and 
Lapraik,  Sacchse,  Simmler,  Sorby  and  Wiesner. 
The  memoirs  of  Hagenbach,  Kraus,  Lommel, 
Pringsheim,  Eussell  and  Sorby  on  the  subject 
are  especially  worthy  of  study.  It  should  be 
mentioned  that  some  of  the  absorption  spectra 
figured  in  memoirs  on  chlorophyll  really  belong 
to  derivatives  of  the  latter.  Whenever  in  such 
figures  band  IV.  appears  rather  dark  and  is 
followed  by  another  dark  band  nearer  the  blue 
end,  we  may  conclude  that  the  observer  has 
worked  with  a  specimen  of  chlorophyll  that  has 
undergone  some  change. 

Products  of  decomposition  of  chlorophyll. — 
A  solution  of  chlorophyll  inclosed  in  a  sealed 
tube  and  kept  in  the  dark  retains  its  colour  for 
any  length  of  time,  but  in  an  open  vessel,  espe- 
cially when  exposed  to  light,  the  colour  dis- 
appears rapidly,  only  a  faint  yellow  tinge  re- 
maining; what  is  formed  during  this  change, 
which  is  doubtless  due  to  oxidation,  is  not 
known. 

By  the  action  of  acids  chlorophyll  under- 
goes a  marked  change,  which  no  one  who  has 
worked  with  the  substance  can  have  failed  to 
observe.  When  to  an  alcoholic  solution  of  chloro- 
phyll a  small  quantity  of  sulphuric  or  hydro- 
chloric acid  is  added,  the  colour  of  the  solution 
changes  at  once  from  a  bright  green  to  a  dull 
yellowish-green  or  olive.  Examined  in  the 
usual  manner  the  spectrum  will  be  found  en- 
tirely altered;  bands  I.  and  II.  have  become 
more  distinct  from  the  clearing  up  of  the  space 
between  the  two,  band  III.  appears  much  paler, 
and  band  IV.  much  darker,  than  before.  After 
the  solution  has  stood  for  some  time  band  IV. 
will  be  found  to  have  greatly  increased  in  in- 
tensity, while  another  dark  band  has  made  its 
appearance  near  the  line  F  just  in  front  of  the 
part  where  total  obscuration  begins.  This  is 
what  has,  not  very  appropriately,  been  called 
the  absorption  spectrum  of  acid  chlorophyll, 
and  is  due  to  the  formation  of  products  derived 
from  chlorophyll  by  a  process  the  nature  of 
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which  is  not  understood.  That  this  process  is 
not  such  a  one  as  might  admit  of  explanation  ! 
by  supposing  chlorophyll  to  have  the  constitu- 
tion of  a  salt,  its  acid  constituent  being  expelled 
by  the  addition  of  a  stronger  acid,  is  proved  by 
the  fact  that  if  alcoholic  potash  or  soda  be 
added  in  excess  to  a  solution  of  chlorophyll 
which  has  been  acted  on  by  acids,  the  original 
bright  green  colour  is  not  restored.  To  those 
conversant  with  the  decomposition  of  complex 
organic  substances,  another  explanation  may 
suggest  itself,  viz.  that  the  change  is  due  to 
hydrolysis  in  presence  of  an  acid,  accompanied 
perhaps  by  a  splitting  up  of  the  same  kind  as 
that  which  glucosides  undergo  when  acted  on 
by  acids  or  ferments.  Kussell  and  Lapraik  are 
of  opinion  that  the  change  is  a  molecular,  not  a 
chemical  one.  Weak  acids  produce  the  same 
change  as  strong  ones,  but  only  after  some  time. 
On  the  addition  of  a  comparatively  large  quan- 
tity of  acetic  acid  to  an  alcoholic  solution  of 
chlorophyll,  no  change  of  colour  is  perceived  at 
first,  nor  is  the  spectrum  in  any  way  altered,  but 
on  standing  the  colour  slowly  passes  over  to  yel- 
lowish-green, and  the  same  bands  make  their 
appearance  as  when  a  strong  acid  is  employed. 
The  same  change  frequently  takes  place  when 
a  solution  of  chlorophyll  is  left  to  stand  in  a 
loosely-stoppered  bottle  kept  in  the  dark;  in 
this  case  the  effect  is  probably  due  to  the  pre- 
sence of  some  substance,  an  ethereal  oil  for 
instance,  which  by  oxidation  yields  an  acid  of 
some  kind.  Some  leaves,  such  as  those  of  the 
vine  and  Virginian  creeper,  naturally  contain 
much  free  acid  which,  on  extraction  of  the 
leaves  with  alcohol,  accompanies  the  chloro- 
phyll and  changes  it  after  a  short  time. 

In  order  to  obtain  the  products  derived  from 
chlorophyll  by  the  action  of  acids,  fresh  green 
leaves  are  extracted  with  boiling  spirits  of  wine ; 
the  liquor  after  straining  is  allowed  to  stand, 
so  that  a  portion  of  the  fatty  matter  contained 
in  it  may  be  deposited,  after  which  it  is  filtered 
and  a  current  of  hydrochloric  acid  gas  is  passed 
through  it.  By  the  action  of  the  acid  a  dark 
brownish-green  flocculent  precipitate  is  formed, 
which  after  standing  is  filtered  off  and  washed 
with  alcohol.  This  precipitate  contains  two 
peculiar  colouring  matters,  which  Fremy  named 
phyllocyanin  and  phylloxanthin,  along  with  im- 
purities of  a  fatty  nature.  The  two  colouring 
matters  are  separated  by  Fremy 's  method;  the 
mixture  is  dissolved  in  ether,  and  the  solution 
is  shaken  up  with  about  a  quarter  its  volume  of 
concentrated  C1H,  whereupon  it  separates  into 
two  layers,  an  upper  yellowish-green  one  con- 
taining phylloxanthin,  and  a  lower  bright-blue 
one  containing  phyllocyanin. 

The  phylloxanthin  of  the  upper  stratum  is 
largely  contaminated  by  fatty  matter,  from 
which  it  cannot  easily  be  separated,  but  the 
phyllocyanin  from  the  lower  stratum  can  be 
purified  and  is  obtained  in  microscopic  crystals, 
which  are  generally  opaque,  but  when  very 
thin  appear  olive-coloured  by  transmitted  light. 
The  general  properties  of  phyllocyanin  have 
been  described  by  the  writer,  but  a  few  only  of 
these  can  here  be  mentioned.  Phyllocyanin  is 
a  body  entirely  sui  generis,  resembling  no  other 
natural  colouring  matter.  It  is  insoluble  in 
water  and  ligroin,  but  soluble  in  alcohol,  ether, 


acetic  acid,  chloroform,  benzene,  and  carbon  di- 
sulphide.  The  solutions  show  an  absorption 
spectrum  with  five  bands  (see  Fig.  iii.).  It 
dissolves  in  concentrated  C1H  and  SH2O4  giving 
solutions  of  a  bright  blue  colour,  and  is  repre- 
cipitated  unchanged  by  water.  It  dissolves  in 
alkaline  lyes,  but  is  entirely  changed  by  the 
action  of  the  alkali.  Its  most  interesting  pro- 
perty is  that  of  yielding  by  the  combined  action 
of  acids,  chiefly  organic  acids,  and  metallic 
oxides,  such  as  cupric,  ferrous  and  zinc  oxides, 
compounds,  the  solutions  of  which  are  bright 
green  and  closely  resemble  solutions  of  chloro- 
phyll not  only  in  colour  but  in  other  respects 
also. 

Phyllocyanin  is  remarkable  for  its  great 
stability ;  its  solutions  remain  for  a  long  time 
unchanged  when  exposed  to  light  and  air, 
whereas  solutions  of  chlorophyll  are  rapidly 
bleached  under  the  same  circumstances.  Phyl- 
locyanin yields  with  alkalis  and  reducing  agents 
products  which  show  absorption  spectra  of 
great  variety  and  beauty  (see  Figs.  v.  and  vi.). 
Phylloxanthin  resembles  phyllocyanin  in  many 
of  its  properties,  but  is  a  less  interesting  sub- 
stance. Its  absorption  spectrum  shows  only 
four  bands  (see  Fig.  iv.).  It  will  be  seen  that 
when  the  two  substances  are  present  together 
in  solution,  the  bands  of  phylloxanthin  will  be 
concealed  by  those  of  phyllocyanin. 

On  reading  some  of  the  older  memoirs  on 
chlorophyll,  such  as  those  of  Berzelius,  Mulder, 
and  Fremy,  it  will  be  evident  that  the  authors 
worked  not  with  chlorophyll  itself,  but  with 
products  due  to  the  action  of  acids  on  the  latter. 
It  is  probable  that  the  chlorophyllan  of  Hoppe- 
Seyler  and  the  hypochlorin  of  Pringsheim  are 
products  belonging  to  the  same  class  as  phyllo- 
cyanin and  phylloxanthin.  According  to  Tschirch 
chlorophyllan  is  the  first  product  of  the  action 
of  acids  on  chlorophyll,  and  splits  up  into 
phyllocyanin  and  phylloxanthin  when  the  ac- 
tion of  acid  is  prolonged.  This  short  account 
may  serve  to  show  that  our  knowledge  of  the 
derivatives  of  chlorophyll  is  still  very  defective. 

Chlorophyll  in  relation  to  plant  life. — There 
can  be  no  doubt  that  the  presence  of  chloro- 
phyll is  necessary  during  the  process  of  assimi- 
lation by  plants,  but  what  part  it  plays  in  the 
process  is  unknown.  It  was  at  first  supposed, 
considering  how  powerfully  the  more  refrangible 
end  of  the  spectrum  is  absorbed  by  solutions  of 
chlorophyll,  that  it  was  especially  the  blue  rays 
that  effected  the  decomposition  of  CO2  and  H2O 
within  the  cells.  This  idea  was  soon  abandoned 
in  favour  of  another  theory,  according  to  which 
it  is  the  red  rays  that  are  more  active  than  the 
others  in  promoting  assimilation,  they  being 
also  strongly  absorbed  by  chlorophyll.  The 
latest  investigations  make  it  probable  that  the 
yellow  rays,  which  are  the  least  absorbed  of  any, 
produce  a  more  abundant  evolution  of  0,  and 
consequently  a  greater  amount  of  decomposition 
of  C02  and  H20  than  either  the  red  or  blue 
rays.  Pringsheim  is  of  opinion  that  chloro- 
phyll acts  simply  as  a  screen  which  absorbing 
the  less  refrangible  rays,moderates  the  energetic 
heating  and  oxidising  action  of  the  latter  during 
the  process  of  assimilation.  All  that  can  be 
positively  asserted  with  regard  to  this  part  of 
the  subject  is  that  the  colour,  i.e.  the  absorjD- 


CHLORO-PROPANE. 


125 


tive  power  of  chlorophyll  has  something  to  do 
with  its  mode  of  action. 

It  has  been  thought,  and  we  often  find  it 
stated  in  books,  that  chlorophyll  has  itself  the 
power  of  absorbing  C02  and  evolving  0  ;  at- 
tempts have  even  been  made  to  prove  that  this 
takes  place  in  01  Binary  solutions  of  chlorophyll. 
This  is,  however,  erroneous ;  it  is  certain  that  the 
complex  which  physiologists  call  the  chloro- 
phyll corpuscle,  or  simply  chlorophyll,  has  the 
power  of  decomposing  C02  and  H20  with  evolu- 
tion of  0,  but  that  any  such  power  resides  in 
the  colouring  matter  when  dissociated  from  the 
other  constituents  of  the  complex  must  be  in- 
correct, since  it  is  opposed  to  all  that  we  know 
of  the  chemical  properties  of  organic  substances. 

List  of  the  most  important  memoirs  and 
works  on  chlorophyll :  — 

Angstrom,  Ueb.  d.  grilne  Farbe  d.  Pflanzen, 
P.  93,  475 ;  Askenasy,  Bot.  Ztg.,  1867,  225 ; 
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phyllfarbstoffe,  Stuttgart,  1872;  Kromeyer, 
Zerlegung  des  Chlorophylls  in  einem  blaucn 
und  einem  gelben  Farbstoff,  Ar.  Ph.  155,  164  ; 
L.  Liebermann,  Site.  IF.  72, 599;  Lommel,  Ueb. 
d.  Verhalten  d.  Chlorophylls  zum  Licht,  P.  143, 
568;  Meyer,  Das  Chlorophyllkorn,  Leipzig, 
1883 ;  Micheli,  Arch.  d.  Sc.  de  la  bibl.  univ.  d. 
Geneve,  Mai  1867 ;  Morot,  Ann.  des  Sc.  Nat. 
3rd  ser.  13,  160 ;  Mulder,  Ueber  d.  Chlorophyll, 
J.  pr.  33,  478;  PeUetier  et  Caventou,  Sur  la 
matiere  verte  des  feuilles,  A.  Ch.  9,  194; 
Pfaundler,  A.  115,  37  ;  Pringsheim,  Untersuch- 
ungen  ilb.  Lichtwirkung  u.  Chlorophyllf unction 
in  d.  Pflanzen,  Leipzig,  1881;  Russell  and 
Lapraik,  A  Spectroscopic  Study  of  Chlorophyll, 
C.  J.  41,  334  ;  Sachsse,  Die  Chem.  u.  Physiol 
d.  Farbstoffe,  Leipzig,  1877;  Schunck,  Con- 
tributions to  the  Chemistry  of  Chlorophyll,  Pr. 
39,  348,  42,  184  ;  Siminler,  P.  115,  603  ;  Sorby, 
Comparative  Vegetable  Chromatolorjy,  Pr.  21, 
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i. — Absorption  spectrum  of  chlorophyll,  strong  solution. 

ii.  „  „          „  „  weak         „ 

iii.  „  „          „    phyllocyanin. 

iv.  „  „          „    phylloxanthin. 

v.  „  „          „    a  phyllocyanin  derivative, 

vi.  „          „    ethyl  compound  of  the  preceding. 


Berzelius,  Untersuchung  d.  BlattgrUns,  A.  27, 
296;  Brewster,  On  the  Colours  of  Natural 
Bodies,  T.  E.  12,  538  ;  Chautard,  Examen  spcc- 
troscopique  de  la  chlorophylle,  C.  B.  76,  103, 
570,  1031,  1066,  1273  ;  Filhol,  C.  B.  61,  371 ; 
66,  1218;  79,612;  Fremy,  Sur  la  matidre  colo- 
rante  verte  des  feuilles,  C.  E.  50,  405 ;  61,  188  ; 
Gautier,  Sur  la  chlorophylle,  C.  B.  89,  862; 
Gerland  and  Eawenhoff,  Becherches  sur  la 
chlorophylle,  Ar.  N.  6,  97 ;  Hagenbach,  Unter- 
suchungen  ub.  d.  optischen  Eigenschaften  d. 
BlattgrUns,  P.  141,  245  ;  Harting,  P.  96,  543 ; 
Hansen,  '  Der  Chlorophyllf arbstoff,'  Arb.  d.  bot. 
Inst.  in  WUrzburg,  3,  I ;  Hartsen,  C.  C.  1872, 
524,  1875,  613  ;  Hoppe-Seyler,  Ueber  d.  Chloro- 
phyll d.  Pflanzen,  H.  3,  1879,  339;  4,  1880,  193, 
5,  1881,  75 ;  Kraus,  Zur  Kenntniss  d.  Chloro- 


452  ;  Stokes,  On  tlie  supposed  identity  of  Bili- 
verdin  with  Chlorophyll,  with  remarks  on  the 
Constitution  of  Chlorophyll,  Pr.  13,  144; 
Tschirch,  Untersuchung  en  Ub.  d.  Chlorophyll, 
Berlin,  1884  ;  Verdeil,  Becherches  s.  la  mat.  col. 
verte  des  feuilles,  C.  B.  33,  689;  Wiesner, 
Bemerkungen  ub.  d.  angcbl.  BestandtJieile  d. 
Chlorophylls,  Flora,  1874,  278.  E.  S. 

CHLORO-PICOLINE   v.    CHLORO-METHYL-PY- 

RIDINE. 

CHLORO-PICOLINIC  ACID  v.  CHLORO-PYRI- 

DINE    CARBOXYLIC   ACID. 

CHLOKOPICEJN    v.     TRI-CHLORO-NITRO-JIE- 

THANE. 

CHLOKOPLAT1NATES  v.  PLATINATES  under 
PLATINUM. 

CHLORO-PROPANE  v.  PROPYL  CULOKIDE. 
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wa-Di-chloro-propane  C^Cla  i.e. 
CH3.CHC1.CH2C1.    Propylene  chloride.    Mol.  w. 
113.   (97°  cor.).   S.G.  a  1-584 ;  i±  1-155  (F.  a.  S.) ; 
l±  1-166  (Linnemann,  4.  161,  62). 

Formation. — 1.  From  chlorine  and  propylene 
(Cahours,  A.  76,  283 ;  Eeynolds,  A.  77,  124).— 
2.  From  chloro-iodo-propane  and  Cl  (Friedel  a. 
Silva,  C.  R.  76,  1596).— 3.  From  propane  and 
Cl  (Schorlemmer,  Pr.  17,  372 ;  A.  150,  214).— 
4.  Together  with  CH3.CC1.,.CH3,  by  chlorinating 
CH3.CflCl.CH3  in  sunshine  (Friedel  a.  Silva,  Bl. 
[2]  16,  3).— 5.  From  isopropyl  chloride  and  IC1 
(Friedel  a.  Silva,  C.  R.  73,  1380).— 6.  From 
allyl  chloride  and  cone.  HC1  at  100°  (Keboul, 
A.  Ch.  [5]  14,  453). 

Reactions.— 1.  Alcoholic  KOH  gives  a-chloro- 
propylene  CH3.CC1:CH2  (Friedel  a.  Silva,  A.  Ch. 
[4]  16,  349).— 2.  Water  (20  vols.)  at  220°  gives 
propionic  aldehyde  and  acetone.  Water  and 
PbO  at  150°  give  propylene  glycol  (Eltekoff,  B. 
6,  558).— 3.  Cone.  HI  at  150°  gives  isopropyl 
chloride. 

ww-Di-chloro-propane  CH3.CH,.CHC12.  Pro- 
pylidene  chloride.  (86°).  S.G.  ^  1-143.  Formed, 
together  with  chloro-propylene  CH3.CH:CHC1, 
by  the  action  of  PC15  on  propionic  aldehyde 
(Keboul,  A.  Ch.  [5]  14,  458).  Alcoholic  KOH 
gives  CH3.CH:CHC1  (34°). 

aa-Di-nhloro-propane  CH3.CC12.CH3.  Chlor- 
acetol.  Methylchloracetol.  (70°).  S.G.i?  1-09G6; 
P 1-0848  (Perkin,  C.  J.  45, 529) ;  ifi  1-827  (Linne- 
mann, A.  161,  67).  H.F.p.  42080.  H.F.v. 
40340  (Th.). 

Formation. — 1.  From  acetone  and  PC15  (Frie- 
del, A.  112,  236).— 2.  From  isopropyl  chloride 
and  Cl  (Friedel  a.  Silva,  Z.  1871, 489).— 3.  From 
allylene  and  fuming  HC1  in  the  cold  (Eeboul, 
A.  Ch.  [5]  14,  453). 

Reactions. — 1.  Alcoholic  KOH  forms  a-chloro- 
propylene  CH3.CC1:CH2  (24°).- 2.  AgOBz  gives 
(CH3)2C(OBz)2.— 3.  Water  (8  vols.)  at  170°  gives 
acetone  (Oppenheim,  B.  2,  213). 

co)8-  Di  -  chloro  -  propane  CH2C1.CH0.CH2C1. 
Trimethylene  chloride.  (119°).  S.G.  1*  1'2~01  (B.) ; 
P  1-1896  (F.).  From  the  corresponding  dibrom- 
ide  and  HgCl2  at  180°  (Reboul,  A.  Ch.  [5]  14, 
453).  Formed  also  from  trimethylene  glycol 
CH2OH.CH2.CH2OHandHCl  (Freund,  M.2, 638). 
Alcoholic  KOH  gives  allyl  chloride. 

a>aj8-Tri-chloro-propane  C3H5C13  i.e. 
CH2C1.CHC1.CH2C1.     Trichlorhydrin.     Glyceryl 
chloride.     Allyl  trichloride.      (158°).      S.G.   *| 
1-3984;  §|  1-3878  (Perkin,  C.  J.  45,  532);  2  1-41 
(0.).    M.M.  7-897  at  21-6°. 

Formation. — 1.  From  glycerin  dichlorhydrin 
(di-chloro-propyl  alcohol)  and  PC15  {Berthelot  a. 
De  Luca,  A.  Ch.  [3]  48,  304  ;  52,  433  ;  Fittig,  A. 
135,  359).— 2.  By  passing  Cl  into  allyl  iodide 
under  water  (Oppenheim,  Bl.  [2]  2,  97). — 3.  One 
of  the  products  of  chlorination  of  propylene 
chloride  (Belohoubek,  B.  9, 924),  or  of  propane  (?) 
(Berthelot,  A.  155,  105). — 4.  From  propylene 
chloride  and  IC1  at  160°  (Friedel  a.  Silva,  Z. 
1871,  683). 

Reactions. — 1.  Water  (20  vols.)  by  heating  at 
160°  for  24  hours  forms  glycerin.— 2.  KOH 
gives  CH./.CC1.CHXJ1  (101°)  and  a  little 
CHCl:CH.CH2Cl.-3.  Alcoholic  KSH  gives 
C3H,(SH)3.— 4.AlcoholicNH3fomis(C8H4Cl)aNII. 


5.    A12I6  gives    allyl  iodide   (Gustavson,  C.  C. 
1877,  19). 

ftwco-Tri-chloro-propane  CH3.CH.,.CC13  (145°- 
150°).  From  Pr2S  and  dry  Cl  "in  daylight 
(Spring  a.  Lecrenier,  BL  [2]  48,  623).  Ag20 
converts  it  into  propionic  acid. 

wwa-Tri-chloro-propane  CH:{.CHC1.CHC12. 
a-Chloro-propylidene  chloride.  (140°).  S.G.  i 
1-402 ;  21  1-372.  Formed  by  chlorination  of  pro- 
pylene or  propylidene  chloride  in  sunshine.  Also, 
together  with  the  preceding,  by  heating  pro- 
pylene chloride  with  IC1  at  160°  (Friedel  a. 
Silva,  C.  R.  74,  805).  Formed  by  union  of 
CH3.CC1:CH2  with  Cl  (Berthelot,  A.  155,  105). 

toao  -  Tri  -  chloro  -  propane  CH3.CClo.CH.,Cl. 
(123°).  S.G.  a  1-350  ;  ^  1-318. 

Formation.— 1.  From  CH3.CC12.CH3  by  Cl  in 
sunshine,  or  by  IC1  (F.  a.  S.). — 2.  From  pro- 
pylene chloride  and  Cl  (Belohoubek,  B.  9,  924). 
3.  From  chloro  -  acetone  and  PC15. — 4.  From 
CH3.CC1:CH2  and  Cl  at  0°  in  sunshine. 

Reactions.— I.  Water  at  high  temperatures 
forms  CH3.CO.CHO  (?).— 2.  Alcoholic  KOH  gives 
two  di-chloro-propylenes  (75°)  and  (94°)  (Friedel 
a.  Silva,  C.  R.  74,  806). 

Tri-chloro-propane  CH2C1.CH2.CHC12. 
P-Chloro-propylidene  chloride.  (147°).  S.G.  15 
1-362.  V.D.  4-95.  Formed  by  the  action  of 
PC15  on  £-chloro-propionic  aldehyde  or  on  acro- 
lem  (Geuther,  Z.  1805,  29  ;  van  Romburgh,  BL 
[2]  37,  98).  Alcoholic  KOH  gives  di-chloro-p.ro- 
pylene  CH2:CH.CHC12. 

Tetra-chloro-propane  CH3.CC12.CHC12.  (153°). 
S.G.  is  1-47.  From  di-chloro-acetone  and  PC15 
(Borsche  a.  Fittig,  A.  133,  114).  Also  from 
allylene  dichloride  (Pinner,  A.  179,  47).  Appa- 
rently the  same  body  is  formed  as  a  by-product 
in  the  preparation  of  tri-chloro-butyric  aldehyde 
by  chlorinating  aldehyde  (Pinner,  B.  10,  1057). 
Alcoholic  KOH  gives  C3HSC1S  (115°). 

Tetra-chloro-propane  0,H4G14  i-e. 
CH2CLCH2.CH3?  [178°J.    (203°).  From  propane 
and  Cl  in  sunshine  (Schorlemmer,  Pr.  18,  29). 
Stellate  groups  of  needles  (from  alcohol).  Smells 
like  camphor. 

Tetra-chloro-propane  CH2C1.CC12.CH2C1.  Iso- 
allylene  tetrachloride.  (164°).  S.G.  n  1-496. 
From  CH,C1.CC1:CH2  (95°)  and  Cl  or  HQC1 
(Fittig  a.  Pfeffer,  A.  135,  360  ;  Henry,  C.  R.  94, 
1428).  Also  from  CH8.CC1:CH.,  and  Cl  (Ber- 
thelot, A.  155, 105).  Alcoholic  KOH  gives  C3H5C1. 
Alcoholic  NH3  gives  (C3H3C12)2NH.  Sodium 
gives  allylene. 

Tetra-chloro-propane   C3H4C14  i.e. 
CH3.CHC1.CC13.      [145°].     (c.  185°).     From  iso- 
propyl iodide  and  Cl.     Kesembles  camphor  (B.). 

Tetra-chloro-propane  C3H4C14.  (c.  198°). 
S.G.  1-55.  From  propylene  chloride  and  Cl 
(Cahours,  A.  76,  283).  Probably  identical  with 
the  preceding  or,  possibly,  with  the  following. 

Tetra  -  chloro  -  propane  CH2C1.CHC1.CHC12. 
Tetra-chloro-glycide.  Allylidene  tetrachloride. 
(180°).  S.G.  ^  1-521.  V.D.  6-3.  From 
CH3.CC1:CH,C1  and  Cl  (Hartenstein,  J.  pr.  [2] 
7,  313).  From  CH2:CH.CHC12  and  Cl  (van  Bom- 
burgh,  Bl.  [2]  36,  553). 

Penta-chloro-propane  C3H3C15  i.e. 
CH2C1.CCL.CHC1,.      (194°).      From    di-chloro- 
acetone  and  PC1P  (Borsche  a.  Fittig,  A.  133, 116). 
I  Alcoholic  KOH  gives  C3II,C14  (1G53). 
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Penta-chloro-propane  C3H3C15  i.e. 
CH3.CC12.CC13?     From  CH3.CC12.CHC12  and  Cl 
(B.  a.  F.).    Prisms. 

Penta-chloro-propane  C3H3C15.  (o.  223°). 
From  propylene  chloride  and  Cl  (Cahours,  A. 
76,  283). 

Hexa-chloro-propane  C.(H2C16  i.e. 
CC13.CH,.CC13?    (250°).    Formed    by   chlorina- 
ting propane  in  the  brightest  sunshine  (Schor- 
lemmer,  Pr.   18,   29).      Liquid,    smelling  like 
camphor. 

Hexa-chloro-propane  C3H2C16  i.e. 
CC13.CHC1.CHC12?     (c.  243°).    S.G.  1-63.    From 
propylene  chloride  and  Cl  (Cahours,  .4.  76,  283). 

Hepta-chloro-propane  C3HC17.  (260°).  S.G. 
1*73.  From  propylene  chloride  and  Cl  (Cahours). 

Per-chloro-propane  C3C18.  [160°].  (269°). 
From  CH,C1.CHC1.CH2C1  and  IC13  at  200°. 
Formed  also,  together  with  CC14,  by  heating  iso- 
butane  with  IC18  at  240°  (Krafft  a.  Merz,  B.  8, 
1045)  ;  and,  together  with  C2C16  and  CC14  by  the 
action  of  IC13  on  isobutyric  acid  (Krafft,  B.  9, 
1085).  Crystalline  mass  ;  v.  e.  sol.  alcohol, 
ether  and  ligroin.  At  250°  it  splits  up  into 
C.,C14  and  CC14. 

"  CHLORO-PROPANE  SULPHONIC  ACID 
CaHyCl.SOgH.  From  the  product  of  the  action 
of  IC13  on  propane  sulphonic  acid  at  160°  the 
salts  (C3HfiClS03),Ba(C3H7S03)2Ba  aq  and 
(C,HaClS08)2Ba3(C8H7SOs)2Ba  may  be  isolated 
(Spring  a.  Winssinger,  B.  16,  328). 

a-CHLORO-PROPiONIC  ACID  C3H5C102  i.e. 
CH3.CHC1.C02H.  Mol.  w.!08|.  (186°).  S.G.  21-28. 

Preparation.  —  Calcic  lactate  (17  g.)  is  shaken 
with  PCI;,  (40  g.)  and  distilled  from  a  bath  of 
H2S04.  The  distillate  is  mixed  in  the  cold  with 
the  requisite  quantity  of  cold  water.  The  yield 
is  60  per  cent.  (J.  M.  Loven,  J.  pr.  [2]  29,  366  ; 
cf.  Wurtz,  A.  107,  192;  Ulrich,  A.  109,  271; 
Lippmann,  A.  129,  81  ;  Buchanan,  Z.  [2]  4,  523; 
Briihl,  B.  9,  35  ;  Mazzara,  G.  12,  261). 

Properties.  —  Liquid,  miscible  with  water  ; 
blisters  the  skin. 

Reactions.  —  1.  Zinc  and  HC1  convert  it  into 
propionic  acid.  —  2.  The  solutions  of  the  Ba  and 
Ag  salts  change  to  lactate  on  boiling.—  3.  With 
cone,  solution  of  KHS  (2  mols.)  it  gives  thiolactate 
and  thiodilactylate  of  potassium. 

Salts.—  AgA'.—  BaA'2. 

Methyl  ether  MeA'.  (1321°).  S.G.  ± 
1-075.  fJLD  1-423  (Kahlbaum,  B.  12,  344). 

Ethyl  ether  EtA'.  (147°).  S.G.  2£  1-0869. 
Ha  1-4237.  BO,  51'12  (Briihl,  A  203,  24). 
Reactions.  —  1.  When  heated  with  thiurea  5 
hours  at  100°  it  gives  the  hydrochloride 

of     lactylthio-urea  :     CSj4.—  2.    With 


potassic  sulphocyanide  5  hours  at  150°  it  gives 
CH,.CH(SCN).C02Et  (Freytag,  J.  pr.  128,  380). 
3.  NaOEt  gives  CH,.CH(OEt).CO.,Et. 

Amide  CH3.CHC1.CONH2.  [80°].  Scales; 
v.  sol.  water  (Beckurts  a.  Otto,  5.  9,  1592). 

Chloride  CH3.CHC1.COC1.  (110°).  V.D. 
4-38.  S.G.  -  1-239  (Henry,  C.  R.  100,  114). 

Nitrile  CH3.CHC1.CN.  (122°).  Pungent 
liquid. 

0-Chloro-propionic  acid  CH.,C1.CH2C02H. 
[41°].  (B.  a.  0.)  ;  [38°]  (H.).  (204°). 

Formation.  —  1.  By  heating  hydracrylic  acid 
with  fuming  HC1  at  120°  (Beckurts  a.  Otto,  B. 


18,  226).— 2.  From  its  chloride,  which  is  formed 
by  the  union  of  ethylene  with  COCLj  (Lippmann, 

A.  129,  81;  Henry,  C.R.  100,  114).— 3.   From 
acrylic  acid  and  HC1  (Linnemaan,  A.  163, 95).— 
4.   From  j8-iodo-propionic   acid    and  chlorine- 
water  (Bichter,  Z.  1868,  451). 

Properties.— White  plates ;  v.  e.  sol.  water 
and  alcohol.  Does  not  blister  the  skin. 

Methyl  ether  MeA?.     (156°). 

Ethyl  ether  EtA'.  (163°).  V.D.  4-94. 
S.G.  a  1-116. 

Chloro -ethyl   ether  CH.X31.CHjA/. 
(c.  213°).      S.G.  a  1-282.    From  the  acid  and 
CH2OH.CH2C1  (H.). 

Chloride  CH,C1.CH2.COC1.  (144°).  V.D. 
4-42.  S.G.  ia  1-331. 

aa-Di-chloro-propionic  acid  CH3.CCL.CO.,H. 
(c.  188°). 

Formation. — 1.  From  pyruvic  acid  and  PC15 
(Klimenko,  B.  3,  465  ;  5,  477  ;  Beckurts  a.  Otto, 

B.  11,  386).— 2.  The  nitrile  is  formed  by  chlori- 
nating propionitrile  (Otto,  A.  132,  181;  B.  9, 
1877). 

Properties. — Liquid;  v.  sol.  water;  insol. 
cone.  HC1.  Solidified  by  cold.  Converted  by 
zinc  and  HC1  into  propionic  acid.  Water  at 
140 3  gives  pyruvic  acid.  Boiling  alcoholic 
KOH  gives  o-chloro-acrylic  acid.  Beduced 
silver  forms  C02H.CMe:CMe.C02H  and  CO..H; 
CMeCl.CMeCl.C02H. 

Salts.—  NH4A'.  —  KA'6aq.  —  BaA'2aq.— 
CaA'2aq. — CaA'2  3aq. — ZnA'2aq:  easily  soluble 
flat  needles.— AgA'.— On  heating  with  water  it 
decomposes  into  pyruvie  acid,  dichloropropionic 
acid,  and  AgCl.  On  heating  the  dry  salt  it 
yields  pyruvic-dichloropropionic  anhydride 

CH3'cci,.co>°  and  AgC1  (Bcckurts  a-  otto» 

B.  18,  227). 

Methyl  ether  MeA'.    (144°). 

Ethyl  ether  EtA'.  (157°)  (B.  a.  0.) ; 
(160°)  (K.).  S.G.  a  1-249. 

Isobutyl  ether  CH.PrA'.     (184°). 

Allyl  ether  C3H5A'.    (177°). 

Chloride  CH3.CC12.COC1  (c.  110°). 

Anhydride  (CH3.CC1.,.CO)2O.     (191°). 

Amide  CH3.CC1,.CON~H2.  [116°].  Mono- 
clinic  laminae  (Haushofer,  Z.  K.  7,  267).— 
(CH3.CCl2.CONH)2Hg  aq :  needles. 

Nitrile  CH3.CC12.CN.  (105°).  S.G.  iS  1-431. 

Paranitrile  (CH,CCLJ,C3N,(?).  [74°].  S. 
(alcohol)  14  at  20°.  Chlorine  acting  upon  pro- 
pionitrile forms  a  liquid  di-chloro-propionitrile 
(104°-107°)  and  a  solid  isomeride  [74°] ;  the  for- 
mation of  the  latter  is  promoted  by  a  low  tem- 
perature. Both  give  the  same  di-chloro-propi- 
onic  acid  onsaponification,  hence  the  solid  form 
is  probably  a  polymeride  of  the  liquid.  The 
liquid  form  sometimes  changes  spontaneously 
into  the  solid  form  (Otto  a.  Voigt,  /.  pr.  [2]  36, 
79).  Reactions  of  the  paranitrile.- -1.  H2S04 
(1  vol.)  mixed  with  water  (1  vol.)  at  180°  gives 
a-di-chloropropionic  acid.— 2.  Alcoholic  NH3 
gives  di-ehloro-propionamide.  —  3.  Zinc  and 
acetic  acid  reduce  it  to  (C,H5)3C3N3  (195°).— 
4.  Zinc  acting  on  a  solution  in  dilute  alcohol 
forms  a  base  C9H16N2,  [1110],  (c.  273°),  crys- 
tallising from  petroleum  ether  in  needles  or 
plates,  v.  sol.  ether  and  alcohol,  v.  si.  sol. 
water.  It  forms  salts :  B'HCl.— B'-jH-jPtCl..— 
AgC9H15N2  .Uq. 
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a^-Di-chloro-propionic  acid 
CH;C1.CHC1.C02H.     [50°].     (210°).  ^ 

Formation. — 1.  From  glyceric  acid  and  HC1 
(Werigo,  JB.  12, 178;  cf.  A.  170, 163).— 2.  From  di- 
chloro-propyl  alcohol  CH,C1.CHC1.CH2OH  by 
oxidation  (Henry,  B.  7, 414 ;  Werigo  a.  Melikoff, 
B.  10, 1500). — 3.  From  o-chloro-acrylic  acid  and 
HC1  at  180°  (W.  a.  M.).— 4.  Formed  from 
CH2(OH).CHC1.CO.,H  and  fuming  HC1  at  100° 
(Melikoff,  J.  B.  13,  163  ;  C.  C.  1881,  354). 

Properties.— Small  needles.  Alcoholic  KOH 
gives  o-chloro-acrylic  acid. — HO.PbA'. 

Ethyl  ether  HiA?.  (184°).  S.G.  2f  1-2461. 
Up  1-4538.  BO,  59-75  (Briihl,  A.  203,  25).  Suc- 
cessive treatment  with  alcoholic  KCy  and  KOH 
gives  fumaric  and  inactive  malic  acids  (Werigo 
a.  Tanatar,  A.  174,  367). 

fljS-Di-chloro-propionic  acid  CHC12.CH2.C02H. 
[56°].  From  /3-chloro-acrylic  acid  and  aqueous 
HC1  at  80°  (Otto  a.  Fromme,  A.  239,  268). 
Prisms,  v.  sol.  alcohol,  ether,  benzene,  chloro- 
form, and  water.  Converted  by  alcoholic  KOH 
into  CHC1:CH.C02H. 

Ether  EtA'.     (171°-175°). 

Amide  CHC12.CH2.CO.NH2.  [140°] :  needles. 

Tri-chloro-propionic  acid  (?)  C3H3C1302  (?). 
[60°].  From  per-chloro-succinic  ether  and  cone. 
KOHAq  (Malaguti,  A.  Ch.  [3]  16,  67,  72,  82).- 
AgA'. 

0-CHLORO-PROPIONIC  ALDEHYDE 
C3H5C10  i.e.  CH2C1.CH2.CHO.  Acrolein  hydro- 
chloride,  (c.  45°)  at  10  mm.  (130°- 170°).  Formed, 
together  with  the  paraldehyde,  by  passing  gase- 
ous HC1  into  acrolein  (Geuther  a.  Cartmell,  A. 
112,  3  ;  Krestownikoff,  J".  R.  11,  249  ;  Grimaux 
a.  Adam,  C.  E.  92,  300).  Liquid.  Eeduces 
Fehling's  solution.  Eapidly  changes  to  the 
solid  paraldehyde.  HN03  forms  j8-chloro-pro- 
pionic  acid. 

0-Chlorj-propionic  paraldehyde  (C3H6C10)3(?). 
[33-5°].  (170°- 175°)  at  15  mm.  Formed  by 
spontaneous  polymerisation  of  the  preceding, 
into  which  it  is  reconverted  by  distillation  under 
ordinary  pressure.  Needles.  Insol.  water.  It 
does  not  reduce  Fehling's  solution.  Not  acted 
upon  by  water  or  baryta  at  100°,  nor  by  AgOAc 
or  Pb(OAc)2  at  120°.  Water  at  120°  gives  HC1 
and  metacrolem.  Distillation  over  solid  KOH 
also  forms  some  metacrolem. 

a£-Di-chloro-propionic  aldehyde 
CH2C1.CHC1.CHO.   From  acrolein  and  Cl  (Aron- 
stein,  A.  Suppl.  3,  190).     Oil.     Its  alcoholate 
CH2Cl.CHCl.CH(OH)(OEt)  boils  at  150°-155°. 

0-CHLOKO-PKOPYL  ALCOHOL  C3H7C10  i.e. 
CH2C1.CH2.CH2OH.  Trimcthylene  chlorhydrin. 
(161°  cor.).  S.G.  22  1-132.  S.  50.  From  tri- 
methylene  glycol  CH2OH.CH.,.CH2OH  and  HC1 
at  100°  (Keboul,  A.  Ch.  [5]  14,  491). 

o-Chloro-isopropyl  alcohol 
CH3.CH(OH).CH.,C1.      Propylene    chlorhydrin. 
(128°).     S.G.  2  1-130. 

Formation. — 1.  From  propylene  glycol  and 
HC1  (Oser,  A.  Suppl.  1,  254)  or  S2C12  (Morley,  B. 
13,  1805).— 2.  From  allyl  chloride  (1  pt.)  and 
cone.  H,S04  (3  pts.)  at  100°  ;  the  product  being 
distilled  with  water  (10  pts.)  (Oppenhehn,  A. 
Suppl.  6,  367).— 3.  From  propylene  and  HOC1 
(Markownikoff,  Z.  1870,  423). 

Properties. — Liquid,  sol.  water.  May  probably 
contain  CH3.CHC1.CH2OH. 

Reactions. — 1.  P203  gives  allyl  chloride  and 


chloro-propylene  (Henry,  Z.  1871,  600).— 2.  The 
chlorhydrin  obtained  by  the  action  of  S2C12  upon 
propylene  glycol  gives  chlorb- acetone  on  oxida- 
tion with  K2Cr207  and  H.,S04,  or  with  HN03 
(Morley  a.  Green,  B.  18,  24  ;  C.  J.  47,  132).  The 
chlorhydrin  obtained  from  propylene  and  HOC1 
is  oxidised  (by  chromic  mixture)  to  chloro-acet- 
one  according  to  Markownikoff,  or  (by  HN03)  to 
a-chloro-propionic  acid  according  to  Henry  (B. 
7, 1649,  1790).— 3.  HN03  gives  chloro-acetic  acid 
(Henry,  Bl.  [2]  25,  389).— 4.  Heating  with  ZnO 
or  PbO  gives  propionic  aldehyde  and  acetone 
(Eltekoff,  J.  R.  10,  222). 

Benzoyl  derivative  C3H6C10Bz.  (269° 
cor.).  S.G.  i2  1-172 ;  ±§  1-149.  From  the  alco- 
hol and  BzCl.  Oil.  Alkalis  form  propylene 
oxide.  ZnEt2  gives  propylene  ethyl  phenyl  ke- 

tate  GiE,<Q>CEt.CyS«  (Morley  a.  Green,  C.  J. 

47,  134  ;  B.  17,  3015). 

EthyletherCH}.CK(Oftt).CHL.,Cl.  (118  ). 
S.G.  ^  -984.  From  di-chloro-di-ethyl  oxide  and 
ZnMe2  (Lieben,  A.  146,  225 ;  178,  14). 

a#-Di-chloro-propyl  alcohol 
CH2C1.CHC1.CH2OH.  Dichloride  of  allyl  alcohol. 
(182°).     S.G.  a  1-380  (T.) ;  1Z15  1-355  (G.). 

Formation. — 1.  From  allyl  alcohol  and  Cl 
(Tollens,  A.  156,  164  ;  Hiibner  a.  Miiller,  A.  159, 
168).— 2.  From  allyl  chloride  and  HOC1  (v. 
Geyerfeldt,  A.  154,  247 ;  B.  6,  720 ;  Henry,  B. 
3,  352  ;  7,  414).— 3.  Together  with  its  isomeride, 
by  passing  dry  HC1  into  glycerin  (Fauconnier  a. 
Sanson,  Bl.  [2]  48,  236).  According  to  Markow- 
nikoff (A.  208,  349)  passing  HC1  into  a  mixture 
of  glycerin  and  aqueous  HC1  only  -  produces 
CH2C1.CH(OH).CH,C1  (cf.  Tollens,  Z.  1869, 174). 

Properties.— Viscid  oil,  si.  sol.  water,  sol. 
alcohol.  Aqueous  NaOH  gives  epichlorhydrin 
(119°).  HNO3  gives  ojS-di-chloro-propionic  acid. 

Di-chloro-isopropyl  alcohol  C3H8C120  i.e. 
CH2C1.CH(OH).CH2C1.  Glycerin  dichlorhydrin. 
Mol.  w.  129.  (176°  i.V.).  S.G.  ^  1-383  ;  i*  1-367 
(Markownikoff,  A.  208,  349).  S.  11  at  19°. 

Formation. — 1.  From  glycerin  and  HC1  (Ber- 
thelot,  A.  92,  302 ;  Hiibner  a.  C.  Mtiller,  Z.  [2] 
6,  344  ;  Watt,  B.  5,  257).— 2.  From  glycerin  and 
S2C12  (Carius,  A.  122,  73  ;  Glaus,  A.  168,  42).— 
3.  From  epichlorhydrin  and  fuming  HC1  (Reboul, 
A.  Suppl.  1,  225). — 4.  Together  with  its  isomer- 
ide, by  the  union  of  HOC1  with  allyl  chloride 
(Henry,  B.  3,  352). 

Reactions. — 1.  Chromic  acid  mixture  oxidises 
it  to  s-di-chloro-acetone  [43°]  and  chloro-acetic 
acid. — 2.  Sodium  amalgam  converts  it  into  iso- 
propyl  alcohol  (Buff,  A.  Suppl.  5,  250).— 3.  So- 
dium added  to  its  ethereal  solution  forms  allyl 
alcohol  (H.  a.  M. ;  Tornoe,  B.  21,  1282).— 4. 
Alcoholic  (4p.c.)NH3  (2}mols.)  forms  amorphous 
<  chlorhydrinimide '  C)2H27N3C1,04.  Weaker  alco- 
holic NH3  (1  p.c.)  forms  hydrochlorides  of  '  di- 
amido-hydrin  '  C3H,0N.,0,  and  of  '  glycidamine  ' 
C,H7NO  (Glaus,  A.  168,~29  ;  B.  8,  244).— 5.  Anil- 
ine forms  C,HriONPh.— 6.  Solid  NaOH  gives 
epichlorhydrin  C3H5C10.-  7.  Br  at  100°  gives  di- 
chloro-di-bromo-acetone  CBr2Cl.CO.CH2Cl  and 
chloro-tri-bromo-acetone  (Grimaux  a.  Adam,  Bl. 
[2]  32,  18). —8.  P205  acts  vigorously,  forming  di- 
chloro-propylene. 

Formyl  derivative 

CH2C1.CH(OCHO).CH2C1.       (c.  152°)  at  22  mm. 
Formed    by  heating    the    alcohol    with   nitro- 
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methane  at  220°  (Pfungst,  J.  pr.  [2]  34,  28). 
The  nitro-methane  may  perhaps  first  form 
hydroxylainine  and  formic  acid :  CH3N02  +  H20 
=  CH202  +  NH30 ;  but  no  hydroxylamine  could 
be  found. 

Acetyl  derivative  CH2Cl.CH(OAc).CH,Cl. 
(204°)  (B.  a.  L.;  T.)  ;  (195°)  (H.) ;  (c.  142°"  at 
25  mm.)  (P.).  S.G.  ii  1-283  (T.)  ;  s  1-274  (H.). 

Formation.— 1.  From  glycerin  and  AcCl. — 
2.  By  passing  HC1  at  100°  into  a  mixture  of 
glycerin  and  HO  Ac  (Berthelot  a.  DeLuca,AC7i. 
[31  52,  459).— 2.  From  CH2Cl.CH(OH).CH2Cland 
AcCl  (Henry,  B.  4,  704).— 3.  From  epichlor- 
hydrin  and  AcCl  (Truchot,  A.  138,297).— 4.  From 
the  formyl  derivative  and  AgOAc  (Pfungst,  J.  pr. 
[2]  34,  28). 

Butyryl  derivative 
(CH2C1)2CH.O.CO.C3H7.  (227°).  S.G.  n  1-194  (T.). 

Isovaleryl derivative 
(CH,C1).,.CH.O.CO.C4H,.  (245°)  at  737  mm.  S.G. 
H  1-149  (Truchot,  A.  138,  297). 

Benzoyl  derivative  (CH,Cl)2CH.OBz. 
(222°)  at  40  mm.  S.G.  s.  1-441.  From  epichlor- 
hydrin  and  BzCl  at  180°  (T.).  Also  from  the 
formyl  derivative  and  BzCl  (P.). 

Tri-chloro-isopropyl  alcohol 
CC13.CH(OH).CH3.  [49°].  (150°-160°).  From 
chloral  by  successive  treatment  with  ZnMe2  and 
water  (Garzarolli-Thurnlackh,  A210,77).  Small 
deliquescent  needles  (from  ether).  May  be  sub- 
limed. Smells  like  camphor. 

TRI-CHLORO-PROPYLAMINE  C3H4C13.NH2. 
Formed  by  the  action  of  Sn  and  HC1  on  dinitro- 
allylene-dichloride  C3H4C12(N02)2  (Pinner,  A.  179, 
55).  Oil ;  may  be  distilled. 

j8-CHLORO-a-PROPYL-CINNAMIC  ACID 
CfiH5.CCl:C(C:!H7).C02H.  [121°],  From  its  ether, 
which  is  formed  by  treating  propyl-benzoyl-acetic 
ether  with  PC15  (W.  H.  Perkin,  jun.,  C.  J.  49, 
163).  Triclinic  prisms;  a:b:c  =  '797:1:  '740  ; 
a  - 122°  33' ;  )8  =  106°  21' ;  7  =  69°  25'  (Haushof  er). 
May  be  sublimed.  V.  sol.  alcohol,  ether,  benzene, 
chloroform,  and  HO  Ac  ;  m.  sol.  ligrom. 

EthyletherfttA.'.    (248°)  at  300  mm.    Oil. 

jS-CHLORO-PROPYLENE  CH2:CH.CH2C1  v. 
ALLYL  CHLORIDE. 

w-Chloro-propylene  CHC1:CH.CH3.  Propenyl 
chloride.  (36°).  Formed,  together  with  some  of 
the  following  isomeride,  by  treating  propylene 
chloride  with  alcoholic  KOH  (Cahours,  C.  R.  31, 
291).  Obtained  by  heating  propylidene  chloride 
CH3.CH,.CHC12  with  alcoholic  KOH  (Reboul, 
A.  Ch.  [5]  14,  462).  Formed  also  by  heating  the 
neutral  solution  of  the  alkaline  salts  of  the 
liquid  a#-di-chloro-butyric  acid  (Wislicenus,  B. 
20,  1010).  Liquid.  Br  at  15°  forms  C3H5ClBr2 
(177°).  Alcoholic  KOH  gives  allylene.  HBr 
gives  CH,.CH,.CHClBr  (110°)  and  a  small  quan- 
tity of  CHj.CHBr.CH.Cl  (121°). 

^ZZo-w-chloro-propylene  CHCl:CH.CH;i.  (33°). 
Formed  by  heating  the  neutral  solution  of  the 
alkaline  salts  of  a£-di-chloro-butyric  acid  [63°J 
(Wislicenus,  B.  20,  1010). 

a-Chloro-propylene  CH,:CC1.CH3.  (23°)  (0. ; 
L.);  (25-5°)  (F.)."  S.G.  a -9307  (F.) ;  a -931  (O.). 
V.D.  2-83  (oalc.  2-65).  The  chief  product  of  the 
action  of  alcoholic  KOH  on  propylene  chloride. 
Formed  also  by  treating  CH3.CC12.CH3  (from 
acetone  and  PC15)  with  alcoholic  KOH,  with 
NH3,  or  with  AgOAc. 

Reactions.  -1.  H2S04  followed  by  water  gives 
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acetone  (Oppenheim,  C.  R.  65,  354;  A.  Suppl. 

6.  357).— 2.  Water  at  160°  also  forms  acetone.— 
3.  Br  gives  CH.Br.CClBr.CHa  (c.  173°)  (Friedel, 
A.  Ch.  [4]  16,  343).- 4.  Alcoholic  KOH  at  120° 
gives  allylene  (Friedel,  C.  R.  59,  294).— 5.  HI  at 
100°  gives  CH3.CC1I.CHV— 6.  01  in  sunshine 
forms  CH,C1.CC12.CH,  (127°).  In  the  dark  Cl  forma 
CH2:CC1.CH2CL— 7.  HBr  gives  CH8.CBrCl.CHs 
(93°).— 8.   HC10  gives  chloro-acetone  (Linne- 
mann,  A.  138,  122). 

aflt-Di-chloro-propylene  CH2:CC1.CH2C1.  (a). 
Epidichlorhydrin.  (a)-Chloro-allyl  chloride. 
(94°).  S.G.  fl  1-236  ;  ^  1-204. 

Formation. — 1.  Together  with  the  following, 
by  the  action  of  Cl  on  CH3.CC1:CH.,  in  the  shade 
(Friedel  a.  Silva,  C.  R.  73,  957;  74,  806;  75,  81; 
Fittig,  A.  135,  359),  or  of  KOH  or  NEt3  on 
CH2C1.CHC1.CH2C1  (Reboul,  A.  Suppl.  1,  229 ; 
C.  R.  95,  993).— 2.  From  CH3.CCi;.CH2Cl  and 
alcoholic  KOH  (F.  a.  S.). 

Reactions.— 1.  Br  forms  C3H4Cl2Br2  (205°).— 

2.  Fuming  HC1  at  100°  gives  CHa.CClyCHjCl.— 

3.  H2S04  followed  by  water  gives  chloro-acetone 
(Henry,  B.  5,  186).— 4.  Alcoholic  KOH  gives 
CH2:CCl.CH2OEt  (110°).— 5.   C10H  gives  s-di- 
chloro-acetone  [42°]  and  CH2C1.CC12.CH2C1  (164°) 
(Henry,  C.  R.  94,  1428).— 6.  NEt3  at  100°  forma 
CH2:CCl.CH2NEt3Cl  (Reboul,  G.  R.  95,  993).— 

7.  Sodium    gives    allylene    and    propylene. — 

8.  Alcoholic  KCy  followed  by  KOH  gives  tricar- 
ballylic  acid  and  a  little  oxy-crotonic  acid  (Glaus, 
A.  170, 126). 

wiS-Di-chloro- propylene  CHC1:CH.CH2C1. 
ft  -  Epidichlorhydrin.  P-Chloro-allyl  chloride. 
(106°)  (F.  a.  S.) ;  (110°  cor.)  (R.).  S.G.  ^  1-226 
(R.) ;  S- 1-250  (F.  a.  S.).  V.D.  3-83. 

Formation. — 1.  Together  with  the  preceding, 
by  the  action  of  solid  KOH  on  CH.Cl.CHCl.CH.Cl 
(F.  a.  S.). — 2.  In  the  pure  state  by  treating 
CH2C1.CH(OH).CH2C1  with  P205  (Hartenstein, 
J.pr.  [2]  7,  310).— 3.  A  by-product  in  the  action 
of  PCL  on  acrolem  (Geuther,  Z.  1865,  25; 
v.  Romburgh,  El.  [2]  36,  549). 

Reactions.— 1.  Cl  gives  CH2C1.CHC1.CHC12 
(180°).— 2.  Does  not  unite  with  HC1. — 3.  Alco- 
holic KOH  gives  CHCl:CH.CH/)Et  (123°).— 

4.  Aqueous  KOH  gives  0-chloro-allyl  alcohol.— 

5.  Sodium  forms  isoallylene  CHjCiGKy  (Harten- 
stein).—6.  Br  gives  CHClBr.CHBr.CH,Cl  (212 3). 

o>a  -  Di  -  chloro  -  propylene  CH3.CC1:CHC1. 
Allylene  dichloride.  (75°)  (F.  a.  S.) ;  (78°)  (P. 
a.  K.). 

Formation.  —  1.  From  CH3.CC12.CH2C1  by 
treatment  with  alcoholic  KOH  (Friedel  a.  Silva, 
Bl.  [2]  17,  386;  /.  1872,  322).— 2.  From  tri- 
chloro-butyric  aldehyde  and  aqueous  KOH  (Pin- 
ner a.  Kramer,  A.  158,  47  ;  179,  44). 

Reactions.— 1.  Br  forms  CH3.CClBr.CHClBr 
(188°).— 2.  Sodium  forms  allylene  CH3.C:CH. 

Di-chloro-propylene  CH_,:CH.CHC1,.  Allyl- 
idene  chloride.  Acrole'in  chloride.  (85°  cor.). 
S.G.  —  1-170.  V.D.  3-83.  Formed,  together 
with  CHC1:CH.CH2C1  and  CHC1:CH.CH2OH,  by 
the  action  of  PC15  on  acrolein  (Geuther,  A.  114, 
36;  Z.  1865,  25;  v.  Romburgh,  Bl.  [2]  36, 

Reactions.— 1.  Cl  forms  CH2C1.CHC1.CHC1, 
(180°).— 2.  KI  or  CaI2  at  100°  gives  C3H4C1I 
(162°)  (v.  Romburgh,  R.  T.  C.  1,233).— 3.  Potas- 
sium asetate  gives  C3H4(OAc)2  (c.  130°).-- 
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4.  Sodium  has  no  action.— 5.  Alcoholic  KOH 
gives  CH2:CH.CHCl(OEt)  (o.  118°).— 6.  NaOEt 
gives  CH2:CH.CH(OEt)o  (Aronstein,  A.  Suppl.  3, 
181).  7.  Cone.  HClAq'at  100°  changes  it  to  the 
isomeric  CH2Cl.CH:CHCl.-8.  NH3  at  100°  forms 
acrolem-ammonia. 

Tri  -  chloro  -  propylene  CH2C1.CC1:CH2C1. 
(142°).  S.G.  ^  1-414.  From  CH2C1.CC12.CH2C1 
and  alcoholic  KOH  (Pfeffer  a.  Fittig,  A.  135, 
361). 

Tri-chloro-propylene  CH3.CC1:CC12.  (115°). 
S.G.  I*  1-387.  From  CH3.CC12.CHC12  and  alco- 
holic KOH  (Borsche  a.  Fittig,  A.  133,  117).  Cl 
forms  solid  C3H3C15. 

Tri-chloro-propylene  C3H3C13.  (139°).  From 
the  crude  product  of  the  chlorination  of  alde- 
hyde (tri-chloro-butyric  aldehyde)  and  aqueous 
NaOH  (Pinner,  B.  5,  207).  Alcoholic  KOH  con- 
verts it  into  C3H2C12. 

Tetra-chloro-propylene  C3H2C14.  (165°).  From 
C.,H.jCl5  (derived  from  acetone)  and  alcoholic 
KOH  (B.  a.  F., 

CHLORO-PROPYLENE  GLYCOL  v.  GLYCERIN 
chlorhydrin. 

CHLORO-PROPYLIDENE  CHLORIDE  v.  TRI- 

CHLORO-PROPANE. 

CHLORO-DI-ISOPROPYL-KETONE 

C3H7.CO.C3H6C1.  (142°).  Prepared  by  passing 
Cl  into  di-iso-propyl-ketone  at  0°  (Barbaglia  a. 
Gucci,  B.  13,  1570 ;  O.  11,  92).  Liquid. 

Di-chloro-di-isopropyl-ketone  C6H1?C12:CO. 
(176°).  Prepared  by  passing  chlorine  into  di- 
isopropyl-ketone  at  the  ordinary  temperature 
(B.  a.  G.).  Colourless  liquid.  Turpentine-like 
odour. 

Tri-chloro-di-isopropyl-ketone  C6HUC13:CO. 
(about  229°).  Prepared  by  passing  Cl  into  boil- 
ing di-isopropyl-ketone  (B.  a.  G.).  Liquid  with 
pungent  turpentine-like  odour. 

CHLORO-ISOPROPtfL  NITRATE 
CH3.CH(N03).CH2C1.      (158°).      S.G.    12.    1-28. 
From  chloro-isopropyl  alcohol  HN03,  and  H2S04 
(Henry,  A.  Ch.  [4]  27,  263). 

a3-Di-chloro-propyl  nitrate 
CH2C1.CHC1.CH2N03.  (180°).    S.G.  2  1-3.  From 
CH2C1.CHC1.CH2OH  and  HN03  (Henry,  B.  7, 
409). 

Di-chloro-isopropyl  nitrate  (CH2C1)2CH.N03. 
(180°-190°).  S.G.  i2  1-465.  Formed  from 
CH2C1.CH(OH).CH2C1,  HN03,andH2SO,  (Henry, 
A.  155, 167). 

(Py.  3)-CHLORO-(£.  3)-ISOPROPYL  QTJINOL- 

,CH:CH 
INE    C6H3(C3HX          |      Chloro-eumoquinol- 

\   N:CC1 

ine.  Formed  by  heating  isopropyl-carbostyril 
with  PC15  (Widmann,  B.  19,  265).  Yellowish 
oil.  Heavier  than  water.  V.  sol.  alcohol,  ether, 
benzene,  &c.,  nearly  insol.  water.  Sparingly 
volatile  with  steam.  Weak  baa-e,— B'8H,CltPtCl4 : 
[138°] ;  yellow  monoclinic  prisms. 

CHLORO-PYRENE  v.  PYRENE. 

CHLORO  -  PYRIDINE         C5H4C1N          i.e. 

N<CH;CH>CH-     (148°)-    V.D.  57  (obs.). 

Formation. — 1.  By  heating  potassium  pyrrol 
with  chloroform  in  presence  of  ether  ;  the  resi- 
due after  evaporation  of  the  ether  is  boiled  with 
dilute  HC1  to  resinify  the  unaltered  pyrrol,  and 
after  making  alkaline  with  KOH,  the  chloro- 
pyridine  is  distilled  over  with  steam  (Ciamician 


a.  Dennstedt,  O.  11,  224,  300  ;  B.  14,  1153).— 
2.  By  the  action  of  CC14,  chloral,  or  tri-chloro- 
acetic  ether  on  pyrrol-potassium  (Ciamician  a. 
Dennstedt,  B.  15,  1179).  —  3.  From  oxy-pyridine 
and  PC13  (Lieben  a.  Haitinger,  M.  6,  315). 

Properties.  —  Pungent  alkaline  liquid;  m. 
sol.  water. 

Reactions.  —  1.  HI  at  145°  gives  iodo-pyrid- 
ine  ;  at  200°  it  forms  pyridine  (L.  a.  H.)—  2.  Br 
and  I  form  additive  compounds.  —  3.  Sodium 
amalgam  forms  chloro-piperidine  C3H10C1N. 

Salts.  —  B'HCl:  deliquescent  crystals.  — 
B'2H2PtCl6aq  :  monoclinic  needles;  a:b:c  = 
1-197:1:1-172;  0  =  109°  48'  (C.  a.  D.)  ;  a:b:c  = 
1-04:1:1-25;  &  =  72°  42'  (L.  a.  H.).  Converted  by 
heat  into  B'2PtClr 

Hexahydride  C5H10C1N.  Chloropiperidine. 
From  chloro-pyridene  by  reduction  with  sodium 
amalgam  or  with  Zn  and  HC1.  —  B'2H2PtCl6aq  : 
monoclinic  needles;  a:b:c  =  1-209:1:1-094;  £  = 
113°  35'. 

Di-chloro-pyridine  C5H3C12N.  [67°].  Formed 
by  heating  barium  pyridine-di-sulphonate  with 
PC15  (Koenigs  a.  Geigy,  B.  17,  1833).  Volatile 
with  steam.  Glistening  plates.  V.  sol.  alcohol, 
si.  sol.  water.  HgCl2  added  to  the  aqueous  or 
alcoholic  solution  precipitates  a  double  salt 
which  forms  long  fine  needles  [183°].  — 
B'2H2Cl2PtCl4  2aq  :  fine  yellow  needles. 

Di-chloro-pyridine  C5HaCl2N.  [72°].  Formed, 
together  with  other  products,  by  the  action  of 
dry  chlorine  upon  dry  pyridine.  Slender  white 
needles  ;  sol.  pyridine  and  alcohol,  insol.  water. 
Has  an  agreeable  aromatic  odour  (Keiser,  Am. 
8,  308). 

Tri-chloro-pyridine  C5H2C13N.  [50°].  Formed, 
together  with  di-chloro-pyridine  [67°]  by  heating 
barium  pyridine  -  di  -  sulphonate  with  PC15 
(Koenigs  a.  Geigy,  B.  17,  1832).  Volatile  with 
steam.  Long  flat  needles.  Sol.  alcohol,  nearly 
insol.  water. 

Tri-chloro-pyridine  (?)  C5H,C13N.  [65°]. 
Formed,  along  with  chloro-oxy-pyridine  car- 
boxylic  acid  (q.  v.)  by  treating  nicotinic  acid  with 
PC15,  and  warming  the  product  with  H,S04 
(80  p.c.)  (Seyfferth.  J.  pr.  [2]  34,  261).  Long 
needles  (by  sublimation)  ;  v.  si.  sol.  water,  sol. 
alcohol,  ether,  and  benzene. 

CHLORO-PYRIDINE-CARBOXYLIC  ACID 
C6H,C1N02  i.e.  C5H3C1N.C02H.  Chloro-picolinic 
acid.  [180°].  From  picolinic  acid  by  treatment 
with  PC15,  the  resulting  chloro-picolines,  in- 
cluding C5H3C1NCC13,  being  warmed  with  H2S04 
(80  p.c.)  (Seyfferth,  J.  pr.  [2]  34,  249). 

Properties.  —  Dendritic  needles  or  prisms,  si. 
sol.  cold  water  ;  extracted  by  ether  from  aqueous 
solution. 

Salts.—  CaA'2aq. 

Reaction.  —  I.  HI  reduces  it  to  picolinic  acid  ; 
in  presence  of  phosphorus,  picoline  is  also  formed. 

Chloro-pyridine  carboxylic  acid 
C5H3NC1.C02H.     [168°].     Chloro-picolinic  acid. 
From  di-chloro-pyridine  carboxylic  acid,  HOAc, 
and  HI  at  150°  (Ost,  J.  pr.  [2]  27,  284).    Needles 
or  prisms  (containing  aq).  —  BaA'22aq. 

Chloro-pyridine-carboxylic  acid 
//CCLCHiCH 

/        .      Chloro- 
\    CH:C(C02H) 
nicotinic  acid.   [199°].   Formed  by  the  action  of 
PC15    on    oxy-pyridine-carboxylic    acid    [303°] 


C5H3NC1.C02H 
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(Pechmann  a.  Welsh,  B.  17,  2392;  C.  J.  47, 
145).  Sublimable.  Glistening  plates.  Sol.  water, 
alcohol,  ether,  and  acetic  acid,  si.  sol.  benzene! 
By  tin  and  HC1  it  is  reduced  to  nicotinic  acid. 

Di-chloro-pyridine  carboxylic  acid 
C5H2NC12.C02H.  Di-chloro-nicotinic  acid.  [138°]. 
One  of  the  products  of  the  action  of  warm  H  ,S04 
(80  p.c.)  on  the  oily  product  got  from  nicotinic 
acid  and  PC15  (Seyfferth,  J.  pr.  [2]  34,  262). 
Clumps  of  needles  (from  water). 

Ethyl  ether  EtA'.  [50°]. 

Di-chloro-pyridine  carboxylic  acid 
C5H,C1,N.C02H.  Di-chloro-picolinic  acid.  [180°]. 

Preparation. — The  mixture  of  penta-  and 
hexa-chloro-picolines  obtained  by  boiling  (10  g.) 
comenamic  acid  with  (20  g.)  dilute  (80  p.c.) 
H2S04  for  an  hour  contains  dichloro-,  dichloroxy-, 
and  chloroxy-picolinic  acids.  The  first  acid  is 
extracted  by  chloroform,  the  other  two  are  sepa- 
rated by  means  of  their  lime  salts,  the  calcic 
chloroxy-picolinate  being  the  more  soluble  (Ost, 
J.pr.  [2]  27,  281).  Properties.— Slender  needles, 
(containing  aq) ;  si.  sol.  cold  water,  v.  sol.  hot 
water  and  chloroform.  Gives  no  odour  with 
Fe,Cla.  Keduced  by  HI  in  glacial  acetic  acid  to 
picolinic  acid. 

Salts.— NaA'.  Trapezoidal  plates.— KA'. 
Triangular  and  trapezoidal  plates,  often  twins. 

Tetra-hydride  C5H7C1N.C02H.  [c.  268°]. 
From  the  above  by  tin  and  HC1.  Lamina  (from 
water).— B'HCl. 

Di-ehloro-pyridine-carboxylic  acid 
C5H2N(C1)2(C02H)   i.e.  N/£°|:°g\C.C02H  (?). 

[210°].  Formed  by  heating  citrazinic  acid  with 
PC15  (Behrmann  a.  Hofmann,  B.  17,  2694). 
Colourless  plates.  Sol.  alcohol,  v.  e.  sol.  ether, 
si.  sol.  water.— A'Ag :  colourless  needles. 

TETRA-CHLORO-PYRIMIDINE   C,N.2C1.  i.e. 
CC1=CC1— CC1 
I  !|      .      [68°].     Formed  by  heating 

alloxan  (1  pt.)  with  PC15  (6  pts.)  and  POC13 
(5  pts.)  for  8  hrs.  at  120°-130°.  Colourless 
pearly  plates,  of  camphor-like  smell.  Volatile 
with  steam  (Ciamician  a.  Magnaghi,  G.  16,  173 ; 
B.  18,  3445). 

TETRA-CHLORO-PYROCATECHIN 
CtiCl4(OH),  [1:2:3:4:5:6].  [174C].  Obtained  by 
passing  chlorine  into  a  hot,  strong  solution  of 
pyrocatechin  in  acetic  acid.  Colourless  needles 
or  thick  plates.  On  oxidation  it  gives  tetra- 
chloro-o-quinone  C6C1402  (Zincke,  B.  20,  1779). 

PER-CHLORO-PYROCOLL  C10N.,02C16.  [above 
320°].  Formed,  together  with  the  tetra-chloride, 
by  heating  pyrocoll  (1  g.)  with  PC15  (12  g.)  at 
220°  for  6  hrs.  (Ciamician  a.  Danesi,  G.  12,  31). 
Scales.  Insol.  cold  HOAc.  Changed  by  long 
boiling  into  tri-chloro-pyrrol  carboxylic  acid. 

Tetra-chloride  C10N,O,C1,0.  Formed  as 
above  (C.  a.  D.).  Pearly  triclinic  prisms  (from 
HOAc).  SI.  sol.  cold  HOAc. 

Octo-chloride  C)0N,02C114.  [147°].  From 
per-chloro-pyrocoll  and  PCl3"at  250°.  Sublimes 
a  little  above  100°.  Smells  like  camphor.  By 
reduction  with  zinc-dust  and  acetic  acid  it  yields 
tetra-chloro-pyrrol.  Heated  with  water  at  about 
130°  it  decomposes  into  (a)-di-chloro-acrylicacid 
[86°],  NH3,  C02,  and  HC1.  By  boiling  with  di- 
lute acetic  acid  it  is  resolved  into  di-chloro- 


maleimide,  C02  and  HC1  (Ciamician  a.  Silber, 
G.  13,  320  ;  B.  16,  2389). 

TRI  -  CHLORO  -  PYRO  G  ALLOL  C  C13(OH),. 
Tri-chloro-pyrogallic  acid.  [c.  185°]  (H.  a.  B.). 
A  mixture  of  pyrogallol  (5  g.)  and  acetic  acid 
(12-0  c.c.  of  60  p.c.)  is  kept  cool  and  dry  chlorine 
is  passed  in.  In  half-an-hour  tri-chloro-pyro- 
gallol  crystallises  out  (Webster,  C.  J.  45,  205). 

Properties.—  Fine  needles  (containing  3aq). 
Resembles  tri-bromo-pyrogallol,  notably  in  giving 
a  deep  blue  colour  when  baryta  is  added  to  its 
ethereal  solution.  When  anhydrous  it  melts 
about  177°  (W.)  ;  when  hydrated  it  melts  at  115° 
(W.)  or  75°  (H.  a.  S.).  .Sol.  water,  but  slowly 
decomposed  by  it.  Sol.  acetic  acid,  benzene 
chloroform,  CS,,  and  CC14.  V.  sol.  alcohol  and 
ether.  Reduces  ammoniacal  AgN03  to  a  mirror. 

Reactions.  —  1.  Sodium  sulphite  gives  a  fugi- 
tive red  colour.—  2.  Cone.  HNO3  decomposes  it. 
3.  Treated  with  chloroform  saturated  with  chlor- 
ine, it  turns  wine-red,  then  effervesces  and  be- 
comes yellow.  On  evaporation,  crystals  of  '  leu- 
cogallol,'  ClsHoClti012  2aq  (Stenhouse  a.  Groves, 
C.  J.  28,  704),  separate.  Hence  pyrogallol 
added  to  chloroform  saturated  with  chlorine  is 
converted  into  '  leucogallol,'  the  intermediate 
tri-chlorinated  body  being  found  to  very  small 
extent. 

Salts.  —  Ba3(C6Cl303)26aq  (Hantzsch  a. 
Schniter,  B.  20,  2033).—  Cu3(C,.Cl303)2  6aq. 

Acetyl  derivative  G6Gl3(6&.c)3.  [122°]. 
Needles. 


j8-y-DI-CHLORO-PYROMUCIC  ACID  C 

[169°].  Obtained  by  the  action  of  cone,  alcoholic 
KOH  upon  pyromucic  -  ether  -  tetra  -  chloride 
(formed  by  combination  with  chlorine  in  the 
cold)  (Denaro,  G.  16,  333  ;  Hill  a.  Jackson,  B. 
20,  252).  Felted  needles.  Sol.  hot  water,  v.  sol. 
alcohol  and  ether,  m.  sol.  boiling  benzene  or 
chloroform,  si.  sol.  cold  benzene  or  chloroform. 
Warmed  with  excess  of  bromine-water  it  is  con- 
verted into  mucochloric  acid  with  evolution  of 
C02.  By  boiling  with  dilute  HN03  (1:2)  it  yields 
mucochloric  acid  and  di-chloro-maleic  acid. 

Salts.—  A'.jBa3aq:  fine  needles,  si.  sol.  cold 
water.—  A'2Ca  4aq  :  long  needles,  si.  sol.  cold 
water.—  A'K:  rather  sparingly  soluble  small 
prisms.  —  A'Ag  :  fine  needles. 

Ethyl  ether  A'Et  :  [64°],  slender  needles. 

Amide  C4HC12O.CO.NH2  :  [176°],  felted 
needles. 

CHLORO-PYROTARTARIC  ACIDS. 

Ita  -  chloro  -  pyrotartaric  acid  C5H?C104. 
[140°-145°].  (c.  230°).  From  itaconic  acid  and 
cone.  HC1  at  130  (Swarts,  Z.  1866,  721).  In  a 
current  of  dry  air  at  150°  it  forms  an  anhydride. 
Boiling  water  or  alkalis  form  paraconic  acid, 
C5HB04,  which  rapidly  changes  to  itamalic  acid, 
C5H805. 

Di  ethyl  ether  Et2A".     (251°). 

Citra  -  chloro  -  pyrotartaric  acid  C^HjClO^ 
129°].  From  citraconic  anhydride  and  cold 
turning  HC1.  Formed  also  by  the  union  of  mesa- 
conic.  acid  with  HC1  (Fittig,  A.  188,  51). 
Tables.  Boiling  water  splits  it  up  into  HC1  and 
mesaconic  acid.  Boiling  alkalis  form  meth- 
acrylic  acid. 

Ita-di-cliloro-pyrotartaric  acid  C3H6C1.,0,. 
(S.). 

Citra-di-cliloro  -pyrotartaric  acid  C5II(iCl._,04. 
From  citraconic  acid  and  Cl  (Swarts,  /.  18~73, 
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582 ;  Bull.  Acad.  Roy.  Belg.  [2]  33,  No.  1).  On 
distillation  it  gives  HC1  and  citraconic  anhydride. 
Boiling  water  converts  it  into  chloro-citramalic 
acid  C3H7C103.  The  Na  salt  when  boiled  in 
aqueous  solution  gives  chloro-methacrylic  acid. 

TETRA-CHLORO-PYRROL  C4C14NH.  [110°]. 
(261°)  at  754  mm. 

Formation. — 1.  Together  with  di-chloro- 
malei'c  acid  and  NH3,  by  treating  pyrrol  with 
NaOCl.  —  2.  By  reduction  of  per  -  chloro- 
pyrocoll-octo-chloride  with  zinc-dust  and  acetic 
acid. — 3.  By  heating  di-chloro-maleimide  with 
PC15  at  160°. — 4.  By  reducing  with  zinc-dust 
and  HC1  the  per-chloride  C4C17N  which  is  ob- 
tained by  heating  di-chloro-maleimide  with  PC15 
at  200°  (Ciamician  a.  Silber,  B.  16,  2390 ;  17, 
554,  1743 ;  O.  14,  356).  Very  volatile.  Long 
silky  plates.  V.  sol.  alcohol  and  ether,  si.  sol. 
water.  Dissolves  in  alkalis.  The  ammoniacal 
solution  gives  a  white  pp.  with  AgN03.  It  dis- 
solves in  strong  H2S04  with  an  intense  reddish- 
brown  colour ;  on  adding  a  few  drops  of  water 
this  changes  to  violet,  and  by  further  addition 
of  water  gives  a  green  pp.  which  dissolves  in 
KOH  with  an  intense  orange  colour. 

(a)  -  TRI  -  CHLORO  -  PYRROL  -  C  ARBOXYLIC 
ACID  C5C13H2N02  i.e.  C4HC13N.C02H. 

Prepared  by  heating  per-chloro-pyrocoll  with 
caustic  potash. 

C10C16N202  +  2KOH  =  2C4C13HNC02K 
(Ciamician  a.  Danesi,  O.  12,  34).  Long  silky 
needles  (containing  aq).  V.  sol.  alcohol  and 
ether,  si.  sol.  water ;  its  solutions  give  with  lead 
acetate  a  white  pp.,  and  with  ferric  chloride  an 
intense  red  colouration.  It  decomposes  with 
violence  at  150°.  BaA'2  aq :  scales,  m.  sol.  al- 
cohol, si.  sol.  water. 

TRI-CHLOEO-PYRUVIC  ACID  Hydrate 
CC13.C(OH)2.C02H.  Tri-chloro-isoglyceric  acid. 
[102°].  Prepared  by  saponification  of  tri-chloro- 
acetyl  cyanide  with  HC1  (Claisen  a.  Antweiler, 
B.  13,  1937).  Formed  also,  together  with  tri- 
carballylic  acid,  by  treating  gallic  acid,  salicylic 
acid,  or  phenol  with  HC1  and  KC1O3  (Schreder, 
A.  177,  282).  Colourless  prisms.  V.  sol.  water, 
alcohol,  ether,  acetic  acid,  and  acetone  ;  m.  sol. 
C6H6  and  CS2 ;  insol.  petroleum  ether.  Eeduces 
Fehling's  solution  and  ammoniacal  AgN03. 
Warmed  with  an  alkali  it  readily  splits  up  into 
chloroform  and  an  oxalate. — A"Ba :  small  soluble 
prisms. — NaA'#aq  (Hofferichter,  J.  pr.  [2]  20, 
198). 

Amide  CC1?.C(OH)2.CONH2.  [127°].  Pre- 
pared by  the  action  of  cold  aqueous  HC1  on  tri- 
chloro-acetyl  cyanide.  Colourless  crystals.  Sol. 
water,  alcohol,  ether,  and  acetone  ;  si.  sol. 
CS2,  CgH.j,  and  CHC13.  On  heating  it  loses  H20 
and  is  converted  into  a  compound  of  the  formula 
C:,C13O2H2N,  which  forms  small  plates  or  needles 
of  melting-point  [218°],  which  are  sublimable 
and  sol.  ether,  si.  sol.  water. 

Nitrile    v.    TBI-CHLOBO-ACETYL    CYANIDE. 

a-CHLORO-PYRUVIC   ALDEHYDE 
CH3.CO.CC10. 

Oxim      CH3.CO.CC1(NOH)  :     v.      CHLOBO- 

ISONITBOSO-ACETONE. 

CHLORO-QUARTENYLIC   ACID  v.  CHLOBO- 

CBOTONIC  ACID. 

DI-CHLORO-QTTINALDINE     v.    DI-CHLOBO- 

(Py.  3)-METHYL-QUINOLINE. 


(B.l)-CHLORO-QUINOLINE     CaH6ClN    i.e. 
CH:CC1.C.CH:CH 

CH:CH.C.N  =  CH 

[32°].  (268°).  Formed  together  with  the  (B.  3)  -iso- 
meride  by  heating  7^-chloro-aniline  with  glycerin, 
nitrobenzene,  and  H,S04  (La  Coste,  B.  18,  2940). 
Formed  also  from  the  corresponding  amido- 
quinoline  by  Sandmeyer's  reaction  (Freydl,  M. 
8,  583).  Needles  or  thick  glistening  prisms. 
The  bichromate  forms  long  yellow  needles, 
[165°]  ;  sol.  hot  water,  si.  sol.  cold. 
(B.  3)-Chloro-quinoline 

CH:CH.C.CH:CH 

CC1:CH.O.N  :  CH 

Jo.  257°).  Formed,  together  with  the  (B.  1). 
isomeride,  by  heating  m-chloro-  aniline  with 
glycerine,  nitrobenzene,  and  H2S04.  Liquid  ; 
solidifies  in  a  freezing  mixture.  Volatile  with 
steam.  V.  sol.  alcohol,  ether,  and  benzene; 
nearly  insol.  water.  Is  probably  not  quite  pure 
(La  Coste,  B.  18,  2940). 

Salts.  —  B'HCl  :  colourless  tables. 
B'2H2Cl2PtCl4  2aq  :  orange  silky  needles. 
B'2H.,Cr207:  [119°]  fine  yellow  silky  needles; 
S.  -25". 

Methylo  -iodide  B'Mel:  [232°];  long 
yellow  needles.  On  oxidation  with  KMn04  it 
gives  the  formyl-derivative  of  chloro-methyl- 
amido-benzoic  acid,  and  chloro'-methyl-isatiu 
(La  Coste  a.  Bodewig,  B.  17,  926  ;  18,  428). 

(B.  2)-Chloro-qumoline 

CC1:CH.C.CH:CH 

CH:CH.C.N  :  CH 

(256°).  Prepared  by  heating  p-chloraniline  with 
glycerine,  nitro-benzene,  and  H.,S04  ;  the  yield 
is  100  p.c.  (La  Coste,  B.  15,  560).  Colourless 
liquid. 

Salts.  —  BHC1:  soluble  colourless  needles. 
(BHCl)2PtCl4  2aq  :  yellow  crystalline  pp. 

Methylo-iodide  B'Mel:  soluble  crystalline 
solid.  —  (BMeCl)2PtCl4  :  orange  crystalline  pp. 

(Py.  3)-Chloro-quinolme  C9H6NC1.  [38°]. 
(267°).  Formed  by  the  action  of  PCl5oncarbostyril 
or  oxy-carbostyril  (Friedlander  a.  Ostermayer,  B. 
15,  333).  Volatile  with  steam.  Long  needles. 
V.  sol.  alcohol,  ether,  benzene  and  ligrom,  nearly 
insol.  water.  On  heating  with  water  to  120°  it 
gives  carbostyril. 

Chloro-quinoline  CUH6C1N.  Formed  by  heat- 
ing cynurin  with  PC15  and  POC13  (Kretschy,  M. 
2,  77).—  B'H^tCle  2aq. 

(Py.  1,3)  -  Di  -  chloro  -  quinoline,  called  (7), 
C1:CH 

|        [67°].     (281°).    Formed  by  the 
N  :  CC1 

action  of  PC15  on  (Py.  l,3)-di-oxy-quinoline 
(Friedlander  a.  Weinberg,  B.  15,  2683)  or  on 
(7)-chloro-carbostyril  (Baeyer  a.  Bloem,  B.  15, 
2150).  Slender  needles  ;  sol.  alcohol,  ether,  and 
benzene,  nearly  insol.  water. 

(B.  l:4)-Di-chloro-quinolme 
CH:CC1.C.CH:CH 

j|          |  .     [93°].    Prepared  by  heating 
CH:CC1.C.N  =  CH 

(3:6:l)-di-chloro-aniline  with  glycerin,  nitro-ben- 
zene, and  H2S04  (La  Coste,  B.  15,  561).  Volatile 
undecomposed.  Colourless  needles  or  tables.  Sol. 
alcohol  and  ether. 
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(B.  2:4)-Di-chloro-quinoline 
CC1:CH.C.CH:CH 

||          I  .     [104°].    Prepared  by  heating 
CH:CC1.C.N  :  CH 

(4:2:l)-di-chloro-aniline  with  glycerin,  nitro-ben- 
zene,  and  H,S04  (La  Coste,  B.  15,  561).  Long 
fine  colourless  needles.  SI.  sol.  alcohol. 

(Py.  2,3)-Di-chloro-quinoline    CJLCLN  i.e. 
,CH:CC1 

|     .     [105°].    Weak  base.    Prepared 
N:CC1 

by  treating  hydro-carbostyril  with  PC15  and  dis- 
tilling the  product  with  steam ;  the  yield  is  20-30 
p.c.  (Baeyer,  B.  12,  1320).  Insol.  water,  sol.  al- 
cohol, ether,  and  C6H6.  On  reduction  with  HI 
it  gives  quinoline. 

Tri-chloro-quinoline  C9H4C13N.  [108°  uncor.]. 
Formed  by  heating  phenyl-malonamic  acid 
(malonanilidic  acid)  C02H.CH2.CO.NHPh  with 
benzene  and  PC15  (Eiigheimer,  B.  17,  736).  Long 
colourless  needles.  Volatile  with  steam.  Sol. 
alcohol,  benzene,  and  ligrom.  By  heating  with 
an  acetic  acid  solution  of  HI  at  240°  it  is  reduced 
to  quinoline. 

Tri-chloro-quinoline  C9H4C13N.  [161°].  From 
di-chloro-carbostyril  and  PC15  (Friedlander  a. 
Weinberg,  B.  15,  1425).  Slender  needles  (from 
alcohol) ;  slightly  volatile  with  steam. 

Tri-chloro-quinoline  C9H4C13N.  [211°]. 
Formed  by  acting  on  the  borate  of  (B.  4)-chloro- 
quinoline  with  bleaching  powder  solution  (Em- 
horn  and  Lauch,  A.  243,  361).  Needles  (from 
acetic  ether). 

(Py.  2)-CHLOKO-ISOQUINOLINE     C9H6C1N 
^CH:CC1 

(?).    [45°-48°].     (280°)  at  753 


i.e.  C6H4<          | 
\CH:N 


mm.  Formed  by  heating  the  di-chloro-deriva- 
tive  [123°]  with  HI  and  P  at  170°.  By  more  pro- 
longed action  at  200°  it  is  completely  di-chlori- 
nated  to  isoquinoline.  Long  colourless  needles. 
Weak  base  (Gabriel,  B.  19,  1655,  2356). 

(Py.  2:4)-Di-chloro-isoquinoline  C9H5Cl2N^e. 

/CH:CC1 
C6H/         |     .     [123°].     (306°).     Formed    by 

\CC1:N 
heating  the  imide  of  phenyl-acetic-o-carboxylic 


acid  C6H4<  |      with  POOL,  (3  pts.)  at  150°- 

.  NH 

170°.  Very  long  flat  needles  (from  alcohol).  V. 
sol.  chloroform,  benzene,  ether,  and  hot  alcohol. 
Slowly  volatilises  with  steam.  By  HI  and  P  it 
is  first  reduced  to  the  mono-chloro-derivative 
and  finally  to  isoquinoline  (Gabriel,  B.  19,  1655, 
2355). 

CHLOKO-QUINONE  C6H3C102.     [57°]. 

Formation.  —  1.  By  distilling  cupric  quinate 
(25  g.)  with  NaCl  (60  g.),  Mn02  (40  g.),  H.,S04 
(100  g.),  and  water  (170  g.)  (Stadeler,  A.  69,  300). 

2.  By  oxidation  of    chloro-hydroquinone  with 
Cr03  (Levy  a.  Schultz,  A.  210,  144  ;  B.  13,  1428). 

3.  By  adding  aqueous  K,Cr04  to  a  slightly  acid 
solution  of  chloro-amido  -phenol  sulphate  (Koll- 
repp,  A.  234,  14). 

,  Properties.  —  Long  yellow  trimetric  needles; 
«:6:c  =  '47:1:1-71;  v.  sol.  ether,  m.  sol.  alcohol, 
HO  Ac,  and  hot  water.  Turns  the  skin  purple. 
Eeduced  by  S02  to  chloro-hydroquinone. 

Reactions.  —  1.  When  mixed  with  m-nitro- 
aniline  in  benzene  solution,  dark  green  crystals 


of  CSH3C1(0)2(NH2.C6H4.N02)2  separate.  This 
breaks  up  into  its  constituents  even  on  recrystal- 
lising  from  benzene  (Niemeyer,  A.  228,  322). 
2.  p-Toluidine  forms,  in  the  same  way,  white 
plates  [90°]  (*C6H3C1(OH),(C7H9N)2?)  ' 

_  (o)-Di-chloro-quinone     0^01,0,    [5:2:4:1]. 
[159°]. 

Formation.— I.  One  of  the  products  of  the 
distillation  of  cupric  quinate  with  Mn02,  NaCl, 
and  H2S04  (Stadeler,  A.  69,  300).— 2.  From 
benzene  and  C12O  (Carius,  A.  143,315).— 3.  Toge- 
ther with  chloro-benzene  and  tri-chloro-pheno- 
malic  acid,  by  dissolving  benzene  (48  g.)  in 
H2S04  (300 g.),  diluting  with  water  (150  g.),  and, 
after  cooling,  adding  more  benzene  (100  g.)  and 
KC103  (150  g.).  The  mixture  is  left  to  itself  for 
a  week  (C.).— 4.  By  the  oxidation  of  (o)-di- 
chloro-hydroquinone  with  cone.  HN03  (Levy  a. 
Schultz,  B.  13,  1428;  A.  210,  150).— 5.  By  oxi- 
dation of  di-chloro-jp-phenylene-diamine  [164°] 
with  KjCrA  and  H2S04  (Mohlau,  B.  19,  2010).— 
6.  .By  oxidation  of  ^-di-chloro-aniline  with 
K2Cr207  and  H,S04.— 7.  From  quinone  by  two 
alternate  treatments  with  HC1  and  with  Fe2Cl6 
(Levy,  B.  18,  2366).— 8.  By  adding  KjCr04  to 
a  solution  of  di-chloro-amido-phenol  sulphate 
(Kollrepp,  A.  234,  15). 

Properties.  —  Yellow  monoclinic  crystals  ; 
a:6:c  =  1-15:1:2-21;  ft  =  56°  26'  (Griinling) ;  a:b:c 
=  1-09:1:1-84;  0  =  89°  11'  (Fock,  Z.  K.  7,40). 
Sol.  ether  and  chloroform,  nearly  insol.  alcohol, 
insol.  water.  Volatile  with  steam.  S02  reduces 
it  to  di-chloro-hydroquinone  [172°]. 

Reactions. — 1.  Aniline  in  acetic  acid  solu- 
tion, in  presence  of  some  HC1,  forms  blue  plates 
of  the  anilide  C6HCl202(NPhH)  [5:2:4:1:3] 
[180°],  which  dissolves  in  cone.  H2S04  giving  a 
deep-blue  liquid  (Niemeyer,  A.  228,  332).— 2.  If, 
after  warming  with  aniline,  the  hot  solution  is 
treated  with  HOAc,  lustrous  brown  plates  of  the 
di- anilide  C6Cl202(NPhH)2  [290°]  are  formed. 
This  is  the  so-called '  chloranil-anilide  '  obtained 
from  tetra-chloro-quinone  and  aniline. — 3.  m- 
Nitro-aniline  forms  dark  green  crystals  of 
C6H2C1202(NH2.C6H4.N02)2  [110°]  which  may  be 
crystallised  from  hot  benzene  (Niemeyer,  A. 


[120°]. 

Formation. — 1.  By  oxidation  of  trichloro- 
phenol  with  HN03,  or  a  mixture  of  HN03  and 
H.,S04  (Faust,  Z.  1867,  727;  Weselsky,  B.  3, 
64*6 ;  Levy  a.  Schultz,  B.  13,  1428 ;  Guareschi 
a.  Daccomo,  B.  18,  1170).— 2.  In  small  quan- 
tity by  treating  di-chloro-nitro-phenol  [125°] 
with  HN03  and  H2S04  (Armstrong,  Z.  1871, 
521). — 3.  By  oxidation  of  di-chloro-p-phenylene- 
diamine  with  Cr03  (Levy,  B.  16,  1445).  Yellow 
trimetric  crystals,  a:b:c  =  -7127:1:2-027.  V.  sol. 
boiling  alcohol,  v.  si.  sol.  hot  water.  Turns  the 
skin  brown.  Eeadily  sublimes.  Volatile  with 
steam.  S02  forms  (0) -di-chloro-hydroquinone 
[158°]. 

Reactions.— I.  Aniline  (Imol.)  in  alcoholic 
solution  containing  a  little  HC1,  forms  bluish- 
violet  needles  or  plates  of  the  anilide 
C6HCl20.2(NPhH)  [154°].  This  is  sol.  alcohol 
and  ether,  and  gives  a  violet-blue  solution  in 
cone.  H2S04  (Niemeyer,  A.  228, 332).— 2.  Excess 
of  aniline  added  to  an  alcoholic  or  acetic  acid 
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solution  forms  C6HC102(NPhH)2  [2:1:4:6:3] 
[262°].  This  forms  lustrous  brown  plates,  si. 
sol.  alcohol  and  benzene,  m.  sol.  hot  HO  Ac  (N.). — 

3.  m-Nitro-aniline  forms  glittering  dark  green 
prisms  of  C6H2CL202(NH2.C6H4.N02)2  [112°]. -4. 
p-Toluidine  forms,   in  the   same  way,  slender 
needles  [73°]  (*C6H.,C12(OH)2C7H8N?). 

Tri-chloro-quinone  CBHC1:<02.     [163°]. 

Formation.  —  1.  By  chlorinating  quinone 
(Woskresensky,  J.  pr.  18,  419).— 2.  By  boiling 
quinic  acid  with  Mn02  and  HC1  (Stadeler,  A.  69, 
318). — 3.  Together  with  tetrachloroquinone,  by 
treating  phenol  with  KC103  and  aqueous  HC1 
(Graebe,  A.  146,  9 ;  Stenhouse,  C.  J.  21,  141).— 

4.  From  benzene  and  Cr02Cl2  (Carstanjen,  B.  2, 
633). — 5.  By  dropping  sodium  hypobromite  solu- 
tion slowly  into  a  solution  of  the  hydro-chloride 
of  tri-chloro-^-amido-phenol ;    the  pp.    is    re- 
crystallised  from  alcohol  (M.  Andresen,  J.  pr. 
[2]   28,  422). — 6.  From  ^-amido-phenol  (q.  v.) 
and   bleaching  powder  (Schmitt  a.   Andresen, 
J.  pr.  [2]  23,  436). 

Properties. — Yellow  prisms.  May  readily  be 
sublimed.  Does  not  colour  the  skin.  Insol. 
water,  sol.  hot  alcohol,  v.  sol.  ether.  Dilute 
aqueous  KOH  dissolves  it,  forming  di-chloro-di- 
oxy-quinone  (chloranilic  acid). 

Reactions. — 1.  With  alcoholic  solution  of 
aniline  it  gives  glittering  plates  of  di-chloro- 
quinone  -  di  -  anilide  :  2C6HC1302  +  3PhNH2  = 
C6(NPhH)201202  +  C6HC13(OH)2  +  PhNH2HCl. 
This  substance  crystallises  from  benzene  in 
tablets  which  have  a  bluish  lustre  (M.  Andresen, 
J.  pr.  [2]  28,  423). — 2.  Aniline  (1  mol.)  forms 
lustrous  leaflets  of  C6HC102(NPhH)2.  This  forms 
a  blue  solution  in  cone.  H2S04  (Schultz,  B.  10, 
1792;  A.  210,  180).— 3.  Aniline  treated  with 
excess  of  the  quinone  forms  blue  plates  of 
C601302(NPhH)  (Niemeyer,  A.  228,  332).— 4.  m- 
Nitro-aniline  forms  lustrous  dark-green  prisms 
of  C6HC1302(NH2.C6H4.N02)2  [108°]  (N.).— 5. 
PC15  at  190°  gives  C6C16.— 6.  AcCl  gives  the  di- 
acetyl  derivative  of  tetra-chloro-hydroquinone. — 
7.  Boiling  cone,  aqueous  HC1  forms  tetra- 
chloro-hydroquinone. 

Tetra-chloroquinone  C6C1402. 

Formation. — 1.  By  the  action  of  a  mixture 
of  KC103  and  HC1  on  quinone,  aniline,  phenol, 
tri-chloro-phenol,  di-nitro-phenol,  tri-nitro- 
phenol,  salicin,  salicylic  acid,  isatin,  quinic 
acid,  tyrosine,  w-amido-benzoic  acid,  &c.  (Hof- 
mann,  A.  52,  55  ;  Hesse,  A.  114,  303  ;  Staedeler, 
4.69,326;  116,99;  Stenhouse, A.78, 4;  A.Suppl. 
6,209 ;  Erlenmeyer,<7. 1861, 404 ;  N.Jahr.Pharm. 
xvi.  292).— 2.  By  passing  chlorine  into  an  alco- 
holic solution  of  chloro-isatin  (Erdmann,  A.  48, 
309).— 3.  From  penta-chloro-phenol  and  fuming 
HNO:,  (Merz  a.  Weith,  B.  5,  460).— 4.  Prepared 
by  oxidation  of  tetrachlorohydroquinone  (Levy  a. 
Schultz,  B.  13,  1429).— 5.  By  heating  trichloro- 
quinone  (5  g.)  for  12  hours  with  fuming  HC1 
(100  c.c.).  The  product  is  oxidised  by  strong 
HN03  and  recrystallised  from  alcohol  (Andresen, 
J.pr.  [2]  28,  425).— 6.  From  s-tetra-chloro  benz- 
ene [137°]  and  fuming  HN03  (Beilstein'a.  Kur- 
batoff,  A.  192,  236).— 7.  From  phenol  and  chlo- 
ride of  iodine  (Stenhouse,  C.  J.  23,  6).— 8.  From 
di-chloro-di-oxy-quinone  and  PC15. 

Pnvperties. — Pale  yellow  lustrous  scales. 
Monoclinic;  a:b:c  =  1-52:1:3-00;  £  =  73°56'(Fork, 
Z.  K.  7,  40).  When  heated  gently  it  sublimes 


without  melting.  Insol.  water,  v.  si.  sol.  cold 
alcohol,  m.  sol.  ether.  Not  attacked  by  HN03, 
by  HC1,  or  by  boiling  cone.  H_,S04.  S02reduces 
it  to  tetra-chloro-hydroquinone.  Boiling  HC1  or 
HBr  also  reduce  it  to  the  same  body. 

Reactions. — l.Conc. aqueous  KHSO., forms  'po- 
tassium thiochronate '  C8(OH)O2(SO4K)(S08K)2. 
Dilute  KHS03  gives  CaCl2(OH)2(SO3K)2.— 
2.  Aqueous  KOH  forms  a  purple  solution  con- 
taining C6C12(OK)2O2.— 3.  AcCl  at  170°  gives  01 
and  CHCl4(OAc)2  (Graebe,  A.  146,  12).— 4.  PC15 
at  180°  gives  C8C18.—  5.  Aqueous 'NH,  gives 
C6C12(NH2)(OH)02  (Erdmann,  J.  pr.  22,  287; 
Laurent,  A.  Ch.  [3]  3,  493).— 6.  Alcoholic  NH3 
forms  C6C12(NH2)202. — 7.  An  alcoholic  solution 
of  aniline  reacts  thus:  C6C1402  +  4NPhH2 
=  C6Cl2(NPhH),02  +  2NPhH2,HCl  (Andresen, 
J.pr.  [2]  28,  426).— 8.  m-Nitro-aniline  forms 
almost  black  crystals  of  C6C1402(NH2.C6H4.OH)2 
(Niemeyer,  A.  228,  322) — 9.  A  hot  aqueous  so- 
lution of  NaN02  converts  it  into  nitranilic  acid 
(Nef,  B.  20,  2027).— 10.  By  warming  an  acetic 
acid  solution  of  ^>-amido-xylenol  (4  pts.)  with 
chloranil  (1  pt.)  there  is  formed  a  colouring 
matter  C24H26N203.  Sol.  alcohol,  ether,  benz- 
ene, and  acetone,  insol.  water.  Dissolves  in 
alkalis  with  a  blue  colour,  in  cone.  H2S04  with 
a  greenish-blue.  By  Cr03  it  is  oxidised  to  p- 
xyloquinone  (Sutkowski,  B.  20,  980). 

Tetra-chloro-o-quinone  C6C1402  [1:2:3:4:5:6]. 
[132°].  Obtained  by  oxidation  of  tetra-chloro- 
pyrocatechin  with  HN03,  or  directly  by  passing 
chlorine  into  a  hot  acetic  acid  solution  of  pyro- 
catechin  until  it  assumes  a  deep  reddish-yellow 
colour.  Dark-red  crystals.  V.  sol.  acetic  acid 
(Zincke,  B.  20,  1779). 

^-DI-CHLORO-QUINONE-DI  -  CARBOXYLIC- 
ETHYL-ETHER  C601202(C02Et)2  [1:4:2:5:3:6]. 
[195°].  Formed  by  the  action  of  chlorine 
upon  quinone-di-hydro-di-carboxylic  ether  (di- 
oxy-terephthalic  ether)  or  upon  succinyl-suc- 
cinic  ether,  suspended  in  alcohol.  Greenish- 
yellow  needles.  Sol.  acetic  acid  and  chloroform, 
si.  sol.  alcohol  and  ether.  The  01  atoms  are  ex- 
tremely mobile  :  thus  by  very  dilute  NaOH  it  is 
dissolved  with  formation  of  di-oxy-quinone-di- 
carboxylic  ether ;  by  NH3  or  amines  it  is  readily 
converted  into  di-amido-quinone-di-carboxylic 
ether  or  its  alkyl-derivatives.  It  is  reduced  by 
zinc-dust  and  acetic  acid  to  the  colourless  di- 
chloro-hydroquinone-di-carboxylic  ether  (di- 
chloro-di-oxy-terephthalic  ether,  q.v.)  (Hantzsch 
a.  Zeckendorf,  B.  20,  1310). 

Dihydride  CtiH202Cl2(C02Et)2.  The  colour- 
less di-chloro-di-oxy-terephthalic  ether  becomes 
intense  greenish-yellow  when  melted,  changing 
to  the  tautomeric  dihydride  of  tetra-chloro-qui- 
none  di-carboxylic  ether.  The  colourless  body 
dissolves  in  benzene,  chloroform,  and  cone. 
S04H2  with  an  intense  greenish-yellow  colour, 
whereas  the  solution  in  alcohol  is  colourless ; 
the  formation  of  an  alcoholate  (with  2HOEt) 
appears  in  the  latter  case  to  hinder  the  tauto- 
meric change.  This  alcoholate  can  be  dissociated 
by  adding  benzene  to  the  colourless  alcoholic 
solution  when  it  turns  yellow  (Hantzsch  a. 
Herrmann,  B.  21,  1757). 

CHLORO-QUINONE-CHLORIMIDE 

/NCI 
CaH3Cl/  |       plj    Formed  by  adding  bleach- 
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ing  powder  to  a  solution  of  the  hydro-chloride 
of  chloro-p-amido  -phenol  at  0°  (Kollrepp,  A. 
234,  16).  Yellow  needles  (from  alcohol  or 
HO  Ac). 

Di-chloro  quinone-chlorimide 

'NC1r         ,-, 

[&2:J].    [67°].    From  di-chloro-^- 


amido-phenol  hydrochloride  by  treatment  in  the 
cold  with  bleaching  powder  (Kollrepp,  A.  234, 
19).  Yellow  needles  ;  sol.  alcohol;  decomposes 
at  170°. 

Di-chloro-quinone  di-chlorimide 


.    Prepared  by  the  action  of  chloride 


of  lime  on  an  acid  solution  of  jp-phenylene-di- 
amine  (Krause,  B.  12,  47).  White  needles.  Insol. 
cold  water,  sol.  hot  water,  alcohol  ether,  CdH6  &c. 
Neutral  body.  On  reduction  it  gives  jp-phenyl- 
ene-diamine.  By  boiling  with  HC1  it  gives 
tetrachlorophenylene  diamine.  Bromine  in 
acetic  acid  solution  converts  it  into  di-chloro-di- 
bromo-quinone. 

Tri-chloro-quinone  chlorimide 

C6HC13<°C1>.     [118°]. 

Preparation.  —  By  stirring  a  slightly  acid 
solution  of  tri-chloro-^-amido-phenol  (q.  v.)  with 
a  solution  of  bleaching  powder  (Schmitt  a.  An- 
dresen,  J.pr.  [2]  23,  438  ;  28,  427). 

Properties.  —  Long  yellowish  needles,  with 
rough  ends.  V.  sol.  hot  alcohol,  ether  and  benz- 
ene, less  sol.  cold  water.  When  melted  it  forms 
a  light-brown  liquid,  which  boils  at  185°  with 
decomposition. 

Reactions.  —  1.  Aniline  (3  equivalents)  forms 
di-chloro-quinone  dianilide  : 

C6C13H<°C1>  +  3PhNH2  +  HP 

=  C6012(NPhH)a<o>  +  PhNH2,HCl  +  NH4C1. 

But  when  excess  of  aniline  (5  mols.)  is  added  to 
saturated  alcoholic  solution  of  the  chloro-imide 
at  60°  a  violent  reaction  occurs,  and  the  crystals 
which  ultimately  separate  contain  another  body 
also.  This  is  di-phenyl-di-amido-chloro-quinone- 

chloro-phenyl-imide,  C6Cl(NPhH)2H<N^h>    , 

[195°].  It  forms  long  elastic  needles(from  alcohol). 
It  is  sol.  ether,  benzene,  glacial  acetic  acid  and 
CS2.  (a)  Nitrous  acid  passed  into  its  alcoholic 
solution  produces  an  unstable  nitroso-derivative. 
(b)  It  is  not  affected  by  boiling  aqueous  potash, 
but  is  converted  by  alcoholic  potash  into  glitter- 
ing red  needles  of  C6Cl(NPhH)2H(ONa)(NPhNa). 
But  this  compound  is  so  unstable  that  alcohol 
reconverts  it  into  the  original  body  with  simul- 
taneous formation  of  NaOEt.  (c)  Fuming  HC1 
mixed  with  alcohol  reacts  thus  : 

C6Cl(NPhH)2H<N^h>  +  HP  +  HOI 


+  PhNH2,HCl       (Andre- 

sen,  J.pr.  [2]  28,  427).—  2.  The  ethyl  derivative 
of  o-amido-phenol  (CtiH4(OEt)NH2)  acts  upon 
tri-chloro-quinone-chlorimide  in  a  similar  way, 
forming  di-ethoxy-di-phenyl-di-chloro-quinone  : 
C6Cl2(NH.CtiH4.OEt)202.  This  body  melts  about 
[200°],  crystallises  from  alcohol  in  glittering 
brown  prisms,  and  is  thrown  down  as  a  grass- 


green  pp.  when  water  is  added  to  its  alcoholic 
solution.  It  is  not  dissolved  by  alkalis,  but 
forms  a  deep-blue  solution  with  H2SOr — 
3.  Di-methyl-aniline  in  warm  alcoholic  solution 


acts  thus :  C6C13H 


<l 


+  2PhNMe2: 


C6H5NMe,,HCl.        Tri- 


C6C13H/  1 

\N.C6H4.NMe2 
chloro-quinone-di-methyl-amido-phenyl-imide  is 
almost  insoluble  in  water.  It  crystallises  from 
alcohol  in  golden-green  needles  which  have  a 
blue  streak  (when  scratched)  and  are  very  tough. 
It  is  v.  sol.  ether,  benzene,  and  chloroform.  It 
is  reduced  by  S02  to  di-methyl-amido-phenyl- 
tri  -  chloro  -  phenol,  Ct.Cl3H(OH).NH.CaH4NMe2. 
This  latter  is  insoluble  in  water,  readily  soluble 
in  ether,  benzene  and  chloroform.  Eecrystallised 
from  alcohol,  it  melts  at  [139°],  but  its  alcoholic 
solution  is  readily  oxidised  by  the  air  to  the  pre- 
ceding imide.  Salt.  —  B'HCl.  The  sulphonic 
acid  of  this  base  C?Cl3(S03H)(OH).NH.C8H4NMe2 
is  formed  along  with  the  base  itself  by  the  action 
of  S02  on  tri-chloro-quinone-di-methyl-amido- 
phenyl-imide.  It  crystallises  in  pearly  plates 
when  HC1  is  added  to  its  solution  in  NH3.  It 
is  insoluble  in  water,  alcohol,  ether  and  benz- 
ene. BaCl2  added  to  a  solution  of  the  acid  in 
an  alkali  gives  a  pp.  which  may  be  recrystallised 
from  hot  water  (Schmitt  a.  Andresen,  J.  pr.  132, 
426).  —  4.  Aqueous  HC1  acts  upon  tri-chloro- 
quinone-chloro-imide  as  follows  : 

C6C13H<^C1>  +  H20  +  2HC1 

=  C6C13H<Q)>-|-NH4C1  +  C12.    HBr  acts  simi- 

larly (Andresen,  J.pr.  [2]  28,  435). 

Di-chloro-quinone-di-chlorimide 

,NC1 
C6H2C12<    I        [5:2:4:1].    [135°].     Formed    by 

\NC1 

treatment  of  a  dilute  HC1  solution  of  di-chloro- 
j?-phenylene  diamine  [164°]  with  chloride  of  lime 
(Mohlau,  B.  19,  2011).  Colourless  prisms  (from 
ether).  Sublimable. 

CHLORO-BESOBCIN  C6H3C1(OH)2.  [89°]. 
(256°). 

Preparation.—  Sulphuryl  chloride  (1£  pts.)  is 
added  gradually  to  a  solution  of  resorcm  (1  pt.) 
in  dry  ether  (3  pts.).  CeH4(OH)2  +  S02C12 
=  HC1  +  S02  +  C6H3C1(OH)2. 

Properties.—  So\.  water,  alcohol,  ether,  benz- 
ene, and  CS2.  Crystallises  with  difficulty.  Its 
aqueous  solution  is  feebly  acid  to  litmus.  Am- 
monia turns  its  aqueous  solution  first  yellow, 
then  green  ;  acids  decolourise  this  liquid.  Fe,Cl6 
gives  a  bluish-violet  colour.  Ammoniacal  silver 
solution  is  reduced  on  boiling  (G.  Eeinhard, 
J.pr.  125,  322).  Bromine  gives  chloro-di-bromo- 
resorcin  (q.  v.). 

Benzoyl  derivative  C^Cl^z).^ 
[98°].  Hexagonal  crystals  (from  alcohol).  In- 
sol. water. 

Di-methyl  ether  CbB3Cl(OMe)2.  [118°]. 
From  di-methyl  resorcin  in  HOAc  and  Cl 
(Honig,  B.  11,  1039).  Long  needles  (from 
alcohol).  Insol.  cold  HOAc,  v.  sol.  ether. 

Di-chloro-resorcin  C6H2C12(OH)2.  [77°]. 
(249°).  Formed  by  stirring,  and  finally  melting, 
a  mixture  of  sulphuryl  chloride  (2\  pts.)  with 
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resorcin  (1  pt.).    Purified  by  sublimation.    The 
yield  is  80  p.c.  (G.  Eeinhard,  J",  pr.  [2]  17 

Properties. — V.   sol.    water,   alcohol,    ether, 

benzene,  and  CS2.    Aqueous  solutions  are  feebly 

acid  to  litmus,  reduce  boiling  ammoniacal  silver 

nitrate,  and  give  a  bluish-red  colour  with  Fe2Cl6. 

Reactions.— 1.  With  bromine-water  it  gives 

di-chloro-bromo-resorcin  (q.  v.). — 2.With  C1S03H 

it     forms    a     crystalline     insoluble     powder 

C12H6C14S209,  probably  the  anhydride  of  di-chloro- 

resorcin  sulphonic  acid  (CtiHCl2(S03H)OH)2O. 

Benzoyl  derivative  C^H.G\2(OEz)2  [127°]. 

Di-methyl  ether    CeH^CyOMe)^    From 

di-methyl-resorcin  in  HO  Ac  byCl(H6nig,  B.  11, 

1039).'   Oil;  decomposed  at  140°. 

Sulphonic  acid  C6HC12(OH)2S03H.  A 
white  powder,  sol.  water  and  alcohol.  Formed 
by  dissolving  its  anhydride  (see  above)  in  K2C03, 
acidifying,  evaporating,  and  extracting  with 
alcohol.  Salt.— BaA'2. 

Tri-chloro-resorcin  C6HC13(OH),.  [83°]  and 
[73°]. 

Preparations. — 1.  By  digesting  resorcin  with 
sulphuryl  chloride  (6  pts.)  for  3  hours  at  100°. 
Crystallised  from  water.  The  yield  is  30  p.c. — 
2.  Kesorcin  (20  g.)  dissolved  in  water  (80  g.)  is 
kept  cool  and  treated  with  chlorine  gas  until  the 
red  colour,  which  first  appears,  is  nearly  gone. 
The  liquid  is  heated  to  70°,  filtered  from  resin 
and  allowed  to  deposit  crystals. — 3.  By  chlori- 
nating a  solution  of  resorcin  (100  g.)  in  HO  Ac 
(250  g.)  (Benedikt,  M.  4,  224). 

Properties.— Silky  needles,  si.  sol.  cold  water, 
v.  sol.  hot  water,  alcohol,  and  ether.  When 
purified  by  sublimation  it  is  yellow  and  melts  at 
[73°].  Its  solutions  resemble  those  of  chloro- 
resorcin  in  behaviour  towards  litmus  and  AgN03. 
With  Fe2Cl6  it  gives  a  wine-red  colour  on 
warming  (Eeinhard,  J.pr.  [2]  17, 336).  Oxidised 
by  K3FeCy6  to  C(iH.,Cl203  [60°J  (Stenhouse  a. 
Groves,  B.  13, 1307). 

Benzoyl  derivative  CeHC 
Glittering  prisms  (from  alcohol). 

Tri-cliloro-resorcin  C6HC13(OH)2.  [69°]. 
Formed  by  the  action  of  KHS03  on  penta-chloro- 
resorcin  (Claassen,  B.  11, 1441).  White  needles. 
V.  sol.  alcohol,  ether,  and  hot  water.  May  be 
identical  with  the  preceding. 

Tetra-chloro-resorcin.  Di-propyl  ether 
C6C14(OC3H7)2.  From  di-propyl-resorcin  and  01 
(Kariof,  B.  13,  1678).  Liquid ;  decomposed  at 
100°.  Sol.  alcohol  and  HOAc  ;  si.  sol.  water. 

Penta-chloro-resorcin  C6C14(OH)(OC1)  or 
CHC13(C12)0(OH).  [92-5°].  Formed  by  adding 
alternately  in  small  portions  KC1O3  (5  pts.)  and 
a  solution  of  resorcin  (2  pts.)  in  HC1  (8  pts.)  to 
cooled  HC1  (40  pts.  of  S.G.  1-17)  (Stenhouse,  Pr. 
20,  78).  Plates  or  flat  prisms  (from  CS,).  V. 
sol.  CS2,  and  benzene,  v.  e.  sol.  alcohol  and'ether. 
Changes  in  the  air  into  a  modification  melting 
at  65°  (Liebemiann  a.  Dittler,  A.  169,  265). 
Hot  water  effects  the  same  change. 

Reactions. — 1.  Dissolves  in  a  cold  solution  of 
potassium  bisulphite  with  evolution  of  heat  and 
formation  of  tri-chloro-resorcin  [69°]  (Claassen, 
B.  11,  1441).  HI  appears  also  to  form  tri-chloro- 
resorcin  (Stenhouse,  C.  N.  23,  230).— 2.  Unlike 
penta-bromo-resorcin,  it  is  not  affected  by  alde- 
hyde and  formic  acid. 

CHLOEO-EETENE  v.  EETENE. 


CHLOEO-EOSANILINE     v.    DI-CHLOBO-TRI-' 

AMIDO-TBI-PHENYL-CARBINOL. 

CHLOEO-SALICIN  v.  SALICIN. 
CHLOEO-SALICYLIC  ACID  v.  CHLORO-O-OXY- 

BENZOIC   ACID. 

CHLOEO-SALICYLOL  v.  CHLORO-O-OXY-BEN- 

ZOIC   ALDEHYDE. 

CHLOEO-SALIGENIN  v.  CHLORO-OXY-BENZYL 

ALCOHOL. 

PEE-CHLOEO-SEBACIC  ACID  C10C1]6H204. 

Per-chloro-butyl  e2frerCU)Cl16(C4Ci]))2O4. 
[172°].  (200°).  From  butyl  sebacate  and  Cl  in 
sunshine  (Gehring,  C.  R.  104, 1624).  Hexagonal 
prisms. 

Per-chloro-isoamyl  ether 
C)0Clj6(C5Cln)204.  [179°].  From  isoamyl  seba- 
cate and  Cl  in  sunshine  (G.).  Tough  trimetric 
prisms  (by  sublimation) ;  volatile  with  steam. 
Insol.  water,  si.  sol.  alcohol,  v.  sol.  ether,  benz- 
ene, chloroform,  and  ligroin. 

CHLOEO-STEAEIC  ACID  C16H35C102.  From 
stearic  acid  and  Cl  at  100°  (Hardwick,  G.  J.  2, 
232). 

CHLOEO-STILBENE    v.    CHLORO-DI-PHENYL- 

ETHYLENE. 

CHLOEO-STEYCHNINE  v.  STRYCHNINE. 
(o>)-CHLOEO-STYEENE  C6H5.CH:CHC1. 

(196°)  at  716  mm. 

Formation. — 1.  By  distilling  styrene  di- 
chloride  C6H5.CHC1.CH2C1  either  alone  or  over 
CaO  (Byth  a.  Hofmann,  A.  53,  310). -2.  By 
heating  C6H5.CH,.CHC12  with  alcoholic  KOH  at 
120°  (Forrer,  B.  17,  983). 

Properties. — Liquid,  with  pungent  odour. 
Cone,  alcoholic  KOH  followed  by  distillation 
with  water  gives  phenyl-acetic  aldehyde.  KCy 
gives  the  nitrile  of  phenyl-succinic  acid  (Eiig- 
heimer,  B.  14,  428). 

(a)-Chloro-styrene  C,H5.CC1:CH2.  (199°). 
S.G.  £5  i-ujj. 

Formation. — 1.  By  treating  cinnamic  acid 
with  KOC1  or  with  HC1  and  potassium  chlorate 
(Stenhouse,  A.  55,  1;  57,  79).— 2.  By  heating 
C6H5.CHC1.CH(OH).C02H  with  water  at  210° 
(Glaser,  A.  154,  166).— 3.  From  C6H..CC12.CH3 
and  alcoholic  KOH  (Friedel,  C.  E.  67,  1192  ; 
Erlenmeyer,  B.  12,  1609). — 4.  By  neutralising  a 
solution  of  C^H^CHCLCHCLCO.^  (Erlenmeyer, 
B.  14,  1867). 

Properties. — Liquid,  with  the  odour  of  hya- 
cinths. Does  not  so  readily  give  up  its  Cl  as 
the  preceding.  But  by  heating  with  water 
acetophenone  may  be  formed  (Erlenmeyer,  B. 
14,  323). 

wa-Di-chloro-styrene  CtiH5.CCl:CHCl.  (221°). 
From  C6H5.CO.CH2G1  and  PC15  (Dyckerhoff ,  B. 
10,  120,  533). 

CHLORO-SUBEEANE  CAEBOXYLIC  ACID 
C.H12C1.C02H.  From  the  corresponding  oxy- 
acid  and  HC1.  Oil ;  sol.  alcohol  and  ether. 
KOH  gives  suberene  carboxylic  acid  C8H1202 
(Dale  a.  Schorlemmer,  C.  J.  39,  539). 

CHLOEO-SUBEEIC  ACID  C8H13C104.  From 
suberic  acid  and  Cl  (Bauer  a.  Groger,  M.  1, 
510  ;  4,  341).  Syrup,  sol.  water,  v.  e.  sol.  ether. 

CHLOEO-SUBEEONIC  ACID  C8H13C102. 
From  oxy-suberic  acid  and  cone.  HC1  at  130° 
(Spiegel,  A.  211,  119).  Oil ;  v.  sol.  alcohol  and 
ether.  Converted  by  sodium  amalgam  into 
suberonic  acid.  Boiling  NaOHAq  forms  C8H1202. 


CHLORO-TH1ENYL  METHYL  KETONE. 
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CHLOKO-SUCCINIC  ACID 

C02H.CH2.CHC1.CO2H.  [152°].  Prepared  by 
heating  f umaric  acid  with  a  solution  of  HC1  in 
glacial  acetic  acid  (Anschiitz  a.  Bennert,  B.  15, 
642).  Crystalline  solid.  Sol.  water  and  acetic 
acid,  si.  sol.  chloroform. 

CHC1.CO 

Anhydride   I  >0.     [41°].     (130°  at 

CH2 .  CO 

15  mm.).  Prepared  by  heating  the  acid  with 
acetyl  chloride.  Formed  as  a  by-product,  when 
maleic  anhydride  is  produced  by  heating  f  umaric 
acid  with  AcCl  for  8  hrs.  at  140°  (Perkin,  C.  J. 
41,  269).  Crystalline  solid.  Sol.  chloroform. 
On  heating  it  decomposes  into  maleic  anhydride 
and  HC1. 

Di-chloro-succinic  acid  C2H2C12(C02H)2.  Two 
acids  of  this  constitution  are  formed  by  the 
union  of  Cl  with  fumaric  and  maleic  acids  re- 
spectively. They  differ  in  melting-point  and 
solubility  (Petrieff,  Bl.  [2]  41,  309). 

Tetra-chloro-succinic  acid.  Per-chloro- 
ethyl  ether  C2C14(C02C2C15)2.  [116°-120°]. 
From  succinic  ether  and  Cl  in  sunshine  (Cahours, 

A.  47,  294).    Small  needles.     Decomposed  by 
solution  in  alcohol,  and  by  alcoholic  KOH,  tri- 
chloro-acetic  acid  being  among  the  products. 
Ammonia  forms  tri-chloro-acetamide  and  other 
products  (cf.  Malaguti,  A.  Ch.  [3]  16,  72). 

CHLOKO-SULPHO-ACETIC  ACID 
CHC1(S03H).C02H.  From  chlorp-acetic  acid  and 
C1S03H.  Formed  also  by  oxidation  of  thio- 
hydantoin  by  KC103  and  HC1  (Andreasch,  M.  7, 
159).  —  BaA"aq:  S.  2-5  at  17°.—  K^"  l£aq.— 
(NHJ-jA'':  needles,  v.  sol.  water.— Ag-jA'' |aq : 
prisms. 

CHLORO-SULPHO-BENZOIC  ACID 
C7H5C1S05  i.e.  C6H3C1(S03H)(C02H)  [I:3or5:2j. 
From  o-chloro-toluene  sulphonic  acid  by  oxida- 
tion with  chromic  mixture  (Hiibner  a.  Majert, 

B.  6,  792).— KHA"aq.— BaA"2aq.— PbA"2aq. 
Chloro-sulpho-benzoic  acid 

C6H5C1(S03H)(C02H)  [1:3 ?:5].  From  w-chloro- 
jbenzoic  acid  and  S03  (Otto,  A.  123,  216). 
Needles  (containing  a?aq);  v.  sol.  water,  alcohol, 
and  ether.  With  PC15  it  gives  di-chloro-benzoic 
chloride.-KHA"liaq.— K2A"3aq.— BaA"2aq.— 
BaHA",  4aq.— CaH.A",  3aq.  -Pb  A"  3aq. 

Amide  C6H3C1(S02NH2)(CONH2) :  crystals. 

Chloro-sulpho-benzoic  acid 
C6H3C1(S03H)(CO,H)    [1:2:4].     From  p-chloro- 
benzoic  acid  and  fuming  H2S04  at  130°  (Collen, 
A.  191,  29;  B.  9,  758,  1248).     Long  needles 
(from  water).     SI.  sol.  alcohol  and  ether. 

S  alt  s.— NaHA"  2aq.— Ag2A"  aq.— BaA"  3aq. 
MgA"  6aq.— ZnA"  4aq.— CuA"  6aq.— PbA"  4aq. 

Chloride  C6H3C1(S02C1)CO2H.  [140°- 
150°].  Needles  (from  ether). 

(a)-CHLORO-TEREBIC  ACID  C7H9C104  i.e. 
(CH3)2C.CH(C02H).CH2.CO.O  ?   (Frost,    A.  226, 


363).  [191°].  From  terebic  acid  (1  mol.)  and 
PC15  (3  mols.)  (Williams,  B.  6,  1097  ;  Koser,  A. 
220,  2G5).  The  (£)-isomeride  is  formed  at  the 
same  time.  V.  sol.  hot  water,  alcohol,  or  ether. 
At  150°  it  begins  to  sublime. 

Reaction.— -1.  Splits  off  HC1,  forming  terebi- 
lenic  acid  C7H804  (q.v.),  when  heated  to  200°,  or 
with  water  at  140°,  or  by  boiling  with  NaOEt 
(W.  Roser,  A.  220,  261).— 2.  Boiled  with  water 
and  CaC03  it  forms  oxy-terebic  acid.— 3.  With 


PCI,    at     130°-140°    forms    chloro-terebilenio 
acid. 

Salts.— CaA"  2aq.— AgHA".— PbA"  3aq. 

(j8)-Chloro-terebic  acid  C7H,C104  i.e. 
(CH3)2.C.CBr(C02H).CH2.CO.O(?)  [168°].  Formed 


by  the  action  of  Cl  on  teraconic  acid  in  presence 
of  water  in  the  cold.  Colourless,  transparent,  tri- 
metric  crystals ;  a:6:c  =  0-9827:1:0-7137.  Easily 
decomposed  by  boiling  water  into  HC1  and  tere- 
bilic  acid  :  C7H804  (Frost,  A.  226,,  363). 

CHLORO-TEREBILENIC  ACID  C7H7C104  i.e. 
Me2C.C(C02H):CCl.CO.O  (?)    [200°-203°].   From 


chloro-terebic  acid  [191°]  and  PC15  at  140°  (W. 
Eoser,   A.   220,   265).     Small  prisms.     V.  sol. 
water.     Not  affected  by  boiling  water,  hardly 
even  by  boiling  with  moist  Ag.,0. 
•Salt  s.— Ca  A'2  2aq.— AgA'. " 

CHLORO-TEREPHTHALIC  ACID 
C6H3.C1(C02H)2  [1:2:5].  [123"].  Formed  by 
oxidising  C6H3C1  (C.jH6)2  with  bichromate  mix- 
ture and  separating  the  two  isomeric  acids 
formed  by  boiling  water.  White  crystals ;  insol. 
boiling  aq ;  sol.  ammonia,  reppd.  by  HC1  as  a 
curdy  pp.  resembling  AgCl ;  si.  sol.  warm  alco- 
hol ;  sol.  benzene,  CHC13,  CS2  and  ether  ;  sol.  hot 
ligroiin.  Sublimes  at  100°.  It  distils  without 
forming  any  anhydride  (Istrati,  A.  Ch.  [6]  6, 
418). 

Chloro-terephthalic  acid  CtiH3Cl(C02H)2 
[2:1:4].  [above  300°].  Obtained  by  the  action  of 
cuprous  chloride  upon  the  diazo-  compound  from 
amido-terephthalic  acid.  Colourless  crystals. 
V.  sol.  alcohol  and  ether,  si.  sol.  hot  water.  — 
Ag-jA" :  white  pp. 

.      Di-methyl    ether   A"Me2:    [60°];    silky 
plates ;  v.  sol.  alcohol  and  ether,  si.  sol.  water. 

Chloride  C6H3C1(COC1)2 :  (c.  300°) ;  crys- 
talline. 

Amide  C6H3C1(CONH2)2:  [above 300°] ;  white 
crystalline  crusts ;  si.  sol.  water  (Ahrens,  B.  19, 
1638). 

Di-cWoro-terephtlialic  acid  C6H2C12(C02H)2 
[5:2:4:1].  From  the  dihydride  and  dilute  HN03. 
Hair-like  needles ;  does  not  melt  at  300°. 

Methyl  ether  Me.^A".     [132°]. 

Dihydride  C6H4C12(C02H)2.  [c.274°].  From 
succinyl- succinic  ether  (1  mol.)  and  PC15  (4  niok.) 
(Levy  a.  Andreocci,  B.  21,  1463).  Scales  (from 
water).  V.  sol.  alcohol  and  ether,  si.  sol.  benz- 
ene, CHC13,  and  CS.,.— BaA"3aq.— CaA"4aq.— 
NaHA"  3aq.— Ag,A"!— Me2A".  [110°].— Et.,A". 
[71°]. 

TRI-CHLORO-DI-THIENYL-ETHANE 
CC13.CH(C4H3S)2.  [76°].  Obtained  by  adding 
H.,S04  to  a  mixture  of  thiophene  and  chloral 
dissolved  in  acetic  acid  (Peter,  B.  17,  1341). 
Colourless  tables.  V.  sol.  ether,  petroleum- 
ether,  CS.,,  and  hot  alcohol,  si.  sol.  cold  alcohol. 
Heated  with  isatin  and  'EL2S04  it  gives  a  violet- 
red  colour. 

DI-CHLORO-DI-THIENYL-ETHYLENE 
CC12:C(C4H3S)2.  Formed  by  boiling  tri-chloro- 
di-thienyl-ethane  with  alcoholic  KOH,  or,  better, 
KCN  (Peter,  B.  17,  1343).  Colourless  oil.  Vola- 
tile with  steam.  With  isatin  and  H2S04  it  gives 
a  violet-blue  colour. 

CHLORO-THIENYL  METHYL  KETONE 
C4SH,C1.CO.CH3.     Chloro-acetothienone.    [52°]. 
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CHLORO-THIENYL  METHYL  KETONE. 


Formed  by  the  action  of  acetyl  chloride  upon 
chloro-thiophene  in  presence  of  A12C16.  Large 
colourless  tables  (from  alcohol  or  ether).  Very 
volatile  with  steam.  By  alkaline  KMn04  it  is 
oxidised  to  chloro-thiophene-carboxylic  acid 
[140°]. 

Phenyl-hydrazide 

C4SH,Cl.C(N2HPh).CH3 :  [108°];  yellow  tables ; 
sol.  hot  alcohol  (Gattermann  a.  Bomer,  B.  19, 
693). 

Isomeride  :  THIENYL  CKLORO-METHYL  KETONE. 

CHLOKO-THIO-ACETIC  ACID  CH2C1.CS.OH. 

Ethyl  ether  A'Et.  (167°).  Prepared  by 
heating  chloro-acetic  ether  with  P2S5  at  140° 
(Meyer,  B.  14,  1508).  Liquid. 

Di-chloro-thio-acetic  acid  CHC12.CS.OH. 

Ethyl  ether  A'Et.  (178°).  Prepared  by 
heating  di-chloro-acetic  ether  with  P2S5  at  180° 
(Meyer,  B.  14,  1507).  Oil. 

p-CHLORO-DI-THIO-BENZOIC  ACID 
CgH^l.CS-jH.    From  C6H4C1.CC13  and  alcoholic 
potassium  sulphide  (Engelhardt  a.  Latschinoff, 
Z,  1868,  459).— HgA'2 :  greenish -golden  laminae 
(from  alcohol). — PbA'2:  brick-red  pp. 

CHLORO-THIO-CARBONYL  CHLORIDE  v. 
THIO-CARBONYL  CHLORIDE,  vol.  i.  p.  695.  See  also 
PER-CHLORO-METHYL  MERCAPTAN. 

CHLORO  -  THIO  -  CARBONYL  SULPHUR- 
CHLORIDE  CSC1.SC1.  (140°  in  vacuo).  Oil. 
Formed  by  heating  CSC12  with  sulphur  at  130°- 
150°.  By  chlorine  it  is  converted  into  per- 
chloro-methyl-mercaptan  and  sulphur  chloride, 
as  follows  :  2CSC1.SC1  +  3C12  =  2CC13.SC1  +  S2C12. 
Heated  with  sulphur  at  about  160°  it  yields  CS2 
and  S^  (Klason,  B.  20,  2381). 

CHLORO-THIO-FORMIC  ACID  Cl.CO.S.H. 

Amyl  ether  Cl.CO.S.C5Hn.  (193°).  S.G. 
v*  1-078.  JUD  1-4766. 

Preparation. — By  saturating  amyl  mercaptan 
with  COC12,  and,  after  a  few  days,  fractionally 
distilling  the  product  (H.  Schone,  J.  pr.  [2]  32, 
243). 

Properties. — A  liquid  of  unpleasant  odour, 
between  that  of  amyl  alcohol  and  that  of  mer- 
captan. It  does  not  fume  in  the  air. 

Reactions. — 1.  Converted  by  NaSMe  into 
CO(SC5Hn)(SMe).— 2.  Converted  by  NaOEt 
into  CO(SC5Hn)(OEt).— 3.  Dry  NH3  forms 
CO(SC5Hn)(NH2).— 4.  With  aniline  it  forms 
CO(S.C5Hu)NPhH  (v.  PHENYL  THIO-CARBAMIC 
ACID).  —  6.  It  reacts  with  urea  forming 
NH2.CO.NH.CO.SC5Hn  (v.  THIO- ALLOPHANIC  ACID). 
6.  With  phenyl  -  thio  -  urea  it  gives  rise  to 
NPhH.CS.NH.CO.S.C.H,,  (v.  PHENYL-DI-THIO- 
ALLOPHANIC  ACID). — 7.  With  diphenyl-thio-urea  it 
forms  NPhH.CS.NPh.CO.S.C5HM  (v.  DI-PHENYL- 

DI-THIO-ALLOPHANIC  ACID). 

Ethyl  ether  Cl.CO.SEt.  (136°).  S.G.  is 
1-84.  From  COC12  and  mercaptan  (Salomon, 
J.  pr.  [2]  7,  252).  Oil.  Converted  by  NH3  into 
NH^CO.SEt. 

Chloro-thio-formic  acid  Cl.CS.OH. 

Ethyl  ether  Cl.CS.OEt.  (136°).  Formed 
in  small  quantity  by  the  action  of  alcohol  on 
CSC12  (Klason,  B.  20,  2384).  Converted  by  NH3 
into  xanthogenamide  NH2.CS.OEt. 

Chloro-di-thio-formic  ether  Cl.CS.SEt.  (100°) 
in  vacua.  S.G.  ^  1-141.  From  CSC12  and  EtSH. 
Yellow  oil,  smelling  like  garlic  (K.). 

CHLORO-THIOPHENE  C,H3C1S.  (130°). 
Obtained,  together  with  di-chloro-thiophene,  by 


passing  chlorine  into  crude  thiophene  (Weitz,  B. 
17,  794).  Strongly  refractive  colourless  oil. 
Gives  the  indophenine  reaction. 

Di-chloro-thiophene  C4H2C1,S.  (170°).  Ob- 
tained, together  with  the  mono-chloro-thiophene, 
by  passing  chlorine  into  crude  thiophene  (Weitz, 
B.  17,  794).  Heavy  oil.  Gives  the  indophenine 
reaction. 

Tri-chloro-thiophene  C4SHC13.  (206°  uncor.). 
A  by-product  in  the  preparation  of  tetra-chloro- 
thiophene  (Kosenberg,  B.  19,  650).  Heavy  oil. 
Gives  the  indophenine  reaction. 

Tetra-chloro-tMophene  C4C14S.  [36°].  (245°). 
Obtained  by  passing  chlorine  into  di-bromo- 
thiophene  (Weitz,  B.  17,  792).  Long  white 
needles. 

CHLORO-THIOPHENE-CARBOXYLIC  ACID 
C4SH2C1(C02H).  Chloro-thiophenic  acid.  [140°J. 
Formed  by  oxidation  of  chloro-thienyl  methyl 
ketone  with  alkaline  KMn04.  Colourless  needles 
(from  hot  water).  Sublimes  in  spikes.  SI.  sol. 
water  (Gattermann  a.  Eomer,  B.  19,  694). 

TETRA  -  CHLORO  -  THIOPHENE  TETRA  - 
CHLORIDE  C4C18S.  [215°]. 

Preparation. — Chlorine  is  passed  into  a  solu- 
tion of  iodo-thiophene  in  CHC13.  The  liquid  is 
shaken  with  aqueous  NaOH,  the  chloroform 
evaporated,  the  residue  extracted  with  alcohol 
and  crystallised  from  chloroform. 

Properties. — Thick  prisms,  resembling  urea. 
A  pungent,  but  not  unpleasant  odour.  V.  sol. 
chloroform,  ether,  benzene,  CS2,  glacial  acetic 
acid,  and  alcohol  (C.  Willgerodt,  J.  pr.  [2]  33, 
150). 

TRI  -  CHLORO  -  THIOPHENE  -  SULPHONIC 
ACID  C4SC13.S03H.  Formed  by  boiling  the  an- 
hydride with  water  or  alkalis. 

Anhydride  (C4SCla.S02)20.  Formed  by  the 
action  of  pyrosulphuric  acid  upon  tri-chloro- 
thiophene.  White  glistening  crystals.  Sol. 
benzene,  nearly  insol.  water,  alcohol,  and  ether 
(Kosenberg,  B.  19,  651). 

CHLORO  -  THYMOHYDROQUINONE  v. 

CHLORO-HYDRO-THYMOQUINONE. 

TRI  -  CHLORO  -  THYMOL  C10HMC130  i.e. 
C6C13(C3H7)(CH3)(OH).  [61°].  From  thymol  and 
Cl  in  daylight  (Lallemand,  A.  Ch.  [3]  49,  148). 
Lemon-yellow  monoclinic  prisms.  Decomposes 
at  about  180°.  Cone.  H.,S04  at  100°  converts  it 
into  a  crystalline  body  [4~5°]  (250°). 

Penta-chloro-thymol  C10H9C15O.  [98°].  From 
thymol  and  Cl  in  bright  daylight  (L.).  Hard 
crystals.  At  200°  it  splits  up  into  propylene, 
HC1,  and  tri-chloro-cresol. 

o-CHLORO-THYMOQUINONE  C6HMePrC102 
[1:4:2:3:6].  Formed  by  oxidation  of  the  corre- 
sponding hydroquinone  with  Fe2Clg.  Yellowish 
mobile  oil.  Easily  volatile  with  steam.  V.  sol. 
alcohol  and  ether  (Sohniter,  B.  20,  1317). 

m  -  Chloro  -  thymoquinone  C6HMePrC102 
[1:4:5:3:6].  Formed  from  7n-bromo-thymoquinone 
by  treatment  with  chlorine,  the  Br  being  re- 
placed by  Cl.  Oil  (Schniter,  B.  20,  1319). 

Di  -  chloro  -  thymoquinone       CttCl.,MePr<\  A 

[99°].  The  ethereal  extract  from  the  product  of 
the  action  of  HC1  on  thymo-quinone-chlor- 
imide  (q.  v.)  is  evaporated  and  distilled  with 
steam.  It  crystallises  in  the  receiver. 

Properties. — Trimetric  tablets  (from  alcohol). 
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Turned  brown  by  light.  Not  reduced  by  SO., 
(Andresen,  J.pr.  [2]  23,  176). 

CHLOBO  -  THYMO  -  QUINONE      CHLOE  - 

IMIDE  C6HClMePr<;§cl.    An  oil  prepared  by 

adding  a  solution  of  bleaching  powder  to  the 
hydrochloride  of  chloro-amido-thymol,  exactly 
as  described  under  thymo-quinone-chlorimide. 

Reactions.—  Cone.  HC1  acts  upon  it  exactly 
as  it  does  upon  thymo-quinone-chlor-imide, 
forming  chloro-amido-thymol,  chloro-thymo- 
quinone,  and  di-chlorothymoquinone  (a.  v.)  (An- 
dresen, J.  pr.  131,  187). 

CHLOKO-TIGLIC  ACID  C4H.C1.CO,H.  [69°]. 
(210°).  Formed  by  the  action  of  alcoholic 
KOH  upon  (a)-di-chloro-di-methyl-succinic  acid 
C02H.CClMe.CClMe.C02H,  or  by  heating  the 
silver-salt  with  water  (Otto  a.  Beckurts,  B.  18, 
853).  Formed  also  by  treating  methyl-aceto- 
acetic  ether  with  PC15  followed  by  water  (Eiicker, 
A. 201,  54;  Demarcay,  B.  10,  1177).  Glistening 
plates,  or  small  needles.  Sublimable  and  easily 
volatile  with  steam.  V.  sol.  alcohol  and  ether, 
si.  sol.  cold  water.  Decomposed  by  aqueous 
KOH  at  150°  into  C02  and  methyl  ethyl  ketone 
(Friedrich,  A.  219,  359).— BaA'2.— ZnA'2liaq.— 
AgA'. 

E  thy  I  ether  EtA'.  (174°)  (E.) ;  (179°)  (D.). 
Oil. 

DI-CHLORO-TOLUCAKBOSTYRIL      v.      Di- 

CHLORO-OXY-METHYL-QUINOLINE. 

o-CHLORO-TOLUENE  C7H7C1  i.e. 
C6H4(CH3)C1  [1:2].     Mol.w.  126|.    (154°  uncor.). 

Formation. — 1.  In  small  quantity,  together 
with  the  ^-modification,  by  chlorinating  toluene 
in  presence  of  iodine  (Hiibner  a.  Majert,  B.  6, 
790). — 2.  By  running  a  solution  of  NaN02  into  a 
hot  solution  of  o-toluidine,  and  Cu2Cl2  in  dilute 
HC1  (Sandmeyer,  B.  17,  2651 ;  cf.  Beilstein  a. 
Kuhlberg,  A.  156,  79). — 3.  By  heating  o-diazo- 
toluene  with  a  large  excess  of  strong  HC1 ;  the 
yield  is  40  p.c.  of  the  theoretical  (Gasiorowski  a. 
Wayss,  B.  18,  1939).— 4.  By  decomposing  with 
superheated  steam  the  sulphonic  acid  obtained 
by  acting  on  commercial  mono-chloro-toluene 
with  sulphuric  acid.  The  o-  compound  is  much 
more  easily  sulphonated  than  the  p-  compound, 
and  the  Ca  and  Na  salts  of  the  resulting  acid  are 
much  less  soluble.  The  separation  is,  however, 
not  a  perfect  one  (Seelig,  A.  237,  151,  155). 

Properties. — Liquid.  Converted  by  oxidation 
into  o-chloro-benzoic  acid  (Wroblewsky,  Z.  [2] 
5,  460).  On  nitration  it  gives  a  mixture  of 
C6H4(CH,)C1(N02)  [1:2:5]  and  [1:2:6]  (Honig,  B. 
20,  2417). 

w-Chloro-toluene  C?H4(CH3)C1  [1:3].  (156°). 
From  w-toluidine  by  displacement  of  NH2  by  Cl 
through  the  diazo-  reaction.  Formed  also  by 
eliminating  NH2  from  chloro-jp-toluidine  (Wro- 
blewsky, A.  168,  199).  Oxidised  by  Cr03  to  m- 
chloro-benzoic  acid. 

_p-Chloro-toluene  C6H4(CH3)C1  [1:4].  [6-5°]. 
(160°).  S.V.  134-91  (E.  Schiff,  A.  220,  99). 
S.G.  i±  1-080. 

Formation. — 1.  By  chlorinating  toluene  in 
presence  of  iodine,  MoCl5,  or  other  carriers 
(Deville,  A.  Ch.  [3]  3,  178 ;  Beilstein  a.  Geitner, 

A.  139,  331 ;  Bl.  [2]  1, 251 ;  Aronheim  a.  Dietrich, 

B.  8,  1402).— 2.  By  running  a  solution  of  NaN02 
into  a  hot  solution  of  ^-toluidine  and  Cu2Cl2  in 
dilute  HC1  (Sandmeyer,  B.  17,  2651;  c/.  Hiibner 


a.  Majert,  B.  6,  794).— 3.  By  heating  jp-diazo- 
toluene  with  a  large  excess  of  HC1 ;  the  yield  is 
40  p.c.  of  the  theoretical  (Gasiorowski  a.  Wayss, 
B.  18,  1939). 

Properties.— Liquid.  Not  attacked  by  water 
at  200°,  nor  by  alcoholic  NH,  at  100°  or  alcoholic 
Na.,S,  NaHS,  or  NaOEt  at  150°.  Chromic  mixture 
gives  p-chloro-benzoic  acid.  On  nitration  it  gives 
(4:2:1)  chloro-nitro-toluene  [38°],  and  (4:3:1) 
chloro-nitro-toluene  [9°]  (Goldschmidt  a.  Honig, 
B.  19,  2438). 

w-chloro-toluene  v.  BENZYL  CHLORIDE. 

(0)-Di-chloro-toluene  CtiH3(CH<)CL,[l:2:4]. 
(197°)  (8.).  S.G.  §g  1-2460  (L.'  a.  K.).  From 
CbH3MeCl(N02)[l:2:4]  via  CfiH3MeCl(NH,)  (Lell- 
mann  a.  Klotz,  A.  231,  314).  Formed  also  by 
chlorinating  p-chloro-toluene  (Seelig,  A.  237, 
167).  Oil.  Gives  di-chloro-benzoic  acid  [158°]. 

Di-chloro-toluene  C8H3(CH3)C12[1:2:5].  [5°] 
(194°  uncor.)  at  745  mm.  S.G.  §g  1-2535.  From 
C,.H3Me(NH2)Cl[l:2:5]  by  diazo-  reaction  (Lell- 
mann  a.  Klotz,  A.  231,  318).  Gives  di-chloro- 
benzoic  acid  [156°]. 

Di-chloro-toluene  C6H3(CH3)C12[1:3:5].  [26°]. 
(195°  uncor.)  at  729  mm.  Prepared  from 
C6H2Me(NH.2)Cl2[l:4:3:5]  by  diazo-  reaction  (Lell- 
mann  a.  Klotz,  A.  231,  323).  Gives  di-chloro- 
benzoic  acid  [182°]. 

(o)-Di-chloro-tolnene  C6H3(CH3)C12[1:2:3]. 
(197°).  Formed  by  the  action  of  chlorine  on 
toluene  in  presence  of  ferric  chloride  or  other 
carriers  (Seelig,  A.  237,  157).  Yields  a  nitro- 
derivative  [51°]  or  a  dinitro-  derivative  [122°]. 
On  oxidation  with  alkaline  permanganate  it  gives 
di-chloro-benzoic  acid  [166°]. 

Di-chloro-toluene  C,.H3(CH3)C12  [1:3:4].  (200° 
uncor.)  at  740  mm.  S.G.  f£  1-2512. 

Formation.-!.  From  CtiH3MeCl(NH2)  [1:3:4] 
by  diazo-  reaction  (Lellmann  a.  Klotz,  A.  231, 311). 
2.  A  product  of  the  chlorination  of  toluene  in 
presence  of  carriers  (Beilstein  a.  Geitner,  A.  189, 
341 ;  Beilstein  a.  Kuhlberg,  A.  150,  313 ;  Aron- 
heim a.  Dietrich,  B.  8,  1401 ;  Neuhof,  Z.  [2]  2, 
653  ;  Schultz,  A.  187,  263).— 3.  From  chloro-jD- 
cresol  and  PC15  (Schall  a.  Dralle,  B.  17,  2535). 

Properties.  —  Oil.  Gives  on  oxidation  di- 
chloro-benzoic  acid  [201°]. 

a>p-Di-chloro-toluene  [4:1]  C6H4C1.CH2C1.  p. 
Chloro-benzyl  chloride.  [29°].  (213°). 

Formation. — 1.  By  chlorinating  p-chloro- 
toluene  at  160°  (Neuhof,  A.  146,  320;  Jackson  a. 
Field,  Am.  2,  85  ;  P.  Am.  A.  14,  54  ;  B.  11,  904). 
2.  By  chlorinating  cold  benzyl  chloride  in  pre- 
sence of  iodine  (N.). 

Properties. — Needles  or  prisms ;  insol.  water, 
sol.  alcohol  and  ether.  Powerfully  attacks  the 
mucous  membrane.  Very  volatile.  Oxidation 
gives  jp-chloro-benzoic  acid.  Boiling  water  forms 
2>-chloro-benzyl  alcohol.  Boiling  aqueous  Pb(NO:j)2 
gives  £>-chloro-benzoic  aldehyde.  Alcoholic  KCy 
forms  phenyl-acetonitrile. 

ow  -  Di  -  chloro  -  toluene  v.  BENZYLIDENE 

CHLORIDE. 

(a)-Tri-chloro-toluene  C6H2(CH3)C13  [1:2:4:5]. 
[82°].  (230°).  Is  formed,  together  with  the  (£)- 
derivative,  by  passing  chlorine  into  toluene  in 
presence  of  Fe2Cl6  or  other  carriers  (Limpricht, 
A  139,  303 ;  Aronheim  a.  Dietrich,  B.  8,  1401  ; 
Schultz,  A.  187,  274  ;  Seelig,  A.  237, 133).  Long 
needles,  sol.  alcohol.  Forms  a  sulphonic  acid, 
which  is  decomposed  by  superheated  steam  at 
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160°.     Chromic  mixture  oxidises  it  to  tri-chloro- 
benzoic  acid  [163°]  (Janasch,  A.  142,  301). 

(£) -Tri-chloro-toluene  C6H2(CH3)C13  [1:2:3:4]. 
[41°].  (232°).  Is  formed  together  with  the  (a) 
isomeride  by  passing  chlorine  into  toluene  in 
presence  of  Fe2Clfi  (Seelig,  A.  237,  133).  Forms 
a  sulphonate,  which  is  decomposed  by  super- 
heated steam  at  about  210°.  Gives  tri-chloro- 
benzoic  acid  [129°]. 

w-exo-Tri-chloro-toluene  C6H3CL,.CH2C1. 
(240°).  S.G.  1-44.  A  product  of  the  chlorination 
of  toluene  and  of  benzyl  chloride  (Naquet,  A. 
Suppl.  2,  248 ;  Kekule,  K.  2,  561).  Formed  also 
by  chlorinating  boiling  di-chloro-toluene  (Beil- 
stein  a.  Kuhlberg,  A.  146,  317).  Liquid.  Alco- 
holic KOAc  gives  CtiH3Cl2.CH2OAc. 

owo-Tri-chloro-toluene  [2:1]  G^OLOHdy 
o-Cliloro-benzylidene  chloride,  (c.  230°).  From 
salicylic  aldehyde  and  PC15  (Henry,  B.  2,  135 ; 
Z.  [2]  5,  371).  Formed  also,  together  with  the 
following,  by  chlorinating  benzylidene  chloride 
in  presence  of  iodine  (B.  a.  K.).  Water  at  170° 
converts  it  into  chloro-benzoic  aldehyde.  Chromic 
mixture  forms  o-chloro-benzoic  acid.  Distillation 
with  dry  oxalic  acid  forms  o-chloro-benzoic  alde- 
hyde (Anschiitz,  A.  226,  19). 

ojewp-Tri-chloro-toluene  [4:1]  CBH4C1.CHC12. 
p-Chloro-benzylidene  chloride.  (234°).  Formed 
as  above  (B.  a.  K.).  Kesembles  the  preceding  in 
its  reactions. 

ttww-Tri-chloro-toluene  v.  BENZOTKICHLOBIDE. 

Tetra-chloro-toluene  C6HC14.CH3.  [96°]  (L.) ; 
[91°]  (B.  a.  K.).  (276°  cor.).  Among  the  pro- 
ducts of  chlorinating  toluene  in  presence  of  SbCl5 
(Limpricht,  A.  139, 327).  Slender  needles  (from 
alcohol). 

Tetra-chloro-tolaene  C7H4C14.  (280°-290°). 
From  di-chloro-toluene  tetrachloride  and  alco- 
holic KOH  (Pieper,  A.  142,  305). 

Tetra-chloro-toluene  C^C^CH.^!.  Tri- 
chloro-benzyl  chloride.  (273°).  S.G.  ^  1-547. 
From  C6H2C13.CH3  and  Cl  at  high  temperatures 
(Beilstein  a.  Kuhlberg,  A.  150,  286). 

Tetra-chloro-toluene  C6H3C12.CHC12  [4:3:1]. 
(a)-Di-chloro-benzylidene  chloride.  (257°).  S.G. 
22  1-518.  From  Cl  and  boiling  (4,3,l)-di-chloro- 
toluene  (B.  a.  K.).  Water  at  220°  gives  di-chloro- 
benzoic  aldehyde. 

Tetra-chloro-toluene  C6H3C12.CHC12  [1:3:6]. 
(&)-Di-chloro-benzylidene  chloride,  (c.  260°) 
Formed  by  passing  chlorine  into  (£) -di-chloro-to- 
luene heated  at  230°  (Seelig,  A.  237,  167).  Is 
converted  into  dichlorobenzoic  aldehyde  on 
treating  with  cone.  H,S04. 

Tetra-chloro-toluene  [2:1]  C6H4C1.CC13.  o- 
Chloro-bcnzotrichloride.  [30°].  (260°).  From 
o-oxy-benzoic  acid  by  distilling  with  PC15  (Kolbe 
a.  Lautemann,  A.  115, 195).  Water  at  150°  gives 
o-chloro-benzoic  acid. 

Tetra-chloro-toluene  [3:1]  C6H4C1.CC13.  m- 
Chloro-benzotrichloride.  (235°).  From  w-sul- 
pho-benzoic  acid  and  PC13  (Carius  a.  Kammerer, 
A.  131,  158). 

Tetra-chloro-toluene  [4:1]  CtiH4Cl.CCl3.  p- 
Chloro-benzotrichloride.  (245°). 

Formation. — 1.  From  benzotrichloride  and 
Cl  in  presence  of  carriers  (Beilstein  a.  Kuhlberg, 
A.  146, 317).— 2.  From  benzoyl  chloride  and  PC15 
(Limpricht,  -4.134,  57). — 3.  Fromj9-oxy-benzide 


and  PC15.    The  product  is  freed  from 
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POC13  by  disflllalion,  and  the  residue  shaken 
with  dilute  NaOH  (Klepl,  J.pr.  [2]  28,  204). 

Properties. — Oil.  Converted  by  warm  cone. 
H2S04  or  by  water  at  200°  into  ^-chloro-benzoic 
acid. 

Penta-chloro-toluene  C6C15.CH3.  [218°]. 
(301°).  Formed  by  chlorinating  toluene  in  pre- 
sence of  iodine  (B.  a.  K.).  Needles  (from  benzene). 

Penta-chloro-toluene  C6HC14.CH2C1.  Tetra- 
chloro-benzyl  chloride  (296°).  S.G.  as.  1-634. 
From  boiling  tetra-chloro-toluene  and  Cl  (B.  a. 
K.).  Further  chlorination  gives  C6C16  and  CC14 
(Beilstein  a.  Kuhlberg,  Z.  [2]  5,  527). 

Penta-chloro-toluene  C6H.,C1,.CHC12  [2:4:5:1]. 
(a)-Tri-chloro-benzylidene  chloride.  (281°).  S.G. 
22  1-607.  From  Cl  and  boiling  tri-chloro-toluene 
(B.  a.  K.).  Needles  (below  0°).  Water  at  250° 
or  cold  fuming  H2S04  gives  tri-chloro-benzoic 
aldehyde. 

Penta-chloro-toluene  C6H,C13.CHC12  [4:3:2:1]. 
(0)-Tri-chloro-benzylidene  chloride.  [84°].  (c. 
280°).  Formed  by  passing  chlorine  through 
boiling  (0) -tri-chloro-toluene  (Seelig,  A  237, 146). 
Oil  solidifying  to  a  crystalline  mass.  Sol.  petro- 
leum ether.  Treated  with  fuming  sulphuric  acid 
it  forms  (£)  -tri-chloro-benzoic  aldehyde. 

Penta-chloro-toluene  C6H3C12.CC13.  Di- 
ehloro-benzotrichloride.  (273°).  S.G.  Si  1-587. 
From  crude  di-chloro-toluene  and  Cl  (B.  a.  K.). 
Water  at  200°  gives  a  mixture  of  di-chloro-ben- 
zoic  acids. 

Hexa-chloro-toluene  C7H2C16  i.e.  C6C15.CH2C1. 
Penta-chloro-benzyl  chloride.  [103°].  (326°). 
From  benzyl  chloride  and  Cl  in  presence  of 
SbCl5.  Formed  also  by  chlorinating  boiling 
penta-chloro-toluene  (B.  a.  K. ;  cf.  Deville,  A. 
44,  304).  Slender  needles;  si.  sol.  alcohol;  v. 
sol.  benzene.  Alcoholic  KOAc  at  200°  gives 
C6C15.CH2OH. 

Hexa-chloro-toluene  CtiHCl4.CHCl2.  Tetra- 
chloro-benzylidene  chloride.  (306°).  S.G.  ss 
1-704.  From  Gland  boiling  tetra-chloro-toluene 
C6HC14.CH3  (B.  a.K.).  Water  at  280°  gives  tetra- 
chloro-benzoic  aldehyde. 

Hexa-chloro-toluene  C6HC13.CC13.  Tri-chloro- 
benzotrichloride.  [82°].  (308°).  From  Cl  and 
boiling  C.iHClg.CHg  (Beilstein  a.  Kuhlberg,  A.  150, 
305).  Slender  needles  (from  alcohol).  Water  at 
260°  gives  tri-chloro-benzoic  acid. 

Hepta-chloro-toluene  CBC13.CHC12.  Penta- 
chloro-benzylidene  chloride.  [110°].  (334°). 
Formed  by  chlorinating  benzylidene  chloride 
with  the  aid  of  carriers  (B.  a.  K.).  Flat  lamime 
(from  alcohol).  SI.  sol.  cold  alcohol,  v.  sol.  boil- 
ing alcohol.  Water  at  300°  does  not  act  upon  it. 

Hepta-chloro-toluene  C6HC14.CC13.  [104°]. 
(316°).  From  Gland  boiling  C6HC14.CH3  (B.  a. 
K.).  Short  needles  (from  alcohol) ;  m.  sol.  hot 
alcohol.  Water  at  270°  gives  tetra-chloro-benzoic 
acid. 

CHLOKO  -  TOLUENE  -  AZOXY  -  CHLORO  - 
TOLUENE  v.  AZOXY-  COMPOUNDS. 

DI-CHLOEO -TOLUENE  TETRACHLORIDE 
C7H6C16  i.e.  CtiH3Cl6.CH3.  [150°].  From  toluene 
and  Cl  (Pieper,  A.  142,  304).  Prisms  (from  CS2). 
Alcoholic  NaOH  at  110°  gives  di-chloro-benzoic 
acid  [203°]  and  tetra-chloro -toluene  (c.  285°). 

^-CHLORO-TOLUEN  E- (j3) -SUL PHONIC  ACID 

0^^1601(80^)  [1:4:2].  From  jp-chloro-toluene 

and  H2S04   (Vogt  a.  Henninger,  A.  165,  362). 

j  Also  from  the  corresponding  ^-toluidine  o-sul- 
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phonic   acid  by  displacement    of  NHL,   by  01 
(Jenssen,  A.  172,  239). 

Salts.— BaA'2l|aq:  S.l-9  at  16°.— BaA'  aq 
(Hiibner  a.  Majert,  B.  6,  790).  —  KA'aq  — 
CaA'2  6aq.— PbA'2  8aq.— CuA'2  7aq. 

Amide  CtiH3Cl.Me.S02NH,  [138°].  From 
C6H3(NH2)Me.S02NH2  by  HC1  and  nitrous  acid 
gas  (Hef?ter,A  221,  209). 

p-Chloro-toluene  (a)-sulplionic  acid 
CaHaMeCl(S03H)  [1:4:3].    Formed,  together  with 
the  preceding,  by  sulphonating  ^-chloro-toluene 
(Vogta.Henninger,AC/i.  [4J  27, 129).  Converted 
by  potash-fusion  into  orcin. 

Salts.  —  KA'|aq:  lamin®.  —  NaA'5aq.  — 
BaA'2  2aq :  S.  5-71  at  16-5°  (V. a.  H.).— BaA'2  ±aq : 
S.  14  at  14-5°  (Hiibner  a.  Majert,  B.  6,  790).— 
BaA'2  aq  (V.  a.  H.).— BaA'2  7aq  (Engelbrecht,  B. 
7,  796).— CdA'2  2aq.— PbA'2  6aq.— CuA'2  lOaq. 

o-Chloro-toluene  sulphonic  acid 
CuH3MeCl(S03H)  [I:2:3or5].;  From  o-chloro- 
toluene  and  H2S04  (Hiibner  a.  Majert.B.  0,  790). 
Sodium  amalgam  gives  toluene  w-sulphonic  acid. 
Oxidation  forms  chloro-sulpho-benzoic  acid. — 
NH4A'  aq.  —  KA'  ^aq.  —  NaA'  ^aq.-BaA'2  2aq.- 
CaA'2  2aq.-PbA'2  2aq.— CuA'2  £aq. 

Chloro-toluene  sulphonic  acid 
CaH3MeCl(S03H)  [1:2:4].    From  the  amide  and 
HClatl50°.     Salts.— BaA'0.— KA'. 

Chloride  CtiH3ClMe.SO2Cl.     Oil. 

Amide  C^Med-SO^H,,.  [135°].  From 
C6H3Me(S02NH,)  .N2.NH.C6H3Me.S02NH2  and 
HC1  (Paysan,  A.  221,  212). 

^-Chloro-toluene  w-sulphonic  acid 
[4:l]C6H4Cl.CHrS03H.  Chlorobenzyl  sulphonic 
acid.  [108°]  (?).  From  CKH4C1.CH2C1  and 
aqueous  K2S03  (Bohler,  A.  154,  56;  Vogt  a. 
Henninger,  A.  Ch.  [4]  27,  129 ;  Jackson  a.  White, 
Am.  2,  159 ;  P.  Am.  A.  14,  312 ;  B.  13,  1217). 
Potash-fusion  gives  j>-oxy-benzoic  acid. 

Salts.— KA'  (B.;  J.  a.W.)  -KA'aq  (V.a.H.) : 
sol.  boiling  alcohol.— NaA' :  flat  crystals  (from 
water)  or  pearly  scales  (from  alcohol).— BaA'2aq. — 
BaA'2  2aq  (J.  a.  W.) :  Needles.— CaA'2  2aq.— 
CaA'2  7aq  (J.  a.  W.) ;  trimetric  crystals. — 
CuA'22aq:  pale  green  needles.— PbA'2  aq  (J.  a. 
W.)  :  long  needles.  —  A'PbOHaq.  -  A'2Pb302: 
Needles. 

Chloride  C6H4C1.CH2.S02C1.  [85-5°]:  flat 
crystals,  v.  sol.  ether. 

CHLORO-o-TOLUIC  ACID  CliH3(CH3)Cl.C02H 
[2:4:1].  [130°].  Formed,  together  with  the  [6:3:1] 
isomeride  [166°],  by  oxidation  of  chloro-o-xylene 
C6H3(CH3)2C1  [1:2:4]  with  HNO3  (Kriiger,  B.  18, 
1757).  Fine  needles  or  thick  prisms.  By  further 
oxidation  by  means  of  KMn04  both  acids  yield 
chloro-phthalic  acid  [130°-134°].  By  KOH 
fusion  it  is  converted  into  oxy-o-toluic  acid 
CdH3(CH3)(OH)C02H  [2:4:1]  .-CaA'2  3aq. 

Chloro-p-toluic  acid  C6H3(CH3)C1(C02H) 
[4:2:1].  [150°].  Formed  by  the  action  of  boiling 
dilute  HN03  on  chloro-cymene  (derived  from 
thymol  and  PC15).  Slightly  volatile  with  steam. 
(Fileti  a.  Crosa,  G.  16,  290). 

Chloro-o4oluicacidC6H3(CH3)Cl.C02H[2:3:l]. 
[154°].  Formed  by  oxidation  of  chloro-o-xylene 
C6H3(CH3).,Cl  [1:2:3]  by  HN03  (Kriiger,  B.  18, 
1758).  Needles.  V.  sol.  alcohol.  By  further 
oxidation  by  means  of  KMn04  it  yields  chloro- 
phthalic  acid  [181°]. — A'2Ca2aq:  sparingly 
soluble  long  prisms. 
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H3(CH3)C1.C02H[C:3:1]. 
together  with  the  isomeride 
2:4:1),  by  oxidation  of  chloro  -  o  -  ivlene 
C  H  (CH,)2C1  [l:2:4],with  HNO3  (Kruger,  B,  18, 
1757).  Needles.  Sol.  alcohol,  v.  si.  sol.  water! 
By  further  oxidation  by  means  of  KMnO.  both 
acids  yield  chloro-phthalic  acid  [130°-134°]. 
By  KOH  fusion  it  yields  oxy-o-toluic  acid  [173°]. 
—  A  2Ca  2aq  :  sparingly  soluble  short  prisms 

Chloro-p-toluic  acid  CaH,(CH3)Cl(CO.H) 
[4:3:1].  [196°].  Formed  by  th'e  action  tof  Lfing 
dilute  HN03  on  the  chloro-cymene  that  is  ob- 
tained from  carvacrol  and  PCI,  (Fleischer  a 
Kekute,  B.  6,  1090  ;  v.  Gerichten,  B.  10,  1249  ; 
11,  366).  Lamina).—  CaA'2  3aq.—  BaA'  4aq. 

Chloro  -  m  -  toluic  acid     C,. 


Formation.—  1.  By  oxidation  of  chloro-w- 
xylene  CKH:!(CH3),C1  [1:3:4]  with  K,Cr.207  and 
ILSO,  (Vollrath,  Bl.  [2]  7,  342;  Jacobsen,  B 
18,  1761).  —  2.  From  C0H((CH3)(NO.,)(C02H) 
[3:4:1]  by  displacement  of  N02  by  Cl  (Beilstein 
a.  Kreusler,  A.  144,  182;  Bemsen  a.  Kuhara, 
Am.  3,  431). 

Properties.—  Needles  (from  alcohol).  By 
KOH  fusion  it  gives  oxy-w-toluic  acid  [173°]. 

Salts.—  BaA'o3aq:  slender  needles  (V.~).— 
CaA'23aq. 

Ethyl  ether  EtA'.    (263°). 

w-Chloro  -  o  -  toluic  acid  Amide  [2-1] 
CH2C1.C6H4.CONH2.  [c.1800].  From  the  nitrile 
and  H2S04  at  90°,  followed  by  water  (Gabriel 
B.  20,  2234).  Slender  needles  (from  alcohol). 
Boiling  water  converts  it  into  phthalide.  At 
160°  it  changes  to  oily  '  pseudophthalimidine  ' 
C8H7NO. 

Nitrile  CH2C1.C6H4.CN.  o-Cyano-benzyl 
'chloride.  [61°].  (252°).  Formed  by  passing 
Cl  into  the  boiling  nitrile  of  o-toluic  acid  (Ga- 
briel a.  Otto,  B.  20,  2223).  Monoclinic  crystals; 
a:b:c  =-778:1:  -294  ;  0  =  60°  2'.  Sol.  hot  water. 

Di-chloro-toluic  acid  C6H2(CH3)C12(C02H). 
[161°].  From  crude  di-chloro-xylene  (222°)  and 
chromic  mixture  (Hollemann,  A.  144,  269).  — 
CaA'2  9aq.—  AgA'. 

Di-w-chloro-toluic  acid.  Nitrile 
CHC12.C6H4.CN.  Cyano-benzylidene  chloi-ide. 
(260°).  Formed  by  the  action  of  chlorine  on  the 
boiling  nitrile  of  o-toluic  acid  (Gabriel  a.  Weise, 
B.  20,  3197).  Fuming  HC1  at  170°  gives 
C6H4(CHO)(C02H).  [97°]. 

Tri-cf-chloro-o-toluic  acid.    Nitrile 
CCl:i.C6H4.CN.    Cyano-benzijl  trichloride.   [95°]. 
(c.  280°).     From  boiling  o-toluic  nitrile  and  Cl 
(G.  a.  W.).     Monoclinic  crystals  (from  alcohol)  ; 
a:b:c  =  1-546:1:1-106;  0  =  73°  53'. 

o-CHLOKO-o-TOLUIDINECtfH3(CH3)Cl(NH,) 
[1:2:6],  Formed  by  reduction  of  the  correspond- 
ing nitro-  compound  (the  nitration-product  of  o- 
chloro-toluene).  Liquid. 

Acetyl  derivative  C7H,.Cl.NHAc  :  [136°]; 
white  needles  (Honig,  B.  20,  2417) 

s-Chloro-toluidine  C(iH3(CH3)Cl(NH2)  [1:3:5]. 
(242°)  at  730  mm.  Formed  by  reduction  of  the 
corresponding  nitro-  compound.  Liquid.  Vola- 
tile with  steam.—  B'HN03  :  [198°],  colourless 
needles. 

Acetyl  derivative  C.H^NHAc)  :  [198°]; 
colourless  needles  (Honig,  B.  20,  2419).  . 
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OHLOKO-TOLUIDINE. 


Chloro-p-toluidine  C6H3(CH3)C1(NH2)  [1:3:4]. 
[7°].  (219°  uncor,).  Got  by  boiling  its  acetyl 
derivative  with  HC1.  Elimination  of  NH2  gives 
w-chloro-toluene.— B'HC1.-B'HN03.  S.  2-59  at 
19°._B'H2S04.— B'H2C,04. 

Acetyl  derivative  C6H3MeCl(NHAc) 
[1:3:4].  [115°].  Formed  by  chlorination  of  p- 
acet-toluide.  Bad  yield  (Lellniann  a.  Klotz,  A. 
231,  309 ;  cf.  Wroblewsky,  A.  168,  196). 

p  -  Chloro  -  o  -  toluidine  C6H3(CH3)C1(NH2) 
[1:4:2].  [22°].  (237°  at  722  mm.).  Colourless 
liquid  or  white  crystalline  solid.  Formed  by 
reduction  of  (4:2:l)-chloro-nitro-toluene  [38°]. 

Salts.—  B'HCl :  colourless  needles.  — 
B'2H2Cl2PtCl4  2aq :  fine  yellow  needles. 

Acetyl  derivative  CtiH3(CH3)Cl.NHAc : 
[131°] ;  long  slender  colourless  needles,  v.  sol. 
hot  water,  alcohol  and  ether,  si.  sol.  cold  water 
(Goldschmidt  a.  Honig,  B.  19,  2440  ;  cf.  Engel- 
brecht,  B.  7,  797;  and  Beilstein  a.  Kuhlberg, 

A.  158,  336). 

Chloro  -  p  -  toluidine  C6H3(CH3)  (Cl)  (NH2) 
[1:2:4].  [26°].  (238°).  Formed  by  reduction 
of  chloro-nitro-toluene  [65°]  (Lellmann,  B.  17, 
535).  Colourless  crystalline  solid.  V.  sol.  all 
solvents  except  water.  By  diazotisation  and 
treatment  with  alcohol  it  yields  o-chloro-toluene. 

Salts.— B'HCl:  broad  colourless  needles. — 
, :  small  colourless  plates.— B'2H.,PtClfi. 

Acetyl  derivative  C6H3MeCl(NHAc). 
[105°].  From  CtiH3Me(NHAc).N2.NC5HJO  and 
boiling  HClAq  (Wallach,  A.  235,  254). 

p .  Chloro  -  m  -  toluidine  C6H3(CH3)C1(NH2) 
[1:4:3].  [28°]  (G.a.H.);  [30°]  (G.a.K).  (230°). 
Formed  by  reduction  of  (4:3:1) -chloro-nitro- 
toluene  [9°].  White  crystalline  solid.  The 
base  and  its  salts  are  extremely  soluble. — 
B'HCl :  colourless  tables. 

Acetyl  derivative  C6H3(CH3)Cl.NHAc: 
[97°]  ;  long  silky  needles,  m.  sol.  water  (Gold- 
schmidt a.  Honig,  B.  19,  2442  ;  cf.  Engelbrecht, 

B.  7,  797 ;  and  Gattermann  a.  Kaiser,  B.  18, 
2599). 

Chloro-o-toluidine  CtiH3(CH3)Cl(NH,)  [1:5:2]. 
[30°].  (237°  uncor.)  at  730  mm.  From  its 
acetyl  derivative  (L.  a.  K.).  The  same  com- 
pound ([30°],  (241°))  appears  to  be  a  by-product 
in  the  reduction  of  o-nitro-toluene  by  tin  and 
HC1  (Beilstein  a.  Kuhlberg,  A.  156,  81). 

Salt. -B'HCl:  si.  sol.  water. 

Acetyl  derivative  CaH3Me(NHAc)Cl. 
[140°].  Got  by  chlorination  of  acetylated 
o-toluidine  (Lellmann  a.  Klotz,  A.  231,  317). 

o-Chloro-m-toluidine  CtiH,MeCl(NH2)  [1:2:5]. 
[83°].  (239°)  at  215  mm.  Obtained  by  reduc- 
tion of  the  corresponding  nitro-  compound  [44°] 
(Goldschmidt  a.  Honig,  B.  19,2443;  20,  199; 
Wroblewsky,  A.  1(58,  200  ;  Henry  a.  Kadziszew- 
sky,  B.  2,  308,  599).  Formed  also  as  a  by- 
product in  the  reduction  of  7?i-nitro-toluene  by 
zinc-dust  and  HC1  (Kock,  B.  20,  1567).  Glisten- 
ing colourless  needles  of  characteristic  odour. 

Salts.  —  B'HCl:  long  slender  needles. — 
B'HN03:  [164°],  broad  colourless  needles.  S. 
5-01  (W.).— B'^SGv 

Acetyl  derivative  C6H3MeCl(NHAc) : 
[89°] ;  colourless  plates. 

Di-  chloro -p- toluidine  CSH2(CH3)C12(NH2) 
[1:3:5:4].  [60°].  Needles  (from  dilute  alcohol). 
V.  sol.  alcohol  and  ether.  Weak  base.  May  be 
sublimed. 


Acetyl  derivative  C6H2Me(NHAc)Cl2 
[1:4:3:5].  [201°].  From  C6H3Me(NHAc)Cl  [1:4:3] 
by  chlorination  (Lellmann  a.  Klotz,  A.  231,  322). 
White  needles  (from  alcohol).  V.  sol.  alcohol, 
insol.  water,  sol.  ether  and  glacial  acetic  acid. 
May  be  sublimed. 

(j8)  -  Di  -  chloro  -  toluidine  C6H,(CH3)  C12(NH,) . 
[1:2:4:?].  [87°].  (259°).  Formed  by  reducing 
(jS)-di-chloro-nitro-toluene  [53°]  (Seelig,  A.  237, 
163).  Plates  (from  methyl  alcohol). 

Di  -  chloro  -  toluidine  CaH(CH8)Cl2(NH.,) 
[1:2:4:6].  [88°].  (259°).  Obtained  by  reducing 
di-chloro-nitro-toluene  [-14°]  (Wroblewsky,  A. 
168,  213).  Does  not  combine  with  acids. 

Tri  -  chloro  -  toluidine  C6H(CH3)C13(NH2) 
[1:2:4:6:3]  or  [1:2:4:5:6].  [91°]  (Schultz,  A.  187, 
278);  [95°]  (Seelig,  B.  18,  423).  From  tri- 
chloro-nitro-toluene  [89°],  tin  and  HC1.  Needles 
(from  alcohol). 

Acetyl  derivative  C6H(CH3)Cl3(NHAc). 
[191°]. 

Benzoyl  derivative  CaH(CH3)Cl3(NHBz). 
[213°]. 

Tri  -  chloro  -  toluidine  C6H(CH3)C13(NH2) 
[105°].  From  (8) -tri -chloro-nitro-toluene,  SnCl2, 
and  HC1  (Seelig,  B.  18,  423).  Needles. 

CHLORO-TOLUQUINOLINE  v.  CHLORO-(.B.)- 

METHYL-QUINOLINE. 

CHLORO  -  TOLUQUINONE  C6H2(CH3)C102. 
[I:4or3:2:5].  [90°  uncor.].  Formed  by  oxida- 
tion of  di-chloro -o-cresol  with  K2Cr2O7  and  dilute 
H2S04.  Long  yellow  needles.  Volatile  with 
steam,  and  sublimable.  V.  sol.  alcohol,  ether, 
&c.,  sol.  hot  water,  si.  sol.  cold.  Dissolves  in 
alkalis  with  a  dark-red  colour.  By  S02  it  is  re- 
duced to  chloro-hydrotoluquinone  [115°]  (Glaus 
a.  Sweitzer,  B.  19,  929). 

Chloro-toluquinone  CtfH2(CH3)C102.  [105°]. 
From  chloro-hydro-toluquinone  [175°]  by  dis- 
tillation with  aqueous  Fe2Cl6  (Schniter,  B.  20, 
2282). 

Di  -  chloro  -  toluquinone  C6H(CH3)C120, 
[1:2:4:3:6].  [103°  uncor.].  Glistening  yellow 
plates.  Volatile  with  steam.  Formed  by  oxida- 
tion of  di-chloro-w-cresol  with  K2Cr207  and 
H2S04.  Also  from  w-cresol,  HC1,  and  KC103 
(Southworth,  A.  168,  270).  Yellow  tables  (from 
alcohol).  The  corresponding  di-chloro-hydro- 
toluquinone  melts  at  [171°]  (Glaus  a.  Schweitzer, 
B.  19,  931). 

Di  -  chloro  -  toluquinone  CSH(CH,)CL02 
[1:?:?:2:5].  From  o-cresol,  KC103,  and  HC1 
(Southworth,  A.  168,  274).  Not  obtained  pure. 
Reduced  by  S02  to  di-chloro-hydrotoluquinone 
[121°]. 

Tri-chloro-toluquinone  C6(CH3)C1302.  [232°]. 
From  o-cresol,  HC1,  and  KC103  (Grrebe  a.  Borg- 
mann,  A.  152,  248;  Southworth,  A.  168,  273; 
Knapp  a.  Schultz,  A.  210, 176).  Formed  also  by 
treating  o-toluidine  sulphonic  acid  with  KC1O3 
and  HC1  (Hayduck,  A.  172,  209).  Yellow  plates ; 
si.  sol.  cold  alcohol,  v.  sol.  ether.  Volatile  with 
steam. 

Tetra-chloro-toluquinone  CH2C1.C6C1302.  Oc- 
curs among  the  products  of  the  action  of  HC1 
and  KC1O3  on  beech-wood  creosote  (Gorup- 
Besanez,  A.  143,  159  ;  Brauninger,  A.  185,  339). 
Golden  scales.  May  be  sublimed.  SI.  sol.  cold 
alcohol. 


DI-CHLORO-VINYL-BENZOIO   AOID. 
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CHLORO-TOLUQUINOXALINE  Dihydride. 
/NH.CH2    " 


C9H9N2C1  i.e.  C6H3(CH3)< 


[77°]. 


Formed  by  heating  oxy-di-hydro-toluquinoxaline 
with  PC15.  Long  colourless  needles.  Insol.  water, 
v.  e.  sol.  other  solvents.  Volatile  with  steam 
(Leuckart  a.  Hermann,  B.  20,  29). 

Di-chloro-toluquinoxaline    C9H6N2Cl2    i.e. 

CAMe<^°}>      .  [115°]. 

From  di-oxy-toluquinoxaline  (1  mol.)  and  PC15 
(2  mols.)  at  170°  (Hinsberg,  A.  237,  350). 
Needles  (from  chloroform  and  petroleum-ether). 
Insol.  water. 

DI-CHLORO-TOLUYL-BENZOIC  ACID 
CH3.CtiH4.CO.CtiH2Cl,.CO,H.      Di-chloro-phenyl 
tolyl  ketone  carboxylic  acid.    From  (/3)-dichloro- 
phthalic   anhydride,   toluene,    and  A12C16    (Le 
Eoyer,  A.  238,  357). 

CHLORO-(a)-TOLUYLIC    ACID    v.   CHLORO- 

PHENYL-ACETIC   ACID. 

DI-CHLORO-DITOLYL 

[3:4:l]C6H3MeCl.CtiH:(MeCl[l:3:4].  [51°].  From 
di-amido-ditolyl  by  Sandmeyer's  reaction  (Stolle, 
B.  21,  1096).  Laminae  (from  alcohol).  Cr03 
gives  chloro-toluic  acid  [205°]. 

CHLORO-DI-TOLYL-te^-BUTYL  ALCOHOL 
CCl(C6H4Me)2.CMe2OH.  (c.  265°).  From  ace- 
tone-chloroform, toluene,  and  A12C16  (Willgerodt 
a.  Genieser,  J.  pr.  [2J  37,  369). 

Di-chloro-tolyl-fcr^-butyl  alcohol 
CCl2(C6H4Me).CMe.2OH.     (c.  245°).    From  ace- 
tone-chloroform, toluene,  and  A12C16  (W.  a.  G.). 

CHLORO-TOLYLENE-7W-DIAMINE 
C6H2(CH3)C1(NH,)2  [1:4:3:5].  [1110].    Formed  by 
reduction  of  chlo"ro-di-nitro-toluene  [48°].  Gives 
the  chrysoidine  and  Bismarck-brown  reactions 
(Honig,  B.  20,  2420). 

()3)-Di-chloro-tolylene-diainine 
CtiH(CH:j)Cl2(NH.J,[l:2:4:5:6].  [110°].  Formed 
by  reducing  (£)-di-chloro-di-nitro-toluene  [102°] 
(Seelig,  A.  237,  164).  Plates  (from  ligroin).  On 
boiling  with  HOAc  for  twenty-five  hours  the 
anhydro-  base  is  formed  [170°]  ;  brownish  needles 
(from  alcohol). 

(a)  -Tri-chloro-tolylene-diamine 
C6(CH3)C13(NH2)2.     [196°].    Formed  by  reduction 
of  tri-chloro-di-nitro-toluene   [227°]  (Seelig,  B. 
18,  422;    A.  237,   143).     White  needles   (from 
alcohol).     Cr03  oxidises  it  to  a  quinone. 

Acetyl  derivative  C6(CH3)Cl3(NAc2),. 
[220°]. 

(£)  -Tri-chloro-tolylene-diamine 
C(;(CH3)C13(NH2)2.  [207°].  Formed  by  reducing 
tri-chloro-di-nitro-toluene  [141°]  with  stannous 
chloride  in  alcoholic  solution  (Seelig,  A.  237, 
143).  Needles  (from  petroleum  ether).  On 
boiling  with  HOAc  an  anhydro-  base  is  formed, 
hence  the  substance  is  an  orthodiamine. 

cc-CHLORO-DI-TOLYL-ETHANE 
CH,Cl.CH(C(iH4.CH3),.     From  CH2Cl.CHC1.0Et 
(di-chloro-ether),  toluene,  and  H2S04  (Hepp,  B. 
7,  1413).    Alcoholic  KOH  gives  CH2:C(CtiH4Me)2. 

Tri-oj-chloro-di-tolyl-etliane 
CC13.CH(C6H4.CH3)2.   [89°].   S.  (ether)  50;  (alco- 
hol) 2-5.    From  chloral,  toluene,  and  H,S04  (0. 
Fischer,  B.  7,  1191). 

DI-CHLORO-DI-TOLYL-ETHYLENE 
CCL5:C(C6H1.CH3)2.    [92°].    S.  (ether)  50  ;  (alco- 


hol) 2-9.  From  the  preceding  body  and  alcoholio 
KOH  (O.  Fischer,  B.  7,  1191).  Needles. 

DI-CHLORO-DI-TOLYL-METHANE 
CH2(CttH4.CH2Cl)2.     [108°].    From  benzyl  chlor- 
ide, methylal  CH,(OMe)2,  and  H,S04.    Lamina 
(Weiler,  B.  7,  1181). 

o-CHLORO-w-TOLYL-PHENYL-THIO-UREA 
C9H5.NH.CS.NH.C6H,MeCl  [5:1:2].  [109°].  White 
granules.  From  C^MeC^NI^)  [1:2:5]  and 
phenyl-thiocarbimide  (Goldschmidt  a.  Honig,  B. 
20,  201). 

CHLORO-TROPIC  ACID  C.ELCIO,  i.e. 
C,H,.CC1(C0.2H).CHX)H.  [128°-130°].  From 
atropic  acid  and  HC'lO  (Ladenburg  a.  Riigheimer, 
A.  217,  109).  V.  e.  sol.  water,  si.  sol.  benzene. 
Reduced  by  zinc-dust,  iron  filings,  and  KOH  to 
tropic  acid. 

CHLOROUS.  Adjective  sometimes  used  as 
synonymous  with  negative  or  acidic;  generally 
applied  to  radicles  which  combine  with  basylous 
radicles  to  form  salts,  e.g.  the  radicles  S03,  N205, 
C103  are  called  chlorous,  as  distinguished  from 
K20,  CaO,  &c.,  which  are  basylous.  The  term 
chlorous  is  also  sometimes  applied  to  the  more 
negative  elements,  especially  to  those  which,  like 
chlorine,  do  not  displace  the  H  of  acids  to  form 
salts.  The  correlative  term  is  basylous. 

M.  M.  P.  M. 

CHLOROUS  ACID  HC102 ;  v.  CHLORINE,  OXY- 

ACIDS   OF,  p.  17. 

a-CHLORO-ISOVALERIC  ACID  C5H,C10a  i.e. 
(CH3)2CH.CHC1.C02H.  From  sodium  isovalerate 
and  aqueous  HOC1  (Schlebusch,  A.  141,  322). 
Oil ;  decomposed  by  heat. 

Tri-  and  tetra-chloro-isovaleric  acids  were 
obtained  by  Dumas  a.  Stas  by  chlorinating  iso- 
valeric  acid  in  the  dark.  They  decompose  be- 
tween 110°  and  150°,  giving  off  HC1. 

CHLORO-ISOVALERIC  ALDEHYDE  C5H9C1O. 
(135°).  S.G.i*  1-108.  From  isovaleric  aldehyde 
and  01  at  - 18°  (Schroder,  B.  4,  402).  Combines 
with  NaHSOs. 

Di-chloro-isovaleric  aldehyde  C5H,CLO. 
(147°).  From  isovaleric  aldehyde  and  Cl  at  15°. 
Combines  with  NaHSOs  (Kiindig,  A.  114,  1). 

TRI-CHLORO-VALEROLACTIC  ACID  v.  TBI- 

CHLORO-OXY-VALEBIC   ACID. 

CHLORO-VALERO-LACTONE  v.  CHLORO-OXY- 
VALERIC  ACID,  Anhydride  of. 

DI-CHLORO-VALERYLENE  C^C^  i.e. 
CH.,:CC1.CH,.CC1:CH.,.  Di-cliloro-di-vinyl-me- 
tliane.  (145°).  Formed  by  the  action  of  PC15 
upon  acetyl-acetone.  Liquid  ;  boils  without  de- 
composition. Readily  takes  up  Br,  forming 
C5H  .Cl2Br4.  Heated  with  alcoholic  KOH  it  gives 
GH:G.CHrC(OGlHt):GH1  (Combes,  A.  Ch.  [6] 
12,  222). 

DI-CHLORO-o-VINYL-BENZOIC  ACID 
C,HCl2.CdH4.C02H.  [121°].  From  tri-chloro-oxy- 

indonaphthene   CtjH4<^°Icl>CCl2  by  solution 

in  aqueous  alkalis  (Zincke,  B.  20,  2890).  Slender 
needles  (from  dilute  alcohol).  Sodium  amalgam 
converts  it  into  o-ethyl-benzoic  acid  [68°]. 

Methyl  ether  Me  A'.     [47°]. 

o-.Eiro-tri-cliloro-vinyl-benzoic  acid 
C6H4(CCl:CClo)CO.,H[l:2].     [161°]. 

Formation.— I.  By  the  action  of  NaOHAq 
on  tetra-chloro-oxy-indonaphthene 

12    (Zincke,    B.    20,    2055).- 
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2.  Tetrachloro-()8)-naphtho-quinone  is  dissolved 
in  NaOHAq,  HOAc  added,  and  the  mixture  oxi- 
dised with  chromic  acid  (Zincke,  B.  21,  499). 

Properties.— Needles  or  plates.  V.  sol.  alco- 
hol and  HOAc.  Sodium  amalgam  yields  o-ethyl 
benzoic  acid. 

Methyl  ether  A'Me.     [75°J. 

CHLORO-VINYL  ETHYL  OXIDE  C4H7C10 
i.e.  CH2:CC1.0Et.  (123°).  S.G.  ^  1-02  (Geuther) ; 
i£  1-036  (Godefroy).  V.D.3-52.  From  tri-chloro- 
ethane  CH3.CC13  and  NaOEt  at  120°  (Geuther, 
Z.  1871,  128).  Formed  also  by  the  action  of 
zinc-dust  or  the  zinc-copper  couple  on  the  com- 
pound C6H,2CL203  obtained  by  passing  chlorine 
through  a  mixture  of  alcohol  and  K2Cr207  (Gode- 
froy, C.  R.  102,  869). 

Reactions.— 1.  Br  forms  CHJBr.CClBr.OEt 
(170°-180C),  whence  Cl  forms  CH2Cl.CCl.2.OEt.— 
2.  HC1  forms  CH2Cl.CHC1.0Et.-3.  HN03  gives 
acetic  and  chloro-acetic  acids.— 4.  Keduces  am- 
moniacal  AgN03,  forming  a  mirror.— 5.  Exposed 
to  the  air  it  rapidly  changes  to  a  vitreous  mass 
(C4H.C10)3aq. 

Di-chloro-vinyl  ethyl  oxide  CHCl:CC1.0Et. 
(128°  cor.).  S.G.  ^  1-08.  Formed  by  the  action 
of  NaOEt  upon  CH,C1.CHC12  (Geuther  a  Brock- 
hoff,  J.pr.  [2]  7,  112)  or  CC1H:CC12  (Patern6  a. 
Oglialoro,  B.  7,  81).  Water  at  180°  forms  gly- 
collic  acid. 

.  Di-chloro-vinyl  ethyl  oxide  CCl2:CH.OEt. 
(145°).  From  CHCl2.CHC1.0Et  and  cone,  aqueous 
KOH  (Godefroy).  Sweet-smelling  oil.  Keduces 
ammoniacal  AgN03,  forming  a  mirror.  Greedily 
combines  with  Br. 

Tri-chloro-vinyl  ethyl  oxide  CCl2:CC1.0Et. 
(155°)  (B.) ;  (c.  160°)  (G.).  S.G.  *  1-373  ;  i^  1-235 
(P.  a.  P.) ;  ^  1-332  (G.). 

Formation. — 1.  From  CCl^CCLj  and  NaOEt 
at  110°  (Geuther  a.  Fischer,  J.  18G4,  316).— 
2.  From  CCl3.CHC1.0Et  and  cone,  aqueous  KOH 
(Patern6  a.  Pisati,  G.  2,  333 ;  Godefroy,  C.  R. 
102,  869  ;  Busch,  B.  11,  446).  Smells  like  mint. 
Br  forms  CCl2Br.CClBr.OEt  [17°J.  Cl  gives 
C2C1VO.C2HV 

CHLORO  -  DI  -  VINYL  -  METHANE  v.  Di  - 

CHLORO-VALERYLENE. 

HEXA-CHLORO-DI-VINYL  OXIDE  C4C160 
i.e.  (CCL:CC1).,0.  Chloroxethose.  (210°).  S.G.  *± 
1-652.  From  "(C.,C15)2O  and  alcoholic  K2S  (Mala- 
guti,  A.  Ch.  [3]"  16,  19).  Br  forms  C4CLBr40 
[96°]. 

CHLOEOX-  v.  CHLORO-OX-. 

CHLOROXAL-  v.  CHLORO-OXAL-. 

CHLOROXETHOSE  v.  HEXA-CHLOBO-DI-VINYL 
OXIDE. 

CHLOROXY-  v.  CHLORO-OXY-. 

CHLORO-o-XYLENE  CtiH.J(CH3)2Cl  [1:2:3]. 
Mol.lf.140j.  (190°  cor.).  Fluid  at  -10°.  Formed, 
together  with  the  (l:2:4)-isomeride,  by  chlorina- 
tion  of  o-xylene  in  presence  of  5  p.c.  of  iodine. 
By  dilute  HNO3  it  is  oxidised  to  chloro-toluic 
acid  [154°],  which  by  KMnO4  is  further  oxidised 
to  chloro-phthalic  acid  [181°]  (Kriiger,  B.  18, 
1755). 

Chloro-o-xylene  CUH3(CH,).,C1  [1:2:41.  (192° 
cor.).  Fluid  at  -20°.  S.G.  if  1-0692.  Formed, 
together  with  the  (l:2:3)-isorneride,  by  chlorina- 
tion  of  o-xylene  in  presence  of  5  p.c.  of  iodine. 
By  dilute  IJN03  it  is  oxidised  to  two  isomeric 
chloro-toluic  acids  [166°]  and  [130?],  which  by. 


further  oxidation  with  KMn04  yield  chloro- 
phthalic  acid  [130°-134°]  (Kriiger,  B.  18,  1755). 

Chloro-o-xylene  C6H3(CH3)2C1.  (205°  uncor.j. 
S.G.  ia  1-0863.  Colourless,  strongly  refractive 
liquid.  According  to  Glaus  a.  Kautz  (B.  18, 
1367)  this  is  the  only  chloro-o-xylene  formed  by 
chlorination  of  o-xylene  in  the  cold  in  presence 
of  iodine.  It  is  readily  oxidised  by  dilute  HN03 
to  chloro-phthalic  acid. 

Chloro-m-xylene  C6H,(CH3)2C1  [1:3:4].  (186° 
cor.).  S.G.  fg  1-5598.  Fluid  at  -20°.  Formed 
by  chlorination  of  m-xylene  in  presence  of  5  p.c. 
of  iodine.  By  K2Co207  and  H,S04  it  is  oxidised 
to  chloro-m-toluic  acid  C6H3(CH3)C1.CO.,H  [3:4:1] 
of  melting-point  [210°]  (Jacobsen,  B.  18,  1760  ; 
cf.  Vollrath,  Z.  1866,  488). 

Chloro-p-xylene  C6H3(CH3)2C1  [1:4:2].  [  +  2°]. 
(186°  cor.  at  767  mm.).  Formed  by  chlorination 
of  ^-xylene  in  presence  of  I  (Kluge,  B.  18,  2099). 

a,-Chloro-o-xylene  CUH4(CH3)(CH2C1)  [1:2]. 
(198°). 

Formation. — 1.  By  chlorinating  boiling  o- 
xylene  (Keyman,  Bl.  [2]  26,  534).— 2.  By  heating 
C6H4(CH3)(CH2OH)  [1:2]  with  cone.  HC1.  It 
cannot,  however,  be  obtained  pure  in  this  way 
(Colson,  A.  Ch.  [6]  6, 117). 

Reaction.— Boiling  aqueous  Pb(N03)2  gives 
o-toluic  aldehyde. 

co-Chloro-m-xylene  C6H4(CH3)(CH2C1)  [1:3]. 
So-called  m-Tolyl  chloride.  (196°).  S.G.  2 1-079. 

Formation. — 1.  From  Cl  and  boiling  m-xylene 
(Vollrath ;  Lauth  a.  Grimaux,  Bl.  [2]  7,  233 ; 

A.  145,  115  ;  Gundelach,  C.  R.  82, 1444).— 2.  By 
the  action  of  HC1  upon  C6H4(CH3).(CH2OH)  [1:3] 
(Colson,  A.  Ch.  [6]  6, 118). 

w-Chloro-p-xylene  C(JH,(CH3)(CH2C1)  [1:4]. 
(192°).  From  Cl  and  boiling ^-xylene  (L.  a.  G.). 

Di-chloro-o-xylene  CtiH2(CH3)Cl2.  [3°].  (227°). 
Colourless  strongly  refractive  liquid.  Formed  by 
chlorination  of  o-xylene  in  the  cold  in  presence 
of  iodine.  It  is  readily  oxidised  by  dilute  HNO:{ 
to  di-chloro-phthalic  acid  [183°]  (Glaus  a.  Kautz, 

B.  18,  1367). 

Di-chloro-m-xylene  CdH2(CH3)2Cl2.  (222°). 
From  m-xylene  and  Cl  in  presence  of  iodine 
(Hollemann,  Z.  1865,  554  ;  A.  144,  268).  White 
laminae  ;  melts  by  the  heat  of  the  hand. 

Di-chloro-2>-xylene  CtiH2(CH3)2Cl2  [1:4:2:5]. 
[71°].  (221°  i.  V.). 

Formation. — 1.  By  chlorination  of  p-xylene. 
2.  From  chloro-p-xylidine  [92°]  by  diazotisation 
and  treatment  with  Cu2Cl2  (Kluge,  B.  18,  2098). 
Plates  or  flat  needles.  V.  sol.  hot  alcohol  and 
ether,  si.  sol.  cold  alcohol. 

o,a>-Di-chloro-o-xylene  (1.2)C6H4(CH.,C1).>. 
[55°].  (240°).  S.G.  G 1-393.  S.H.  (15°  to  40°)  :283~. 

Formation.— 1.  By  the  action  of  HC1  on  oxa- 
di-oxy-o-xylene  (Hessert,  B.  12,  648 ;  Colson,  Bl. 
[2]  43,  7).— 2.  By  heating  o-xylene  (10  c.c.)  with 
PC15  (35  g.)  at  180°-200°  (Colson  a.  Gautier,  Bl. 
[2]  45, 6;  C.  R.  101, 1064;  104,428;  Strassmann, 
B.  21,  578). 

Properties. — White  crystals ;  v.  sol.  ether, 
alcohol,  ligrom,  and  chloroform.  Converted  by 
heating  with  water  into  C(jH4(CH2OH)2  [62°]. 
Potassium  phthalimide  reacts  with  formation  of 
CH.,Cl.CfiH4.CH2.N:C8H4O2  [140°]  (Strassmann, 
B.  21,  576). 

Di  -  chloro-  o  -  xylene  C6H4(CH3)  (CHC12)  (?). 
[103°].  (225°).  From  Cl  and  boiling  o-xylene 
'  (Eeyman,  BL  [2]  20,  554)  , 
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w-Di-chloro-w-xylene  CI.H,(CH.,C1).,[1:3].  [34°]. 
(253°).  S.G.aa  1-302.  S.H.  (155  to40°) -295. 

Formation.— 1.  From  C6H4(CH2OH)2  [1:3] 
and  HC1  (Colson,  BL  [2]  43,  7).  By  heating  m- 
xylene  at  180°  with  the  equivalent  amount  of 
PC15.  The  yield  is  not  so  good  as  with  the  o-  and 
^-compounds,  and  to  obtain  it  pure  it  is  necessary 
to  saponify  the  crude  product  and  treat  the  glycol 
so  produced  with  HC1  (Colson  a.  Gautier,  BL 
[2]  45,  6 ;  A.  Ch.  [6]  6, 114). 

Di-w-chloro-p-xylene  C6H,(CH2C1)2  [1:41. 
[100°].  (240°-250°).  S.G.  2 1-417.  S.H.  (15°  to 
40°)  -282. 

Formation. — 1.  From  Cl  and  boiling  p-xylene 
(Lauth  a.  Grimaux,  A.  145,  115). — 2.  From 
C6H4(CH2OH),  [1:4]  and  HC1.-3.  By  heating  p. 
xylene  at  180°  with  the  equivalent  amount  of 
PC15  (Colson  a.  Gautier,  Bl.  [2]  45,  6). 

Properties. — Tables  (from  alcohol).  Heated 
with  water  it  gives  the  glycol  CdH.(CH.,OH)2. 
[113°]  (Grimaux,  C.  B.  70,  1363). 

Tri-chloro-o-xylene  C6H(CH3),C13.  [93°]. 
(265°  uncor.).  Formed  by  chlorination  of  o- 
xylene  in  the  cold  in  presence  of  iodine  (Claus 
a.  Kautz,  B.  18, 1367).  Long  colourless  glisten- 
ing needles.  V.  sol.  ether,  benzene,  hot  acetic 
acid,  and  hot  alcohol,  v.  si.  sol.  cold  alcohol.  It 
is  readily  oxidised  by  dilute  HN03  to  tri-chloro- 
phthalic  acid,  the  anhydride  of  which  melts  at 
[157°]. 

Tri-chloro-m-xylene  CtiH(CH3)2Cl3.  [150°]. 
(255°).  From  m-xylene  and  Cl  in  presence  of 
iodine  (Hollemann,  A.  144, 270).  Silky  needles : 
v.  sol.  hot,  si.  sol.  cold,  alcohol. 

Tetra-chloro-o-xylene  C6(CH3)2C14.  [215°  un- 
cor.]. Formed  by  chlorination  of  o-xylene  in  the 
cold  in  presence  of  iodine  (Claus  a.  Kautz,  B.  18, 
1367).  Sublimable.  Long  colourless  needles. 
Not  volatile  with  steam.  Sol.  ether,  benzene,  hot 
acetic  acid,  and  hot  alcohol,  si.  sol.  cold  alcohol. 
It  is  not  oxidised  by  heating  with  HN03. 

Tetra-ou-chloro-o-xylene  C8H4(CHC12)2  [1:2]. 
[86°]  (C.  a.  G.) ;  [89°]  (H.).  (274°).  S.G.  *  1-601. 
S.  (ether)  50  at  15°  ;  100  at  35°.  S.H.  (15°-60°) 
•24. 

Formation. — 1.  From  Cl  and  boiling  o-xylene 
(Hjelt,  B.  18,  2879).— 2.  From  PC15  and  o-xylene 
at  150°  (Colson  a.  Gautier,  Bl.  [2]  45,  10). 

Properties. — Triclinic  crystals  (from  ether) 
a:o:c  = -972:1: -741;  a  =  54°  38';  0  =  54°  20'; 
7  =  58°  24'.  Its  solubility  in  petroleum  ether  is 
double  thatofthep-compound.  Sol.  C6H6,  CHC13, 
and  alcohol.  Water  at  170°  converts  it  into 
phthalide. 

Tetra-w-chloro-m-xylene  C6H4(CHC12)2. 

(273°).  S.G.  1-536  (Colson  a.  Gautier,  Bl.  [2] 
45,  509). 

Tetra-w-chloro-p-xylene  C6H4(CHC12)2  [1:4]. 
[93°].  S.G.  2  1-606.  S.H.  (15°  to  60°)  -242.  S. 
(ether)  50  at  35°;  S.  (ligroin)  7.  Formed  by 
heating  p-xylene  (5|  c.c.)  and  pure  PC15  (40  g.) 
at  195°,  and  crystallising  the  product  from  ether 
(Colson  a.  Gautier,  Bl.  [2]  45,  9).  Saponified 
by  boiling  with  water  gives  terephthalic  aldehyde 
CtiH4(COH)2  [1:4].  [114°]. 

Penta-ctf-chloro-o-xylene  CaH4(CCl3)(CHCl.,) 
[1:2].  [54°].  From  o-xylene  (3-2  c.c.)  and  PC1~5 
(40  g.)  at  200°  (Gautier  a.  Colson,  C.  B.  102, 
689).  Converted  by  boiling  water  into 
CH,(CO.,H)(CHO).  [97°]. 
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Hexa-chloro-w-xyleneC8H4Cla[l:3].  (c.286°). 
From  7rc-xylene  and  PC15  (Colson  a.  Gautier, 
aS.  102,  689).  Converted  by  alkalis  into  a 
chlorinated  acid. 

Hexa-w-chloro-^-xylene     CHH4(CC11).4     [1-4] 

[1.lJ°i^,Formed  b?  heating  jp-xylene  (1  mol.) 
with  PC15  (6-5  mol.)  for  10  hours  at  200°.  Trans- 
parent crystals.  Sol.  ether.  Heated  with  a 
solution  of  NaHO,  it  loses  all  its  chlorine,  form- 
ing terephthalic  acid  (Colson  a.  Gautier,  BL  [2] 
45,  507). 

CHLORO-o-XYLENE -SULPHONIC  ACID 
C(JH2(CH3)2C1.S03H  [1:2:4:5].    Formed  by  sul- 
phonation  of  chloro-o-xylene  (1:2:4)  (Kriiger,  B. 
18,  1756).     On  reduction  with  sodium  amalgam 
it  gives  o-xylene-sulphonic  acid  (1:2:4). 

Salts.— A'Na  5aq:  glistening  needles  or 
large  flat  prisms.  —  A'K :  short  needles.  — 
A'2Ba4aq:  long  needles,  sol.  hot  water,  more 
sparingly  in  cold. 

Amide  C(iH2Me.!Cl.S02NH2 :  [207°];  long 
felted  needles,  sol.  hot,  si.  sol.  cold,  alcohol,  v.  si. 
sol.  water. 

Chloro-o-xylene-sulphonic  acid 
C(iH2(CH3)2Cl.S03H  [1:2:3:6].     Formed  by  sul- 
phonation  of  chloro-o-xylene  (1:2:3)  (Krii«er  B 
18,  1756). 

Salt  s.— A'Na  aq :  large  pearly  plates.— A'K : 
plates.— A'2Ba  aq  :  thin  glistening  plates. 

Amide  C6H2Me,Cl.S02NH2:  [199°];  fine 
silky  needles  or  long  prisms,  sol.  hot  alcohol,  si. 
sol.  water. 

Chloro-w-xylene-sulphonic  acid 
C(.H2(CH3)2C1.S03H  [1:3:4:6].    Formed  by  sul- 
phonation     of    chloro-m-xylene,    CaH3(CHJ).Cl 
[1:3:4]  (Gundelach,  BL  [2]  28,  343  ;  Jacobsen, 'B. 
18,  1761). 

Salts.— A'Na  aq  :  long  fine  needles,  si.  sol. 
cold  water. — A'K  aq  :  needles,  v.  e.  sol.  water. — 
A'.jBa  very  sparingly  soluble  small  tables. 

Amide  CtiH,(CH3)2Cl.S02NH2.  [195°]. 
Prisms  (from  alcohol). 

Chloro-p-xylene-sulphonic  acid 
CdH2(CH3)2Cl.S03H.    Formed    by  sulphonation 
of  chloro-p-xylene. 

Salts. — A'Naaq;  easily  soluble  prisms. — 
A'2Ba  aq :  sparingly  soluble  needles  (Kluge,  B. 
18,  2099). 

CHLORO-?w-XYLIDINE  C8HIOC1N.  [89°]. 
From  (2,3,l)-nitro-ra-xylene,  tin,  and  HC1 
(Tavildaroff,  Z.  1870,  419).  Crystalline. 

Chloro-p-xylidine  C^CH^Cl.NH,  [1:4:2:5]. 

|  [92°].    Formed  by  the  action  of  tin  and  HC1  upon 

I  nitro-^)-xylene  (Jannasch,  A.  176,  55).    Lamiiuc 

I  (from  water).      By   diazotising  and  treatment 

with  cuprous    chloride    it    yields    di-chloro-^)- 

xylene  [71°]. 

Salts.  —  B'HC12aq.  —  B'2H,S04  2aq.  — 
B'2H,C204. 

Acetyl  derivative  C6H.,Me.,Cl.NHAc— 
[171°],  colourless  needles  (Kluge,'  B.  18,  2098). 

CHLORO-XYLO-HYDROQUINONEy.CHLORO- 

HYDKO-XYLOQUINONE. 

CHLOKO   -  XYLOQUINONE        CtfHClMe,O, 

[a;:l:4:2:5].  Cliloro-pliloronc.  [48°].  Cone.  HC1 
dissolves  xyloquinone,  but  immediately  a  brown 
crystalline  mass  separates.  This  is^a  mixture 
of  mono-  and  di-chloro-hydro-xyloquinones.  If 
it  be  oxidised  by  Cr03  or  HN03  a  mixture  of 
mono-  and  di-chloro-xyloquinones  i?  got.  From 
alcohol  the  former  crystallises  in  needles,  the 
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latter  in  plates  (Carstanjen,  J.  pr.  [2]  23,  430 ; 
cf.  V.  Had,  A.  151,  158).  Chloro-xyloquinone  is 
converted  by  boiling  with  HC1  into  di-chloro- 
hydro-xyloquinone. 

Di-chloro-xyloquinone  C6CLMe202-  [175°]. 
Prepared  as  above.  Not  affected  by  boiling  HC1. 

a  -  DI  -  CHLOEO-o-XYLYLENE-DI  -  MALONIC 
ETHEE  C^H^CH^CC^COgEt)^.  From  sodium 
chloro-malonic  ether  and  [l:2]CtjH4(CH2Br)2 
(Baeyer  a.  Perkin,  B.  17,  452 ;  C.  J.  53,  14). 
Liquid.  Alcoholic  KOH  gives  o-phenylene-di- 
acrylic  acid. 

Di-chloro-w-xylylene-di-malonic  ether 
C(.H4(CH2.CCl(CO;!Et),),.    Formed  by  the  action 
of  chloro-malonic  ethyl  ether  and  sodium  ethylate 
on  w-xylylene  dibromide  (Kipping,  C.  J".  53,  26). 
Thick  yellowish  oil. 

Di- chl or o -p -xy lylene-di-malonic  ether 
C(iH4[CH2.CCl(C02Et)2]2.  [87°].  Formed  by 
acting  with  ethyl  chloromalonate  and  sodium 
ethylate  on  ^-xylylene  dibromide  (Kipping, 
C.  J.  53,  35).  Colourless  six-sided  plates.  Insol. 
water,  v.  sol.  alcohol,  ether,  petroleum  ether, 
and  HOAc. 

CHLOEO-DI-XYLYL-ETHANE  C^H^Cl  i.e. 
CH.,Cl.CH(C8HsMe2)2.  From  di-chlorinated  ether 
CH,Cl.CHC1.0Et,  xylene,  and  H2S04  (Hepp,  B. 
7,  1416).  On  distillation  it  splits  up  into  HC1 
and  CH2:C(C6H3Me2)2. 

CHOLALIC  ACID  v.  CHOLIC  ACID. 

CHOLANIC  ACID  C2VE3807  jaq.  [285°]  (L.). 
S.  '025  at  100°;  "Oil  at  20°  (L.;  cf.  Kutscheroff, 
B.  14,  1492) ;  S.  (alcohol  of  98-5  p.c.  at  18°)  1-37. 
[o]D  =  53°  (T.);  88°  (Kutscheroff).  Formed  by 
oxidation,  with  K2Cr2Or  and  H2S04,  of  choleic 
acid  C25H4204,  of  dehydrocholeic  acid  C2.H3804, 
and  also  (according  to  L.)  of  desoxycholic  acid 
(Tappeiner,  A.  194,  231;  Latschinoff,  B.  13, 
1052 ;  18,  3045 ;  19,  474,  1521 ;  20,  1044  ;  Bl. 
[2]  46,  818).  Large  tables  or  flat  prisms.  Tribasic 
acid.  Dextro-rotatory.  On  further  oxidation  by 
boiling  with  HN03  (1-28  S.G.),  it  gives  choloiid- 
anic  acid  and  pseudo-choloidanic  acid. 

Salts.— A"',,Ba36aq:  tables  or  plates;'  S. 
(at  18°)  4-12;  [a]D=  +  49'37°. 

Mono-methyl  ether  A"'H2Me :  [207°]; 
very  slender  needles ;  v.  sol.  alcohol,  less  sol. 
ether ;  the  Na,  K,  Ca,  and  Ba  salts  are  v.  sol. 
water  and  alcohol. — A"'MeBa. 

Mono-ethyl  ether  A^H^t:  [190°];  the 
properties  are  the  same  as  those  of  the  mono- 
methyl  ether.— A"'EtBa.—A"'EtPb. 

Di-methyl  ether  A"'HMe2:  [176°]; 
needles. 

Di-ethyl  ether  A'"HEt2:  [131°].— 
A'",Et4Ba.— A'"2Et4Pb. 

Tri-methyl  ether  A.'"Me3:  [121°];  needles. 

Tri-ethyl  ether  A'"Et3 :  [76°];  needles. 

Iso-cholanic  acid  C25H3807(?)  [248°]. 
[a]D--=73-3°.  S. -022;  S.  (alcohol)  9'1 ;  S.  (ether) 
•018.  Formed  in  small  quantity,  together  with 
cholanic  acid,  by  oxidation  of  choleic  acid,  with 
KoCr2O7  and  H2S04  (Latschinoff,  B.  15,  713; 
19,  1529).  The  cholanic  acid  described  by  Tap- 
peiner appears  to  be  contaminated  with  a  small 
quantity  of  this  isomeric  acid.  Pearly  plates. 
Penta-basic  acid. 

Salts. — AVK5:  soluble  hair-like  needles. — 
A'K.^H., :  fine  needles.— A^a,  lOaq?  :  sparingly 
soluble  amorphous  powder.  —  AvBa,H.  — 
Av.jPbs  6aq :  amorphous  pp.,  insol.  water  and 


alcohol. — AvAg5 :  insoluble  amorphous  pp.  • 
Av2Cu5Cu40410aq.:  amorphous  blue  pp. 

Methyl  ether  C25H35O7Me3:  [136°] ;  plates. 
From  the  lead  salt  and  Mel. 

Ethyl  ether  C25H3507Et3 :  [43°-50°] ;  flat 
needles. 

CHOLECAMPHOEIC  ACID    v.   CHOLOIDANIC 

ACID. 

CHOLEIC  ACID  C25H4204(?).  [185°-190°]. 
S.  (water  at  20°)  -0045 ;  (75  p.c.  alcohol  at  20°)4  ; 
(absol.  alcohol  at  20°)  7'1 ;»  (absol.  ether  at  20°) 
•133.  With  300  mm.  of  a  6-06  p.c.  solution  in 
absol.  alcohol  at  20°,  [o]D  =  56°40'.  From  alco- 
hol or  acetic  acid  it  crystallises  in  hemihedral 
rhombic  needles,  a:b:c  =  1:  -5057:  1-8598.  Occurs 
in  saponified  ox-gall  together  with  cholic  and 
desoxycholic  acids.  It  gives  Pettenkofer's  test 
for  bile  acids  (Mylius,  H.  11,  492).  On  gentle 
oxidation  with  Cr03  and  acetic  acid  it  is  con- 
verted into  dehydrocholeic  acid  C23H3S04,  by  more 
vigorous  oxidation,  with  K2Cr207  and  H2S04, 
into  cholanic  acid  (but  no  bilianic  acid).  Ac- 
cording to  Latschinoff  by  boiling  with  glacial 
acetic  acid  it  is  converted  into  desoxycholic 
acid  (called  by  him  '  hydrated  choleic  acid ') ; 
Mylius,  however,  was  unable  to  confirm  this 
statement. 

Salts.— A'Ag.— A'-jBa:  microscopic  plates, 
insol.  strong  alcohol  and  water,  v.  sol.  dilute 
alcohol  forming  the  hydrated  salt. — Ay3a  6aq : 
needles,  v.  sol.  dilute  alcohol,  S.  (water  at  20°) 
•083  (Latschinoff,  Bl  [2]  46,  817  ;  B.  18,  3039  ; 

19,  1140 ;  20,  1043,  1053  ;  Mylius,  B.  19,  369 ; 

20,  1968). 

Dehydrocholeic  acid  C25H.,804  (?)  according 
to  L.  [183°  uncor.].  Obtained  by  slowly  adding 
a  10  p.c.  solution  of  Cr03  (3  pts.)  in  acetic  acid 
to  a  10  p.c.  solution  of  choleic  acid  (4  pts.)  in 
acetic  acid ;  the  yield  is  60  to  70  p.c.  Accord- 
ing to  L.  it  is  also  formed  by  similar  treatment 
from  desoxycholic  acid.  Silky  tables.  Less 
soluble  in  water  and  alcohol  than  dehydrocholic 
acid.  By  further  oxidation  with  K2Cr207  and 
H,S04  it  yields  cholanic  acid.— A"Ba  l|aq : 
ne'edles,  v.  sol.  alcohol,  si.  sol.  water  (Latschinoff, 
B.  18,  3045  ;  20,  1044). 

CHOLESTEEIN  (Animal  cholesterin) 
C2JH440,aq,  or  C25H420,aq,  or  C27HJ6Oaq.  [146°, 
Hesse]  [147'5°,  or  cor.  =  148-5°,  Keinitzer] 
[usually  given  at  145°  to  1460].1  Ja]D  for 
anhydrous  cholesterin  from  gallstones  in  chloro- 
form =  (-36-61  +  0-249  p.)  (0.  Hesse).  This 
rotation  depends  to  some  extent  on  the  strength 
of  the  solution.  S.G.  £  1-046  (Mehu,  J.  Ph. 
[4]  20,  175);  1-067  (Hoppe-Seyler,  Gmelin's 
Handb.,  18,  113) ;  1-03  after  fusion  (Hein.,  ibid.). 

Occurrence. — This  substance  was  first  ob- 
tained by  Conradi  in  1755  from  human  gall- 
stones, of  which  it  sometimes  constitutes  nearly 
the  entire  substance.  It  has  been  found  in 
human  bile  (Chevreul,  A.  Ch.  95,  5 ;  96,  166)  ; 
in  the  blood  (Lecanu,  A.  Ch.  67,  54 ;  Boudet, 
ibid.  336;  Denis,  J.  Chim.  Med.  [2]  4,  161; 
Becquerel  a.Bodier,  Gaz.  Med.  47) ;  together  with 
protagon  as  an  essential  constituent  of  the 
nervous  tissue,  of  the  yolk  of  egg,  of  the 
seminal  fluid,  and  of  the  red  and  white  cor- 
puscles of  the  blood  (Hoppe-Seyler,  Med.  Chem. 

1  When  cbo'.esterin  is  mixed  with  iso-cholesterin,  the 
melting  point  is  lowered. 
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Unters.  1,  140 ;  /.  1806,  744)  ;  in  the  brain 
(Couerbe,  A.  Ch.  56,  281;  Fremy,  ibid.  [3]  11, 
48G ;  Beneke,  Bied.  Centr.  1881,  568)— the  brain 
of  a  boy  15  years  old  was  found  to  contain  26*92  g. 
cholesterin  =  2'34  p.c.,  that  of  a  woman  19  years 
old,  26-79  g.  =  2-12  p.c.  (Beneke) ;  in  the  yolk  of 
egg  (Lecanu,  J.  Ph.  15,  1 ;  Gobley,  ibid.  [3]  12, 
12— four  hen's  eggs  yielded  0-592  g.,  and  four 
newly  hatched  chickens  0'41  g.  (Beneke) ;  in 
oxen  bile  (Hiifner,  J.  pr.  [2]  19,  305) ;  in  human 
milk  to  the  amount  of  0*0318  p.c.  (Tolmatscheff, 
Med.-Chem.  Unters.  1,  272) ;  in  cow's  milk 
(Schmidt  a.  Mulheim,  Archiv  f.  d.  gcs.  Physiol. 
25,  384) ;  in  the  spleen,  and  abundantly  in  the 
excrements  of  the  crocodile  (Marcet,  A.  Ch.  [3] 
59,  91)  ;  in  guano  (Hoppe-Seyler,  J.  1863,  654) ; 
in  the  corpus  luteum  of  the  cow  (Lieben,  Z. 
4,  646) ;  along  with  paracholesterin  in  the  proto- 
plasm of  ethaUum  septicum  (Eeinke  a.  Eode- 
wald,  A.  207, 228)  ;  along  with  iso-cholesterin  in 
the  grease  of  sheep's  wool  (Hartmann,  Inaug. 
Dissert.  Gb'ttingen,  1868;  E.  Schulze,  Z.  [2]  6, 
453) ;  and  in  certain  morbid  products  of  the 
animal  economy,  such  as  cerebral  concretions, 
scirrhous  matter  of  the  mesocolon,  hydropic 
liquid  of  the  abdomen,  ovaries,  testicles,  &c.  (Las- 
saigne,  A.  Ch.  9,  324  ;  0.  Henry,  J.  Chim.  Med. 
1,  280  ;  Caventou,  /.  Ph.  11,  462 ;  Lehmann, 
Lehrb.  d.  Physiol.  Chem.  2te  Aufl.  1,  286). 

The  first  exact  analysis  of  cholesterin  was 
made  by  Chevreul,  who  assigned  to  it  the  for- 
mula C26H44O.  Its  metamorphoses  have  been 
studied  by  Marchand  (/.  pr.  16,  37)  ;  Eedten- 
bacher  (A.  57,  145) ;  Meissner  a.  Schwendler 
(ibid.  59,  107,  also  J.pr.  39,  247) ;  Zwenger  (A. 
66,  5 ;  69,  347) ;  Heintz  (P.  79,  524) ;  Berthelot 
(A.  Ch.  [3]  56,  51) ;  and  by  others,  who  will  be 
referred  to  in  the  course  of  this  article. 

Preparation. — 1.  By  crystallising  biliary 
calculi  from  boiling  alcohol,  to  which  a  little 
potash  is  added  to  dissolve  any  fatty  acids  that 
may  be  present. — 2.  By  extracting  brain  sub- 
stance with  ether,  and  boiling  the  evaporated 
extract  with  alcoholic  potash. — 3.  From  the 
grease  of  sheep's  wool  by  saponifying  for  20 
hours  at  100°  with  alcoholic  potash  in  a  closed 
stoneware  bottle,  evaporating  the  alcohol,  taking 
up  with  water  and  shaking  with  ether.  The 
residue  from  the  evaporation  of  the  ether  con- 
sists of  a  mixture  of  cholesterin,  iso-cholesterin, 
and  a  nearly-related  amorphous  alcohol  poorer 
in  carbon,2  and  these  are  best  separated  from 
one  another  by  conversion  into  their  benzoic 
ethers,  by  fusing  the  mixture  of  alcohols  (2 
parts)  with  benzoic  anhydride  (1  part)  to  about 
180°  for  48  hours.  The  resulting  mass  is  rubbed 
up  with  a  little  alcohol  in  a  mortar,  treated  first 
with  a  cold  solution  of  Na2C03,  and  then  with 
warm  water  to  extract  the  benzoic  acid  formed 

2  This  amorphous  alcohol,  which  is  poorer  in  carbon 
than  cholesterin,  is  v.  sol.  cold  alcohol,  ether,  and  acetone, 
but  it  has  not  yet  been  obtained  pure,  in  fact  there  is  as 
yet  no  guarantee  that  it  is  a  chemically  simple  substance. 
It  has  a  weak,  aromatic  odour,  and  melts  at  a  gentle  heat. 
It  appears  to  be  present  in  the  fat,  partly  free  and  partly 
combined  with  acids,  chiefly  oleic.  The  greater  portion 
of  wool-fat  consists  of  compound  ethers,  but  a  portion  of 
the  alcohols— at  least  of  the  cholesterins — and  also  some- 
times a  portion  of  the  acids  are  present  in  the  free  state. 
The  formation  of  potash  soaps  in  wool-fat  is  now  readily 
explained  by  the  presence  of  free  fatty  acids  on  which  the 
K2C03  can  act ;  a  portion  of  the  compound  ethers  may, 
however,  be  decomposed  also  (Schulze  a.  Urich,  /.  pr.  [2] 
9,  321). 


and  the  excess  of  anhydride,  and  then  dried. 
To  the  mixture  cold  ether  is  now  added,  in 
which  the  benzoate  of  the  amorphous  alcohol  is 
readily  soluble,  those  of  cholesterin  and  iso- 
cholesterin  dissolving  only  slightly.  The  two 
latter  may  then  be  separated  by  slow  recrystal- 
lisation  from  ether  and  elutriation,  cholesterin 
benzoate  crystallising  in  plates,  and  iso-choles- 
terin benzoate  in  needles.  The  benzoates  are 
then  separately  saponified  for  their  respective 
cholesterins,  which  are  recrystallised  for  further 
purification  (E.  Schulze,  J.pr.  7,163). — 4.  On 
adding  ether  and  HC1  to  fresh  oxen  bile,  the 
cholesterin  is  obtained  in  the  ethereal  layer 
(Hiifner,  J.pr.  [2]  19,  305). 

Properties. — Monatomic  alcohol.  Laminated 
transparent  crystals  of  C.^H^O.aq  (from  a  mix- 
ture of  alcohol  (2  vols.)  and  ether  (1  vol.)),  which 
give  off  their  water  at  100°.  Plates  (containing 
aq)  (from  alcohol  and  ether).  Anhydrous  needles 
(from  chloroform).  Tasteless  and  inodorous.  In- 
sol.  water,  v.  sol.  hot,  si.  sol.  cold,  alcohol,  v.  sol. 
ether,  chloroform,  carbon  bisulphide,  oil  of  tur- 
pentine, soap  water,  and  neutral  fats,  &c. 

Beactions. — (a)  Sublimes  at  200°,  but  decom- 
poses at  a  higher  temperature.  (b)  Kesists  the 
action  of  cone,  alkaline  solutions,  even  at  the 
boiling  temperature,  but  is  decomposed  by  lime 
at  about  250°,  with  evolution  of  hydrogen  and  for- 
mation of  an  amorphous  body  nearly  insoluble  in 
alcohol,  (c)  For  the  action  of  halogens  v.  De- 
rivatives, {d)  Yields  with  cone.  H.,SO4  a.  b.  and 
c.  Cholesterilins  (v.  these)  (Zwenger).  (e)  Yields 
with  cone.  H3P04  (a)  and  (0)  Cholesterones  (q.v.). 

Characteristic  tests.  —  (a)  When  a  few 
centigrammes  are  dissolved  in  chloroform  and 
the  solution  is  shaken  up  with  an  equal  volume 
of  H2S04  (best  of  1-76  S.G.),  the  chloroform 
layer,  at  first  yellow-brown,  soon  becomes  blood- 
red,  and  then  cherry-red  or  purple,  the  colour 
remaining  for  some  hours  if  the  solution  is  in  a 
closed  bottle,  i.e.  if  air  be  not  admitted  ;  it  then 
becomes  blue,  green,  and  finally  yellow.  The 
sulphuric  acid  at  the  same  time  shows  a  fine 
green  fluorescence  (Hesse,  A.  211,  233  ;  Eeinke  a. 
Eodewald,  A.  207,  229  ;  Salkowski,  C.  C.  1873). 
(b)  When  a  small  quantity  is  evaporated  at  a 
gentle  heat  with  a  drop  of  nitric  acid,  a  yellow 
spot  is  left,  which  turns  red  when  touched  with 
a  drop  o'f  ammonia,  and  the  red  colour  thus  pro- 
duced is  not  essentially  altered  by  subsequent 
addition  of  fixed  alkali,  thus  distinguishing  this 
from  the  corresponding  reaction  with  uric  acid 
(Schiff,  A.  115, 113).  (c)  When  slowly  evapo- 
rated to  dryness  with  3  vols.  cone.  HC1  or 
H2S04  and  1  vol.  Fe.2Cl6  solution,  the  particles  re- 
maining undissolved  assume  a  violet-red  colour, 
changing  to  bluish- violet  at  a  somewhat  higher, 
and  dull-grey  at  a  still  higher,  temperature. 
This  reaction,  which  is  likewise  produced  with 
AuCl3,  PtCl4,  or  K,Cr.207  +  HC1,  is  not  exhibited 
by  the  colouring  matter  or  any  other  constituent 
of  the  bile  (Schiff). 

Applications.— Cholesterin  possesses  the  pro- 
perty of  absorbing  more  than  100  p.c.  of  water 
(Liebrich,  c/,  C.  S.  I.  5,  578),  a  point  of  great 
therapeutic  moment.  The  grease  of  sheep's 
wool  is  now  therefore  being  purified  in  quantity, 
and  the  manufactured  product,  which  is  termed 
'  lanolin,'  used  as  a  basis  for  ointments,  <fcc. 
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Cholesteryl  chloride,  C-JB^Cl.  [97°,  Wa- 
litzky].  [96°,  Kaymann].  Prepared  by  the  action 
of  PC15  on  cholesterin  or  its  acetate.  Small 
scales,  si.  sol.  alcohol,  v.  sol.  ether.  Not  decom- 
posed by  aqueous,  but  by  boiling  alcoholic  potash 
(Planer,  A.  118,  25  ;  Lindenmeyer,  J.  pr.  90, 
321 ;  Eayman,  Bl.  [2]  47,  898). 

Cholesterin  dibromide  C2GH44OBr2.  Prepared 
by  the  action  of  bromine  on  cholesterin,  both 
dissolved  in  CS2.  White  needles  (from  ether- 
>lcohol),  si.  sol.  alcohol,  v.  sol.  ether.  Is  recon- 
verted to  cholesterin  by  Na  amalgam  (Wislicenus 
a.  Moldenhauer,  A.  146,  175). 

Cholesteryl  chloro-dibromide  C26H43Cl,Br2. 
[128°].  Prepared  by  gradually  adding  Br  to  an 
ethereal  solution  of  cholesteryl  chloride.  White 
powder  or  large  colourless  crystals  (from  CS2). 
Sol.  carbon  bisulphide,  chloroform,  and  ligrom 
(Kayman). 

Nitro-cholesterin  [94°].  Ked-yellow  mass, 
insol.  water,  sol.  NH3Aq  and  K(Na)OHAq,  v.  sol. 
alcohol,  ether,  chloroform,  &c.  (Eeinitzer,  M.  9, 
421). 

Di-nitro-cholesterin  C2eH42(N02)20  or 
C25H40(N02)20.   [121°].  Colourless  needles  (from 
alcohol).    V.  sol.  hot  alcohol  and  ether  (Preis  a. 
Eayman,  B.  12,  224). 

Nitro-cholesteryl  chloride  C26H42(N02)C1  or 
C25H40(N02)C1.  [149°].  Colourless  needles  (from 
alcohol)  (P.  a.  E.). 

Cholesteryl  acetate  C26H43O.C2H30  or 
C.^H^O.C.HsO.  [92°,  Lobisch,  B.  5,  513] ;  [113°, 
Eaymann,  Bl.  47]  [111°-1120  uncor.  (chol.  from 
gallstones),  Jacobsen] ;  [114*5°  cor.]  (from  gall- 
stones) (Eeinitzer,  M.  9,  428). 

Preparation.— By  heating  cholesterin,  also 
sodium  cholesterate,  with  acetic  anhydride,  or 
with  acetic  acid  or  acetyl  chloride.  Needles 
(from  benzene).  Trimorphous,  the  first  modi- 
fication being  monosymmetric  crystals,  and  the 
second  monosymmetric  plates  with  rhombic 
edges,  while  the  third  form  has  not  yet  been  de- 
fined. Shows  curious  changes  of  colour  on  soli- 
difying after  fusion,  which  changes  are  not  yet 
explained,  but  are  apparently  closely  connected 
with  the  separation — during  fusion — and  re- 
solution of  a  substance  whose  nature  is  not 
known  (Leymann  v.  Eeinitzer,  loc.  cit.}. 

Bromo-cholesteryl  acetate  C2;H45Br2.C2H302. 
[118°  cor.  and  116°  cor.]  (Eeinitzer,  M.  9,  424). 

Long  glancing  tables  (from  ether-alcohol). 
Dimorphous,  the  first  modification  being  mono- 
symmetric  tables  [118°],  and  the  second  asym- 
metric tables  [116°].  Somewhat  decomposed  by 
light  (Eeinitzer). 

Cholesteryl  butyrate  C26H43O.C4H-0.  M.  sol. 
hot  alcohol. 

Cholesteryl  stearate  C26H43O.C18H350.  Needles, 
si.  sol.  cold  ether,  almost  insol.  alcohol  (Ber- 
thelot). 

Cholesteryl  benzoate  C^H^O-C^O  or 
C27H45O.C7H50.  [150°-151°  Schulze;  146-6°  cor. 
Eeinitzer]. 

Preparation. — See  separation  of  cholesterin 
and  isocholesterin  (Schulze,  J.  pr.).  Better,  by 
heating  anhydrous  cholesterin  (10  pts.)  with 
benzoic  anhydride  (12  pts.)  in  an  open  flask  to 
150°-160°  for  1|  hours  (Eeinitzer,  M.  9).  Beau- 
tiful small  glancing  tables  (from  ether) ;  m.  sol. 
ether,  si.  sol.  boiling  alcohol  (Berthelot,  Schulze). 
Trimorphous,  the  first  modification  being  tetra- 


gonal crystals,  the  second  forming  rhombic 
needles  or  small  plates,  and  the  third  crystallising 
in  thin  broad  plates.  Exhibits  on  fusion  colour 
phenomena  similar  to  those  shown  by  the  acetate, 
but  not  quite  the  same  (Eeinitzer,  loc.  cit.). 

Sodium  cholesterate  C26HJ3NaO.     [150°]. 

Formation. — By  the  action  of  Na  on  a  satu- 
rated solution  of  cholesterin  in  petroleum.  Silky 
needles  (from  petroleum  or  chloroform).  Slowly 
decomposed  by  water,  more  quickly  by  alcohol 
(Lindenmeyer,  J.  pr.  90,  321). 

Cholesterylamine  C26H43NH2.  [104°]  (Henry). 
Small  plates. 

Cholesteryl-aniline  C.5H41.CdH5NH.     [187°]. 

Preparation.— By  heating  cholesterin  chlo- 
ride and  aniline  to  180°  for  6-12  hours  (Walitzky, 
Chem.  Sect.  d.  Russ.phys.-chem.  Ges.,  Oct.  1878  ; 
B.  11,  1937).  Long  rectangular  plates  (from 
CS2) ;  m.  sol.  ether  and  boiling  alcohol,  v.  sol. 
carbon  bisulphide.  Ppd.  from  ethereal  solution 
by  mineral  acids. 

Salts.— The  H2S04,  HN03,  and  HC1  salts 
are  crystalline. 

Cholesteryl-p-toluidine  C25H4INHC7H7.  [172°]. 
Prepared  at  150°-180°.  Eectangular  tables 
(from  ether).  Sol.  alcohol,  ether,  and  carbon  bi- 
sulphide. Weak  base  (Walitzky). 

Salts. — TheHN08  salt  is  much  more  stable 
than  those  of  HC1  or  H2S04. 

Tri-oxy-cholesterin  C25H4203. 

Preparation. — («)  By  saponifying  the  di- 
acetin  (see  below)  with  alcoholic  potash,  dissolv- 
ing the  residue  in  water  and  ppg.  by  an  acid 
(Latschinoff,  Chem.  Sect.  d.  Buss,  phys.-chem. 
Ges.,  Oct.  1878  ;  B.  11,  1941). 

(b)  By  oxidising  a  solution  of  cholesterin  in 
HOAc  by  KMn04 ;  this  latter  method  does  not 
yield  it  quite  pure. 

Properties.— Yellowish  powder.  Sol.  alcohol, 
ether,  and  KOHAq.  Mol.  w.  not  yet  determined. 
Eesembles  phenol  in  behaviour. 

Di-acetyl  derivative  C25H400(C2H302)2. 
[77°]. 

Preparation. — Cholesterin  acetate  is  oxidised 
by  KMn04  and  the  di-acetin  dissolved  out  of  the 
resulting  mass  by  ether  (Latschinoff). 

Properties. — White  hard  powder,  indistinctly 
crystalline,  obtained  on  adding  water  to  the  HOAc 
solution.  V.  sol.  glacial  acetic  acid,  alcohol, 
ether,  benzene,  &c.,  but  not  crystallisable  from 
any  one  of  these. 

Chloresterilins  a,  b,  and  c,  C26H42  or  C2-H40 
(Zwenger,  A.  66,  5  ;  69,  347). 

Preparation. — By  acting  with  cone.  H2S04  on 
a  slightly  heated  mixture  of  cholesterin  and 
dilute  sulphuric  acid. 

Properties. — (a)  [240°].  Amorphous.  Insol. 
water,  almost  insol.  alcohol,  v.  si.  sol.  ether,  (b) 
[255°]  shining  scales.  Insol.  water,  m.  sol.  hot 
ether,  (c)  [127°].  Eesinous.  Insol.  water,  sol. 
hot  ether. 

Walitzky's  Cholestene  C26H42,  obtained  by 
heating  cholesterin  with  sodium  to  150°-155°, 
appears  to  be  identical  with  c,  also  with  the  com- 
pound obtained  by  acting  on  cholesterin  with 
HI  (S.G.  1*5),  or  by  heating  it  with  soda-lime  up 
to  250°.  Cholestene  and  the  two  last  give,  with 
excess  of  Br,  the  same  compound  C2dH3lBr8 
(Walitzky,  C.  E.  92,  195). 

T.  Weyl  (ArcMv  f.  Anat.  und  Physiol.  1, 
182)  has  studied  these  compounds  anew,  and 
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considers  that  they  agree  with  the  formula 
(C5H8)nH,0.  For  the  relations  between  choles- 
terin,  cholalic  acid,  and  the  terpenes,  see  Lat- 
schinoff,  Walitzky,  and  Weyl. 

Cholesterones  C2(iH4,  or  C25H40.  When  choles- 
terinis  boiled  with  excess  of  cone,  phosphoric  acid 
it  forms  two  compounds,  a-  and  £-cholesterone, 
isomeric  with  each  other,  but  differing  in  physi- 
cal properties  (Zwenger,  A.  69,  347). 

a-Chlor ester one.  [68°].  Bectangular 
prisms,  v.  sol.  alcohol  and  ether,  and  distilling 
without  decomposition. 

&-Cholesterone  [175°].  Small  silky 
needles,  almost  insol.  alcohol,  si.  sol.  ether. 

Cholesteric  acid  C12H,607. 

Formation. — By  the  oxidation  of  cholic  acid 
C21H.lo05or(C24H4005)x,  by  K,Cr2O7  (10  parts)  and 
H2S04  (15  parts).  The  acid  must  be  diluted  with 
at  least  three  times  its  volume  of  water  before 
the  oxidation,  and  the  latter  interrupted  as  soon 
as  the  cholesteric  acid  is  formed,  otherwise  it  is 
obtained  mixed  with  pyro-cholesteric  acid  (see 
below).  Kedtenbacher's  cholesteric  acid  C16H20O6 
(A.  57,  160)  is  such  a  mixture.  The  filtered 
solution  must  be  concentrated  at  a  low  tempera- 
ture, unless  the  H2S04  is  first  neutralised.  The 
cholesteric  acid  crystallises,  and  is  purified  either 
by  washing  with  a  little  cold  water  or  by  recrys- 
tallisation  from  ether  (Tappeiner,  A.  194,  211  ; 
B.  12,  1627  ;  Latschinoff,  B.  12,  1518). 

Properties. — Tribasic  acid.  Needles  (from 
water  and  alcohol),  long  prisms  (from  ether  con- 
taining some  water).  V.  sol.  hot  water.  Not 
volatile  with  steam.  Slightly  dextro-rotatory  in 
alcoholic  solution.  Gives  no  colouration  with 
sugar  and  H2S04,  and  has  not  the  toxic  action 
of  cholic  acid.  Its  power  of  crystallisation  is 
greatly  diminished  by  the  presence  of  small 
quantities  of  the  pyro-acid. 

Salts. — The  Ca  and  Ba  salts  are  less  sol. 
hot  than  cold  water.  At  100°  they  generally  go 
into  salts  of  pyro-cholesteric  acid  (Tappeiner). 
A'".,Bas,  A'"Ag3,  A"'H2Ag. 

Pyro-cholesteric  acid  CuHltj05.     [108°]. 

Preparation, — (a)  Best  by  heating  a  solution 
of  cholesteric  acid  in  glycerin  for  5  to  8  days  at 
198°,  saponifying  the  glycerates,  distilling  off 
small  quantities  of  volatile  acids,  such  as  pro- 
pionic,  and  extracting  with  ether  (Tappeiner). 
(b)  Also  by  boiling  with  H2S04  diluted  with 
3  vols.  water,  but  in  this  case  the  decomposition 
goes  further. 

Properties. — Gummy  mass,  sol.  water,  alcohol, 
and  ether. 

Iso-cholesterin  C26HJ40.  [138°-138'5°].  [a]D  in 
ethereal  solution  4  60°  (Schulze,  J.pr.  [2]  7,  163  ; 
Schulze  a.  Urich,  J.  Pr.  [2]  9,  321 ;  Schulze, 
B.  12,  249). 

Occurrence.— In  the  fat  of  sheep's  wool. 

For  Preparation  and  separation  from  choles- 
terin,  see  the  latter. 

Properties. — Flocks  (from  dilute  alcoholic 
solution),  a  jelly  (from  concentrated  alcoholic 
solution),  fine  transparent  needles  (from  ether 
or  acetone).  SI.  sol.  cold,  v.  sol.  hot,  alcohol, 
ether,  and  acetone,  i.e.  solubility  is  very  much 
the  same  as  that  of  cholesterin.  A  mixture  of 
cholesterin  and  iso-cholesterin  melts  at  a  lower 
temperature  than  either  separately. 

Reactions.— (a)  The  CHC13  and  H2S04  test 
gives  only  a  very  feeble  colouration  (Schulze, 


J:  pr.  [2]  7,  163).     (b)  The  HN03  and  NH3  test 
gives  the  same  colouration  as  cholesterin. 

Iso-cholesterin  derivatives. 

Iso-cholesteryl  chloride  C26H4:(C1. 
Prepared  by  the  action  of  PCI.  on  iso-cholesterin. 
Amorphous.  V.  sol.  ether,  si.  sol.  alcohol. 

Acetyl  derivative  [below  100°].  Amor- 
phous ;  si.  sol.  alcohol. 

Stearyl  derivative  [72°].  Fine  white 
needles  (from  ether).  V.  si.  sol.  alcohol. 

Benzoyl  derivative  C26H43O.C7H,O. 
[190°-191°].  Fine  needles  (from  ether).  SI.  sol. 
alcohol,  m.  sol.  acetone,  v.  sol.  ether. 

Phytosterin  C26H440,aq.  [132-133°]  (Hesse, 
A.  192)  ;  [133°]  (v.  Lippmann,  B.  20,  3201) ; 
[133°]  Paschkis,  #.  8,  356;  [132°],  [135°],  [133°], 
and  [136°],  Jacobsen ;  [136-137°],  Beneke; 
[136-137°]  Schulze  a.  Barbieri  (from  lupines), 
J.pr.  [2]  25,  159.  [o]D  (anhydrous  in  CHCU 
=  -34-2°  (Hesse) 

=  -33-7°  and -35-1°  (v.  Lippmann) 
from  -30-4  to  -33-4  (Jacobsen) 
-32-7°  (Paschkis) 
-  32-5°  in  ether  (Lindenmeyer) 
-36-4°  (Schulze  a.  Barbieri). 
Those  who  first  isolated  phytosterin  considered 
it  to  be  cholesterin.     The  name  phytosterin  was 
given  to  it  by  Hesse. 

Occurrence.* — In  peas  and  olive  oil  (Beneke, 
A.  122,  249  ;  Knop,  C.  C.  1862,  819) ;  calabar 
beans  (Hesse,  A.  192,  176) ;  in  the  seeds  and 
cotyledons  of  the  shoots  of  the  yellow  lupine, 
'  Lupinus  luteus  '  (Schulze  a.  Barbieri,  J.  pr.  [2] 
25, 159) ;  in  almonds;  mustard  seed ;  Bockshorn 
seed ;  in  numerous  fungi,  e.g.  Polyponis  offici- 
nalis  (Schmieder,  C.  C.  86,  774) ;  in  the  seed 
oil  of  rape,  lentils,  almond,  cotton,  earth  nut  or 
pea  nut,  poppy,  and  cocoa  (Salkowski,  Z.  f. 
Anal.  Ghem.  26,  557) ;  together  with  cholesterin 
in  butter  and  cod-liver  oil  (Salkowski) ;  in  hog's 
beans  and  vetches  (Jacobsen) ;  in  the  juice  of 
beet  (v.  Lippmann,  B.  20,  3201) ;  in  wheat  gluten 
(Eitthausen,  /.  pr.  85,  212  ;  88,  145) ;  in  maize 
grains  (Hoppe-Seyler,  Krit.  Zeit.  10,  32) ;  in 
barley  fat  (Stellwaag,  Zeitschr.  /.  d.  g.  Brauwes. 
1886, 176;  Ghem.  Zt.,Chem.  Eepert.  10, No.  23); 
in  the  fat  of  meadow  hay  and  of  oat  straw 
(Konig,  Landw.  Versuchstationen,  17,  3,  11) ; 
in  colchicum  seeds  (Paschkis,  H.  8,  356) ;  in  the 
oil  of  the  seeds  of  Chaulmoogra  (Gynocardia 
odorata,  Eoxb.),  of  Jequirity  (Abriis  precatorius 
Lam.),  and  in  the  fat  of  the  leaves  of  Ery~ 
throxylum  hyperificifolium  Lam.  (Heckel  a. 
Schlagdenhauffen,  C.  R.  102,  1037);  probably 
also  in  the  animal  body,  possibly  together  with 
cholesterin,  as  may  be  deduced  from  older  ob- 
servations (Gmelin,  Handb.  4,  2092). 

Preparation. — (a)  From  peas  (Beneke,  loc. 
cit.). 

(b)  From  calabar  beans.   These  are  extracted 
with  petroleum  ether.  When  this  is  evaporated, 
a  fatty  oil  is  left,  out  of  which  phytosterin  crys- 
tallises. It  is  separated  from  the  oil  by  pressure, 
purified  by  dissolving  in  ether  with  bone  black, 
and  recrystallised  from  alcohol  (Hesse,  A.  192, 
176). 

(c)  From  beans.     The  powdered  beans  are 
extracted  with  alcohol,  the  alcohol  distilled,  and 
the  residue  extracted  with  ether.     This  extract 

1  It  is  possible  that  in  some  of   the   cases  here  men- 
tioned a  cholesteriu  other  than  phytosterin  is  present. 


160 


is  saponified  with  25  p.c.  NaOH,  and  the  layer 
of  fat  separated  from  the  deep-coloured  mother 
liquor.  The  fat,  purified  from  glycerin,  is  then 
extracted  with  ether,  and  the  phytosterin  ob- 
tained from  this  ether  extract  (Jacobsen,  Inaug. 
Dissert.  Konigsberg  in  Preussen,  1887). 

(d)  From  the  powdered  seeds  and  shoots  of 
the  yellow  lupine  (Schulze  a.  Barbieri,  J.  pr.  [2] 
25, 159).     The  finely  powdered  seeds  and  shoots 
are  extracted  with  ether,  the  extract  distilled, 
and  the  residue  boiled  for  several  hours  with 
alcoholic  potash,  using  a  reflux  condenser.    The 
solution  thus  obtained  is  evaporated,  the  residue 
rubbed  up  with  water  and  shaken  with  ether 
several  times.    The  ether  is  then  distilled  off, 
and  the  residue  dissolved  in  the  least  possible 
quantity  of  hot  alcohol.     On  cooling,  the  phyto- 
sterin  crystallises  out.    It  may  then  be  purified 
by  conversion  into  the  benzoate,  re-saponitica- 
tion  of  this  with  alcoholic  potash,  and  re-crystal- 
lisation from  alcohol. 

(e)  Beinitzer    recommends     the    following 
method  for  the  separation  of  cholesterin  from 
fats  (M.  7,  597).    The  juice— e.g.  of  carrots— is 
ppd.  with  PbAc2,  the  pp.  dried,  and— together 
with  the  pressed  vegetable-  extracted  by  carbon 
bisulphide.    The  residue  after  distillation  of  the 
bisulphide  is  saponified  with  alcoholic  potash, 
the  alcohol  evaporated,  the  mass  taken  up  with 
water  and  ppd.  by  BaCl2,  and  the  washed  and 
vacuum-dried  pp.  extracted  by  acetone. 

Properties. — Glittering  plates  of  C2(iH44Oaq 
(from  alcohol),  silky  needles  of  C26H440  (from  chlo- 
roform, ether,  and  petroleum  ether).  Insol.  water 
or  KOHAq,  v.  sol.  hot  alcohol,  ether,  and  chloro- 
form. A  mixture  of  phytosterin  (from  lupines) 
and  cholesterin  crystallises  from  alcohol  in  a 
mass  of  small  needles,  i.e.  in  a  form  different 
from  that  of  either  separately. 

Reactions.— (a)  The  CHC13  and  H2S04  test 
gives  exactly  the  same  results  as  with  cholesterin 
and  quebrachol  (Hesse,  A.  211,  283). 

(b)  Cautiously  evaporated  with  HC1  and 
Fe2Cle,  it  gives  a  violet  colour  like  ordinary  cho- 
lesterin. 

Acetyl  derivative  C26H430(C2H30)  or 
C25H410(C2H30).  [120°,  Hesse].  [126°,  120°, 
118°,  and  125°  uncor.,  Jacobsen].  Glancing 
plates  (from  alcohol)  (Hesse).  Kesembles  in  its 
properties  the  acetates  of  cupreol  and  quebra- 
chol (H.).  Prismatic  needles  (from  alcohol) 
(Jacobsen).  SI.  sol.  alcohol,  v.  sol.  ether  and 
chloroform. 

Benzoyl  derivative  [145-5°,  147°,  146°, 
and  145°  uncor.,  Jacobsen].  Thin  glancing 
rectangular  plates  (from  ether),  si.  sol.  alcohol, 
m.  sol.  ether  and  chloroform.  Gives  the  colour 
reactions  with  CHCL,  and  H2SO4  and  with  Fe,ClB, 
but  not  with  HN03  and  NH3  (Jacobsen). 

Hydrocarotin  C26HJ4Oaq?  [136-5°]  [a]D  (in 
CHC13)  -35°  (Arnaud,  C.  R.  102,  1319;  also 
100,  751).  [138-2°].  [a],,  (in  CHC13)  -37-4  (Bei- 
nitzer,  M.  7,  579).  This  substance  is  probably 
phytosterin,  although  Beinitzer  considers  that  it 
more  nearly  resembles  Liebermann's  cholestol 
(oxyquinoterpene)  CMH4802?  [139°],  which  latter, 
in  its  turn,  Hesse  looks  on  aa  being  probably 
almost  pure  cinchol. 

Occurrence  and  preparation. — In  and  from 
carrots. 

Properties. — Plates    (containing  aq)    (from 


alcohol),  anhydrous  needles  (from  the  other  sol- 
vents). Insol.  water,  si.  sol.  cold,  v.  sol.  hot 
alcohol,  ether,  chloroform,  <fec.  Frohde  (J.  pr. 
102,424)  declared  hydrocarotin  to  be  cholesterin, 
which  Husemann  repudiated.  Arnaud,  how- 
ever, finds  that  Husemann's  hydrocarotin  (A. 
117,  200)  is  phytosterin  mixed  with  some  caro- 
tene. 

Reactions.— Gives  the  cholesterin  reactions 
with 

(a)  CHC13  and  H2S04 

(6)  HN03andNH3 

(c)  HClandFe2Cl6 

(d)  Liebermann's  with  (Ac)20  and  H2S04  (B. 
18,  1803). 

Acetyl  derivatives.  [128-2°].  Colourless 
crystalline  scales  (from  ether-alcohol).  SI.  sol. 
hot  alcohol. 

Benzoyl  derivative.  [145°].  Dimetric 
glancing  tables,  when  slowly  crystallised  from 
ether.  V.  sol.  ether.  (C/.  phytosterin.) 

Para-cholesterin  C26H44Oaq.  [134°-134-5° 
uncor.,  E.  a.  B.].  [a]D  (in  CHC13)  -28-88  and 
-27-24  for  different  strengths  (B.  a.  B.). 

Occurrence. — In  the  protoplasm  of  Ethalium 
septicum. 

Preparation. — Ethalium  septicum  is  digested 
with  alcohol  and  the  whole  mass  evaporated  to 
dryness  and  extracted  with  ether.  From  this 
the  jp-cholesterin  crystallises  out,  and  is  purified 
by  crystallisation  from  hot  alcohol,  the  chole- 
sterin which  is  also  present  remaining  in  the 
alcoholic  mother  liquor  (Beinke  a.  Bodewald,  A. 
207,  229). 

Properties. — Plates  (containing  aq)  (from 
alcohol),  silky  glancing  needles  (from  ether  and 
chloroform).  V.  sol.  hot  alcohol,  ether,  and 
chloroform,  m.  sol.  cold  alcohol.  Gives  up  its 
water  over  H2S04.  In  general  properties  it 
agrees  with  cholesterin,  iso-cholesterin,  and 
Beneke's  cholesterin  from  peas,  in  chemical 
properties  it  resembles  Hesse's  phytosterin. 

Reactions. — The  CHC13  and  H2S04  test  gives 
much  the  same  colouration  as  Schulze's  iso-cho- 
lesterin. At  first  both  the  chloroform  and  sul- 
phuric acid  layers  are  coloured  yellowish-brown, 
the  latter  with  green  fluorescence.  On  prolonged 
standing  the  chloroform  becomes  blue  and  then 
violet,  while  the  acid  becomes  a  deeper  brown 
and  the  fluorescence  increases  (B.  a.  B.). 

Benzoyl  derivative.  [127°-128°  un- 
cor.]. Thin  glancing  rectangular  plates  (from 
ether).  V.  sol.  ether  and  chloroform,  m.  sol. 
hot,  si.  sol.  cold,  alcohol  (B.  a.  B.). 

Caulosterin  C26H,,Oaq.  [158°-159°].  [a]D  (in 
chloroform)  -49-6°. 

Occurrence  and  preparation. —  In  the  root 
and  growing  parts  (radicles)  of  the  shoots  of  the 
yellow  lupine,  '  lupinus  luteus,'  from  which  it  is 
extracted  in  the  same  way  as  the  phytosterin 
from  the  seeds  (Schulze  a.  Barbieri,  J.pr.  [2] 
25,  159]. 

Reaction— a.  With  CHC13  and  H2S04  it  be- 
haves in  the  same  way  as  cholesterin  and  phy- 
tosterin. 

Benzoyl  derivative.  —  Thin  glancing  plates 
(from  ether). 


It  will  be  seen  from  the  foregoing  description 
of  the  cholesterins  that  much  investigation  is 
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Btill  required  to  determine  whether  they  are 
homologues  or  isomerides. 

1.  The  various    animal    cholesterins   (from 
biliary  calculi,  brains,  &c.)  have  hitherto  been 
considered  to  be  one  and  the  same  substance, 
since  preparations  from  many  different  sources 
have  been  found  to  possess  the  same  melting- 
point,  and  also  because  of  the  homogeneity  of 
the  benzoic  ether  (Schulze  a.  Barbieri)  ;  but  the 
point  still  requires  further  proof  (Reinitzer,  M.  9). 
It  is  not  impossible  that  different  cholesterins 
should  occur  in  different  animal  organs,  just  as 
different  varieties  were  found  by  Schulze  and 
Barbieri  in  different  parts  of  the  yellow  lupine 
(cf.  Hesse,  A.  192).    For  the  probable  relation 
of  the  cholesterins  to  the  terpenes  and  camphors 
v.  Walitzky   (B.  9,  1310),  Latschinoff  (B.  12, 
1518),  Liebermann  (B.  17,  871;  18,  1803),  and 
Weyl  (Archiv  f.  Anat.  u.  Physiol.  1,  182,  B. 
19,  Eef.  618).     The  analogy  of  cholesterin  to 
camphor  is  confirmed  by  the  absence  of  any 
action  when  it  is  treated  with  hydroxylamine 
(Rayman,  Bl.  47). 

2.  Iso-cholesterin    is    apparently  a  simple 
substance. 

3.  Para-cholesterin  differs  little  from  phyto- 
sterin,  excepting  in  specific  rotatory  power,  and 
requires  to  be  further  examined. 

4.  With    regard  to  vegetable    cholesterins, 
Hoppe-Seyler    (Handb.   d.  physiol.  u.  pathol. 
Chem.  Analyse,  4te  Aufl.  p.  110)  surmised   that 
cholesterin  was  probably  a  constant  constituent 
of  meristematic  plant  cells.     Since  they  are  so 
widely  distributed  among  plants  the  cholesterins, 
according   to   Schulze  and  Barbieri,  are  to  be 
looked  upon  as  invariable  constituents  of  the 
protoplasm.      These  last-named  authors  found 
cholesterins  in  very  considerable  quantity  in  the 
etiolated  shoots,  but  only  in  very  small  quantity 
in  the  green  plants  of  the  yellow  lupine,  and 
hence  they  concluded  that  vegetable  cholesterins, 
especially  caulosterin,  are   decomposition  pro- 
ducts  of    albuminous    compounds   in   the   life 
process  of  the  cells,  a  point  already  suggested 
by  Hoppe-Seyler  (Handb.  1,  81).   Hesse  considers 
that,  because  normal  cholesterin  possesses   a 
stronger  rotatory  power  than  phytosterin,  the 
former  compound  must  be  the  next  homologue 
to  C26H440  i.e.  C25H420,  the  formula  proposed  by 
Walitzky,  and  also  at  one  time  by  Berthelot 
(Gmelin,  Handb.  d.  Org.  Chem.  4,  2093),  although 
the  latter  returned  later  on  to  the  one  usually 
accepted,  viz.  C26H440  ;  Reinke  and  Rodewald, 
however,  think  this   insufficient  to  overthrow 
the  theory  of  the  isomerism  of  the  cholesterins. 
Cupreol,  cinchol,  and  quebrachol  (all  of  them 
C20H340,H20),  and  also  Liebermann's  cholestol 
(which  is  believed  by  Hesse  to  be  nearly  pure 
cinchol),  all  belong  to  this  class  of  cholesterins. 
Reinitzer  is  of  opinion  that  cynancocerin,  cynan- 
chin,  echicerin,  and  echitine  (Hesse,  A.  192,  182), 
aspidol  (Daccomo,  Centralbl.  87,  1357),  ambrain, 
castorin,  &c.,  must  also  be  included,  and  that 
the  cholesterins  will  ultimately  be  found  to  be 
divisible  into  two  homologous  groups,  dextro- 
and  laevo-rotatory.    For  the  latest  discussion  on 
this  point,  v.  Reinitzer  (M.  9).  G.  M. 
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CHOLIC  ACID  a4H4005  i.e. 
C;ioH31(CH.OH)(CH2.OH).JCbaH  (?). 


Cholalic 


acid.  [195°].  S.  (of  anhydrous  Crystals)  133 
at  100°  ;  -025  at  15°. 

Formation.— By  the  hydrolytic  action  of 
alkalis  on  glycocholic  and  taurocholic  acids* 
which  occur  in  the  bile  (Demarcay,  A.  Ch.  [2] 
67,  177;  Theyer  a.  Schlosser,  A.  48,  77;  50, 
235 ;  Strecker,  A.  65,  9 ;  67,  1 ;  70,  161, 166). 

Preparation. — Glycocholic  acid  (50  grms.)  is 
boiled  for  16  hours  with  water  (6  litres)  and 
baryta  (200  grms.).  The  liquid  is  filtered  hot 
and,  when  cold,  HC1  added.  A  sandy  pp.  of 
cholic  acid  falls.  Crystallised  from  alcohol. 
The  yield  is  80  p.c.  (Hartmann,  J.  pr.  [2]  19, 
307 ;  cf.  Tappeiner,  A.  194,  213). 

Properties.— Crystallises  from  hot  water  in 
anhydrous  microscopic  crystals,  from  cold  solu- 
tions, e.g.  very  dilute  acetic  acid,  in  trimetric 
tables  (containing  aq).  The  acid  combines  with 
methyl-,  ethyl-,  propyl-,  and  ethylene-alcohols 
and  with  mustard  oils,  but  not  with  acetone. 
The  hydrated  and  anhydrous  acid  and  its 
various  alcoholates  all  crystallise  in  the  tri- 
metric  system,  the  axis-ratio  a:c  remains  con- 
stant whilst  b:c  varies  in  the  different  alcoho- 
lates. Gives  a  blood-red  colour  with  cane  sugar 
and  H2S04  (Pettenkofer's  test,  v.  BILE). 

Reactions. — 1.  By  gentle  '  oxidation  with 
acetic  acid  and  Cr03  it  yields  dehydrocholic 
acid  C24H3405,  probably  C20H31  (CO) (CHO)2C02H; 
by  more  vigorous  oxidation  with  K,Cr2b7  and 
H,S04,  bilianic  acid  C24H340S  is  formed  (but  no 
cholanic  acid)  (cf.  Destrem,  C.  R.  87,880;  Cleve, 
C.  R.  91,  1073).— 2.  By  putrefactive  fermenta- 
tion it  is  reduced  to  desoxycholic  acid  C24HIOO4. 
The  latter  acid  probably  accompanies  cholic 
and  choleic  acids  in  saponified  ox-gall. — 3.  Com- 
bines with  iodine  and  HI  or  other  metallic 
iodides  to  form  unstable  blue  compounds 
(A'H)4MI5  which  greatly  resemble  iodide  of 
starch  in  properties. — ( A'H)  ,HI5  icaq  :  formed  by 
adding  iodine  and  HI  to  an  alcoholic  solution  of 
cholic  acid. — (A'H)4KI5xaq:  formed  by  adding 
iodine  and  KI  to  an  alcoholic  solution  of  cholic 
acid.  Small  bronzy  needles,  which  suspended 
in  water  form  an  indigo-blue  liquid.  Readily 
decomposed  into  its  constituents  by  heat,  great 
dilution  with  water,  alkalis,  &c. — (A'H)sBaII0a;aq: 
like  the  preceding  compounds  (Mylius,  B.  20, 
683). 

Mono-acetyl  derivative  C2,H39(OAc)04: 
formed  by  passing  HC1  gas  through  an  acetic 
acid  solution  of  cholic  acid.  Amorphous  powder. 
V.  e.  sol.  alcohol,  ether,  benzene,  &c. 

Di-acetyl  derivative  C24H,8(OAc)203 : 
formed  by  allowing  cholic  acid  to  stand  with 
cold  acetic  anhydride  till  it  dissolves.  White 
granular  crystalline  powder.  V.  sol.  alcohol, 
ether,  benzene,  &c.,  insol.  water.  Bitter  taste. 
Its  Ba  salt  is  insol.  water  (Latschinoff,  Bl.  [2] 
33,  297  ;  B.  18,  3039  ;  20,  1043 ;  Mylius,  B.  19, 
369,  2000;  20,  1968).  Schotten  (H.  11,  2G8) 
denies  the  existence  of  acetyl  derivatives  of 
cholic  acid. 

Amide  C24H390,.NH,.  Formed  by  heating 
the  acid  with  alcoholic  ~NH3  at  250°.  Small 
crystals  (containing  3aq).  SI.  sol.  water.  The 
hydrated  compound  melts  at  [125°-130°].  The 
anhydrous  compound  melts  slowly  from  [130°- 
140°],  again  solidifies  at  about  180°  to  a  colour- 
less crystalline  mass,  which  again  melts  at 
[c.  228°] ;  if  this  crystalline  mass  is  crystallised 
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from  alcohol,  nothing  is  obtained  but  the  ordi- 
nary amide. 

Di-methyl-amide  C24H3904.NMe2.  [171°]. 
Formed  by  heating  the  acid  with  aqueous  di- 
methylamine  at  250°. 

Anhydrides. — By  heating  cholic  acid  under 
various  conditions  mixtures  of  various  anhy- 
drides have  been  obtained,  none  of  which  have 
been  isolated  in  a  pure  state  (Mylius,  B.  20, 
1968). 

Ethyl  ether  C24H39Et05.     [147°]. 

Preparation. — Cholic  acid  (20  pts.)  is  dis- 
solved in  dilute  (90  p.c.)  alcohol  (140  pts.)  and 
the  solution  saturated,  in  the  cold,  with  dry 
HC1.  An  equal  volume  of  alcohol  is  at  once 
added  and  every  100  c.c.  of  the  liquid  poured  in 
a  thin  stream  into  a  litre  of  water.  After  a  few 
days,  needles  of  the  ether  appear  (Tappeiner ; 
Hartmann). 

Dehydrocholic  acid  C24H3405  probably 
C20H3,(CO)(CHO)2C02H.  [232°]  (M.).  [228°  un- 
cor.]  (L.).  Formed  by  slowly  adding  a  10  p.c. 
solution  of  Cr03  (9  pts.)  in  acetic  acid,  to  a  10  p.c. 
solution  of  cholic  acid  (10  pts.)  in  acetic  acid. 
Anhydrous  needles.  By  further  oxidation  with 
KjCr2O7  and  H2S04  it  is  converted  into  bilianic 
acid  C24H3408  i.e.  C19H3I(CO)2(C02H)3.  It  does 
not  give  Pettenkofer's  bile  reaction. 

Tri-oxim  C24H34(NOH)302 :  formed  by  the 
action  of  a  cold  solution  of  hydroxylamine  upon 
sodium  dehydrocholate.  Colourless  microscopic 
tables.  SI.  sol.  hot  alcohol,  nearly  insol.  water 
and  ether.  Stable  in  alkaline  solution,  but 
resolved  into  its  components  by  acids  (Latschi- 
noff,  B.  18,  3045;  Mylius,  B.  19,  2005;  20, 
1979). 

Phenyl  -  mercaptide  C24H3404(SC6H5)2 : 
[c.  220°] ;  colourless  glistening  needles ;  si.  sol. 
water.  Formed  by  passing  HC1  through  a  cold 
solution  of  the  acid  in  phenyl-mercaptan.  The 
sodium  salt  forms  fine  needles,  insol.  water. 

Phenyl-mercaptide-phenyl-hydrazide 
C23H33(SC6H3)2(N2HCriH5)2C02H :  separates  in 
colourless  needles  on  warming  an  acetic  acid 
solution  of  the  phenyl-mercaptide  with  phenyl- 
hydrazine  (Mylius,  B.  20,  1979). 

Desoxy-cholic  acid  (probably  identical  with 
the  so-called  '  hydrated  choleic  acid '  of  Latschi- 
noff)  C24H4004(M.)  or  C.,5H4204  l|aq  (L.).  [135°- 
140°]  (L.) ;  [160°-170°]  (M.).  Large  dimetric 
crystals,  a:a:c  =  1:1:2-4828  (L.).  White  needles, 
v.  sol.  alcohol,  si.  sol.  acetic  acid  (M.).  Occurs, 
together  with  cholic  and  choleic  acids,  in  sapo- 
nified ox-gall  (L.).  Formed  by  putrefactive 
fermentation  of  cholic  acid  (M.).  According  to 
L.  it  is  formed  in  small  quantity  by  boiling 
choleic  acid  with  acetic  acid,  but  M.  was  unable 
to  effect  this  conversion.  By  gentle  oxidation 
with  CrO3  and  acetic  acid  it  is  converted  into 
dehydrocholeic  acid ;  by  more  vigorous  oxidation 
with  K,Cr2O.  and  H.,SO4  into  cholanic  acid  (L.) 
(Latschinoff,  B.  18,  3041 ;  20,  1043  ;  Mylius,  B. 
19,  373  ;  20,  1968). 

The  observations  marked  (L.)  refer  to  Lat- 
schinoff  s  hydrated  choleic  acid,  those  marked 
(M.)  relate  to  the  desoxycholic  acid  of  Mylius. 

CHOLINE  v.  NEUBINE. 

CHOLOIDANIC  ACID  C25H,8On  i.e. 
C-joHs-jO^O-jHJs  (?).     Cholecamphoric    acid.    S. 
•015  at  18°;  -18  at  100°.     [a]D  57°  56'.    Formed, 
together  with  pseudo-choloidanic  acid,  by  boil- 


ing cholanio  acid  (1  g.)  with  HN03  (30  c.c.  of 
S.G.  1*28)  for  several  hours.  Formed  also  by 
the  action  of  HN03  on  bile  (Theyer  a.  Schlosser, 
A.  50,  243)  or  cholic  acid  (Bedtenbacher,  A.  57, 
145 ;  Tappeiner,  A.  194,  239  ;  Cleve,  BL  [2]  38, 
135). 

Salts . — AvAg5  4aq :  gelatinous  pp. — Av2Pb5 : 
amorphous  pp. — AV2Ba3  20aq :  thick  prismatic 
crystals,  S.  (at  18°)  about  20  (Latschinoff,  B. 
13,  1052;  19,1521). 

Psez^o-choloidanic  acidC50H7402,(?).  Formed, 
together  with  choloidanic  acid,  by  boiling  cho- 
lanic acid  (1  g.)  with  HNO3  (30  c.c.  of  S.G.  1-28) 
for  several  hours.  Microscopic  needles. 

Salts.  — AviiiH4Ba220aq:  flat  needles.— 
AvliiAg8 :  amorphous  pp. 

Ethyl  derivative  CSOH70(C2H5)4021:  [247°]. 
Obtained  by  the  action  of  EtI  upon  the  lead 
salt.  Needles.  V.  sol.  alcohol,  less  in  ether.— 
CJB^Et^jjBaa  2aq :  prisms. 

Methyl  derivative  XC50H70(CH3)402, : 
[194°-196°] ;  needles. 

Neutral  methyl  ether  C50Ha6(CH3)802, : 
[128°].  Obtained  by  the  action  of  ethyl  iodide 
upon  the  silver  salt.  Flat  needles  (from  alcohol) 
(Latschinoff,  B.  19,  1521;  cf.  Cleve,  BL  [2]  38, 
135). 

CHONDRIN  v.  PROTEIDS,  appendix  C. 

CHEO MATES,  Salts  of  Chromic  Acid\  v. 
CHROMIUM,  ACIDS  OF,  p.  154. 

CHROME  ALUM 

Cr23S04.K2[or(NH4)2]S04.24H20  v.  ALUMS,  also 
Sulphates  of  Chromium  under  SULPHATES. 

CHROMIC    ACID    H2Cr04;    v.    CHROMIUM, 

ACIDS   OF,  p.  154. 

CHROMIC  ANHYDRIDE  Cr03;  v.  CHROMIUM, 

OXIDES    OF,  p.  164. 

CHROMITES,  Salts  of  the  form  MO.Cr203; 
v.  CHROMIUM,  ACIDS  OF,  p.  158. 

CHROMIUM  Cr.  At.  w.  52-45.  Mol.  w. 
unknown.  [Above  M.  P.  of  Pt  which  is  about 
2500°]  (Deville,  A.Ch.  [3]  46,  182).  S.G.  6-5-6-8 
(Wohler,  A.  Ill,  230  ;  Loughlin,  Am.  S.  [2] 
45,  131 ;  Bammelsberg,  Handbuch  d.  krystal- 
log.  u.  physikal.  Chemie,  part  1  [1881]).  S.H. 
(22°-50°)  -0998  (uncertain)  (Kopp,  T.  155,  71). 
S.V.S.  about  7-8. 

Occurrence. — Never  free  :  chiefly  as  oxide  in 
combination  with  FeO  as  chrome-ironstone, 
FeO.Cr203,  with  Cr203  more  or  less  replaced  by 
Fe203  and  A12O3,  and  FeO  by  MgO.  Also  as  basic 
chromate  of  lead,  as  chromic  oxide,  &c.  The 
ores  of  Cr  are  not  very  widely  distributed.  Chro- 
mium was  discovered  by  Vauquelin  in  1797  ; 
the  name  was  given  (xp^/J-o-)  because  of  the  num- 
ber of  compounds  of  different  colours  obtained 
from  the  metal. 

Preparation. — Chrome  ironstone  is  separated 
from  gangue,  finely  powdered,  washed,  mixed 
with  CaO  and  KHO,  dried  at  150°,  and  heated 
to  bright  redness  in  contact  with  air,  the  mass 
being  constantly  stirred ;  after  cooling,  the 
K2Cr04  formed  is  dissolved  out  in  a  little  warm 
H20,  enough  cone.  H2S04  to  convert  all  the 
K2Cr04  into  KuCr207  is  added,  and  the  K,Cr,O7 
which  separates  is  re-crystallised  from  hot  H20. 
The  K2Cr,0;  is  heated  with  S,  or  starch,  "or 
NH4C1,  and  the  product  washed  with  H.,0,  in 
which  the  Cr203  formed  remains  undissolved 
(v.  CHROMIC  OXIDE,  p.  164).  Cr203  is  then  mixed 
with  rather  less  charcoal  than  is  theoretically 
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required  for  complete  reduction,  and  heated  to  a 
very  high  temperature  in  a  lime  crucible.  Or, 
Cr2O3  is  mixed  with  charcoal,  and  heated  in  Cl 
whereby  CrCl3  (q.v.)  is  obtained;  the  CrCl3  is 
then  heated  to  bright  redness,  and  H  carrying 
with  it  Na  vapour  is  passed  over  it;  monometric 
crystals  of  Cr  are  thus  obtained  (Fremy,  C.  R. 
44,  632).  Wohler  (A.  Ill,  230)  mixes  1  part 
violet  CrCl3  with  2  parts  of  a  fused  and  powdered 
mixture  of  7  parts  NaCl  and  9  parts  KC1,  presses 
the  mixture  firmly  into  a  crucible,  and  places 
2  parts  granulated  Zn  over  it,  and  more  NaCl 
and  KC1  over  this  again;  he  gradually  heats 
until  the  mass  is  melted.  As  soon  as  the  Zn  boils, 
and  the  flame  of  burning  Zn  is  seen  on  removing 
the  crucible,  the  temperature  is  decreased,  and 
the  mass  is  kept  just  melted  for  10  minutes. 
The  whole  is  then  allowed  to  cool,  the  crucible 
being  shaken  once  or  twice  ;  the  crucible  is 
broken,  the  zinc  regulus  dissolved  in  dilute 
HN03Aq,  the  metallic  Cr  then  boiled  once  with 
HN03Aq,  washed,  and  dried.  Zettnow  prepares 
CrCl3  solution  by  reducing  K2Cr2O-  in  HClAq  by 
C.JIjO,  adds  KC1,  evaporates  to  dryness,  and  re- 
duces by  Zn  as  already  described  (P.  143,  477). 
According  to  Bunsen  (P.  91,  619)  Cr  may  be  ob- 
tained in  lustrous  plates  by  electrolysing  an  acid 
solution  of  CrCl2  containing  CrCl3.  Vincent 
(P.  M.  [4]  24,  328)  and  Eoussin  (J.  Ph.  [4]  3, 
413)  form  an  amalgam  of  Cr,  by  acting  on  solu- 
tion of  a  chromic  salt  by  Na  amalgam,  and  heat 
this  in  H  or  vapour  of  rock-oil. 

Properties.  —Descriptions  of  properties  of  Cr 
vary  considerably.  The  metal  obtained  by  re- 
ducing CrCl3  by  Na  vapour,  or  by  reducing 
Cr203  by  C,  is  described  (Fremy,  C.  R.  44,  632) 
as  unchanged  by  heating  in  air,  in  aqua,  regia  or 
HFAq,  or  by  fusing  with  KOH  or  KN03.  The 
metal  obtained  by  electrolysis  (Bunsen,  P.  91, 
619),  or  by  reducing  CrCl3  by  Zn  (Wohler,  A. 
Ill,  230),  is  oxidised  by  molten  KN03  or  KC103, 
and  is  dissolved  in  hot  dilute  HClAq  or  H2S04Aq. 
Berzelius  (A.  49,  247)  supposed  that  Cr  existed  in 
two  distinct  forms.  The  metal  insoluble  in  aqua 
regia  probably  contained  Si  derived  from  the 
vessels.  According  to  Bunsen  and  Wohler,  Cris 
a  greyish- white  powder,  consisting  of  small,  lus- 
trous, very  hard,  brittle,  rhombohedral  crystals 
(dimetric  octahedra,  Bolley,  C.  J.  13,  333)  ;  only 
superficially  oxidised,  unless  in  very  fine  powder, 
by  heating  in  air ;  slowly  oxidised  by  heating 
to  redness  in  steam ;  burns  brightly  when  heated 
in  an  alcohol  flame  fed  with  0;  oxidised  by 
molten  KC103  or  KN03,  but  not  by  molten 
Na2C03 ;  dilute  HClAq,  or  hot  dilute  H.2S04Aq, 
dissolves  it  readily  with  evolution  of  H;  scarcely 
acted  on  by  hot  cone.  HN03Aq ;  burns  in  Cl  gas 
forming  violet  CrCl3.  Cr  is  less  fusible  than  Pt 
(Deville,  A.  Ch.  [3]  46,  182).  It  is  not  magnetic 
(Wohler,  A.  Ill,  .230)  ;  slightly  magnetic  (Fara- 
day). 

The  atomic  weight  of  Cr  has  been  determined 
(1)  by  analysing  and  determining  V.D.  of  CrOaCl, 
and  CrCl3;  (2)  by  measuring  the  S.H.  of  Cr ; 
(3)  by  analyses,  and  comparison  with  other  analo- 
gous compounds,  of  CrCl2  (Peligot,  A.  Ch.  [3]  12, 
530) ;  Ag2Cr04  and  Ag2Cr207  (Berlin,  A  56,  207) ; 
Cr2(NH4)2(S04)4.24H.,0  (Moberg,  J.  pr.  43,  114) ; 
CrCl3  (Siewert,  J.  1861.  241) ;  by  synthesis  of 
BaCr04  from  Bad.,  (Wildenstein,  J.  pr.  59,  27) ; 
by  oxidising  FeCl2Aq  by  K>Cr207  and  by  KC103, 


and  by  oxidising  As,06Aq  by  K,Cr207  (Kessler, 
P.  95,  210) ;  (4)  by  comparing  chromates  with 
isomorphous  manganates  and  tellurates.  The 
atom  of  Cr  is  trivalent  in  the  gaseous  molecule 
CrCl3  (Scott,  Pr.  E.  14,  410)  (v.  CHROMIUM  HEXA- 
FLUORIDE,  under  CHROMIUM,  FLUORIDES  OF,  p.  162). 
Chromium  is  both  metallic  and  non- me- 
tallic; Cr  replaces  the  H  of  most  acids  form- 
ing two  series  of  salts,  the  simplest  formulae  for 
which  are  CrX2  and  CrX3,  respectively,  where 

X=   C12  &c.,  N03  &c.,?°i&c.,  £°-<  &c.;    the 
4  3 

chromous  salts,  CrX2,  are  very  unstable,  and  are 
easily  oxidised  to  chromic  salts,  CrX3.  Many 
basic  chromic  salts  are  known.  The  oxide  Cr2O3 
is  basic  towards  acids,  and  at  the  same  time  ex- 
hibits feebly  acidic  properties  ;  Cr02  seems  to  be 
a  neutral  oxide  and  not  to  form  salts  either  by 
the  action  of  acids  or  alkalis  ;  Cr03  is  distinctly 
an  anhydride.  Cr03Aq  behaves  as  a  dibasic  acid, 
forming  a  series  of  salts  M2Cr04,  the  acid  H2Cr04 
has  also  been  obtained.  Although  no  salts  of 
the  form  MHCr04  are  known  as  definite  solids, 
yet  the  thermal  reactions  of  CrO^Aq  point  to  the 
formation  of  these  salts  ;  thus  (Th.  1,  254) 

n  [Cr03Aq,  n  NaOHAq] 

1  13,134 

2  24,720 
4  25,164. 

By  the  action  of  acids  on  M2Cr04,  dichromates, 
M2Cr207,  are  formed :  a  few  tri-  and  tetra-  chro- 
mates, M2Cr3O10  and  M2Cr4013,  are  known.  CrO3 
also  reacts  with  strong  acids  to  form  chromic 
salts  and  0  ;  it  combines  directly  with  a  few  an- 
hydrides, e.g.  with  S03.  Chromic  oxide,  Cr2O3, 
reacts  towards  acids  as  a  salt-forming  oxide,  but 
at  the  same  time  it  combines  with  some  of  the 
more  positive  metallic  oxides,  e.g.  with  CaO, 
MnO,  ZnO.  Several  hydroxides  of  Cr,  or  perhaps 
rather  hydrated  oxides,  are  known,  derived  from 
the  oxide  Cr203,  and  the  lower  oxide  CrO  which 
has  not  itself  been  obtained  free  from  Cr203 ; 
these  hydrates  are  salt-forming  in  their  reactions 
with  acids.  The  pps.  produced  by  adding 
KOHAq  or  NaOHAq  to  solutions  of  chromio 
salts  always  contain  potash  or  soda  which  can- 
not be  removed  by  washing  with  hot  water. 
Cr2S3  exhibits  slight  salt-forming  properties  in 
its  reactions  towards  sulphides  of  more  positive 
metals ;  no  hydrosulphide  of  Cr  is  known.  Chro- 
mium is  closely  related  to  Mo,  W,  and  U ;  less 
closely  to  S,  Se,  and  Te ;  it  also  shows  distinct 
relations  to  Al,  Mn,  and  Fe  (v.  CHROMITES  ; 
CHROMIUM  GROUP  OF  ELEMENTS  ;  also  CHROMIUM, 
SALTS  OF  ;  CHROMATES  ;  and  the  arts,  on  HYDROX- 
IDES, OXIDES,  CHLORIDES,  &c.  OF  CHROMIUM). 

Reactions. — 1.  Decomposes  steam  at  bright 
red  heat. — 2.  Dissolves  in  hydrochloric  and  sul- 
phuric acids,  forming  salts  and  H. — 3.  Oxidised 
by  molten  potassium  nitrate  or  chlorate.— 4. 
Burns  when  heated  in  chlorine,  forming  CrCl3. 
5.  Is  oxidised  by  strongly  heating  in  oxygen. — 6. 
Forms  CrN  by  heating  in  nitrogen,  and  Cr2S3  by 
heating  with  sulphur. 

Combinations.— Most  of  the  compounds  of  Cr 
are  obtained  directly  or  indirectly  from  the  oxides. 
The  metal  combines  directly  with  Cl,  N,  0,  and 
S.  Compounds  of  Cr  with  each  of  the  non- 
metals,  except  H,  B,  Si,  and  Te,  are  known; 
alloys  with  Al,  Fe,  and  Hg,  have  been  prepared 
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CHROMIUM,  ACIDS  OF. 


(v.  the  various  binary  compounds  of  Cr,  also 
CHROMIUM,  ALLOYS  OF). 

Estimation. — Chromium  may  be  estimated 
in  the  form  of  oxide  Cr203,  after  ppn.  by 
NH.Aq  from  a  warm  solution.  Chromates  are 
usually  estimated  as  BaCr04,  or  they  may  be 
ppd.  by  HgN03Aq,  and  the  Hg2Cr04  heated 
until  only  Cr203  remains ;  or  the  chromate  may 
be  reduced,  by  alcohol,  to  a  chromic  salt,  and 
the  Cr  determined  by  ppn.  with  NH3Aq  &c.  Cr 
may  be  separated  from  many  heavy  metals  by 
ppg.  these  metals  as  sulphides,  by  H  S  ;  Ba  and 
Sr  are  best  separated  by  ppn.  with  H,S04Aq; 
separation  from  Ca,  Mg,  and  Fe,  is  effected  by 
ppg.  Cr203.a;H20  by  NH3Aq,  collecting,  drying, 
and  fusing  with  KN08  and  K2CO,  until  all  the 
Cr  exists  as  KXr04,  dissolving  in  water  and 
ppg.  as  Hg.iCr04  or  BaCr04.  If  alumina  is  pre- 
sent, it  is  ppd.  from  the  solution  containing 
K2Cr04  by  digesting  with  ammonium  carbonate. 
Cr,03a:H20  is  ppd.  by  digesting  solutions  of 
chromic  salts  with  excess  of  BaC03 ;  under  the 
same  conditions  salts  of  Ni,  Co,  Mn,  and  Zn,  are 
not  ppd. 

Chromium,  acids  of,  and  their  salts  (comp. 
arts.  ACIDS;  ACIDS,  BASICITY  OP;  HYDROXIDES). 
Only  one  acid  containing  Cr,  viz.  chromic  acid 
H2Cr04,  has  been  obtained  in  definite  form, 
by  the  action  of  H2O  on  the  anhydride  Cr03 
(v.  infra,  CHROMIC  ACID).  This  acid  forms  a 
series  of  chromates,  M2Cr04,  isomorphous  with 
M_,S04.  H2Cr04Aq  reacts  as  a  dibasic  acid  (v. 
infra,  CHROMIC  ACID);  no  salts  of  the  form 
MHCr04,  but  only  the  salts  M2Cr04,  have  been 
obtained  by  neutralising  the  acid  by  alkalis; 
when  acids  react  with  chromates  of  monovalent 
metals  M2Cr04,  two  formula-weights  of  the 
chromate  usually  react  with  one  formula-weight 
of  a  dibasic  acid  (e.g.  H2S04),half  of  M  is  re- 
moved, and  a  dichromat'e,  M2Cr207 — similar  to 
the  disulphates  M2S207 — is  produced.  Seve- 
ral trichromates  M2Cr3Oi0,  au^  tetrachromates 
M2Cr40,s,  are  also  known ;  these  salts  are  pro- 
bably best  regarded  as  derived  from  M2Cr207  and 
M,Cr04,  and  from  2M2Cr207,  respectively,  by  the 
removal  of  half  the  total  M  and  condensation  of 
the  residues.  The  following  formula  express 
this  view  of  the  constitution  of  the  di-,  tri-,  and 
tetra-,  chromates : 

(1)  Chromic  acid,  Cr02(OH)2; 

(2)  Chromates,  Cr02(OM)2; 

(3)  Bichromates,  OM.Cr02.O.Cr02.OM ; 

(4)  Trichromates,  OM.Cr02.O.Cr02.O.Cr02.OM ; 

(5)  Tetrachromates, 

OM.Cr02.O.Cr02.O.Cr02.O.Cr02.OM. 
These  various  series  of  salts  may  also  be  regarded 
as  direct  compounds  of  metallic  oxide  with  Cr03 
(M2O.Cr03;  M20.2Cr03;  M20.3Cr03;  M20.4Cr03). 
Besides  these  salts,  several  basic  chromates  are 
known  (v.  infra).  Chromic  acid,  H2Cr04,  being 
dibasic,  and  forming  M2Cr04  analogous  with 
M2S04,  is  probably  a  dihydroxyl  acid,  Cr02(OH)2. 
If  this  is  so  we  should  expect  that  each  OH 
would  be  replaceable  by  Cl ;  the  first  compound 
thus  produced,  Cr02.C1.0H,  ought  to  be  a  mono- 
basic acid  (analogous  with  S02.C1.0H) ;  this 
compound  is  not  itself  known,  but  several 
salts  derived  from  it  have  been  prepared,  e.g. 
Cr02.C1.0K  (v.  infra,  under  Chromates).  Thio-, 
bromo-,  and  iodo-,  chromates,  Cr02.X.OM  (where 
X  =  F,  &c.,  and  M  .=  alkali  metal),  are  also  known. 


Salts  of  the  hypothetical  amido-chromic  acid 
(Cr02.NH2.OM)  are  known;  and  it  is  probable 
that  nitro-derwatives  of  K2Cr2O7  and  K2Cr3010,  re- 
spectively, have  been  obtained,  viz.  Cr2O...N02.OK 
and  Cr3Og.N02.OK  (v.  Potassium  dichromate, 
under  Bichromates).  Cr203  reacts  towards  acids 
as  a  salt-forming  or  positive  oxide ;  no  acid 
corresponding  to  this  oxide  is  known ;  the  oxide 
is  itself  insoluble  in  H20.  Salts  MO.Cr.,O3, 
where  M  =  Zn,  Mn,  Fe,  &c.,  have,  however,  been 
prepared,  by  fusing  MO  and  Cr,O3  with  B203,  &c. ; 
these  may  be  regarded  as  derivatives  of  the  hypo- 
thetical chromous  acid  H2Cr.2O4  (v.  Chromites, 
p.  158).  The  sulphide  Cr2S3,  corresponding 
to  Cr2O3,  also  reacts  as  a  feebly  salt-forming 
compound  towards  more  positive  sulphides  (v. 
CHROMIUM,  THIOACID  OF,  p.  168). 

CHROMIC  ACID  H2CrO4.  Said  to  be  obtained 
as  small  red  crystals  by  adding  a  little  H20  to 
excess  of  pure  Cr03,  keeping  the  solution  for 
some  hours  at  90°,  decanting  and  cooling  to  0° 
(Moissan,  A.  Ch.  [6]  5,  568).  The  crystals  do 
not  seem  to  have  been  separated  from  the 
mother  liquor  and  analysed ;  they  very  easily 
decompose  when  heated  to  Cr03  and  H20.  The 
thermal  values  of  the  reaction  between  NaOHAq 
and  H2Cr04Aq  show  that  this  acid  is  dibasic; 
salts  of  the  form  MHCr04  appear  not  to  exist  as 
solids  ;  if  enough  alkali  is  added  to  saturate 
half  the  H2Cr04  in  solution,  and  the  liquid  is 
evaporated,  the  salt  M2Cr207  is  obtained — pro- 
bably 2MHCr04  is  formed  and  decomposed  to 
M2Cr,07  and  H20.  If  H2Cr04Aq  is  added  to 
solution  of  M2Cr04,  M2Cr207  is  obtained  on 
evaporation.  The  thermal  data  (Th.  1,  255) 
show  (1)  the  dibasicity  of  the  acid,  and  (2)  the 
action  of  excess  of  acid  on  the  normal  salts  : 
the  corresponding  data  for  H2S04Aq  are  given; 
addition  of  H2S04Aq  to  K,S04Aq  produces 
KHS04Aq  :— 
n  ONaOHAq,  CrOlAq]  m  [wCrO'Aq,  2NaOHAq] 

1  13,134        £      12,582 

2  24,720        1      24,720 
4     25,164       2      26,268 

n  [wNaOHAq,  S03Aq]      m  [wSO'Aq,  2NaOHAq] 

1  14,754  i  15,689 

2  31,378  1  31,378 
4            31,368                  2  29,508 

Chromates.  (Di-,  tri-,  tetra-, chromates.) 
M2Cr04  or  M«Cr04 ;  also  basic  and  double  salts. 
Chromates  are  mostly  yellow  or  red ;  the  salts 
of  the  alkali  metals,  and  of  Ca,  Mg,  and  Sr,  are 
e.  sol.  water,  the  others  are  generally  insol.  or 
si.  sol.  They  are  formed  by  the  action  of  bases 
on  H2Cr04Aq ;  by  fusing  Cr203  with  alkali  in 
presence  of  air;  or  by  double  decomposition 
from  the  alkali  salts.  Neutral  M2CrO,Aq 
(M  =  alkali  metal)  goes  red  on  addition  of  a 
mineral  acid  from  formation  of  M2Cr20,Aq,  on 
adding  alkali  the  yellow  colour  returns.  Cbro- 
mates  are  easily  reduced  to  Cr203  or  salts  of  this 
oxide ;  e.g.  boiling  HClAq  produces  CrCl3Aq, 
and  chloride  of  the  metal,  H2S04Aq  produces 
Cr23S04Aq.  Chromates  of  the  less  positive 
metals  give  Cr203  when  strongly  heated ;  M2Crv07 
(M  =  alkali  metal)  give  Cr203,  0,  and  M2Cr04. 
Insoluble  chromates  yield  alkali  chromates  by 
fusion  with  KOH  or  NaOH.  Heated  with  NaCl 
and  cone.  H2S04,  chromates  give  Cr02Cl2.  Solu- 
tions of  chromates  have  a  metallic  taste,  and  are 
poisonous. 
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Aluminium    chromate.  —  The    basic     salt 


.4.-,  =  ,2.r,  a  a 
flocculent  yellow  pp.  obtained  by  adding  K2CrO4Aq 
to  alum  solution,  or  by  evaporating  Al.^O3.ajH.,O 
in  Cr03Aq  (Fairrie,  C.  J.  4,  300  ;  Mans,  P.  11,  81  ; 
Elliot  a.  Storer,  P.  Am.  A.  5,  192). 

Ammonium  chromate.  —  (NH4)2Cr04.  Citron- 
yellow  needles  ;  e.  sol.  water  ;  gives  off  NH3  in 
air;  on  heating  leaves  Cr,203.  Obtained  by 
slowly  adding  Cr02Cl2  to  excess  of  NH3Aq,  and 
evaporating  below  60°  ;  also  by  BaCr04 
+  (NH4),S04Aq,  and  by  Cr03Aq  +  NH3Aq  (Darly, 
A.  65,  2041)  (v.  Di-,  Tri-,  and  Hexa-chromates). 

Barium  chromate  BaO04.  Yellow,  crys- 
talline powder  ;  obtained  by  K,Cr04Aq  +  BaCL^Aq  ; 
S.G.  3-9  ;  also  by  fusing  1  pt.  K2Cr04  with  1  pt. 
Na.,Cr04  and  2  pts.  BaCl2,  and  cooling  slowly  ; 
S.G.  4-6  (Bourgeois,  Bl.  [2]  31,  243).  Insol. 
H,0;  sol.  HClAq,  or  HN03Aq,  and  reppd.  by 
NH3Aq.  Decomposed  by  alkali  carbonates  and 
sulphates  (Eose,  P.  95,  426)  (v.  Bichromates). 

Beryllium  c'hromate.  —  Basic  salt 
BeCr04.13Be0.23H.,0  ;    yellow  pp.,  insol.   H20 
(Creuzburg,  D.  P.  J.  163,  449). 

Bismuth  chromates  (Lowe,  J.  pr.  67,  288  a. 
463  ;  Pearson,  P.  M.  [4]  11,  204  ;  Pattison  Muir, 
C.  J.  [2]  15,  12;  [2]  16,  24  a.  645).  Normal 
chromate,  Bi23Cr04,  has  not  been  prepared. 
The  following  basic  salts  are  known  :  — 
2(Bi23Cr04).7Bi203,  by  ppg.  Bi3N03  in  small- 
est excess  of  HN03Aq  by  K,Cr04Aq  ; 
2(Bi23Cr04).Bi203,  by  ppg.  a  more  acid  solu- 
tion of  Bi3N03  in  HN03Aq  by  K2Cr04Aq; 
(Bi23Cr04).2Bi203,  by  boiling  the  preceding 
salt  with  dilute  HN03Aq  or  with  alkali; 
3(Bi23Cr04).Bio03,  by  prolonged  heating 
2(Bi.,3Cr04).Bi203  with  dilute  HN03Aq  ; 
7(Bi23Cr04).2Bi203,  by  treating  (Bi23Cr04).2Bi203 
first  with  cone.,  then  with  dilute,  HN03Aq.  These 
salts  are  all  yellow  to  red,  heavy,  crystalline 
powders  ;  insol.  water,  and  slowly  decomposed 
by  hot  acids  (v.  also  Bichromates). 

Cadmium  chromate.  —  Basic  salt 
CdCr04.CdO.H20  ;  by  reaction  of  CdS04Aq  with 
large  excess  of  K2Cr04Aq  (Freese,  B.  2,  476; 
Sarzeau  a.  Malaguti,  A.  Ch.  [3]  9,  431). 

Calcium  chromate  CaCr04.2H20  ;  by  dissolv- 
ing CaC03  in  Cr03Aq  and  evaporating.  Yellow 
prisms;  S.  (14°)  4l  ;  insoluble  in  alcohol  ;  loses 
its  H20  at  200°  (Siewert,  Z.  f.  d.  g.  Naturwiss. 
19,  11)  (v.  Bichromates). 

Cerium  chromate  CeCr04  ;  yellow  powder,  by 
dissolving  CeC03  in  Cr03Aq  and  evaporating  (Be- 
ringer,  A.  42,  143). 

Chromium  chromate  (Cr23Cr04).2Cr203.  This 
name  and  composition  is  sometimes  assigned  to 
Cr02  (v.  CHROMIUM  DIOXIDE  under  CHROMIUM, 
OXIDES  OF,  p.  164.) 

Cobalt  chromates.  —  Basic  cobaltous  salt 
CoCr04.Co0.2H,0  (Freese,  B.  2,  476); 
CoCr04.2Co0.4H,0  (Sarzeau  a.  Malaguti,  A.  Ch. 
[3]  9,  431).  "  Clear  red-brown  pp.  by 
Co2N03Aq  +  K.,Cr04Aq.  Cobaltic  chromate 
Co.,3CrO,  is  known  in  combination  with  NH3 
and  NH4C1;  the  salts  (Co23Cr04).10NH3, 
(Coo3Cr04).12NH3.5H,0,  and 
(Co23Cr04).2NH3.2NH4Cl,  are  described  by 
Braun  (A  125,  153  a.  197),  Gibbs  a.  Genth  (A. 
104,  150  a.  295),  and  Gibbs  (B.  4,  790)  (v.  also 
CHROMIUM,  AMMONIO-SALTS  or). 


Copper  chromates.— Basic  salts : 
CuCr04.2Cu0.2H20,  yellowish-brown  pp.,  by 
K2Cr04Aq  +  CuS04Aq,  and  by 
CuSO4Aq  +  K2Cr207Aq  and  adding  enough  KOH 
to  produce  K2Cr04Aq  (Freese,  P.  140, 87 ;  Eosen- 
feld,  B.  13,  1469).  Loses  its  H,O  at  260°  and 
takes  it  up  again  in  moist  air.  Two  salts, 
2(CuCr04).5CuO.5H20,  and  CuCrO4.6Cu0.5H2O, 
are  described  by  Rosenfeld  (I.e.) ;  obtained  by 
adding  CuS04Aq  to  K^Cr^Aq  with  excess  of 
KOHAq.  The  salt  CuCr04.2Cu0.2K,0  dissolves 
in  NH3Aq  at  0°;  dark-green  crystals  of 
2(CuCr04)Cu0.10NH3.2H20  separate  (Sarzeau 
a.  Malaguti,  A.  Ch.  [3]  9,  431 ;  Viefhaus,  J.  pr. 
88,  431 ;  Slater,  J.  pr.  60,  247)  (v.  also  Potas- 
sium chromate). 

Iron  chromate. — Basic  ferric  salt 
(Fe23Cr04).2Fe203 ;  brown  pp.  by  K2Cr04Aq 
acting  on  iron-alum  solution ;  decomposed  by 
H20  to  Fe203  and  Cr03Aq.  An  acid  salt, 
Fe23Cr04.Cr03,  is  said  to  be  formed  by  digesting 
Cr03Aq  with  Fe206H6,  and  evaporating  (Klet- 
zinsky,  D.  P.  J.  207,  83;  Elliot  a.  Storer,  P. 
Am.  A.  5,  192). 

Lead  chromate  PbCr04.  Occurs  native  as 
red-lead  ore,  in  yellow,  translucent,  monoclinic 
prisms,  S.G.  5-2  to  6-1.  Obtained  as  yellow  pp. 
by  K2Cr04Aq  or  K2Cr207Aq  acting  on  neutral  so- 
lution of  a  Pb  salt;  also  in  crystals  by  strongly 
heating  K2Cr04  with  PbCl2,  S.G.  of  crystals  6-12 
(Manross,  A.  82,  348;  Drevermann,  A.  87,  120). 
S.H.  -09  (Kopp,  A.  Suppl.  3,  1).  Insol.  in  H20, 
sol.  in  HN03Aq  or  KOHAq ;  melts  without  change, 
but  at  higher  temperature  gives  0,  Cr203,  and  a 
basic  salt  (PbCr04.PbO).  Acts  as  an  oxidiser, 
hence  used  in  organic  analysis  (v.  Vohl,  A.  106, 
127). 

Basic  salt  PbCr04.PbO ;  red  crystals,  ob- 
tained by  throwing  PbCr04  in  small  quantities 
into  molten  KNO8,  cooling  somewhat,  pouring  off 
still  liquid  part,  and  quickly  washing  residue  with 
H20  ;  also  by  digesting  PbCr04  with  cold  KOHAq, 
or  with  hot  K2CrO4Aq.  Insol.  in  H20 ;  sol.  in 
KOHAq ;  acids  withdraw  PbO  (Wohler  a.  Liebig, 
P.  21,  580).  Another  basic  salt,  2(PbCr04).PbO, 
occurs  native  as  Melanochro'ite,  and  is  said  to  be 
formed  by  diffusing  K2Cr04Aq  and  Pb2NO3Aq 
(Drevermann,  A.  87,  120).  Lead  chromates  are 
used  as  pigments. 

Lithium  chromate  Li2Cr04.H20 ;  red  trime- 
tric  crystals,  easily  sol.  in  H2O.  A  double  salt, 
Li.NH4.Cr04.2H20,  is  obtained  by  saturating 
Li,Cr207Aq  with  NH3Aq  (Eammelsberg,  B.  B. 
1865.  629)  (v.  Bichromates). 

Magnesium  chromate  MgCr04.7H20.  Citron- 
yellow  soluble  crystals ;  isornorphous  with 
MgS04.7H20  ;  S.G.  1-66-1-75 ;  by  dissolving  MgO 
in  Cr03Aq  and  evaporating  (Kopp,  A.  42,  100 ; 
Grailich,  W.  B.  27,  174). 

The  double  salt  MgCr04.NH4Cr046H20  crys- 
tallises from  a  solution  of  its  constituents ; 
yellow  monoclinic  crystals,  isomorphous  with 
corresponding  double  sulphates  (Grailich,  Z.c.). 
v.  also  Potassi'iim  chromate. 

Manganesechromate. — Basic  manganous  salt ; 
MnCr04.Mn0.2H20,  brown  pp.  by  reaction  of 
boiling  MnS04Aq  and  K2Cr04Aq  (Fairrie,  C.  J. 
4,  300 ;  Freese,  P.  140,  87 ;  Warington,  P.  M. 
[3]  21,  380  ;  Eeinsch,  P.  55,  97). 

Mercury  chromates.— Mercurous  chromate 
Hg2Cr04;  red  crystalline  powder  ;  by  reaction  of 
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HgNO.<Aq  and  K2Cr04Aq  or  K2Cr207Aq  (H.  Eose, 
P.  53/124;  Freese,  Z.  [2]  6,  30).  Decomposed 
by  heat  to  Hg,  0,  and  Cr203  (Darly,  A.  65,  204 ; 
Freese,  P.  140,  87).  By  action  of  alkalis  a  black 
basic  salt,  Hg2Cr04.2Hg.,0,  is  obtained  (Kichter, 

B.  15,  1489). 

Mercuric  chromate  HgCr04;  dark,  garnet-red, 
trimetric  prisms ;  obtained  by  evaporating  equal 
parts  of  yellow  HgO  and  Cr03  in  H20.  Decom- 
posed by  H-jO  to  CrOgAq  and  HgCr04.2HgO. 
Decomposed  by  acids  (Geuther,  A.  106,  247 ; 
Millon,  A.  Ch.  [3]  18,  365). 

The  basic  salt  HgCr04.2HgO  is  a  brick-red 
powder,  obtained  by  boiling  HgO  with  K2Cr04Aq, 
or  by  reaction  of  Hg2N03Aq  and  K2Cr2O7Aq 
(Millon,  A.  Ch.  [3]  18,  365 ;  Freese,  Z.  [2]  6, 
30). 

A  double  salt  2(HgCr04).HgS  is  obtained  by 
digesting  freshly  ppd.  HgS  with  solution  of 
freshly  ppd.  HgO  in  Cr03Aq,  and  drying  at  30° ; 
easily  explodes  when  rubbed  (Palm,  J.  1862. 
221)  (v.  also  Ammonium  dichromate). 

Nickel  chromate.— R&sic  salt 
NiCr04.2NiO.6H2O ;  brown  pp.  by  reaction  be- 
tween NiS04Aq  and  K2Cr04Aq.  Loses  its  H20 
above  300°  (Freese,  P.  140,  87).  Other  basic 
nickel  chromates  are  described  by  Schmidt  (A. 
156,  19).  A  double  compound,  NiCr04.6NH3,  is 
obtained  in  yellow  dichroic  crystals  by  addition 
of  alcohol  to  a  solution  of  the  basic  salt  in  pre- 
sence of  NH3Aq ;  the  crystals  lose  NH3  in  the 
air  (Schmidt,  I.e.). 

Potassium  chromate  K2Cr04.  S.G.  f  2-71. 
S.H.  -189  (Kopp,  A.  Suppl.  3,  1).  C.E.  (0°-100°) 
•01134  (Joule  a.  Playfair,  C.J.  1, 121 ;  Schiff,  A. 
107,  64).  S.  (0°)  58-9  ;  (20°)  62-94 ;  (60°)  71-02 ; 
(100°)  79-1 :  boiling-point  of  saturated  solution 
=  104-2°  (Michel  a.  Kraft,  A.  Ch.  [3]  41,  471 ; 
Schiff,  A.  108,  326;  v.  Hauer,  J.pr.  103,  114). 
Freezing-point  of  saturated  solution  =  — 12-5° 
(Kiidorff,  P.  122,  337).  S.G.  —  38'44  p.c.  solu- 
tion =  1-3787;  17-09  p.c.  solution  =  1-1476;  8-54 
p.c.  solution  =  1-0703  ;  4-27  p.c.  solution  =  1-0349 
(Michel  a.  Kraft,  A.  Ch.  [3]  41,  417 ;  Alluard, 

C.  R.  59,  500). 

Preparation. — 1.  By  heating  5  parts  K2Cr207 
with  4  parts  KN03  or  K2C03  until  the  whole  fuses 
quietly,  dissolving  in  water,  and  crystallising. — 
2.  By  neutralising  K2Cr207Aq  with  K2C03,  eva- 
porating and  crystallising. — 3.  By  fusing  Cr203 
with  K2C03  and  KN03,  dissolving  in  water  and 
crystallising.— 4.  By  fusing  chrome-ironstone 
with  K2C03  and  Ca02H2,  lixiviating  with  H20, 
boiling  down,  and  crystallising. 

Properties. — Pale  lemon-yellow,  double  six- 
sided  trimetric  pyramids ;  isomorphous  with 
K2SO4.  Melts  without  change.  Insol.  alcohol. 
Solution  in  H20  is  alkaline,  with  metallic  taste, 
and  is  poisonous ;  on  evaporation,  this  solution 
gives  crystals  of  K2Cr207,  and  mother  liquor 
gives  crystals  of  K2CrO4. 

Reactions. —I.  Acids,  even  C02Aq,  produce 
K,Cr207  (Schweitzer,  N.  R.  P.  3,  212 ;  Margue- 
ritte,  J.  pr.  64,  502  ;  Mohr,  Fr.  1872.  278).— 2. 
Reduced  by  H2S  or  K2SAq,  with  formation  of 
Cr2O3.zH20,  and  by  SO-jAq  with  production  of 
Cr,3SO4Aq.— 3.  With  HC1  gas,  KC1,  H2O,  and 
K2Cr2O7  are  formed,  and  then  the  K2Cr207  is  re- 
duced to  CrCl3  and  Cr02  (Thomas,  C.  J.  33,  371). 

Combinations.— I.  With  various  chromates  to 


form  double  salts.  K,Cr04.(NH4)2Cr04  crystal- 
lises from  cone.  K2Cr.,07Aq  saturated  with  NH3 
(Berthier,  A.  Ch.  [3]  7,  77  ;  Johnson,  J.  pr.  62, 
261).  K2Cr04.CaCr04.2H20  crystallises  from 
K2Cr207Aq  neutralised  by  Ca02H2Aq. 

K2Cr04.5CaCr04  obtained  by  slowly  evapora- 
ting a  mixture  of  CaCLAq  and  K2CrO4Aq  (Bahr, 
J.  pr.  60,  60;  Duncan,V.  pr.  50,  ~54;  Eammels- 
berg,  P.  98,  507).  K,CrO,.2CuCr04.Cu0.2H20, 
obtained  by  reaction  between  cold  CuSO4Aq  and 
K2Cr04Aq,  or  by  adding  KOHAq  to  mixture  of 
K,Cr207Aq  and  CuS04Aq  (Freese,  P.  140,  87). 
K~Cr04.Fe23Cr04.4H20,  by  reaction  between 
cone.  Fe2Cl6Aq  and  K2Cr04Aq,  dissolving 
pp.  in  HClAq,  cooling,  and  washing  rapidly 
with  cold  H20  (Hengson,  B.  12,  1300  a.  1656). 
K2Cr04.MgCr04.2H20 ;  by  evaporating  cone. 
K.",Cr207Aq  after  neutralising  by  MgO  or  MgC03 
(Hauer,  J.  pr.  80,  222  ;  Schweitzer,  A.  64,  276). 
K2Cr04.2ZnCr04.2Zn0.3H20 ;  by  prolonged  action 
of  cold  ZnS04Aq  on  excess  of  K2Cr04Aq  (Freese, 
B.  2,  476 ;  Priissen  a.  Philippona,  A.  149,  92).— 
2.  With  mercuric  chloride  and  cyanide,  to  form 
K.,Cr04.2HgCl2,  and  2K2Cr04.3Hg(CN)2,  respec- 
tively (Darly,  A.  65,  204 ;  Eammelsberg,  A.  28, 
217;  84,  281)  (v.  also  Di-,  Tri-,  and  Tetra- 
chromates ;  also  Bromo-,  Chloro-,  Fluo-,  lodo-, 
Chromates). 

Rubidium  chromate  Eb2Cr04.  Yellow  tri- 
metric crystals,  isomorphous  with  K2CrO4  and 
K2S04  (Piccard,  J.  pr.  86, 449 ;  Grandeau,  A.  Ch. 
[3]  67,  155). 

Silver  chromate  Ag2Cr04.  Dark-red  crys- 
tals ;  by  reaction  between  K2Cr04AqandAgN03Aq, 
or  by  digesting  moist  Ag20  with  K2Cr04Aq. 
Insol.  H2O;  sol.  acids,  NH3Aq,  and  alkali  chrom- 
ates ;  KOHAq  withdraws  all  Cr03.  Under  H20 
is  slowly  reduced  by  Zn,  Cd,  Sn,  &c.  (Freese,  P. 
140,  87;  Fischer,  P.  8,  488).  Combines  with 
NH3  to  form  Ag2Cr04.4NH3 ;  produced  in  yellow 
crystals,  isomorphous  with  corresponding  sul- 
phate and  selenate,  by  dissolving  Ag2Cr04  in  hot 
NH3Aq  and  crystallising  (Mitscherlich,  P.  12, 
141 ;  Wohler  a.  Eantenberg,  A.  114,  119). 

Sodium  chromate  Na2Cr04.10H20 ;  yellow, 
deliquescent  crystals,  isomorphous  with 
Na2S04.10H20.  Prepared  similarly  to  K2Cr04 
(Johnson,  J.  pr.  62,  261 ;  Kopp,  A.  42,  100)  (v. 
also  Bichromates). 

Thallium  chromate  Tl2Cr04.  Yellow  pp. 
obtained  by  reaction  between  K2Cr04Aq  and 
neutral  solution  of  a  thallous  salt  (Carstanjen, 
J.pr.  102,  65  a.  129;  Hebberling,  A.  134,  11; 
Strecker,  A.  135,  207  ;  Crookes,  C.  N.  8,  255) 
(v.  also  Di-,  and  Tri- chromates). 

Thorium  chromate  Th2Cr04.8H20 ;  crys- 
tallises by  evaporating  a  solution  of  Th203  in 
Cr03Aq  (Chydenius,  P.  119,  43). 

Zinc  chromates.— Various  basic  salts  are 
obtained  by  the  reactions  between  ZnS04Aq 
and  K2Cr04Aq :  the  most  marked  seems  to  be 
ZnCrO"4.Zn0.2H2O  (Sarzeau  a.  Malaguti,  A.  Ch. 
[3]  9,  431 ;  Thomson,  P.  M.  3,  81 ;  Priissen  a. 
Philippona,  A.  149,  92).  By  dissolving  this 
salt  in  a  little  NH3Aq,  and  adding  alcohol, 
ZnCr04.4NH3.3H20  is  obtained  (Sarzeau  a. 
Malaguti,  I.e.  ;  Bieler,  A.  151,  223)  (v.  also 
Potassium  chromate). 

Chromates  of  In  (Meyer,  A.  150,  137);  Mo; 
Sr;  Sn  (Leykauf,  J.  pr.  19,  127);  U;  and  Yb 
(Popp,  A.  131,  179)  seem  to  exist,  but  very 
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little  is  known  concerning  them,  nor  have  their 
compositions  been  satisfactorily  determined. 

Fluo-,  Bromo-,  Chloro-,  and  lodo-chromates  ; 
also  Amido-chromates  (v.  supra  beginning  of  this 
art.,  p.  154).  Salts  derived  from  the  hypo- 
thetical acids,  fluocliromic  Cr02.F.OH,  bromo- 
chromic  Cr02.Br.OH,  &c.,  and  amidochromic 
Cr02.NH2.OH.  These  acids  are  not  themselves 
known. 

Potassium  fluochromate  Cr02.F.OK.  Euby 
red,  semitransparent,  crystals ;  efflorescent  in 
air ;  melts  when  heated;  acts  on  glass.  Prepared 
by  heating  powdered  K2Cr207  in  a  Pt  dish  with 
excess  of  cone.  HFAq  (Streng,  A.  129,  225; 
Heintze,  J.  pr.  [2]  4,  225 ;  Varenne,  C.  R.  89, 
358 ;  91,  389). 

Potassium  bromochromate  Cr02.Br.OK. 
Dark -brown  crystals  ;  gives  up  Br  in  an  exsicca- 
tor ;  decomposed  by  H20.  Obtained  by  satura- 
ting cone.  K2Cr207Aq  with  fuming  HBrAq,  and 
crystallising  "from  HBrAq  (Heintze,  J.  pr.  [2]  4, 
225). 

Potassium  chlorochromate  Cr(X.C1.0K.  Ob- 
tained by  heating  for  a  short  time  3  parts 
K2Cr207  with  4  parts  cone.  HClAq  and  a  little 
H>O,  and  cooling;  or  by  adding  Cr02Cl2  to 
KClAq,  or  to  K2Cr04Aq  slightly  acidified  with 
acetic  acid : 

K2Cr.,07  +  2HClAq  =  2Cr02.C1.0K  +  H2OAq  ; 

Cr02Cl2"+  KClAq  +  H20  =  Cr02.C1.0K  +  2HClAq ; 

Cr02Cl2  +  K2Cr04Aq  =  2Cr02.C1.0K  +  Aq 

(Peligot,  A.  Ch.  52,  267;  Geuther,  A.  106,  240)- 
This  salt  is  also  produced,  along  with  Cr203, 
when  violet  CrCl3  reacts  with  molten  K2Cr.,67 
(Geuther,  A.  118,  68).  Large  red  prisms; 
S.G.  ^  2-497;  C.E.  (0°-100°)  -0159  (Playfair  a. 
Joule,  C.  J.  1,  121).  May  be  crystallised  un- 
changed from  H20  containing  a  little  acid ; 
crystals  of  K2Cr207  separate  from  an  aqueous 
solution.  Cl  is  evolved  at  100°.  Decomposed 
by  cone.  H2S04  with  formation  of  Cr02Cl2  and 
Cr3OtiCl2  (q.  v.) ;  with  N02  gives  N02C1  (Heintze, 
J.  pr.  [2]  4,  211).  By  reaction  with  cone. 
KCNAq,  CNC1  is  formed.  By  the  action  of  dry 
NH3,  salt  having  the  composition  K^Cr.^ 
(?Cr02.OK.Cr02.OK.CrO,,)  is  formed,  along  with 
KC1  and  NH4C1 ;  if  the  chlorochromate  is  sus- 
pended in  (C.;,H5).20  and  NH3  is  passed  in,  crys- 
tals of  potassium  amidochromate  CrO2.NH2.OK 
(q.  v.)  are  formed  (Heintze,  /.  pr.  [2]  4,  211). 

Chlorochromates  of  Na— Cr02.C1.0Na.2H,0  ; 
of  NH4— CrO2.C1.0NH4;  of  Ca,  Sr,  Ba,  Mg,  Ni, 
Co,  and  Zn— (Cr0.2.C1.0)2M.zH2O ;  have  also 
been  prepared,  by  adding  Cr02Cl2  to  fairly  cone, 
solution  of  the  metallic  carbonates  in  Cr03Aq. 
When  M  =  Mg,  Ni,  Co,  or  Zn,  the  salts  crystallise 
with  9H20;  when  M  =  Ca,  with  5H20 ;  when 
M  =  Sr,  with  4H20 ;  and  when  M  =  Ba,  with  H20 
(Peligot,  A.  Ch.  52,  267  ;  Pnetorius,  A.  201,  1). 

Potassium  iodochromate  Cr02.I.OK.  Ob- 
tained, as  garnet-red,  easily  decomposed,  crystals, 
by  gently  heating  cone,  colourless  HIAq  with 
finely  powdered  K2Cr207  (Guyot,  C.  R.  73,  46). 

Potassium  amidochromate  Cr02.NH2.OK. 
Finely  powdered  Cr02.C1.0K  is  slowly  added  to 
water  and  ether  (free  from  alcohol),  the  liquid  is 
simultaneously  saturated  with  NH3 ;  after  stand- 
ing 24  hours,  the  ether  is  poured  off,  the  residue 
is  gently  warmed  to  get  rid  of  adhering  ether,  and 
is  then  treated  with  water;  the  liquid  is  evapo- 


rated at  a  low  temperature,  and  allowed  to  crys- 
tallise. The  salt  is  recrystallised  from  H2O, 
and  the  crystals  are  dried  at  100°.  Garnet-red  ; 
unchanged  by  cold  H/),  or  cold  NaOHAq;  de- 
composed by  H20,  or  NaOHAq,  at  100  \  giving 
Cr02.OK.ONH4,  and  Cr02.OK.ONa,  respectively; 
decomposed  by  nitrous  acid  to  I^Cr-A,  N,  and 
H20.  Cr02.NH2.OK  is  changed  by  dry  NH3  to  a 
dark-brown  powder,  from  which  H2O  removes 
NH4C1  and  leaves  a  crystalline  salt,  Cr3Oa(OK)2: 
the  corresponding  NH4  salt  is  obtained  by  acting 
on  CrO,Cl2  dissolved  in  CHC13  with  NH3,  and 
reacting  with  H20  (Heintze,  J.  pr.  [2]  4,  214). 

Bichromates  M2Cr2O?  and  MCr20;.  Most  of 
these  salts  are  soluble  in  water ;  many  of  them 
are  decomposed  by  water.  The  greater  number 
are  salts  of  monovalent  metals.  They  are  ob- 
tained by  the  action  of  acids  on  M2Cr04. 

Ammonium  dichromate  (NH4)2Cr2O7.  Orange 
coloured,  monoclinic,  crystals ;  S.G.  2-367 ;  de- 
composed by  heat  to  Cr203,  H20,  and  N.  Pre- 
pared by  neutralising  Cr03Aq  with  NH3Aq, 
adding  an  equal  quantity  of  Cr03Aq,  and  evapo- 
rating (Richmond  a.  Abel,  C.  J.  3, 199 ;  Siewert, 
Z.  f.  d.  g.  Naturwiss.  19,  11 ;  Schabus,  P.  116, 
420  ;  Weiss,  Sitz.  W.  37,  373;  Kammelsberg,  P. 
118,  158  ;  Schiff,  A.  107,  64).  Two  double  com- 
pounds with  HgCLj,  viz.  (NH4)2Cr207.HgCl2.H20, 
and  3(NH4)2Cr207.HgCl2,  exist  (Darly,  A.  65,  204; 
Zepharovich,  Sitz.  W.  39,  17 ;  Clarke  a.  Stern, 
Am.  3,  351). 

Barium  dichromate  BaCr207.2H20  ;  yellow 
needles,  obtained  by  dissolving  BaCr04  in  cone. 
Cr03Aq,  evaporating,  crystallising,  and  drying  at 
100°.  Decomposed  by  H20  to  BaCr04  and 
Cr03Aq  (Bahr,  /.  pr.  60,  30 ;  Zettnow,  P.  144, 
167  ;  Preis  a.  Eayman,  B.  13,  340). 

Bismuth  dichromate.— The  salt 
2(Bi23Cr04).Bi208,  obtained  by  ppg.  Bi3N03  in 
HNO3Aq  by  K2Cr04Aq,  described  as  a  basic  bis- 
muth chromate  (p.  155),  may  perhaps  be  better 
regarded  as  basic  bismuth  dichromate 
(BiO)2Cr207. 

Calcium  dichromate  CaCr207.3H/) ;  deli- 
quescent, red,  crystals  ;  obtained  by  dissolving 
CaCr04  in  Cr03Aq  and  evaporating  (Bahr,  J.  pr. 
60,  60). 

Copper  dichromate  CuCr207.2H20 ;  brown- 
black,  deliquescent,  crystals;  e.  sol.  in  H2O  or 
alcohol ;  decomposed  by  hot  HjO  with  separa- 
tion of  CuCr04.2CuO  ;  obtained  by  dissolving 
CuO.,H2  in  cone.  Cr03Aq,  and  evaporating 
(Droege,  A.  101,  39). 

Lead  dichromate  PbCr207.  Brick  red,  crys- 
talline, powder ;  by  action  of  Cr03Aq  on  PbCr04 
(Preis  a.  Eayman,  B.  13,  340). 

Lithium  dichromate  Li,Cr207 ;  black-brown, 
deliquescent,  crystals  (Eammelsberg,  B.  B.  1865. 
629). 

Potassium  dichromate  K2Cr.,07.  S.G.  i? 
2-692  (Joule  a.  Playfair,  C.  J.  1,  121 ;  Schiff,  A. 
107,  64).  M.P.  about  400°  (Tilden  a.  Shenstone, 
T.  1884.  34).  S.H.  -186  (Kopp,  A.  Suppl.  3, 
1  a.  289).  C.E.  (0°-100°)  -0122  (Joule  a.  Play- 
fair,  C.  J.  1,  121).  S.  (0°)  4-9  ;  (10°)  8-4  ;  (40°) 
29-2  ;  (80°)  73  ;  (100°)  102 ;  (117°)  128-3  ;  (129°) 
153-8  ;  (148°)  200-6  ;  (180°)  262-7.  S.G.  of  solu- 
tion 6-08  parts  in  100  water  =  1-0405  at  19-5°, 
of  13-1  parts  in  100  water  =  1-0847 ;  saturated 
solution  boils  at  104°  ;  insol.  alcohol  (Kremers, 
P.  92,  497  ;  95,  110 ;  96,  39  ;  Alluard,  C.  R.  59, 
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500;  Michel  a.  Kraft,  A.  Ch.  [3]  41,  471  ;  Til- 
den  a.  Shenstone,  T.  175,  23). 

Preparation. — Chrome-ironstone  is  heated, 
powdered,  and  mixed  with  K2C03  and  CaO  ;  the 
mixture  is  heated  to  150°  until  quite  dry,  then 
to  bright  redness,  in  presence  of  air,  with  frequent 
stirring.  The  fused  mass  is  allowed  to  cool,  and 
is  then  treated  with  a  small  quantity  of  boiling 
water ;  if  the  solution  contains  CaCr04  it  is  de- 
composed by  adding  K2C03  and  filtering  from 
CaC03.  Sufficient  acid  to  change  the  K2Cr04  to 
K,Cr.j07  is  added,  the  liquid  is  evaporated  and 
allowed  to  crystallise.  The  crystals  are  purified 
by  recrystallisation  from  water. 

Properties.— Large,  red,  triclinic,  crystals ; 
unchanged  in  air.  Solution  in  water  is  acid  to 
litmus,  has  a  metallic  taste,  and  is  poisonous.  Is 
rapidly  changed  by  light  in  presence  of  organic 
matter;  hence  used  in  photography  (Schwann, 
D.  P.  J.  199,  130).  Decomposed  at  white  heat  to 
K,Cr04,  0,  and  Cr203. 

Reactions. — Keduced  by  heating  with  C,  S,  or 
NH4C1;  or  with  solid  H2C.,04  (Bothamley,  C.  J. 
51,  159 ;  Werner,  C.  J.  53",  602)  ;  K2Cr207Aq  is 
reduced  by  S02Aq  to  Cr23S04Aq,  and  by  H2S  to 
Cr.,03  and  S ;  NO  is  absorbed  and  after  a  time 
CrO,  is  ppd.  (Vogel,  J.  pr.  77,  482).  Heated 
with  cone.  H2S04,  K2S04,  Cr23S04,  H20,  and  O 
are  produced ;  addition  of  2  formula-weights 
H,S04  'to  a  boiling  solution  of  one  formula- 
weight  K2Cr207  produces  pp.  of  orange-red 
HKS04.K2Cr.,O7,  which  is  decomposed  by  H20 
(Schwarz,  D.'P.  J.  186,  31).  Solution  of  K2Cr  A 
in  cone.  HClAq  gives  Cr0.2.C1.0K  (q.  v.)  on  cool- 
ing. From  a  hot  solution  of  the  salt  in  12  parts 
HN03Aq,  carmine-red  crystals  of  Cr205.N<XOK 
(?  OK.Cr02.O.Cr02.N02)  separate  on  cooling ;  by 
re-crystallising  this  salt  from  HN03Aq,  the  salt 
Cr308.N02.OK  (?OK.Cr02.O.Cr02.O.Cr0.2.N02)  is 
obtained  (Darmstadter,  B.  4,  117).  A  double 
compound  K.2Cr20;.HgCL2  is  obtained  by  evapo- 
rating a  mixture  of  its  constituents  (Darly,  A. 
65,  204 ;  Hahn,  Ar.  Ph.  [2]  99,  147). 

Rubidium  dichromate  Eb2Cr207 ;  and  Sodium 
dichromate,  M2Cr207;  closely  resemble  K,Cr2O7 
(Piccard,  J.  pr.  86,  449 ;  Grandeau,  A.  Ch.  [3] 
67,  155). 

Silver  dichromate  Ag2Cr207.  By  ppg. 
K2Cr207Aq  by  AgN03,  or  digesting  moist  Ag20 
with"K2Cr,07Aq;  somewhat  soluble  in  H2O, 
crystallising  in  red,  triclinic,  crystals ;  decom- 
posed by  boiling  water ;  when  strongly  heated 
gives  Cr203  and  Ag  (Freese,  P.  140,  87 ;  Waring- 
ton,  P.  M.  11,  489;  Teschemacher,  P.  M.  1, 
345  ;  Nason,  A.  104,  126). 

Thallium  dichromate  Tl2Cr207.  Red,  crystal- 
line, powder;  insol.  in  KLO ;  decomposed  by 
cone,  acid  to  Tl2Cr3O10  (q.  v.  infra).  Obtained 
by  reaction  of  thallous  salts  with  K2Cr2OvAq. 

Tri-,  Tetra-,andHexa-Cliromates:  Mi2CrsOIO, 
M^C^Ojs,  and  M^Cr^O^.  Very  few  of  these  salts 
are  known.  (NH4)2Cr3O10,  K,Cr3010,  and  Tl2Cr30IO 
are  obtained  by  crystallising  solutions  of  the  di- 
chromates  in  HN03Aq  (Siewert,  Z.  f.  d.  g.  Na- 
turwiss.  19,  11 ;  Bothe,  J.  pr.  46,  184 ;  Hauer, 
Sitz.  W.  39,  439;  Willm,  A.  Ch.  [4]  5,  5). 
K2Cr40I3  is  obtained  by  long-continued  digestion 
of  K2Cr3OIO  in  cone.  HN03Aq  (Siewert,  I.e.). 
(NH4)2Cra019.10H20  was  obtained  by  Eammels- 
berg  (P.  94,  507)  from  a  solution  of  (NH1).,Cr207. 


Chromites.  Compounds  of  Cr.203  with  more 
positive  metallic  oxides.  A  compound  2CaO.Cr203 
is  obtained,  according  to  Chancel  (C.  R.  43,  97), 
by  the  reaction  between  NH3Aqand  chrome-alum 
solution  mixed  with  CaCl2.  By  mixing  solutions 
in  KOHAq  of  Cr2O3  and  PbO  or  ZnO,  pps.  are 
obtained  of  the  composition  MO.Cr.2O3  (Pelouze, 
A.  Ch.  [3]  33,  5).  Compounds  of  the  form 
MO.Cr203,  where  M  =  Mn,  or  Zn,  are  also  pro- 
duced by  fusing  together  the  component  oxides 
with  B203  at  a  white  heat ;  the  compounds 
crystallise  out  on  cooling;  ZnO.Cr203  forms  dark 
green  octahedra,  S.G.  5-309 ;  MnO.Cr203,  hard 
iron-grey  octahedra,  S.G.  4-87  (Ebelmen,  A.  Ch. 
[3]  33,  34).  These  compounds  may  be  regarded 
as  chromites,  MCr204,  i.e.  salts  of  the  hypo- 
thetical chromous  acid  H2Cr2O4.  Certain  me- 
tallic oxides  which  are  insoluble  in  KOHAq 
become  soluble  therein  when  mixed  with 
Cr203.a;H20  ;  e.g.  a  mixture  of  Cr203.xH,0  with 
40  p.c.  Fe203,  12-5  p.c.  MnO,  20  p.c.  CoO,  or 
25  p.c.  NiO,  is  completely  soluble  in  KOHAq ; 
on  the  other  hand  Cr203  is  completely  ppd.  by 
KOHAq  in  presence  of  80  p.c.  Fe,03>  60  p.c. 
MnO,  or  50  p.c.  CoO  or  NiO  (Church,  Ph.  C. 
1853.  391). 

Chromium,  alloys  of.  An  alloy  of  Cr  with 
Al  is  described  by  Wohler  (A.  106,  118)  as  very 
fusible,  tin-white,  crystals;  becoming  brittle 
after  fusion  ;  S.G.  4;9.  Fremy  (C.  R.  44,  632) 
obtained  an  alloy  with  Fe  by  reducing  chrome- 
ironstone  with  C,  or  by  the  action  of  Fe  on 
Cr2O3  at  a  very  high  temperature  ;  long  needles, 
harder  than  steel.  By  the  action  of  Na  amal- 
gam on  CrCl3Aq  an  amalgam  of  Cr  with  Hg  is 
produced  (Vincent,  P.  M.  [4]  24,  328 ;  Schon- 
bein,  P.  112,  445). 

Chromium,  ammonio-  salts  of ;  or  Chrom-am- 
monium  salts.  Freshly  ppd.  Cr203.o:H.20  dis- 
solves in  cone.  NH4ClAq  containing  NH3Aq  ; 
on  standing  in  air  a  reddish-violet  powder  is 
deposited ;  when  this  is  dissolved  in  cold  HClAq 
and  excess  of  cone.  HClAq  is  added,  a  rose-red 
crystalline  powder  is  produced  having  the 
composition  Cr2Cl6.8NH3.2H2O.  By  treating 
this  salt  with  cold  coric.  H.,S04,  a  new  com- 
pound Cr2CL,(S04)2.8NH3.2H20  is  produced  ; 
by  the  action  of  BaI.,Aq  on  this,  the  salt 
Cr2Cl2I4.8NH3.2H20  is  formed;  and  from  this, 
Cr2Cl2Br4.8NH3.2H20  may  be  obtained  by  the 
action  of  cone.  HBrAq.  Various  other  deri- 
vatives are  known  of  the  general  form 
Cr2M2.X4.8NH3.«H20,  in  which  M  =  Cl,  Br,  or  I, 


and  X  =  negative  radicle,  Cl,  Br,  I,  N03, 


CrO.,, 


&c.  The  reactions  of  this  series  of  compounds 
forbid  us  to  regard  them  as  ordinary  double  com- 
pounds of  Cr2M6  with  #NH3 ;  they  are  usually 
looked  on  as  compounds  of  the  hypothetical 
groups,  chlorochrom-,  bromochrom-,  iodochrom- 
tetrammonium,  with  negative  radicles  C14, 
(N03)4,  &c.  On  this  supposition  the  formula 
N4H8(NH4)4.(Cr,M2).X4  would  represent  the  com- 
pounds in  question ;  the  names  chloro-  (bromo-, 
iodo-,)  chromtetrammonium  chloride,  bromide, 
&c.,  are  used.  The  less  hypothetical  formula 
M2.Cr2.8NH3.X4  is  also  frequently  employed  to 
represent  the  chloro(&c.)chromtetrammonium 
compounds. 

Six    other    series    of    chromammonio-com- 
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pounds  are  known.  They  may  all  be  repre- 
sented by  the  general  form  Cr2.a;NH3.X6,  where 
x  =  10  or  12,  and  X  =  negative  radicle  ;  in  some 
of  these  part  of  the  X6  is  easily  replaced  by  other 
radicles  and  part  is  not ;  in  others  the  whole  o* 
the  X6  is  easily  replaced.  If  M  represent  the 
radicle  which  is  replaced  with  difficulty,  and  X 
the  radicle  which  is  easily  replaced,  we  get  the 
developed  general  formula  for  the  seven  series 
of  compounds  1^.0^.8(10  or  12)NH3.X« ;  where 
o;  =  l,  or  2,  and  z  =  4,  5,  or  6.  The  second  to 
seventh  series  may  also  be  regarded  as  derivec 
from  the  first  (i.e.  from  the  chloro(&c.)chrom 
.  tetrammonium  salts,  by  replacing  H  in 
N4H8(NH4)4.(Cr.2M2).X4  by  the  radicle  NH4.  The 
following  formulae  represent  the  seven  series  o: 
compounds :  — 

(1)  M2.Cr2.8NH3.X4  or  N4H8(NH4)4.(Cr2M2).X4 

Chromtetrammonium  salts. 

(2)  M2.Cr2.10NH3.X4  or  N4H6(NH,)6(Cr2M2).X4 

Purpureochrom  salts. 

(3)  Cr2.10NH3.X6  or  N4Hd(NHJ6.Cr2.X. 

Eoseochrom  salts. 

(4)  M2.Cr2.10NH3.X4  or  N4H6(NH4)6(Cr2M2.)X4 

Xanthochrom  salts  ;  (M2  =  2N02). 

(5)  Cr2.12NH3.X6  or  N4H4(NH4)8.Cr2.Xa 

Luteochrom  salts. 

(6)  &  (7)  M.Cr2.10NH3.X5  or  N4Ha(NH4)6(Cr2M).X5 
Bhodochrom  and  Erythrochrom  salts  ;  (M  =  OH) 

The  purpureo-  and  roseo-  salts  are  isomeric, 
using  the  term  in  a  rather  wider  sense  than  is 
given  to  it  in  organic  chemistry  as  the  molecu- 
lar weights  of  none  of  these  salts  are  known ; 
AgN03Aq  pps.  £  of  the  Cl  from  purpureochro- 
mium  chloride  in  the  cold,  but  all  the  Cl  from 
roseochromium  chloride ;  HN03Aq,  HBrAq,  &c., 
also  removes  f  of  the  Cl  from  the  former  salts  ; 
boiling  HIAq,  however,  produces  I2.Cr2.10NH3.I4 
(iodopurpureochromium  iodide) ;  and  by  acting 
on  this  with  dilute  HClAq,  I,.Cr2.10NH3.Cl4  (iodo- 
purpureochromium chloride]  is  obtained.  Pur- 
pureo- compounds,  in  which  M2  and  X4  are 
the  same  radicle  (e.g.  Br2.Cr2.10NH3.Br4,  or 
Cl2.Cr2.10NH3.Cl4)  easily  change  to  roseo-  com- 
pounds by  standing  in  the  air,  or  by  heating. 
Xanthochromium  chloride  is  obtained  by  the 
action  of  NaN02Aq  and  dilute  HN03Aq  on 
Cl2.Cr2.10NH3.Cl4,"  or  on  Cr2.10NH3.Br6.  The 
three  series,  purpureo-  luteo-  and  rhodo-  salts, 
are  obtained  by  more  or  less  slowly  oxidising 
Cr2Cl4  in  NH4ClAq  in  presence  of  NH,Aq ;  the 
purpureo-  and  rhodo-  salts  are  obtained  by  oxi- 
dising in  presence  of  air,  the  luteo-  salts  in  ab- 
sence of  air  (v.  infra}.  The  roseo-  and  erythro- 
salts  are  obtained  from  the  purpureo-  and  rhodo- 
respectively  (v.  infra}.  The  rhodo-  and  erythro- 
salts  are  isomeric ;  the  former  change  to  the 
latter  by  standing  in  air  (v.  infra). 

In  the  nomenclature  of  the  chromtetram- 
monium  and  purpureochromium  salts  it  is  neces- 
sary to  use  prefixes,  chloro-,  bromo-,  &c.,  to  ex- 
press the  nature  of  the  radicles  M2 ;  thus  chloro- 
purpureochromium  chloride,  and  bromopurpureo- 
chromium  nitrate,  are  Cl2.Cr.,.10NH3.Cl4,  and 
Br.j.CivlONH^NO.,),,  respectively.  In  the  other 
series  prefixes  are  unnecessary. 

It  will  suffice  here  to  describe  the  chief  com- 
pounds in  each  series.  The  principal  references 


are  Fremy,  A.  Ch.  [4]  9, 431 ;  Cleve,  J.pr.  76, 47, 
Am.  8.  [2]  49,  251 ;  Jorgensen,  J.  pr.  [2]  20, 
105  ;  25,  83 ;  25,  321 ;  30,  1 ;  Christensen,  J.pr. 
[2]  23,  26  ;  24,  74 ;  25,  398. 

I.  CHROMTETRAMMONIUM  SERIES 
M2.Cr2.8NH3.X4.zH20.       Chlorochromtetrammo- 
nium  chloride  CL,.Cr2.8NH3.Cl4.2H20.    Deep-red, 
very  lustrous,  almost  opaque,  trimetric  crystals. 
Obtained  by  digesting  freshly  ppd.   chromium 
hydroxide  in  a  closed  flask  with  cone.  NH4C1  in 
NH3Aq,  until  the  hydroxide  dissolves :  the  deep- 
red  liquid  is  allowed  to  stand  in  the  air,  the  dark- 
violet  powder  which  separates  is  dissolved  in 
cold  HClAq,  excess  of  cone.  HClAq  is  added,  the 
rose-red  crystalline  powder  which  separates  out 
is  washed  with  cone.  HClAq,  then  with  strong 
alcohol,  and  is  crystallised  from  warm  H.,0  con- 
taining a  little  HC1.     This  compound  be'gins  to 
decompose  at  120J;  when  strongly  heated  NH(, 
NH4C1,  and  H20,  are  given  off,  and   Cr2O3  re- 
mains ;  heated  in  air-free  H,  or  in  CO.,,  Cr.,OCl4 
remains.     The  salt  is  soluble  in  water,  but  on 
boiling    Cr203.zH,0    and    NH3    are    produced. 
Treated  with  BLjO  and  moist  Ag,0,  a  liquid  is 
obtained  probably  containing  Cl2.Cr2.8NH3.(OH)4; 
it  soon  decomposes  with  evolution  "of  NH3. 

The  sulphate  Cl2.Cr2.8NH.r(S04),.2H,O  is  ob- 
tained by  treating  the  chloride  with  cold  cone. 
H,S04,  and  then  with  H20 ;  from  this  the  iodide 
(X4  =  I4)  is  produced  by  the  action  of  BaI2Aq,  and 
by  the  action  of  fuming  HBrAq  on  this,  the 
bromide  (X4  =  Br4)  is  produced. 

If  freshly  ppd.  Cr203.a;H20  is  treated  with 
NH4Br  in  NH3Aq,  bromochromtctrammonium 
bromide,  Br2.Cr2.8NH3.Br4.2Hp  is  produced ;  an 
aqueous  solution  of  this  salt  dropped  into  cone. 
HClAq  gives  the  bromo-chloride  (M2  =  Br2, 
X4  =  C14). 

II.  PURPUREOCHROMIUM  SERIES 

M2.Cr2.l  ONH3.X4.  Ghloropurpurcochronimm 

chloride.  Cl2.Cr2.10NH3.Cl4.  Prepared  by  re- 
ducing K2Cr207by  alcohol  and  very  cone.  HClAq, 
so  that  12  g.  K2Cr207  give  50c.c.  CrCl3  solu- 
tion, pouring  the  liquid  (from  KC1)  through  a 
separating  funnel  into  a  cylinder  fitted  with  a 
reversed  U-tube  and  an  exit  tube,  and  contain- 
ing sticks  of  Zn,  and  adding  a  little  HClAq  ;  when 
the  liquid  is  the  colour  of  CuS04Aq  (which  in- 
dicates reduction  to  CrCl2),  forcing  it  through 
the  U-tube  into  a  solution  of  600  g.  NH4C1  in 
1,000  c.c.  NH?Aq,  S.G.  -9 ;  and  repeating  this 
operation  until  50  g.  KL,Cr.>07  have  been  reduced, 
and  the  CrCl3  solution  further  reduced  to  CrCl2 
and  driven  into  the  ammoniacal  NH,ClAq.  The 
blue  liquid  is  then  oxidised,  by  long-continued 
passage  of  air,  until  it  becomes  deep  carmine- 
red  ;  2^  litres  of  cone.  HClAq  are  added,  the 
liquid  is  boiled  for  a  few  minutes,  when  the 
hloride  separates  out  as  a  carmine-red  crystal- 
line powder.  This  liquid  is  allowed  to  cool,  and 
poured  off,  the  residue  is  washed  free  from 
NH4C1  by  cone.  HClAq  +  an  equal  volume  of  H2O, 
collected  on  a  filter  and  again  washed  with  the 
same  HClAq,  dissolved  in  H.,0  slightly  acidified 
with  H2S04,  and  re-ppd.  by  cone.  HClAq ;  the  pp. 
is  boiled  with  a  little  cone.  HClAq,  washed  with 
the  same  strength  of  HClAq  as  before,  then  with 
90  p.c.  alcohol,  and  dried  at  about  18°-20°. 

Chloropurpureo-chromium  chloride   crystal- 
ises  in  small  carmine-red  octahedra :  S.G.  — 
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1-687  ;  S.  (16°)  -65  ;  insol.  cone.  HClAq  ;  on 
boiling  an  aqueous  solution  roseochromium 
chloride  is  obtained;  decomposed  by  heat,  giving 
Cr203. 

Bromo-bromide  (M2  =  Br2,  X4  =  Br4)  is  pre- 
pared similarly  to  the  chloro  -chloride,  using 
NH4Br  in  place  of  NH4C1,  &c.  By  treatment 
with  excess  of  HClAq  it  yields  brorno-chloride 
(M2  =  Br2,  X4  =  C14)  .  By  treating  chloro-chloride 
with  boiling  cone.  HIAq  iodo-iodide  (M2  =  I2, 
X4  =  I4)  is  formed.  By  the  action  of  dilute 
HNOgAq,  H2S04Aq,  &c.,  on  chloro-chloride, 
chloro-nitrate,  chloro-sulphate,  &c.,  are  obtained 
(M2  =  C12,  X4  =  4N03,  2S04,  &c.);  the  action  of 
K2Cr04Aq  produces  chloro-chromate  (M2  =  C12, 
X4  =  2Cr04).  Besides  these  the  following  com- 
pounds have  been  prepared  :  — 

M2          X4  M2         X4          M2        X4 

CL       2SiF6       Br2     2PtBr6        I2      C14 
Br2     4N03          I2      4N03 
Br2     2Cr04         I2      2PtCl6 

III.  BOSEOCHROMIUM  SERIES  Cr2.10NH3.Xti. 
Roseochromium  chloride,  Cr2.10NH3.Cl6.  Ob- 
tained by  rubbing  5  g.  dry  chloropurpureo- 
chloride  with  the  moist  Ag20  from  20  g.  AgN03 
for  a  few  minutes  in  a  mortar,  filtering,  neutral- 
ising the  alkaline  liquid  with  HClAq,  filtering 
from  AgCl,  evaporating  in  a  rapid  air-stream, 
pressing  pp.  between  paper,  washing  once  with 
a  little  H20,  and  drying  in  air  out  of  direct  sun- 
light. Orange-yellow  crystals  ;  v.  sol.  H20  ; 
insol.  alcohol  ;  very  unstable,  giving  off  NH3  ; 
changed,  as  are  all  roseo-  salts,  by  heating  with 
cone.  HClAq,  to  purpureo-  salt.  AgN03Aq  pps. 
all  the  01  in  the  cold. 

The  other  roseo-  salts  are  formed  by  neutral- 
ising the  solution  obtained  by  action  of  moist 
Ag20  on  purpureo-chloride  by  various  acids  ;  the 
solution  in  question  probably  contains  roseo  - 
hydroxide  [X6  =  (OH)6].  The  chief  roseo-  salts 
are  X6  =  Br6,  I6,  3S04,  6N03,  Br2(PtBr6)2, 


IV.  XANTHOCHROMIUM  SERIES 
(N02)2.Cr2.10NH3.X4.  Xanthochromium  chloride, 
(NO2)2.Cr2.10NH3.Cl4.     To  20  g.  chloropurpureo- 
chloride  300  c.c.  warm  water  and  about  20  drops 
dilute  HN03Aq  are  added,  the  liquid  is  slowly 
heated  to  boiling,  then  cooled,  and  filtered  ;  the 
insoluble  purpureo-chloride  is  again  treated  in 
the  same  way  ;  40-50  g.  pure  NaN03  and  25  c.c. 
HClAq  (12  p.c.)  are  added  to  the  total  liquid  ; 
the  yellow  crystalline  salt  which  separates  out 
is  washed  with  water,  then  with  alcohol,  dissolved 
in   water,   and  ppd.  by  fairly  cone.  NH4ClAq. 
Xantho-chloride  is  a  yellow  crystalline  powder  ; 
fairly  sol.  H2O  ;   insol.  alcohol  ;  easily  decom- 
posed by  acids  with  production  of  HN02  ;  treated 
with  HClAq,  chloropurpureo-chloride  is  formed  ; 
fairly  stable  towards  alkalis  ;  forms  double  salts 
with  2PtCl4  and  4HgCl2. 

The  other  most  important  xantho-  salts  are  : 
X4  =  Br4,  I4,  2S04,  2S203,  4N03,  2C03,  2Cr04; 
the  hydroxide,  X4=(OH)4,  is  known  in  aqueous 
solution,  it  is  fairly  stable,  and  has  a  strongly 
alkaline  reaction. 

V.  LUTEOCHROMIUM     SERIES     Cr2.12NH3.X6. 
Luteochromium  nitrate,  Cr2.12NH3.(N03)B.    80  g. 
K,Cr207  are  reduced  to   CrCl2  by  the  method 
described  under  chloropurpureochromium  chlor- 
ide ;  the  solution  is  forced  by  H  pressure  into 
a  flask  containing  700  g.  NH^l  in  750  c.c.NH3Aii 


(S.G.  -91) ;  the  flask,  which  must  be  entirely 
filled  with  the  liquid,  is  closed  by  a  cork  carrying 
an  exit  tube  opening  under  water,  and  is  sur- 
rounded by  cold  water ;  after  about  24  hrs.  evo- 
lution of  H  ceases  ;  the  liquid  is  poured  off  from 
ppd.  luteo-chloride  and  NH4C1,  and  is  ppd.  by 
alcohol;  the  crude  luteo-chloride  is  washed  with 
alcohol,  dried,  dissolved  in  warm  water,  and  the 
solution  is  filtered  into  HN03Aq  (S.G.  1-39) ;  the 
crystals  of  luteo-nitrate  are  washed  with  dilute 
HN03Aq  (1  vol.  cone.  HN03Aq  to  2  vols.  H20), 
and  then  with  alcohol.  The  pp.  of  mixed 
NH4C1  and  luteo-chloride  formed  in  the  process 
may  be  dissolved  by  repeated  treatment  with 
H20,  and  luteo-nitrate  obtained  by  ppn.  with 
HN03Aq.  Luteo-nitrate  crystallises  in  orange- 
yellow,  lustrous  plates ;  S.  (abt.  15°)  2-5 ;  insol. 
alcohol ;  nearly  insol.  dilute  HN03Aq. 

The  luteo-chromium  salts  form  many  double 
compounds  with  acid  radicles,  and  also  with 
some  negative  metallic  radicles ;  the  more  im- 
portant salts  are:— X6  =  2N03.2S04,  2N03.2PtCl(i, 
C16,  Br6,  I6,  Cl4.H2PtCl6,  Cl2.2PtCl6,  3PtCl6, 
3PtBr6,  I2.2S04,  3S04,  2S04.PtCl6,  3C204, 
2NaP207,  Fe2(CN)12,  Co2(CN)12,  Cr2(CN)12  (Jor- 
gensen,  J.pr.  [2]  30,  1). 

VI.  KHODOCHROMIUM  SERIES 
OH.Cr2.10NH3.X5.      Rhodochromium    bromide^ 
OH.Cr2.10NH3.Br5.H20.     Cr203.ccH20,  equal    to 
10  g.  Cr203,  is  dissolved  in  100  c.c.  cone.  HBrAq  ; 
the  grean  solution  is  poured  on  to  Zn  in  a  cylinder 
arranged  with  a  reversed  U-tube,&c.,  as  described 
under  purpureochloride;  30  c.c.  HBrAq(l  vol.  cone, 
solution  + 1  vol.  H20)  are  added ;  when  the  liquid 
is  blue  (after  about  10  min.)  30  c.c.  of  the  same 
HBrAq  are  added,  and  the  H  pressure  is  caused 
to  force  the  liquid  into  150  g.  NH4Br  in  750  c.c. 
cone.  NH3Aq ;  the  blue  solution  is  oxidised  by  a 
stream  of  air,  after  all  particles  of  Zn  have  been 
removed;  the  liquid  is  quickly  decanted  from 
the  blue  pp.   (basic  rhodo-bromide),  which  is 
treated  with  excess  of  HBrAq  (1  vol.  cone,  solu- 
tion 4  3  vols.  H20),  whereby  red  rhodo-bromide  is 
formed ;  the  salt  is  washed  with  dilute  HBrAq 
and  then  with  water,  it  is  then  dissolved  in  cold 
water  and  the  liquid  is  poured  into  moderately 
dilute  HBrAq ;  the  crystals  which  separate  are 
washed  with  dilute  HBrAq  and  then  with  alco- 
hol, and  are  dried  in  the  air.    Dried  for  some 
days  over  H2S04  they  lose  their  H20.     Bhodo- 
bromide  is  a  pale  carmine.-red  crystalline  pow- 
der;  slowly  loses   its  H20   over  cone.  H2S04 ; 
si.  sol.   cold  H20  ;   on  warming,  the  solution 
goes  blue-violet ;  on  boiling,  NH3  comes  off,  and 
Cr20:!.zH20    pps.;    insol.    dilute    HBrAq    and 
NH4BrAq ;  boiled  with  very  dilute  HBrAq  it  is 
changed  to  roseochromium  bromide ;  boiled  with 
cone.  HBrAq  it  gives  brompurpureo-bromide ; 
with  AgN03  all  the  Br  is  ppd. ;  dilute  NaOHAq 
or  NH3Aq  removes  ^  Br,  and  a  basic  rhodo-  salt 
remains ;  dilute  acids  form  the  respective  rhodo- 
salts. 

The  chief  rhodo-  salts  known  are : — X5  =  CL, 
I5,  5N08,  21C03,  2iS04,  2.iS,Oti»  Cl3.2AuCl4, 
Cl3.PtCl6,  C1.2PtCl6 ;  "and  the  basic  salts  :— 
X5  =  OH.Br4,  OH.C1.I2,  OH.2S206  (Jorgensen, 
J.pr.  [2]  25,321). 

VII.  ERYTHROCHROMIUM  SERIES 
OH.Cr2.10NH3.X5.      Erythrochromium    nitrate, 
OH.Cr2.10NH.,.5NO.,.H,O.       Bhodo-chloride    is 
prepared  by  filtering  a  solution  of  rhoclo-bromide 
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into  HClAq  (1  vol.  cone,  solution  + 1  vol.  HZ0) ; 
it  is  washed  with  alcohol,  5  g.  rhodo-chloride  are 
dissolved  in  50  c.c.  H.20  +•  35  c.c.  dilute  NH3Aq ; 
when  the  blue  solution  has  become  red  by  stand- 
ing in  air  4-5  vols.  of  dilute  HN03Aq  are  added; 
the  pp.  is  repeatedly  treated  with  dilute  HNO.,Aq, 
dissolved  in  H20,  reppd.  by  HN03Aq,  washed  with 
alcohol,  and  dried  in  the  dark.  Erythrochromium 
nitrate  is  a  crimson  powder  composed  of  micro- 
scopic octahedra ;  it  decomposes  slowly  even 
in  the  dark  ;  when  strongly  heated  N  oxides  are 
evolved  and  Cr203  remains;  fairly  sol.  cold  water; 
insol.  alcohol;  aqueous  solution  decomposes 
when  boiled  with  separation  of  Cr203.xH20 ; 
aqueous  solution  boiled  with  a  few  drops  of 
HN03Aq  gives  roseochromium  nitrate ;  solid 
erythronitrate  boiled  with  dilute  HClAq  gives 
chlorpurpureo-chloride. 

Other  salts  are  obtained  by  the  action  of 
acids  on  the  bromide  or  chloride ;  the  principal 
are:— X5  =  Br5,  C1I4,  2±S04;  and  the  basic  salts 
X,  =  OH.Br4,  OH.4N03,  OH.2S208  (Jorgensen, 
J.pr.  [2]  25,  398). 

Chromium,  arsenates  of. — Existence  uncer- 
tain (v.  ARSENATES,  under  ARSENIC,  ACIDS  OF  ; 
vol.  i.  p.  308). 

Chromium,  bromides  of. — Two  are  known ; 
as  neither  has  been  gasified  the  formula  CrBr2 
and  CrBr3  may  or  may  not  represent  the  com- 
position of  the  gaseous  molecules  ;  judging  from 
the  analogy  of  CrCls  it  is  probable  that  the 
formulas  CrBr2  and  CrBr3  are  molecular.  These 
compounds  resemble  the  chlorides  (q.  v.)  in  their 
properties. 

I.  CHROMOUS  BROMIDE  CrBr2  or  Cr2Br4.     Ob- 
tained as  white  crystals  by  heating  CrBr3  in  H, 
by  leading  HBr  over  heated  Or,  or  by  the  action 
of  N  saturated  with  Br  vapour  on  Or  at  a  red 
heat  (Moissan,  A.  Ch.  [5]  25,  401).     Unchanged 
in  dry  air,  but  oxidises  in  presence  of  traces  of 
moisture  ;  dissolves  in  H20  forming  blue  liquid, 
which  dissolves  large  quantities  of  violet  CrCl3. 

II.  CHROMIC  BROMIDE  CrBr3  or  Cr2Br6.    Small 
cylinders  formed  of  Cr203,  C,  and  starch  paste, 
are  dried  and  heated  to  redness  in  a  covered  cru- 
cible; they  are  then  heated  in  a  tube  of  hard 
glass  in  dry  Br  vapour ;  crystals  of  CrBr3  sub- 
lime, and  some  remain  mixed  with,  but  easily 
separable  from,  Cr203.     Dark,   metal-like,  lus- 
trous, hexagonal  crystals ;  olive-green  by  trans- 
mitted light,  slightly  dichro'ic  in  red  light  (Woh- 
ler,  A.  Ill,  382).     Heated  in  air  Cr2O3  is  formed  ; 
KOHAq    or    NaOHAq   decomposes   GrBr3   into 
Cr./)3  and  KBrAq  or  NaBrAq.     Insol.  in  H20, 
but  dissolves  in  presence  of  a  little  CrBr2.     A 
green  solution  containing  CrBr3  is  obtained  by 
the  action  of  HBrAq  on  Cr206H6. 

Chromium,  chlorides  of. — Two  exist,  CrCl2 
and  CrCl3.  Chromic  chloride  has  been  gasified 
(at  1200°-1500°)  and  the  observed  V.D.  corre- 
sponds with  the  formula  CrCl3 ;  it  is  probable, 
but  not  certain,  that  the  molecular  formula  of 
chromous  chloride  is  CrCL. 

CrCl3,  like  several  other  compounds  of  Cr, 
exists  in  two  forms ;  one  sol.,  the  other  insol. 
in  H2O.  CrCl2Aq  is  an  energetic  reducer.  Solu- 
tions of  CrO2  and  CrO3  in  cold  cone.  HClAq  may 
contain  CrCl4  and  CrCl6  respectively  ;  these  solu- 
tions are  brown,  they  evolve  Cl  when  heated,  and 
CrCl3  remains. 
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I.  CHROMOUS  CHLORIDE  CrCLj  or  Cr2Cl4.    Mol. 
w.  unknown. 

Formation.— 1.  By  the  action  of  dry  HC1  on 
Cr  at  a  red  heat  (Ufer,  A.  112,  302 ;  Moissan, 
A.  Ch.  [5]  25,  401).— 2.  By  heating  CrCl,  with 
NH4C1  to  a  very  high  temperature  (Moissan,  I.e.). 

Preparation.— Violet,,  sublimed  CrCl3  is 
heated  in  a  stream  of  perfectly  dry  H,  free  from 
every  trace  of  0,  to  a  very  low  red  heat ;  the  re- 
duction takes  place  very  slowly,  but  the  tempe- 
rature must  not  be  raised,  else  some  Cr  will  be 
formed  (Moberg,  /.  pr.  29, 175 ;  43, 125  ;  44, 322  ; 
Peligot,  A.  Ch.  [3]  12,  528).  The  H  used  should 
be  passed  through  a  solution  of  SnCl .,  in  KOHAq, 
then  through  conc.H2SO,,  then  over" red  hot  Cu, 
and  lastly  through  boiled  H2S04  and  over  CaCl2. 

Properties. — White  lustrous  crystals  ;  sol.  in 
H20,  with  production  of  heat,  forming  a  blue 
liquid,  which  rapidly  absorbs  0  turning  green. 
Peligot  determined  the  quantity  of  0  absorbed  ; 
it  corresponded  with  formation  of  Cr2Cl4O. 
Loewel  (A.  Ch.  [3]  40,  42),  by  the  prolonged 
action  of  granulated  Zn  on  a  solution  of 
CrCl3.6H.,0  in  3-5  parts  HX)  in  a  flask  nearly 
filled  with  the  Zn,  obtained"  a  colourless  solution 
of  CrCl2  (containing  Zn),  which  acted  as  a  strong 
reducer;  e.g.  K,Cr04Aq  was  reduced  to  Cr02, 
HgCl2Aq  to  HgCl,  CuS04Aq  to  Cu2CL,  and  Cu2O, 
and  solutions  of  Au  and  Sn  salts  to  Au  and  Sn. 

Reactions. — CrCl2Aq  protected  from  air  gives 
.the  following  reactions : — 1.  Vfithpotash  or  soda, 
brownish-yellow  CrO-jHj,  which  quickly  becomes 
Cr03H3  with  evolution  of  H. — 2.  Potassium  sul- 
phide pps.  black  Cr2S3. — 3.  Sodium  acetate  forms 
a  red  liquid  from  which  red  lustrous  crystals  of 
Cr(C2H302)2.H20  separate  after  a  time. 

Combinations.— 1.  With  water,  to  form 
2CrCl2.3H.O  (Moissan,  A.  Ch.  [5]  25,  401).— 
2.  With  dry  hydrochloric  acid,  to  form  an  easily 
decomposed  compound  6CrCl2.4HC1.26H20  (Ile- 
coura,  C.  E.  100,  1227). 

II.  CHROMIC  CHLORIDE  CrCl3.    Mol.  w.  158'55. 
V.D.  77-45  (Scott,  Pr.  E.  14,  410). 

Formation.— -By  heating  Cr2S3  in  dry  Cl  (Ber- 
zelius,  P.  50,  79 ;  Brunner,  D.  P.  J.  159,  356). 

Preparation. — An  intimate  mixture  of  Cr.,03 
and  lampblack  is  made  into  little  pellets  with 
starch  paste  ;  the  pellets  are  dried  and  heated  in 
a  covered  crucible,  they  are  then  placed  in  a  Hes- 
sian crucible,  through  the  bottom  of  which  is 
fitted  a  porcelain  tube  about  6  inches  long ;  the 
upper  end  of  this  tube,  which  passes  a  very  little 
way  into  the  crucible,  is  loosely  covered  with  a 
very  small  crucible  to  prevent  the  pellets  falling 
into  the  tube ;  into  the  mouth  of  the  Hessian 
crucible  is  fitted  a  smaller  crucible,  inverted,  and 
pierced  by  a  hole.  The  crucibles  are  arranged 
in  a  furnace,  so  that  the  lower  one  may  be  heated 
very  highly  and  the  upper  kept  comparatively 
cool.  The  porcelain  tube  is  connected  with  a 
supply  of  dry  Cl.  The  pellets  are  now  heated  in  a 
rapid  stream  of  Cl ;  CrCl3  sublimes  into  the  upper 
crucible  ;  the  whole  is  allowed  to  cool  in  Cl,  else 
Cr203  may  be  formed.  The  sublimate  is  washed 
with  cold  H.,0  to  remove  Al.,Cl,j  formed  from  the 
crucible  (Wdhler,  A.  Ill,  230;  Ufer,  A.  112,  281). 

Properties.  —  Lustrous,  peach  -  blossom 
coloured  plates.  S.G.  3-03  (Schafarik,  J.pr.  90, 
12).  Decomposed  at  high  temperature  without 
fusion  with  evolution  of  Cl  (Carnelley  a.  Williams, 
C.  J.  37,  126).  Insol.  in  water,  unacted  on  by 
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acids,  even  by  aqua  regia.  CrCl3  may  be  obtained 
in  soft  violet-coloured  plates,  v.  sol.  in  H20,  by 
dissolving  green  CrO3H3  in  HClAq,  evaporating 
slowly  until  crystals  of  CrCl3.6H20  separate, 
and  heating  these  in  HC1  or  Cl  not  above  250° 
(Moberg,  J.  pr.  44,  325;  Peligot,  J.  pr.  37,  475). 
CrCl3  thus  prepared  dissolves  very  easily  in 
EL/),  forming  a  green  solution ;  heated  above 
250°  the  salt  sublimes  to  crystals  of  the  peach- 
blossom  coloured,  insoluble  variety.  The  latter 
crystals  when  powdered  and  boiled  with  water 
for  some  time  go  into  solution  with  production 
of  a  green  liquid  (Jacquelin,  C.  R.  24,  679). 

A  violet  solution  of  CrCl3  is  produced  by  de- 
composing violet  Cr23SO4Aq  by  an  equivalent 
quantity  of  BaCLjAq.  When  this  solution  is 
boiled  it  becomes  green. 

The  green  solutions  evaporated  at  100°  give 
crystals  of  CrCl3.o;H20  (v.  Combinations,  No.  1) ; 
the  same  green  hydrates  of  CrCl3  are  obtained 
by  dissolving  green  Cr03H3  in  HClAq,  or  the 
insoluble  CrCl3  in  H20  containing  a  trace  of 
CrCl2,  or  PbCrO,  in  cone.  HClAq  and  reducing 
by  alcohol,  and  evaporating  at  about  100° ; 
evaporated  at  higher  temperatures  oxy-chlor- 
ides  (q.  v.)  are  obtained.  These  green  solutions 
probably  therefore  contain  CrCl3.  But  only 
two-thirds  of  the  total  Cl  is  ppd.  from  them  in 
the  cold  by  AgN03Aq;  on  boiling  for  some  time 
the  rest  of  the  Cl  also  forms  AgCl.  On  the  other 
hand,  AgNO3Aq  pps.  all  the  Cl  from  the  violet- 
coloured  solution  of  CrCls  obtained  by  the  action 
of  BaCl2Aq  on  violet  Cr23S04Aq.  Moreover, 
green -coloured  double  chlorides,  MCl.CrCl3, 
where  M  =  alkali  metal,  are  not  obtained,  whereas 
several  violet  double  chlorides  are  known  (v. 
Combinations,  No.  2).  Peligot  (/.  pr.  37,  475) 
supposed  that  a  green  solution  of  CrCl3  contains 
CrOCl  and  HC1 ;  Berzelius  (P.  50,  79)  supposed 
that  on  adding  AgN03  a  double  compound  of 
AgGl  and  CrCl3  is  formed  and  that  this  is 
decomposed  only  on  boiling. 

Reactions. — 1.  Finely  powdered  CrCl3  boiled 
for  some  time  with  water  slowly  dissolves,  form- 
ing a  green  solution  (Jacquelin,  C.  R.  24,  679). 
If  the  water  contains  —^  to  ^QQ  of  its  weight  of 
CrCl2,  or  a  little  SnCl2  or  Cu2Cl2,  the  CrCl3 
quickly  dissolves  with  production  of  much  heat, 
forming  a  green  liquid  with  the  same  reactions 
as  that  obtained  by  dissolving  Cr03H3  in  HClAq 
(P61igot,  J.pr.  36,  150;  Loewel,  J.  pr.  37,  150; 
Pelouze,  P.  24,  233  ;  Moberg,  A.  109,  82 ;  Bar- 
reswill,  A.  Ch.  12,  528)  (v.  Combinations,  No.  1 ; 
also  CHROMIUM,  OXYCHLORIDES  OF). — 2.  Boiled  with 
potash  or  soda  CrCl3  is  slowly  decomposed  with 
formation  of  Cr203. — 3.  Fused  with  nitre  and  an 
alkali  or  alkaline  carbonate  chromate  and  chlor- 
ide of  the  alkali  metal  are  formed.  —4.  Molten 
potassium  dichromate  forms  Cr02.C1.0K  (Geuther, 
A.  118,  61).— 5.  Heated  with  chromic  anhydride 
Cr,O3  and  Cr02Cl2  are  produced. — 6.  Heated  in 
air  Cr203  results. — 7.  Heated  in  dry  hydrogen 
CrCl2,  and  then  Cr,is  formed.— 8.  Zinc  or  potas- 
sium reduces  CrCl3  to  Cr  when  heated  with  it. — 
9.  Heated  in  araraowwiCrN  is  formed — 10.  Heated 
in  phosphoretted  hydrogen  CrP  results. — 11. 
Heated  in  sulphuretted  hydrogen  or  with  sulphur 
the  product  is  Cr2S3. 

Combinations. — 1.  With  water,  to  form  vari- 
ous green,  crystalline,  easily  soluble  hydrates : — 
2CrCls.9H20,  by  evaporating  Cr03H3  in  HClAq 


in  dry  air  at  100°  (Moberg,  J.  pr.  29,  175) ; 
CrCls.6H20,  by  evaporating  (1)  violet  CrCt3  in 
H20  containing  a  trace  of  CrCl2  in  dry  air,  or  (2) 
solution  obtained  by  action  of  cone.  HClAq  and 
alcohol  on  PbCr04  (Peligot,  J.  pr.  37,  475  ;  Mo- 
berg, J.  pr.  44,  326).  Godefroy  (BZ.  [2]  43,  229) 
describes  also  CrCl3.10H2O,  and  CrCl3.4H20,  as 
green  crystals.  One  or  other  of  these  hydrates 
is  probably  formed  when  violet  CrCl3  dissolves 
in  H20  containing  a  trace  of  CrCl2;  Loewel 
(/.  pr.  37,  150)  supposes  that  the  CrCl3  is  re- 
duced to  CrCl2  by  the  action  of  the  CrCl2  pre- 
sent, and  that  the  CrCl3  thus  formed  combines 
with  H20  and  dissolves  as  CrCl3.o;H20,  and  that 
more  CrCl3  is  reduced  by  the  freshly  formed 
CrCl2,  and  so  on  (v.  also  Kecoura,  C.  R.  102, 
921).  According  to  Kecoura  (C.  R.  102,  513  a. 
548)  the  hydrate  2CrCl3.13H20  exists  in  two 
varieties :  (1)  green  crystals,  produced  by  pass- 
ing HC1  into  a  saturated  solution  of  green  CrCl3 
(or  by  passing  air  into  cooled  CrCl2Aq  containing 
much  HC1,  and  then  passing  in  HC1 ;  C.  R.  102, 
921) ;  (2)  greyish  blue  crystals,  produced  by  heat- 
ing a  solution  of  1  pt.  of  the  green  crystals  in 
1  pt.  water,  and  then  saturating  with  HC1.  The 
green  crystals  dissolve  in  water  (S.  =  130)  with- 
out production  of  heat ;  the  greyish  blue  crystals 
dissolve  very  readily  in  water  with  production  of 
much  heat  [2CrCP.13H20,  Aq]  =  24,000.  —  2. 
With  alkali  chlorides  to  form  double  salts 
MCl.CrCl3,  the  properties  of  which  are  little 
known ;  prepared  by  treating  M2Cr207  (M  =  K, 
Na,  or  NH4)  with  HClAq  and  alcohol,  and 
evaporating  at  100°  until  the  residue  is  violet. 
On  adding  H20  solution  occurs,  the  liquid  is 
yellow-red,  but  soon  becomes  green.  Godefroy 
(Bl.  [2]  42, 194)  says  that  various  double  metallic 
chlorides  containing  CrCl3  may  be  obtained  by 
passing  Cl  into  a  mixture  of  metallic  chromate 
and  alcohol,  and  washing  the  products  with 
HClAq ;  these  double  salts  are  decomposed  by 
H20,  but  are  unchanged  in  HClAq  containing 
32|  p.c.  HC1.— 3.  With  phosphoric  chloride  to 
form  2CrCl3.2PCl5 ;  obtained  by  heating  the  con- 
stituent chlorides  in  a  sealed  tube,  and  then  to 
140°-150°  in  an  open  vessel  (Cronander,  B.  6, 
1466).— 4.  With  ammonia  to  f orm  several  com- 
pounds (v.  CHROMIUM,  AMMONIO-SALTS  OF). 

Chromium,  cyanides  of,  and  their  derivatives 
v.  CYANIDES. 

Chromium,  fluorides  of.  Only  one  is  known 
with  fair  certainty.  CrF3  is  described  by  De- 
ville  (C.  R.  43,  970)  as  forming  lustrous,  mono- 
metric,  octahedra ;  obtained  by  dissolving  dry 
Cr03H3,  which  has  not  been  strongly  heated, 
in  HFAq,  evaporating  in  a  Pt  dish,  and  heating 
the  green  mass  to  a  very  high  temperature.  The 
double  salts  CrF3.2MF.H20,  where  M=  Na,  K, 
or  NH4,  are  described  by  Wagner  (B.  19,  896). 

Unverdorben  (P.I,  311)  obtained  a  red  gas  by 
heating  fluorspar  and  PbCr04  with  cone.  H2S04. 
Dumas  (A.  Ch.  [2]  31,  435)  prepared  the  com- 
pound as  a  deep  red  liquid,  by  warming  4  pts. 
dry  PbCr04,  3  pts.  dry  pure  CaF2,  and  5-7  pts. 
very  cone.  H.,S04,  in  a  retort  of  Pt  or  Pb,  and 
leading  the  gas  through  a  well-cooled  tube  of  Pt 
and  Pb  into  a  Pt  receiver.  The  liquid  is  vola- 
tile ;  the  vapour  acts  on  the  mucous  membranes 
and  produces  violent  coughing  ;  it  is  at  once  de- 
composed in  ordinary  air,  or  by  H20,  to  HF  and 
Cr03 ;  it  acts  rapidly  on  glass,  forming  SiF4. 
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The  formula  CrF6  was  given  from  estimations 
of  the  quantities  of  O03  and  HF  produced  by 
leading  the  gas  into  water.  Rose  (P.  27,  565) 
found  more  F  than  agreed  with  CrF6.  Oliveri 
(G.  16,  218)  recently  examined  this  supposed 
fluoride ;  according  to  him  it  is  an  oxynuoride 
Cr02F2  analogous  to  Cr02Cl2. 

Chromium,  hydrated  oxides  of,  v.  CHROMIUM, 

HYDROXIDES  OF. 

Chromium,    hydroxides    of.      Several   com- 
pounds of  Cr  with  H  and  0  are  known.      They 
react    rather     as     hydrated    oxides    than    as 
hydroxides   (v.    art.    HYDROXIDES).      Chromous 
hydroxide,      or     hydrated     chromous     oxide, 
Cr02H2(CrO.H20)  is  very  easily  oxidised ;  it  be- 
haves towards  acids  as  a  salt -forming  compound. 
At  least  three  hydrates  of  Cr203  are  known  : — 
Cr  A.7H20  (Cr2OtiH6.4H,)0) , 
Cr203.4H,0(Cr206Ha.H26), 

and  Cr20.{.H20(Cr.202.02Ey ;  these  compounds 
are  all  salt -forming  in  their  reactions  with  acids, 
but  at  the  same  time  they  exhibit  feebly  acidic 
functions.  The  hydrate  Cr03.H20(Cr02.02H,)  is 
a  strongly  marked  acid. 

The  hydrates  of  Cr  are  more  or  less  easily 
separated  into  oxide  and  H20  by  the  action  of 
heat ;  the  oxide  Cr203  does  not  directly  combine 
with  water ;  Cr03  readily  combines  with  H2O, 
but  the  solution  is  separated  into  Cr03  and  H20 
by  boiling ;  the  action  of  CrO  towards  H20  is 
not  known  as  the  oxide  has  not  been  prepared. 

I.  CHROMOUS  HYDROXIDE.  Cr02H2  or  CrO.H2O. 
It  is  doubtful  whether  this  compound  has  been 
obtained  quite  free  from  Cr203.:cH20.  A  solution 
of   CrCl2  in  air-free  water,  and  protected  from 
air,  gives  a  yellowish-brown  pp.  with  KOH  dis- 
solved in  air-free  H20  (Moberg,  J.  pr.  43,  114  a. 
125).     The  hydroxide  quickly  absorbs  0  and  be- 
comes dark  brown  ;  it  rapidly  decomposes  H20, 
and  combines  with  part  of  the  0  evolved.  Cr02H2 
is  slowly  dissolved  by  acids  with  separation  of 
Cr  and  formation  of  chromous  salts  CrX,,  e.g. 
CrS04.7H20,  Cr(C2H302)2.H20,  &c. ;  these  "salts 
are  unstable,  and  readily  oxidise  to  chromic  salts 
CrX3  (Moberg,  J.  pr.  41,  330 ;  Peligot,  A.  52, 
247)  (v.  CHROMIUM,  SALTS  OF,  p.  167). 

II.  CHROMIC   HYDROXIDES.    Preparation. — A 
clear  blue  pp.  of  Cr203.«H20  is  obtained  by  the 
action  of  NH3Aq   on  CrCl3Aq  at  the  ordinary 
temperature.     The   CrCl3Aq  must  be  perfectly 
free  from  any  fixed  alkali ;  it  is  prepared  by  dis- 
solving Cr  in  HClAq,  or  CrCl3  in  H20  contain- 
ing a  trace  of  CrCL,  or  by  reducing  CrO3   by 
HClAq.     When  the"  pp.  is  thoroughly  washed 
and  dried  over  sulphuric  acid  the  compound 
Cr203.7H20(Cr,06H6.4H.,0)   is    obtained;    when 
dried  in  vacuo  Cr20H.4H26(Cr2OtiH6.H20)  remains ; 
and  when  dried  at  200°-220°  in  H,the  compound 
Cr2O3.H20(Cr202.(OH).,)  is  produced  (Siewert,  Z. 
f.  d.  ges.Naturwiss.  18,244). 

For  accounts  of  the  earlier  experiments  on 
composition  of  the  various  Cr.,03.icH20  v.  Lefort, 
J.  pr.  51,  261 ;  Hertwig,  A.  45,  298  ;  Schaffner, 
A.  51,  168;  Fremy,  C.  R.  47,  883;  Ordway, 
Am.  S.  [2]  26,  .197;  Mitscherlich,  Lehrb.  d. 
Chem.  [4th  ed.]  2,  751 ;  Vincent,  P.  M.  [4]  13, 
191). 

The  pp.  obtained  by  the  action  of  KOHAq 
or  NaOHAq  on  CrCl3Aq,  or  on  solutions  of  other 
chromic  salts,  contains  alkali  which  cannot  be 
removed  by  hot  water. 


Graham  (T.  1861.  183),  by  long-continued 
dialysis  of  solution  of  freshly  ppd.  Gr.2OyxIL2O 
in  CrCljAq,  obtained  a  liquid  containing  1-5  pts. 
HClto  98-5  Cr203(  =  HCl:31-2Cr208:zH20);  this 
solution,  which  may  be  taken  as  nearly  pure 
Cr203.o:H20  dissolved  in  water,  was  unchanged 
on  dilution  or  boiling,  but  was  coagulated  by 
addition  of  traces  of  salts,  with  separation  of 
CrA.tfH.,0. 

A  green  hydrate— approximately  pure 
Cr203.2H20  —known  as  Guignet's  green,  is  ob- 
tained by  heating  10  pts.  KjCr.O,  and  18  pts. 
crystallised  boric  acid  to  low  redness,  and  treat- 
ing with  H/).  It  is  scarcely  soluble  in  boiling 
HClAq  (v.  Scheurer-Kestner,  El.  1865.  23 ;  Sal- 
vetat,  C.  B.  48,  295). 

Properties  and  Reactions.— Any  of  the  hy- 
drates Cr203.a;H20  heated  to  200°  in  air  takes 
up  0,  forming  a  black  powder,  which  reacts 
with  HClAq  evolving  Cl,  and  from  which  H2O 
dissolves  out  Cr03  (Siewert,  I.e. ;  Kriiger,  A.  52, 
249).  The  three  hydrates  where  x  =  7,  4,  or  1, 
are  hygroscopic ;  Cr203.H2O  is  insol.  in  boiling 
dilute  HClAq,  the  two  others  dissolve  in  acids 
forming  chromic  salts,  CrX3  (v.  CHROMIUM,  SALTS 
OF).  The  hydrates  are  sol.  in  KOHAq,  but  on 
standing  or  boiling  they  are  reppd.,  and  the  pps. 
contain  alkali;  they  are  si.  sol.  in  NH3Aq,  but  are 
reppd.  on  boiling. 

The  hydrates  Cr203.ojH20  react  towards  acids 
as  salt-forming  hydroxides ;  but  they  also  exhibit 
slightly  acidic  functions.  Thus,  the  pps.  obtained 
by  adding  KOHAq  to  solutions  of  chromic  salts 
cannot  be  washed  free  from  alkali  even  by  hot 
water.  Also,  NH3Aq  added  to  solution  of  a 
chromic  salt  mixed  with  a  salt  of  Ca  or  Zn,  &c., 
forms  a  pp.  containing  Cr203  and  CaO  or  ZnO, 
&c.  (Pelouze,  A.  Ch.  [3]  33, 5).  Solution  of  PbO 
or  ZnO  in  KOHAq,  mixed  with  solution  of 
Cr203.#H20  in  KOHAq,  yields  a  pp.  of  MO.Cr2O3 
(Chancel,  C.  R.  43,  927).  By  long  digestion  of 
Cr2O3.icH2O  in  cone.  NH3Aq  a  dark-blue  com- 
pound of  Cr2O3  with  NH3  is  produced,  in&ol. 
in  water,  but  sol.  in  HClAq  (v.  CHROMITES  ;  and 
CHROMIUM,  AMMONIO-SALTS  OF). 

Chromium,  iodides  of.  Very  little  is  known 
regarding  these  compounds.  None  seems  to  have 
been  definitely  isolated  (v.  Walz,  C.  N.  26,  245). 
Moissan  (A.  Ch.  [5]  25,  401)  describes  CrI2,  or 
0^4,  as  a  white  salt,  sol.  in  water  with  forma- 
tion of  blue  liquid;  obtained  by  the  action  of 
HI,  or  I  vapour,  on  heated  Cr. 

Chromium,  nitride  of,  CrN.  Mol.  w.  un- 
known. 

Preparation.— 1.  Finely  powdered  Cr  is  heated 
to  whiteness  in  N ;  the  metal  is  again  powdered 
and  heated  in  N,  and  this  process  is  repeated 
several  times.  Unchanged  Cr  is  dissolved  out 
by  cone.  HClAq  (Briegleb  a.  Geuther,  A.  123, 
228).— 2.  CrCls  dried  at  about  120°  is  strongly 
heated  in  dry  NH3,  the  process  being  repeated 
several  times ;  the  residual  CrCl?  is  removed  by 
long  digestion  in  cone.  HClAq  in  contact  with 
Sn  (CrCl2  is  formed  and  dissolved) ;  the  product 
is  washed,  and  dried  at  100°-120°  (Ufer,  A.  112, 
281 ;  v.  also  Liebig,  P.  21,  359 ;  Schrotter,  A. 
37,  148  ;  Grnelin,  Gm.  4,  139). 

Properties  and  Reactions.  —  Heavy,  black, 
amorphous  powder.  Heated  to  about  1500°  in 
absence  of  air,  it  is  decomposed  to  Cr  and  N 
(Ufer,  A.  112,  281).  It  is  unacted  on  by  KOHAq, 
V  M2 
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by  dilute  acids,  by  cone.  HClAq  or  HN03,  by  H, 
by  steam,  or  by  molten  Na2CO3 ;  aqua  regia  dis- 
solves it  slowly;  cold  cone.  H2S04  dissolves  it 
with  formation  of  Cr2(NH,)2(SO4)4.24H20,  and 
without  evolution  of  N.  Heated  in  HC1  gas, 
CrCl3  and  NH4C1  are  formed.  Slowly  sol.  in  solu- 
tions of  alkaline  hypochlorites,  with  formation 
of  alkaline  chromates  and  N  ;  decomposed  by 
molten  KN03,  or  KC103,  with  formation  of 
K,Cr04  and  N  (Ufer,  I.e.) ;  decomposes  NH3  to 
N'and  H  at  red  heat ;  unacted  on  by  Cl  in  the 
cold,  but  when  heated  slight  explosions  occur, 
and  CrCl3  and  N  are  produced. 

Chromium,  oxides  of.  Three  oxides  of 
Cr  are  known,  Cr203,  Cr02,  and  Cr03;  Cr304, 
Cr509,  and  perhaps  an  oxide  higher  than  Cr03, 
probably  exist.  Cr203  acts  as  a  salt-forming 
oxide  towards  acids,  and  also  shows  feebly  acidic 
properties ;  Cr03  is  distinctly  an  anhydride,  it 
reacts  with  water  to  form  the  acid  H2Cr04 ;  with 
acids  it  forms  chromic  salts,  CrX3,  and  0 ;  no 
salts  corresponding  to  Cr02  have  been  prepared, 
this  oxide  is  said  to  evolve  Cl  by  the  action  of 
HClAq.  Chromous  oxide,  CrO,  is  not  known, 
but  approximately  pure  CrO.H20  (v.  CHROMIUM, 
HYDROXIDES  OF)  has  been  prepared.  Cr203  is  said 
to  combine  directly  with  0  to  form  Cr02 ;  it  is 
readily  oxidised  in  presence  of  alkali  to  chromate 
M.,CrO4,  from  which  Cr03  is  obtained.  Cr304 
and  Cr509,  if  they  exist,  may  be  regarded  as 
CrO.Cr203  and  2Cr203.Cr03,  respectively;  Cr02 
is  sometimes  regarded  as  Cr203.Cr03  (v.  CHRO- 
MIUM, ACIDS  OF). 

I.  CHROMIC  OXIDE  Cr203  (green  oxide  of 
chromium).  Mol.  w.  unknown  as  compound  has 
not  been  gasified.  S.G.  4'91  to  5-01  (Playfair  a. 
Joule,  C.  S.  Mem.  3,  57;  Schroder,  P.  106,  226). 
Schiff  (A.  106,  114)  gives  S.G.  6-2  for  crystallised 
Cr2O3.  Crystallises  in  hexagonal  forms ;  a:c 
=  1:1-3682.  S.H.  (21°-52°)  -177  (Kopp,  T.  155, 
71). 

Occurrence. — As  chrome-ochre  ;  in  combina- 
tion with  FeO  in  chrome-ironstone. 

Formation. —  1.  By  heating  chromic  hydrox- 
ide (q.  v.). — 2.  By  heating  finely  divided  Cr  in  O. 
3.  By  heating  Cr03.— 4.  By  heating  (NH4),Cr2O7 
or  Hg2Cr04. — 5.  By  heating  CrCl3  in  air. 

Preparation. — 1.  A  mixture  of  5  pts.  finely 
powdered,  dry,  K2Cr207,  and  1  pt.  S,  is  heated 
to  redness  in  a  crucible,  and  the  product  is 
washed  with  H20  until  all  K2S04  and  K2S 
are  dissolved  out  (Lassaigne,  A.  Ch.  [3]  14,  299 ; 
Dietrich,  W.  J.  1866.  273).— 2.  Equal  parts  of 
dry,  powdered,  K2Cr207,  and  NH4C1,  are  mixed 
with  a  little  Na2C03,  strongly  heated  so  long  as 
any  gas  (N)  comes  off,  and  the  residue  is  washed 
free  from  KC1  (Wohler,  P.  10,  46;  Bottger,  A. 
47,339). — 3.  Crystalline  Cr203  may  be  prepared 
by  passing  vapour  of  Cr02Cl2  through  a  glass 
tube  heated  to  low  redness  (Wohler,  P.  33,  341) ; 
or  by  heating  to  bright  redness,  in  a  Hessian  cru- 
cible, a  mixture  of  equal  parts  of  dry,  powdered, 
K2Cr2O7  and  NaCl,  covered  with  a  layer  of  NaCl, 
and  washing  the  residue  free  fromKCl  and  NaCl 
(Schiff,  A.  106,  114;  108,  30).  The  crystalline 
oxide  is  also  obtained  by  strongly  heating  the 
amorphous  oxide  in  0  (Sidot,  C.  R.  69,  201) ;  or 
by  fusing  the  amorphous  oxide  with  CaCO3  and 
B.2O3  (Ebelmen,  A.  Ch.  [3]  22,  211).  Blake 
(Am.  S.  [2]  10,  352)  found  crystalline  Cr203  in 
a  furnace  used  for  making  K2Cr04  from  chrome- 


ironstone.  (For  other  methods  of  preparing  amor- 
phous Cr203  v.  Barian,  A.  40,  203;  Berthier, 
A.  Ch.  [2]  17,  56  ;  Bottger,  J.  pr.  103,  314.  For 
other  methods  of  preparing  crystalline  Cr2O3  v. 
Gentele,  J.pr.  54,  187;  Frerny,  A.  49,  274  ;  Miil- 
ler,  P.  127,  404  ;  Otto,  A.  142,  102.) 

Properties  and  Reactions. — Amorphous  Cr203 
is  a  green  powder,  more  or  less  dark,  according 
to  the  method  of  preparation.  Crystalline  Cr2O3 
forms  very  dark  green,  lustrous,  hexagonal  crys- 
tals ;  as  hard  as  corundum ;  isomorphous  with 
Fe2O3  and  A1203.  Cr203  which  has  been  strongly 
heated,  or  crystalline  Cr203,  is  insol.  acids ;  fused 
with  KN03,  or  KHS04,  K2Cr04  is  formed  and 
dissolves  in  H20.  Amorphous  Cr20:t,  if  not 
strongly  heated,  dissolves  in  most  acids  to  form 
chromic  salts  CrX3.  Cr20.,  is  not  reduced  by  H, 
and  by  C  only  when  intimately  mixed  and 
strongly  heated.  Heated  in  Cl,  Cr02Cl2  is  formed ; 
if  the  oxide  is  perfectly  dry,  a  little  CrCl3  is  pro- 
duced (Moissan,  Bl.  [2]  34,  70)  ;  heated  to  about 
440°  in  air,  Cr02  is  produced  (Moissan,  I.e.)  ; 
heated  in  H2S,  Cr2S3  results  (Moissan,  I.e.). 

Combinations.  —  1.  With  water,  indirectly, 
to  form  Cr203.o;H2O;  v.  CHROMIUM,  HYDROXIDES 
OF. — 2.  With  several  metallic  oxides  to  form 
compounds  MO.Cr203 ;  v.  CHROMITES  ;  under 
CHROMIUM,  ACIDS  OF,  p.  158. 

II.  CHROMIUM    DIOXIDE    Cr02.       (Chromium 
tetroxide.   Brown  oxide  of  chromium.    Chromate 
of  chromium.)     Mol.  w.  unknown.     This  oxide 
is  a  product  (1)  of  the  oxidation  of  Cr203,  (2)  of 
the  reduction  of  Cr03. 

Formation. — 1.  By  heating  Cr203  in  air,  or 

0,  to  about  400°  (Moissan,  A  Ch.  [5]  21,243).— 
2.  By  heating  Cr2Ora;H20  in  air  to  about  250° 
(Kriiger,   P.    61,   2i9).—3.    By  the    action    of 
cone.   Cr23SO4Aq,    or    CrCl3Aq,    on    K2Cr04Aq 
(?  5K,Cr04  Aq  +  Cr23S04  Aq 

=  3lCs04Aq  +  2K2Cr207Aq  +  3Cr02)  (Maus,  P.  9, 
127 ;  "Bensch,  P.  55,  98).— 4.  By  the  action  of 
Na.,S203Aq  on  K2Cr207Aq 

(?  2K,Cr207Aq  +  Na2S203Aq 
=  K2Cr04Aq  +"K2SO4Aq  +  Na2S03Aq  +  3Cr02) 
(Popp,  A.  156,  90).   (For  other  methods  v.  Kopp, 
C.  N.  11,  16  ;  Vogel,  /.  pr.  77,  482  ;  Siewert,  Z. 
f.  d.  ges.  Natunoiss.  18,  285 ;    Schiff,  A.  120, 
207;  Traube,  A.  66,  106;  Rammelsberg,  A.  CO, 
203;  Braun,  J.pr.  90,  356;  Oppenheim,  Bl.  [3] 

1,  165). 

Preparation. — NO  is  passed  into  warm  dilute 
K2Cr207Aq;Cr02is  slowlyppd.:  the  solution  must 
not  become  concentrated  (?2K2Cr207Aq  +  2NO 
=  2KN03Aq  +  K2Cr04Aq  +  3Cr02).  The  pp.  is 
washed  with  H20,  then  with  alcohol,  and  dried 
at  250°  for  a  long  time  until  the  weight  is  con- 
stant (Schweizer,  J.  pr.  39,  269  ;  Hintz,  A.  169, 
367). 

Properties  and  Reactions.— Dark  grey,  almost 
black,  powder ;  very  hygroscopic.  Loses  0  at 
300°  ;  heated  in  Cl  to  250°  a  little  CraOdCl2  is 
formed ;  heated  with  HClAq,  or  with  mixture  of 
HClAq  and  H,S04Aq,  evolves  Cl  (Moissan, 
A.  Ch.  [5]  21,  243) ;  heated  with  KOHAq,  out 
of  contact  with  air,  forms  K2Cr04Aq  and  Cr203 
(Moissan,  I.e.) ;  not  acted  on  by  PCI-  (Hintz,  A. 
169,  367). 

III.  CHROMIUM    TRIOXIDE    Cr03.       (Chromic 
anhydride.    Red  oxide  of  chromium.)     Mol.  w. 
unknown.      S.G.  2-67-2-82    (Playfair  a.  Joule, 
C.  S.  Mem.  3,  57 ;  Schafarik,  Site.  W.  47  [2nd 
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part],  256).  Crystallises  in  trimetric  prisms  ; 
a:b:c  =  -7246:1:  -6285.  [About  190°]  (Zettnow  P 
143,  468).  S.  (26°)  165  (Zettnow,  I.e.). 

Occurrence. —  In  combination  with  PbO,  CuO, 
&c.,  in  a  few  minerals. 

Formation. — Chromates,  M2Cr04,  are  pro- 
duced by  heating  Cr203  with  alkaline  oxidisers, 
e.g.  KOH,  KN03,  KC1O3 ;  or  by  the  action  of 
oxidisers— e.g.  01,  K2Mn208Aq  — on  Cr,03.ccH20 
in  KOHAq.  Cr03  is  obtained  from  chromates 
by  the  action  of  strong  acids. 

Preparation.— 300  grams  commercial  K2Cr207 
are  warmed  with  500  c.c.  H20  and  420  c.c.  cone. 
H,SO4  until  dissolved;  after  10-12  hours  the 
mother  liquor  is  poured  off  from  the  crystals  of 
KHS04 ;  the  solution  is  kept  at  80°-90°,  150  c.c. 
cone.  H,S04  are  added,  and  then  H20  drop  by 
drop  till  the  pp.  of  Cr03  has  just  dissolved ;  the 
liquid  is  evaporated  until  crystallisation  begins. 
After  10-12  hours  the  liquid  is  separated  from 
crystals  of  Cr03  by  pouring  through  a  funnel  in 
which  is  placed  a  little  filter  of  thin  Pt  pierced 
with  small  holes.  The  mother  liquor  yields  a 
second  and  third  crop  of  Cr03  crystals,  by  eva- 
poration. The  crystals  of  Cr03  are  spread  out 
on  a  porous  plate,  after  24  hours  they  are  re- 
moved, 50  c.c.  pureHN03Aq  (S.G.  1'46)  are  added, 
and  the  whole  is  placed  on  another  porous  plate ; 
if  after  12  hours  the  CrO3  still  gives  reactions 
for  H2SO4  and  K,  25  c.c.  HN03Aq  are  added  and 
exposure  on  a  porous  plate  is  repeated.  The 
HN03  is  now  removed  by  warming  the  crystals 
in  a  basin,  at  first  very  slightly,  then  to  a  rather 
higher  temperature  (60°- 80),  until  the  crystals 
appear  perfectly  dry  and  fumes  of  HN03  are  no 
longer  evolved.  About  84  p.c.  of  pure  Cr03  is 
obtained  (Zettnow,  P.  143,  468 ;  modification  of 
methods  of  Bolley,  A.  56,  113,  and  Bunsen,  A. 
148,  289).  Cr03  may  also  be  prepared  from 
PbCr04  by  the  action  of  cone.  H2S04  (Schrotter, 
P.  59,  616) ;  or  by  the  action  of  HN03Aq  (Du- 
villier,  G.  R.  75,  711) ;  also  from  BaCr04  (Duvil- 
lier,  I.e.] ;  also  by  the  action  of  moisture  on  a 
fluoride  of  Cr  (?  oxyfluoride  ;  v.  CHROMIUM  FLUOR- 
IDE, p.  163)  obtained  by  decomposing  PbCr04 
and  CaP2  by  cone.  H2S04  (Unverdorben,  N.  J.P. 
9,  26  ;  Berzelius,  Lehrbuch  [5th  ed.],  2,  319). 

Properties. — Carmine-red,  very  lustrous,  tri- 
metric prisms  (Nordenskjold,  P.  114,  612) ;  or 
loose,  red,  flakes.  When  melted  at  about  190° 
and  solidified,  appears  as  very  dark  red,  metal- 
like,  crystalline  mass.  Very  sol.  in  H20 ; 
[CrO3,  Aq]  =  1,900  (Sabatier,  C.  R.  103,  267) ; 
S.G.  of  solution  containing  x  p.c.  Cr03  at  tempe- 
rature t  (Zettnow,  P.  143,  474)  :— 


8-25 
12-34 
19-33 
31-83 
37-77 
62-23 


t. 

16° 
19-5 
19 
20-1 
22 
22 


S.G. 

1-0606 
1-0957 
1-1569 
1-2026 
1-3441 
1-7028 


Sol.  in  pure  ether  and  in  cold  dilute  alcohol 
(Zettnow,  I.e.).  Solution  in  water  is  acid  and 
reacts  with  metallic  oxides,  &c.,  to  form  salts 
M.,Cr04  (v.  CHROMIC  ACID).  Cr03  is  easily  de- 
oxidised ;  by  action  of  acids  it  yields  chromic 
salts  CrX3,  and  gives  up  O. 

Reactions. — Cr03    is    very    easily    reduced. 
1.  Cr03Aq  is  reduced  by  hydrogen  (Ludwig,  A. 


162,  47).— 2.  Amorphous  phosphorus  heated  to 
200°  forms  CrO2 ;  P  dissolves  in  Cr03Aq  forming 
an  acid  phosphate  of  Cr  (Oppenheim,  Bl.  [2]  1, 
165).— 3.  Potassium  or  sodium  reduces  CrO3  on 
heating,  probably  to  Cr.— 4.  Sulphur  forms 
Cr2S.,  and  S02  (Moissan,  A.  Ch.  [6]  5,  568).  - 
5.  Heated  with  sulphydric  acid,  Cr2Ss,  H.,0,  and 
S  are  formed  (Harten,  A.  37,  350).— 6.  With 
haloid  aqueous  acids,  halogen  is  evolved  and 
CrX3  formed. — 7.  Sulphurous  anhydride  has  no 
action  at  100  ;  at  180 J  Cr02  and  SO3  are  formed 
(Traube,  A.  66,  103) ;  SO2Aq  and  CrO3Aq  form 
at  first  H2SO4Aq  and  Cr02,  and  then  Cr23SO4Aq. 
8.  Nitric  oxide  reduces  Cr03  to  Cr003  (Keinsch, 
J.  pr.  28,  391;  Wohler,  A.  34,  236).— 9.  Ar- 
senious  oxide  forms  Cr203  and  H3As04Aq  with 
Cr03Aq. — 10.  Ammonia  forms  Cr2O3,  H2O,  and 
N ;  light  is  produced.— 11.  Phosphoric  chloride 
forms  CrO2Cl2  and  POC13  (Schiff,  A.  106,  116).— 

12.  Ferric  chloride    heated    with   Cr03  forms 
Fe203   and   CrO2Cl2  (Geuther,  A.   106,   239).— 

13.  Heated  with  violet  chromic  chloride  Cr02Cl2 
and  Cr203  are  formed  (Geuther,  A.  118,  69).— 

14.  CrO3Aq  is  reduced  to  Cr203  by  stannous 
chloride,  SnCl4  and  Sn02  being  formed.— 15.  Cold 
cone,  sulphuric  acid  dissolves  Cr03  (it  is  said  to 
be  quite  insoluble  in  very  cone,  acid  with  16-17 
p.c.  H20  added);    a  compound  Cr03.H2S04  is 
probably  formed  (v.  Combinations,  No.  2),  but 
on  heating,  Cr23S04,   or  a   basic  Cr  sulphate 
(4Cr203.6S03.7H2S04  according  to  Cross  a.  Hig- 
gins,  C.  J.  41,  113),  is  formed,  with  evolution  of 
0.— 16.  Cr03Aq  is  reduced  by  electrolysis  to 
Cr,  Cr203,  and  0  ;  30,225  gram-units  of  heat  are 
produced  (Favre,  G.  R.  73,  890  a.  936;  Geuther, 
A.  99,  314  ;  Buff,  A  110,  257).— 17.  Iodine  dis- 
solves in  cone.  CrO3Aq;  the  products  are  un- 
certain  (Walz,  C.   N.   26,    245).— 18.   Oxygen, 
ozone,  or  pure  dry  chlorine,  has  no  action  on 
Cr03  (Moissan,  A.  Ch.  [6]  5,  568).— 19.  Heated 
with  carbon  bisulphide  to  180°  a  little  COS  is 
formed  (Armstrong,  B.  2,  713).— 20.  Very  many 
carbon    compounds,    e.g.    C2H4,    C2H,,    C.jH6O, 
C2H204,  CeH5.CH3,  <fec.,  are  oxidised  by  Cr03Aq  : 
a  mixture  of  K2Cr207,  H2S04,  and  H^O  is  gene- 
rally employed. 

Combinations.—  1.  With  water  to  form  H2Cr04 
(Moissan,  A.  Ch.  [6]  5,  568 ;  v.  CHROMIC  ACID, 
under  CHROMIUM,  ACIDS  OF). — 2.  According  to 
Bolley  (A.  56,  113)  Cr03  combines  with  sul- 
phuric acid  to  form  Cr03.H2S04  (?  H2CrS07) ; 
it  is  prepared  by  adding  crystallised  Cr03  to 
cone.  H2S04,  little  by  little,  until  no  more  is 
dissolved,  and  after  some  days  collecting  the 
brown  solid  matter  and  drying  on  a  porous  plate. 

3.  Schroder  describes  a  compound  with  sulphuric 
anhydride  Cr03.3S03  (P.  59,  616 ;  v.  also  Gay- 
Lussac,  S.  32,  447 ;  Fritzsche,  J.  pr.  27,  252). 

4.  Moissan  (G.  R.  97,  96)  says  that  the  body  pro- 
duced by  the  action  of  H2O.,Aq  on  Cr03  Aq,  usually 
regarded  as  a  higher  oxide  than  CrO3,  is  really 
a  compound  of  Cr03  and  H202,  viz.  Cr03.H202 
(v.  infra). 

IV.  OTHER  OXIDES  OF  CHROMIUM. 

(i)  The  oxide  Cr304 — corresponding  to  Fe304, 
Ni304,  and  Co304 — is  said  to  be  produced  by  the 
action  of  air-free  KOHAq  on  CrCL^Aq,  immediate 
washing  the  pp.  with  boiling  water  and  drying  in 
vacua  ;  it  is  scarcely  soluble  in  acids  ;  when 
heated  it  takes  up  O  forming  Cr203  (Peligot, 
A.  Ch.  [3]  12,  539).  By  electrolysing  CrCl^q, 
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containing  CrCl3,  under  special  conditions,  Bunsen 
obtained  a  black,  amorphous,  powder,  insol.  acids, 
oxidised  by  heating  in  air  to  Cr203  (P.  91,  619). 
This  powder  seems  to  have  been  either  a  mixture 
or  a  compound  of  CrO  and  Cr203  (but  v.  Geuther, 
A.  118,  66). 

(ii)  When  Cr03  is  heated  in  air,  or  0,  to  a 
little  over  200°  (Geuther  a.  Merz,  A.  118,  62), 
or  when  a  rapid  stream  of  Cr02Cl2  vapour  is 
passed  through  a  tube  heated  to  above  200°, 
but  not  to  redness  (Wohler,  A.  Ill,  117),  small, 
lustrous,  dark-violet,  trimetric  prisms,  S.G-.  about 
4,  are  obtained.  According  to  Wohler  the  com- 
position is  Cr305 ;  according  to  Geuther  Cr509. 
These  crystals  are  distinctly  magnetic,  but  lose 
their  magnetism  by  heating  in  air ;  when  strongly 
heated  Cr,O3  is  formed.  Insoluble  in  all  acids 
including  ~aqua  regia  ;  slowly  acted  on  by  cone, 
boiling  KOHAq  ;  decomposed  by  molten  KOH  to 
Cr203  and  K2Cr04. 

Traube  (A.  66,  108)  describes  two  oxides 
CrsO,,  and  Cr50,2;  but  the  existence  of  these  as 
definite  compounds  is  doubtful. 

(iii)  When  H20.jAq  is  added  to  Cr03Aq,  or  when 
a  dilute,  strongly  acid,  solution  of  Ba02in  HClAq 
is  added  to  K2Cr207Aq,  a  deep-blue  colour  is  pro- 
duced in  the  solution  (Barreswill,  A.  Ch.  [3]  20, 
364) ;  this  colour  quickly  disappears,  0  being 
evolved  (Schonbein,  P.  108,  471).  The  blue 
compound  is  more  stable  in  ethereal  than  aque- 
ous solution.  Ba02  is  added  to  HClAq,  ether 
(free  from  alcohol)  is  then  added,  and  then 
K2Cr20;  Aq  drop  by  drop  with  constant  shaking ; 
the  ether  becomes  deep  azure  blue,  it  is  free  from 
HC1  and  H2S04.  The  ethereal  solution  evolves 
0  when  evaporated,  and  Cr03  remains  (Aschoff, 
J.  pr.  81,  401  a.  487).  Ferrous  salts  are  oxidised 
by  the  blue  ethereal  liquid ;  alkalis  decompose 
it  to  alkali  chromates  and  O  ;  it  is  also  decom- 
posed by  P205,  CaCl2,  Mn02,  Pb304,HgO,  Na,  and 
by  acids  and  bases  (Moissan,  C.  R.  97,  96 ;  v. 
alsoMartinon,.BZ.  [2]  45,  862).  Certain  alkaloids, 
e.g.  strychnine  and  quinine,  seem  to  form  com- 
pounds with  the  blue-coloured  body ;  these  com- 
pounds are,  however,  unstable.  According  to 
Aschoff  (J".  pr.  81,  401  a.  471),  for  the  formation 
and  complete  decomposition  of  the  blue-coloured 
compound  H202  reacts  with  KjCr207  in  the  ratio 
5H202:K2Cr207 :  assuming  the  blue  compound  to 
be  an  oxide  of  Cr  with  the  composition  Cr207, 
the  reaction  in  question  might  be  represented  as 

(1)  K2Cr207Aq  +  H^-jAq  +  2HClAq  = 
2KClAq  +  2H2OAq  +  Cr2(X Aq  ; 

(2)  Cr207Aq  +  6HClAq  +  4H202Aq  = 

Cr2CleAq  +  7H2OAq  +  80.  Fairley  (C.  N.  33, 237) 
supposes  that  the  blue  compound  is  Cr06.3H20. 
Moissan  (C.  R.  97,  96)  obtained  an  ethereal  solu- 
tion of  the  dark-blue  compound  containing  5  p.c. 
Cr ;  at  —  20°  in  vacua  deep  indigo  blue,  oily, 
drops  were  produced ;  by  the  action  of  Na,  H  was 
evolved,  and  by  gently  warming  O  was  evolved ; 
the  volumes  of  these  gases  obtained  corresponded 
with  those  required  by  the  formula  Cr03.H202. 
The  blue  compound  cannot  be  obtained  by  the 
action  of  ozone  on  Cr03Aq ;  it  is  formed  during 
electrolysis  only  when  H202  is  also  produced 
(Moissan,  I.e.). 

Chromium,  oxychlorides  of.  Various  oxy- 
chlorides,  or  perhaps  compounds  of  Cr203  and 
CrCL,  are  obtained  by  evaporating  CrCl3Aq  at  dif- 
ferent temperatures  (p.  167).  Of  the  compounds 


theoretically  derivable  from  CrO,(OH).,  by  re- 
placing OH  by  Cl,  viz.  CrO.OHCr  and  CrO.CL, 
the  second  only  is  known ;  the  first  would  react 
as  an  acid,  the  K  salt  of  this  acid  is  known  (v. 
Chloro-chromatesun&er  CHKOMIUM,  ACIDS  OF, 
p.  157).  Cr02Cl2  easily  parts  with  O  and  Cl ; 
heated  in  a  closed  tube  Cr306Cl2  is  produced. 

I.  CHEOMYL  CHLORIDE  Cr02Cl2  (Chlorochromic 
acid.  Chlorochromic  anhydride).  Mol.w.  155-06. 
(115-9°)  (Thorpe,  C.  J.  37,  362).     S.G.  §  1-9617 
(Thorpe,  I.e.).    V.D.  78. 

Formation. — 1.  Equal  parts  Cr03  and  FeCl3 
are  heated  together  in  a  retort  (Geuther,  A.  106, 
239).— 2.  Cr03  and  CrCl3  are  heated  together  in 
the  ratio  2CrCl3:3Cr03  (Geuther,  A.  118,  69).- 3. 
1  part  Cr03  and  2  parts  PC15  are  heated  together 
(Schiff,  4.10(5,  116).— 4.  HC1  is  passed  into  cone. 
H2S04  containing  Cr03  in  suspension  (B.  10, 
1041). — 5.  HC1  is  passed  over  Cr03  (Moissan, 
A.  Ch.  [6]  5,  568). 

Preparation. — 10  parts  NaCl  are  fused  with 
12|  parts  K2Cr2O7 ;  the  fused  mass  in  fair-sized 
pieces  is  placed  in  a  retort  connected  with  a  well- 
cooled  condenser,  and  25  parts  fuming  H2SO4 
are  added.  The  reaction  proceeds  without  heat- 
ing (Thomson,  T.  1827.  159 ;  Berzelius,  B.  J.  6, 
131 ;  Wohler,  P.  33,  343  ;  Etard,  A.  Ch.  [5]  22, 
218).  About  70  p.c.  of  the  theoretical  yield  of 
Cr02Cl2  is  obtained ;  part  of  the  Cr02Cl2  is  de- 
composed by  the  acid  to  Cr03,  Cl,  and  Cr,3S04 
(Etard,  I.e.).  The  distillate  is  redistilled  se'veral 
times  in  C02. 

Properties. — A  dark -red,  mobile,  liquid; 
fumes  much  in  the  air ;  dissolves  Cl  and  I  in 
large  quantities.  The  vapour  absorbs  all  the 
light  from  a  luminous  flame  except  a  narrow 
band  in  the  red  (Stoney  a.  Reynolds,  P.  If.  [4] 
41,  291).  If  the  vapour  is  mixed  with  0  and 
passed  into  a  Bunsen  lamp  a  violet  flame  is  pro- 
duced, showing  lines  in  the  violet,  green,  yellow, 
orange,  and  red,  part  of  the  spectrum  (Gott- 
schalk  a.  Drechsel,  J".  pr.  89,  473).  Cr02CL  is 
best  kept  in  sealed  glass  tubes. 

Reactions. — 1.  Easily  parts  with  0  and  Cl; 
acts  as  an  energetic  oxidiser  and  chlorinating 
agent,  e.g.  oxidises  P,  S,  Hg,  alcohol,  tur- 
pentine, &c.,  oxidises  and  chlorinates  C6H6 
(forming  C6HC1302),C,0H8  (forming  C10H4C12O2) 
&c.  (v.  Liebig,  P.  21,  359;  Schrotter,  A.  37, 
148  ;  Heintze,  J.  pr.  [2]  4,  211 ;  Carstanjen,  J. 
pr.  [2]  2,  51).— 2.  Heated  with  PC13,  POC13,  or 
PC15,  CrCl3  and  Cr20.j  are  formed  with  evolution 
of  Cl  (Casselmann,  A.  98,  213 ;  Schiff,  A.  102, 
111;  Weber,  P.  107,  375;  Cronander,  B.  6, 
1466).— 3.  With  water,  Cr03Aq  and  HClAq  are 
formed  with  production  of  much  heat. — 4.  De- 
composed, giving  crystalline  Cr03,  when  passed 
through  a  warm  tube  (Wohler,  P.  33,  331). — 
5.  Heated  in  a  closed  tube  to  180°,  Cr30a012  and 
Cl  are  formed  (Thorpe,  C.  J.  [2]  8,  31).-6. 
Iodine  dissolves  in  Cr02Cl2 ;  on  heating  Cr30HCl2 
and  IC1  are  formed  (Macivor,  C.  N.  28,  138).— 
7.  Reacts  with  KClAq  to  form  Cr02.OK.Cl  (q.  v. 
under  CHROMATES)  and  HClAq  (Peligot,  A.  Ch. 
52,  267).— 8.  With  K2Cr04Aq  combines  to  form 
CvO,.OK.Cl  (Geuther,  A.  106,240).— 9.  Burns  in 
dry  NH3  to  form  NH4C1  and  Cr02  (Rideal,  C.  J. 
49,  367). 

II.  TRICHROMYL    CHLORIDE    Cr306Cl2   (Chro- 
mium chromato-chloride).     Mol.  w.  unknown. 

Formation. —  1.  Potassium  chlorochromate, 
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CrO,OK.Cl,  is  heated  with  cone.  H2S04;  CrO,Cl2 
and  Cr.,0(.Cl2  are  produced  together  (Zettnow,  P. 
143,  328).— 2.  I  is  dissolved  in  Cr02Cl2,  and  the 
product  is  distilled  (Macivor,  G.  N.  28,  138). 

Preparation. — CrO2Cl2  is  heated  in  a  closed 
tube  for  several  hours  to  180°,  and  the  residue 
is  heated  in  dry  C02  to  120°  to  remove  unchanged 
Cr02Cl2  (Thorpe,  C.  J.  [2]  8,  31). 

Properties  and  Reactions. — A  black,  amor- 
phous, very  deliquescent  powder ;  heated  in  air, 
O,  Cl,  and  Cr203  are  formed ;  easily  reduced  by 
H  to  Cr203  with  evolution  of  O  and  Cl ;  dissolves 
in  HClAq,  Cl  is  evolved,  and  CrCl3Aq  remains  ; 
aqueous  solution  also  gives  off  Cl  on  heating. 

III.  OXYCHLOBIDES  from  CrCl3Aq  (Moberg, 
J.  pr.  29,  175 ;  Lcewel,  J.  pr.  37,  38 ;  Peligot, 
J.  pr.  37,  475  ;  Schiff,  A.  124,  157 ;  Ordway, 
Am.  S.  [2]  26, 197  ;  Bechamp,  A.  Ch.  [3]  56,  306; 
57,  296).  By  evaporating  CrCl3Aq  at  120°  a 
reddish  residue,  soluble  in  H.,0,  agreeing  with 
composition  Cr203.8CrCl3.24H_,0,  was  obtained; 
this  heated  to  150°  left  a  reddish-grey  powder, 
Cr203.4CrCl:i.9H20(  =  Cr2OCl4.3H,0)';  when  more 
strongly  heated,  and  water  added,  a  residue 
remained,  2Cr203.2CrCl3(  =  CrOCl)  (Moberg). 
Cr2OCl4  was  also  obtained  by  heating  CrCl3.#£LO 
to  150°-260°,  and  by  long-continued  digestion  of 
Cr,03.ccH20  with  cold  dilute  HClAq  (Loewel  ; 
Peligot). 

CrOC1.3H20  was  obtained  by  adding Ba02H2Aq 
to  CrCl3Aq  until  the  pp.  no  longer  dissolved, 
evaporating,  treating  the  residue  with  alcohol 
(BaCl2 remained),  evaporating  to  dryness  at  100° 
and  drying  at  120°  (Peligot) ;  the  same  com- 
pound was  obtained  by  boiling  CrCl3Aq  with 
Cr-jCvaELjO  (Bechamp). 

Chromium,  oxyfluoride  of,  CrO.^.  Said  to 
be  obtained  by  reaction  between  PbCr04,  CaF2, 
and  H2S04  (v.  Oliveri,  G.  16,  218). 

Chromium,  phosphide  of,  CrP.  Mol.  w.  un- 
known. S.G.  4-68. 

Formation. — 1.  By  strongly  heating  CrP04 
with  C  (H.  Eose,  P.  34,  333)— 2.  By  passing 
PH3  over  hot  CrCl3  (H.  Kose,  I.e.). 

Preparation. — Pieces  of  P  are  placed  in  the 
closed  end  of  a  tube  of  very  infusible  glass  ;  dry 
K2Cr04  is  placed  at  a  little  distance  from  the  P. 
The  K2Cr04  is  heated  to  redness ;  the  P  is  then 
heated  so  that  the  vapour  passes  over  the 
K2Cr04;  much  heat  and  light  are  produced 
during  the  reaction.  The  product  is  treated 
with  H.,0,  which  dissolves  out  K  phosphates  and 
leaves  the  CrP  (Martius,  A.  109,  82). 

Properties  and  Reactions. — A  grey-black, 
crystalline,  metal-like  powder ;  insoluble  in  all 
acids  ;  heated  in  0,  burns  to  CrP04 ;  heated  in 
Cl,  forms  PC13  and  CrCl3;  oxidised  by  molten 
KOH  with  evolution  of  H,  and  by  molten  KC103 
with  evolution  of  Cl. 

Chromium,  salts  of.  Compounds  obtained 
by  replacing  H  of  acids  by  Cr.  Two  series  of  Cr 
salts  exist ;  chromous  salts  CrX.,,  and  chromic 
salts  CrX3,  where  X  =  C1  &c.,  S04  &c.,  P04  &o. 

2  3 

The  V.  D.  of  two  compounds  of  Cr,  viz.  Cr02Cl2 
and  CrCl3,  have  been  determined;  from  this, 
and  the  S.H.  of  Cr,  the  value  for  the  atomic 
weight-  of  the  element  is  found  to  be  52  €4  :  the 
simplest  formula  that  can  bo  given  to  the  salts 


of  Cr  (Cr  =  52-4)  are  CrX2  and  CrX,,  but  these 
formula  do  not  necessarily  represent  the  com- 
position of  gaseous  molecules* 

Chromous  chloride,  CrCLj,  is  the  starting- 
point  for  preparing  most  of  the  chromous  salts  ; 
these  salts  are  red  or  blue,  and  soluble  in  water ; 
they  very  quickly  absorb  0,  becoming  chromio 
salts ;  they  also  absorb  NO,  and  also  C2lLj  (Ber- 
thelot,  A.  Ch.  [4]  9,  385).  The  most  stable 
chromous  salts  at  present  known  are  the  sulphate 
CrSO4.7H.,O,  blue  crystals  isomorphous  with 
FeS047H20 ;  the  acetate  Cr(C2H302)2.H20,  red 
trimetric  prisms  ;  and  the  oxalate  CrC204,  yellow 
crystalline  powder,  more  stable  than  any  other 
chromous  salt.  (For  more  details  of  individual 
salts  v.  ACETATES,  CABBONATES,  BOBATES,  OXAL- 
ATES,  PHOSPHATES,  SULPHATES,  SULPHITES;  also 
CHBOMOUS  BBOMIDE,  CHLOBIDE,  HYDBOXIDE,  SUL- 
PHIDE.) 

The  normal  chromic  salts,  CrX3,  are  obtained 
by  dissolving  Cr2O3.a;H20  in  acids,  or  by  double 
decomposition  from  soluble  chromic  salts  ob- 
tained in  this  way ;  these  salts  may  be  regarded 
as  derived  from  the  hydroxide  Cr206H6.  Nu- 
merous basic  salts  also  exist,  many  derived  from 
the  hydroxide  Cr20.04H4  (v.  CHBOMICHYDBOXIDES). 
The  starting-point  in  the  preparation  of  chromic 
salts  is  usually  K2Cr207 ;  a  solution  of  this  salt 
is  heated  with  HClAq,  or  H2S04Aq,  and  a  re- 
ducing agent  (commonly  alcohol  or  S02Aq); 
CrCl3Aq  or  Cr23S04Aq  is  thus  obtained ;  addi- 
tion of  NH3Aq  pps.  Cr203.o;H20,  from  which  the 
chromic  salts  are  obtained  by  the  action  of  acids. 
Very  many  chromic  salts  exist  in  two  forms,  one 
violet  to  red,  the  other  green.  In  some  cases 
both  varieties  are  known  in  the  solid  form  and 
with  the  same  composition,  e.g.  red  and  green 
Cr23S04;  in  other  cases  only  a  violet  salt  is 
known  in  crystals,  but  a  green  solution  is  obtain- 
able from  this.  Aqueous  solutions  of  most  of 
the  violet  salts  when  boiled  become  green; 
many  of  these  solutions  become  red  or  violet 
again  on  cooling,  sometimes  only  after  standing 
a  long  time.  Only  the  violet,  or  red,  solutions 
yield  crystalline  salts  ;  the  green  solutions  give 
amorphous,  gummy  solids  on  evaporation.  Vari- 
ous hypotheses  have  been  suggested  to  account 
for  these  colour-changes.  The  change  does  not 
seem  to  be  due  to  hydration  and  dehydration 
(Schrotter,  P.  53,  513),  as  dehydrating  agents 
do  not  effect  the  change  from  red  to  green 
(Doyer  van  Cleefif ,  J.  pr.  [2]  23,  58).  The  experi- 
ments of  Kriiger  (P.  61,  218),  Siewert  (A.  126, 
94),  and  Doyer  van  Cleeff  (J.pr.  [2]  23,  58)  seem 
to  show  that  in  some  cases  at  any  rate,  e.g. 
chrome-alum,  the  normal  violet  salt  is  partially 
decomposed,  on  boiling,  into  basic  salt  and  acid, 
and  that  on  cooling  the  normal  (violet)  salt  is 
re-formed.  Van  Cleeff  dialysed  a  green  solution 
of  chrome-alum,  and  found  the  dialysate  to  con- 
tain free  H,S04,  and  the  liquid  in  the  dialyser 
excess  of  Cr,03  ;  he  also  dialysed  a  violet  solu- 
tion of  chrome-alum,  and  found  the  same  com- 
position in  the  liquid,  both  inside  and  outside 
the  dialyser.  The  same  chemist  also  found  that 
the  violet  solution  became  green  on  addition  of 
a  little  KOH,  NaOH,  NH3,  or  alkaline  carbonate ; 
and  that  a  little  acid  sufficed  to  reproduce  the 
violet  colour.  For  details  of  individual  salts  v. 
the  arts.  CABBONATES,  BOBATES,  NITBATES,  SUL- 
PHATES, &c.  &c. 
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CHROMIUM,  SELENIDES  OF. 


Chromium,  selentdes  of,  CrSe  and  Cr2Se3. 
Moissan  (C.  E.  90,  817)  describes  these  com- 
pounds as  black  powders ;  Cr2Se3  obtained  by  heat- 
ing Cr203  in  Se  vapour,  or  CrCl3  in  ELSe ;  CrSe  ob- 
tained" by  heating  Cr,Se3  in  H,  or  CrCl2in  H_,Se. 

Chromium,  sulphides  of,  Cr  and  S  combine 
when  heated  together  to  form  Cr.2S3 ;  the  same 
sulphide  is  produced  by  heating  Cr203,  CrCl3, 
Cr03,  &c.,  in  H2S.  No  sulphide  of  Cr,  but  only 
Cr2O3.xH2O,  is  produced  by  the  action  of  H2S, 
alkali  sulphides,  <fec.,  on  solutions  of  Cr  salts. 
Cr2S3  is  reduced  by  H  to  CrS.  The  sulphide 
Cr3S4  has  also  been  obtained.  Phipson  (C.  N.  4, 
125)  stated  that  a  heptasulphide  Cr2S7  exists ; 
but  this  has  been  disproved  (v.  Bender,  B.  20, 
756).  Compounds  of  Cr2S3  with  ZnS,  MnS,  FeS, 
&c.,  are  obtained  indirectly,  e.g.  ZnS.Cr2S3 ; 
Cr2S3  therefore  resembles  Cr203  inasmuch  as  it 
acts  as  a  feebly  salt-forming  sulphide  towards 
more  positive  sulphides. 

I.  CHBOMIC  SULPHIDE  Cr2S3.  Mol.  w.  un- 
known. S.G.  3-77  (Schafarik,  J.  1863.  225). 
Preparation.  Dry  H2S  is  passed  over  Cr2O3 
heated  to  about  440°  ;  the  product  is  powdered 
and  again  heated  in  H2S,  and  finally  washed 
with  H,0,  and  dried  at  100°  (Moissan,  C.  R.  90, 
817).  Cr2S3  is  also  obtained  by  the  action  of 
H2S  on  hot  CrCl3  (Liebig,  P.  21,  359)  ;  or  on 
Cr,3S04  (Traube,  A.  66,  87);  or  by  strongly 
heating  Cr2O3  in  CS2  (H.  Bose) ;  or  K2Cr2O7  in 
CS2  (Schafarik,  J.  pr.  90,  9  ;  Miiller,  P.  127, 404); 
or  by  heating  Cr2O3.o;H20  with  S,  in  absence  of 
air  (Berzelius). 

Properties  and  Reactions. — Brown-black, 
lustrous  powder,  steel-grey  if  fused;  not  attacked 
by  acids,  except  HN03Aq  and  aqua  regia,  which 
dissolve  it.  Heated  in  air,  gives  S02  and  Cr203 ; 
in  Cl,  gives  S2C12  and  CrCl3 ;  with  molten 
KN03,  K2Cr04  and  K2S04  are  formed;  heated  in 
H,  gives  off  H2S  and  S,  and  CrS  remains  (Mois- 
san, C.R.  90,  817). 

Combinations. — Cr2S3  is  not  acted  on  by 
KOHAq  or  K2SAq ;  but  by  heating  K2Cr04  with 
K2C03  and  S,  and  washing  with  water,  greenish- 
black  crystals  (S.G.  2-79)  are  obtained,  which 
are  easily  soluble  in  HN03Aq  ;  these  are  proba- 
bly a  compound  of  K2S  and  Cr2S3  (Kopp,  C.  R. 
19,1156;  Schafarik, /.  _pr.  90,  9).  By  heating 
Cr203.o;H20,  MO.zH20  (or  M203.zH20),  and  S, 
in  S  vapour,  and  then  in  C02  until  no  more  S  is 
given  off,  Groger  (Site.  W.  81  [2nd  part],  531) 
obtained  compounds  of  the  form  MS.Cr2S3; 
M  =  Zn,  Fe,  Mn.  (v.  CHROMIUM,  THIOACTD  OF). 

II.  CHROMOUS  SULPHIDE   CrS.     Mol.  w.  un- 
known.   A  black  powder,  produced  by  heating 
Cr2S3  in  H,  or  by  heating  CrCl3  in  H2S  at  440° 
(Moissan,  C.  R.  90,  817).  Unchanged  by  heating 
in  absence  of  air  ;  heated  in  air  Cr203  and  S02 
are  formed ;  heated  in  Cl,  gives  CrCl3 ;  scarcely 
acted  on  by  acids. 

III.  CHROMIUM  TETRASULPHIDE  Cr3S4.  Mol.  w. 
unknown.    A  greyish-black  powder;    insoluble 
in  BLjO  ;  slightly  soluble  in  cone.  HClAq,  easily 
in  cone.  HNO3Aq.  Prepared  by  heating  dry  Cr.,O3 
thoroughly  mixed  with  excess  of  well-powdered 
S  in  H  until  no  more  S  is  given  off,  again  mix- 
ing with  S  and  again  heating  in  H  (Groger,  Site. 
W.  81  [2nd  part],  531). 

Chromium,  sulphocyanides  of,  and  derivatives 
of  the: e  compounds,  v.  SULPHOCYANIDES,  under 
CYANIDES. 


Chromium,  thioacid  of.  No  thioacid  of  Cr 
is  known ;  but  Cr2S3  behaves  towards  some  more 
positive  metallic  sulphides  as  a  salt-forming 
sulphide ;  in  this  respect  it  may  be  regarded  as 
the  thioanhydride  of  hypothetical  thiochromous 
acid,  H2Cr2S4.  Groger  (Sitz.  W.  81  [2nd  part], 
531)  obtained  the  thiochromites  ZnCr2S4, 
FeCr2S4,  and  MnCr2S4,  by  heating  mixtures  of  Cr 
hydroxide  and  hydroxide  of  Zn,  Fe,  or  Mn,  with 
S,  for  some  time,  then  powdering  and  heating 
in  S  vapour  for  several  hours,  and  finally  heating 
in  C02  until  S  was  no  longer  given  off.  These 
thiochromites  are  dark-brown  or  black  powders, 
insoluble  in  H20  and  HClAq,  soluble  in  HNO.<Aq 
and  aqua  regia.  M.  M.  P.  M. 

CHROMIUM  GROUP  OF  ELEMENTS.— Chro- 
mium, Molybdenum,Tungsten,  Uranium. — These 
four  metals  were  discovered  towards  the  end  of 
the  eighteenth  century.  None  of  them  is  found 
in  the  free  state  in  nature,  and  the  minerals  in 
which  their  salts  occur  are  all  comparatively 
rare.  Chromium  was  obtained  in  1797  by 
Vauquelin  from  a  mineral  now  known  to  con- 
sist chiefly  of  lead  chromate;  in  1782  Hjelm 
prepared  molybdenum  from  an  acid  earth-like 
compound,  which  Scheele  had  obtained  four 
years  earlier  from  molybdenum-glance,  a  sub- 
stance until  then  supposed  to  be  the  same  as 
graphite ;  three  years  after  the  preparation  of 
molybdenum  a  new  metal  was  obtained  by  the 
brothers  d'Elhuyar,  by  deoxidising  an  acid  which 
they  had  prepared  from  the  mineral  wolframite. 
This  acid  was  shown  to  be  identical  with  that 
which  Scheele  had  made  in  1781  from  the 
Swedish  mineral  tungstein,  hence  the  new  metal 
was  called  tungsten,  or  by  some  chemists  wolf- 
ram. Uranium  was  the  name  given  by  Klaproth 
to  a  new  metal  obtained  by  him  1789  from 
pitchblende. 

Chromium,  molybdenum,  and  tungsten  are 
obtained  by  reducing  the  oxides  of  these  metals 
by  carbon  at  a  high  temperature  ;  uranium  is 
prepared  by  removing  chlorine  from  the  chloride 
by  means  of  sodium.  These  metals  are  very  hard 
and  very  infusible  ;  uranium  is  fairly  malleable  ; 
the  others  are  brittle.  The  following  table  pre- 
sents the  prominent  physical  and  chemical  pro- 
perties of  the  chromium  metals  (v.  next  page). 

General  formula  and  character  of  salts. 
MO,  M203,  M02,  M03 ;  MS,  M2S3,  MS2,  MS3,  MS4 ; 
MC12,  MC13,  MC14,  MC15,  MC16;  H2M04,  H2M./X, 
&c.  The  lowest  oxides,  MO,  are  scarcely  known; 
hydrates  of  these  oxides,  when  M  =  Cr  or  Mo,  ap- 
pear to  exist;  a  few  chromous  salts,  e.g. 
CrS047H.20,  exist,  but  are  unstable,  and  easily 
become  chromic  salts.  Sesquioxides,  M203,  of 
Cr  and  Mo  are  known  ;  the  former  dissolves  in 
acids  with  production  of  well-marked  salts,  the 
chromic  salts,  Cr23S04,  Cr26N03,  Cr22P04,  &c. ; 
the  latter  is  easily  oxidised  to  Mo02,  when  moist 
it  dissolves  in  acids,  but  no  definite  salts  have 
been  obtained  from  such  solutions.  Dioxides, 
M02,  of  all  the  metals  of  the  group  have  been 
prepared :  of  these,  Cr02  is  the  least  stable  to- 
wards heat  or  the  action  of  acids,  it  parts  with 
oxygen  at  300°,  and  dissolves  in  acids  apparently 
without  deoxidation,  but  without  producing  defi- 
nite salts ;  Mo02  and  W02  also  dissolve  in  acids 
and  produce  salts,  which,  however,  have  scarcely 
been  obtained  in  definite  crystalline  form;  the 
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solutions  of  Mo(X  readily  take  up  oxygen  from 
the  air ;  both  oxides,  when  heated,  are  oxidised 
to  M03 ;  U02  dissolves  in  acids  to  form  a  series  of 
uranous  salts,  e.g.  U(S04)2,  which  are  fairly  easily 
oxidised  to  uranyl  salts,  e.g.  UO.,S04 ;  when  this 
oxide  is  heated  it  becomes  U3O8.  The  oxides  MO3 
are  all  anhydrides ;  the  mono-hydrated  oxides 
M03H20(  =  H2M04)  act  as  dibasic  acids,  forming 
salts  X2M04 ;  several  series  of  salts  derived  from 
more  complex  hydrates  of  MO,,  are  also  known, 
e.g.  X2M207,  X2M3010,  X.,M40)3,  &c.,  in  the  case  of 
each  metal  except  Cr  these  di-  tri-  or  tetra-salts 
are  more  distinctly  marked  than  the  salts  X2M04. 
The  anhydride  Cr03  combines  with  some  normal 
salts,  e.g.  K2Cr04Cr03,  and  also  with  a  few  anhy- 
drides, e.g.  Cr03.3S03 ;  when  dissolved  in  warm 
acids  it  forms  chromic  salts  (Cr23S04,  &c.)  with 


evolution  of  oxygen.  The  anhydrides  Mo03  and 
W03  form  a  series  of  complex  compounds  with 
anhydrides  and  water ;  e.g. 

P205.20Mo03.38H20 .  Si02.12Mo03.26H20 ; 
P205.24W03.6H20  J  P205.22W03.GH20,  &c.  &c. ; 

MoOs  also  combines  with  SO3  to  form  Mo03SO3 
(?  Mo02S04) .  The  anhydride  UO3  dissolves  in  acids 
to  form  uranyl  salts,  e.g.  U02S04,  U02(NO,)a,  &c., 
which  are  more  stable  than  the  uranous  salts 
derived  from  U02.  The  metals  of  the  chromium 
group  form  several  other  oxides  intermediate  be- 
tween those  briefly  described,  e.g.  Cr.09  interme- 
diate between  Cr2O3  and  Cr02,  W308  and  W40n 
between  W02  and  WO3,  U2O5  and  U308  between 
U02  and  UO3 :  there  are  also  indications  of  the 
existence  of  a  more  oxidised  oxide  than  Cr03 


CHROMIUM. 

MOLYBDENUM. 

TUNGSTEN. 

URANIUM. 

Atomic 

62-4. 

95-9. 

183-6. 

239-9. 

Weights. 

One  or  more  compounds  of  each  element  have  been  gasified  ;  specific  heats  have 

been  directly  determined.     Molecular  weights  unknown. 

Melting 

Above  m.p.  of  Pt 

Infusible     at     full 

Softens  and  agglo- 

A full  red-heat. 

points. 

(which  is  2000°- 

white  heat. 

merates  at  white 

+- 

2500°). 

heat. 

Spec.     grav. 

6-5-6-8. 

8-5-8-6. 

18-2-19-2. 

18-4-18-7. 

(approx.). 

Specific  heats. 

0-10  (?  too  low). 

0-072  (?). 

0-0334. 

0-028. 

Atom,  weight. 

7-7. 

11-3. 

9-7. 

12-9. 

Spec.     grav. 

(approx.). 

Occurrence 
and 
preparation. 

Occurs    chiefly   as 
chrome    •    iron- 
stone,FeO.Cr203, 
in  which  FeO  is 

Occurs  in  small 
quantities  as  ox- 
ide and  sulphide, 
also  as  Lead  or 

Occurs  very  spar- 
ingly as  tung- 
state  of  Ca,  of 
Fe  and  Mn,  and 

Sparingly  distri- 
buted as  oxide  in 
pitchblende,  as 
uranite  of  Ca  and 

more  or  less  re- 

cobalt molyb- 

of  Pb,  also  as 

of  Cu,  as  carbon- 

placed by    MgO 
&c.,  and  Cr203  by 
A1203  &c.;  also  as 
lead      chromate, 
&c.  ;    not  widely 

date  ;  obtained 
by  reducing  the 
oxide  or  chloride 
by  H,  or  the  ox- 
ide by  C  or  by 

oxide  ;  obtained 
by  reducing  the 
oxide  or  chloride 
in  hydrogen. 

ate  of  U  and  Ca 
&c.;  obtained  by 
reducing  the 
chloride  by 
means  of  sodium. 

diffused  ;         ob- 

KCN. 

.     tained  by  deoxi- 

dising Cr203  by  C, 

or    removing   Cl 

from     CrCl3    by 

means  of  K  or  Zn, 

or  by  electrolys- 

ing a  solution  of 

CrCl2  containing 

CrCl3. 

Physical 
properties. 

Very  hard  ;  brittle  ; 
crystalline   pow- 
der composed  of 
small,    brilliant, 
tin-white     crys- 
tals    (?  rhombo- 
hedra);  descrip- 
tions of  proper- 
ties differ  consi- 

Ashen-greypowder, 
or,  when  com- 
pressed, a  silver- 
like,  lustrous, 
hard,  brittle,  in- 
fusible metal. 

Kesembles  iron  in 
colour  and  lustre; 
very  hard,  and 
brittle;  also  ob- 
tained as  a  brown 
amorphous  pow- 
der; forms  a  very 
hard  durable 
alloy  with  iron. 

White,  lustrous  ; 
hard,  softer  than 
steel  ;  somewhat 
malleable,  but 
cannot  be  beaten 
into  thin  plates  ; 
also  obtained  as 
a  grey  -  black 
powder. 

derably  ,  probably 

the  metal  has  no1 

been  obtained  in 

approximate  pu- 

rity. 
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CHROMIUM. 

MOLYBDENUM. 

TUNGSTEN. 

URANIUM. 

Chemical 

Burns  in  stream  of 

Not  oxidised  in  air 

Unchanged  in  or- 

Slowly tarnishes  in 

properties. 

0  ;        somewhat 

at  ordinary  tem- 

dinary   air,    but 

air  ;    oxidised  at 

more    stable    in 

perature,         but 

burns  in  air  at 

150°-200°  in  air, 

air    than     iron; 

burns  at  low  red 

red  heat  ;    com- 

with evolution  of 

heated  in  air  be- 

heat; unacted  on 

bines     with     Cl 

light  and  sparks  ; 

comes      covered 

by  HC1,  HF,  or 

only   at   a   high 

combines  with  Cl 

with    very    thin 

dilute  H2S04Aq; 

temperature,    to 

or      Br      when 

film     of    oxide  ; 

dissolves           in 

form  WC16;  dis- 

heated   to   form 

oxidised  by  mol- 

cone.       H2S04  ; 

solves  in  boiling 

UC14  and  UBr4  ; 

ten      KN03      or 

.     oxidised  to  Mo03 

cone.  KOHAq  to 

very  slightly  at- 

KC103,butnotby 

byHN03Aq;  oxi- 

form K  tungstate 

tacked  by  iodine 

molten  Na.2C03  ; 

dised  by  molten 

with  production 

vapour  ;    heated 

easily    dissolved 

KOH,     but    not 

of    H  ;    oxidised 

in       S      vapour 

by  dilute  HClAq 

attacked  by  hot 

to  W03   by  hot 

forms  US2  ;  dis- 

or H2SO,Aq,  but 

KOHAq  ;      com- 

HNO,Aq, 

solves   in   warm 

not  attacked  by 

bines  with  Cl  to 

H,S04Aq,         or 

dilute  H2S04Aq, 

hot  concentrated 

form  MoCl5  when 

HClAq  ;  forms  a 

with  evolution  of 

HN03Aq  ;     com- 

heated ;         also 

nitr  idamide, 

H,      easily      in 

bines  easily  with 

with  Br  to  form 

W2N2.W2NH2,by 

HClAq,   also    in 

Cl  and   I  when 

MoBr2            and 

heating  WC16  in 

HN03Aq    (when 

heated  ;    decom- 

MoBr4, but   not 

NH3.    Does   not 
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(?  Cr?07),  and  the  oxide  U04  is  said  to  have  been 
obtained  in  the  hydrated  state. 

The  sulphides  MS3  (M  =  Mo,  W)  are  acidic  ; 
sulpho-salts  of  the  form  H2MS4  are  known. 

Of  the  haloid  compounds  of  these  metals  the 
following  have  been  obtained  as  gases  :  CrCl3, 
MoCl6,  WC14>  WC16,  UC14,  UBr4 ;  the  formula  of 
these  compounds  represent  the  relative  masses 
of  their  molecules.  It  is  said  that  CrF6  has  also 
been  prepared  in  the  state  of  gas,  but  the  evi- 
dence is  very  doubtful ;  the  oxychloride  Cr02Cl2 
is  an  easily  gasifiable  body.  Of  the  haloid  com- 
pounds, CrCl3  and  UC15  are  obtained  by  heating 
a  mixture  of  Cr203  and  C,  or  of  U02  and  C,  in  a 
stream  of  Cl  gas ;  the  former  compound  is  very 
stable,  the  latter  is  reduced  by  strongly  heating 
to  UC14,  which  is  again  reduced  to  UC13  by  heat- 
ing in  hydrogen.  When  Mo  or  W  is  heated  in 
chlorine,  in  the  one  case  MoCl5  and  the  other  case 
WC16  is  produced,  the  other  chlorides  are  ob- 
tained by  heating  these  in  H  or  in  CO.,.  All  the 
metals  of  this  group  readily  form  oxyhaloid  salts. 


Chromic  chloride  is  a  particularly  interesting 
compound ;  it  exists  in  two  varieties,  one  (green) 
soluble  in  water  and  scarcely  crystallisable,  the 
other  (violet)  obtainable  in  well-formed  crystals, 
but  with  difficulty  soluble  in  water ;  some  other 
chromic  salts  seem  also  to  exist  in  two  varieties, 
e.g.  the  sulphate  Cr23S04  (v.  CHROMIUM,  CHLOR- 
IDES OF,  p.  162).  At  least  seven  series  of  double 
compounds  exist  containing  chromium,  am- 
monia, and  acid  radicle  (CHROMIUM,  AMMONIO- 
SALTS  OF,  p.  158). 

Of  the  four  elements  under  consideration 
only  Cr  and  U  form  well-marked  salts  by  re- 
placing the  hydrogen  of  acids ;  these  salts  are 
not,  however,  analogous  in  composition  or  pro- 
perties. The  chromic  salts  are  for  the  most 
part  isomorphous  with  the  salts  of  aluminium 
and  the  persalts  of  iron ;  the  composition  of  these 
three  groups  of  salts  is  also  similar,  e.g.  M23S04 
where  M  =  Cr,  Al,  or  Fe.  The  uranyl  salts  — 
UO.,S04,  &c.—  to  a  certain  extent  stand  by  them- 
selves, although  we  know  of  many  so-called 
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basic  salts  of  chromium,  iron,  copper,  <fec.,  which 
resemble  the  uranyl  salts  in  containing  oxygen 
as  well  as  metal  and  acid  radicle. 

Of  the  trioxides,  MO3,  it  may  certainly  be 
said  that  the  most  acidic  in  character  is  Cr03, 
and  the  least  acidic  is  U03 ;  this  is  in  accord- 
ance with  the  general  rule  that  the  higher  oxides 
of  the  elements  in  the  same  group  (as  group  is 
used  in  the  nomenclature  of  the  periodic  law) 
become  less  acid  in  character  as  the  group  is 
ascended. 

The  four  elements  all  show  distinct  analo- 
gies with  S,  Se,  and  Te,  which  occur  in  the  same 
group  but  in  odd  series ;  e.g.  existence  of  acids 
M02(OH)2,  and  of  anhydrides  M03,  &c. ;  but 
these  three  elements  are  more  distinctly  non- 
metallic  in  their  properties  than  Cr,  Mo,  W,  or  U. 
The  elements  of  the  chromium  group,  as  well  as 
the  three  elements  S,  Se,  and  Te,  show  analogies 
with  that  element  which  is  the  first  odd  series 
member  of  the  group,  viz.,  oxygen  (v.  CLASSIFI- 
CATION, p.  207  ;  also  OXYGEN  GKOUP  OF  ELE- 
MENTS. For  detailed  accounts  of  the  proper- 
ties of  the  elements  of  this  group  and  their 
binary  compounds  v.  CHROMIUM,  MOLYBDENUM, 
TUNGSTEN,  URANIUM,  and  for  the  other  salts  of 
these  metals,  v.  CARBONATES,  NITRATES,  SUL- 
PHATES, &c.  M.  M.  P.  M. 

CHROMYL  CHLORIDE  Cr02Cl2  v.  CHROMIUM, 

OXYCHLORIDES    OF,   p.  166. 

CHRUSOCREATININE  C5H8N20.  A  feebly 
alkaline  substance  said  to  occur  in  muscular 
tissue  (Gautier,  BL  [2]  48,  18).  Its  solutions 
are  ppd.  by  HgCl2,  by  ZnCl2,  by  iodine  dissolved 
in  aqueous  KI,  and  by  sodium  phosphomolybdate. 
It  forms  a  deliquescent  hydrochloride  and  a 
crystalline  platinochloride. 

CHEYSAMMIDIC  ACID  v.  TETRA-NITRO-OXY- 

AMIDO-ANTHRAQUINONE. 

CHRYSAMMIC  ACID  v.  TETRA-NITKO-DI-OXY- 

ANTHRAQUINONE. 

CHRYSANILINE  C19H15N3  i.e. 
_N_/\     NH2 


Di-amido-phenyl-acridine. 


[2G7°-27p°].  A  by-product  in  the  manufacture 
of  rosaniline.  Discovered  by  E.  C.  Nicholson 
and  investigated  by  Hofmann  (C.B.  55,  817;  JB.2, 
379),  who  prepared  methyl  ethyl  and  phenyl 
derivatives. 

Preparation.  —  Commercial  '  phosphine,' 
which  is  chrysaniline  nitrate,  is  dissolved  in  hot 
water,  cooled,  and  slowly  added  to  dilute  NaOH. 
The  base  separates  as  a  bright  yellow  flocculent  pp. 
It  is  dried  at  100°  and  crystallised  from  benzene, 
which  retains  homologues  in  the  mother  liquid 
(O.Fischer  a.  G.  Korner,  A.  226,  177  ;  B.  17, 203). 
Synthesis. — By  oxidising qpp-tri-amido-triphe- 
nyl-methane  [2:l]NH2.C(iH4.CH(C6H4.NH2[4:l])2, 
which  is  obtained  by  reduction  of  the  product  of 
condensation  of  o-nitro-benzoic  aldehyde  with 
aniline. 

Properties. — Golden  plates  (from  benzene) 
C,8H15Ng,CBH8.  The  benzene  of  crystallisation 
is  easily  expelled.  Golden  needles  of  C19H15N3  2aq 


(from  alcohol).  Much  less  soluble  in  alcohol 
than  its  homologues.  When  pure  it  does  not 
clot  together  when  heated  with  NaOH.  In  small 
quantities  it  may  be  distilled  without  decompo- 
sition. It  dyes  wool  and  silk  yellow. 

Reactions.  —  1.  Heated  with  cone.  HC1 
(8  vols.)  at  170°,  NH2  is  exchanged  for  OH  and, 
on  cooling,  large  red  prisms  of  the  hydrochloride 
of  chrysophenol  separate.  These  dissolve  in 
NaOHAq,  but  on  exactly  neutralising,  chryso- 
phenol C19H,4N2O,  separates  as  an  orange  pp., 
si.  sol.  water,  ether,  or  benzene,  but  v.  sol.  alco- 
hol. From  dilute  alcohol  it  crystallises  with 
2aq.  It  is  a  yellow  dye  and  a  strong  base,  form- 
ing acid  and  neutral  salts.  It  is  insol.  aqueous 
Na2C03,  but  sol.  aqueous  NaOH  (0.  Fischer  a. 
G.  Korner,  A.  226,  181).— 2.  By  diazotisation 
and  treatment  with  alcohol  it  is  converted  into 
phenyl-acridine.  Chrysaniline  (10  g.)  dissolved 
in  H2S04  (50  g.)  and  water  (4  g.)  is  well  cooled 
and  treated  with  nitrous  acid  gas  in  excess.  The 
product  (containing  the  diazo-sulphate)  is  slowly 
poured  into  boiling  alcohol  (600  g.).  The  alcohol 
is  distilled  off  and  the  residue  mixed  with  water 
and  distilled  with  steam  at  200°-250°.  Phenyl- 
acridine  [181°]  passes  over.  3g.  pure  chrys- 
aniline gave  1  g.  phenyl-acridine,  or  40  p.c.  of 
the  theoretical  yield. — 3.  Mel  gives  C20H18MesN3I2, 
which  separates  from  water  in  red  needles.  NH3 
converts  it  into  C20H,5Me3N3I,  whence  Ag,0 
forms  C20H,4Me3N3,  a  brown  amorphous  powder. 
EtI  acts  in  the  same  way. 

Formation  in  the  rosaniline  melt :  This  can 
be  explained  by  two  hypotheses:  (1)  That  in 
the  condensation  of  jp-toluidine  (1  mol.)  with 
2  mols.  of  aniline,  together  with  the  ordinary 
para-condensation  producing  rosaniline,  a  con- 
densation simultaneously  takes  place  which  is 
partly  ortho  and  produces  o-di;p-tri-amido- 
methane,  which  by  further  oxidation  yields 
chrysaniline — 


0 


I-NH^NH, 
H 


(2)  That  o-di-p-tri-amido-methane  is  produced 
by  condensation  of  1  mol.  of  o-toluidine  with  2 
mols.  of  aniline.  This  latter  hypothesis  is  the 
most  probable  and  is  supported  by  the  above-men- 
tioned synthesis  (Fischer  a.  Korner,  B.  17,  203). 

Salts.  —  B'2HC1.  —  B'2HC1  aq.  —  B'HCl.  — 
B'HN03.—  B'2HNO3. 

Picric  acid  compound 
B'(C«H.,(N02)3OH)2  aq  (at  100°).    Bed  needles. 

Di  "-ace,  tyl  -derivative  C1?H,1N(NHAc)2.— 
Microscopic  needles,  dissolves  in  alcohol  with  a 
blue  fluorescence,  nearly  insol.  water.  It  is 
nearly  as  strong  a  base  as  chrysaniline  itself 
and  forms  salts  which  greatly  resemble  the 
corresponding  salts  of  chrysaniline.—  B'HCl  : 
soluble  yellow  microscopic  needles,  dyes  wool 
and  silk  yellow.  —  B'HN03  :  sparingly  soluble 
crystalline  pp.  (Anschiitz,  B.  17,  433). 

CHRYSANISIC     ACID    v.    DI-NITRO-AMIDO- 


BENZOIC  ACID. 


172 

CHRYSAROBIN  C30HM07  i.e. 
CtiH3(OH)<°*<OH)>C6H2(CH3)(OH) 

O 


CHRYSAROBIN. 


C6H3(OH)<°g(OH)>C6H2(CH3)(OH) 

Occurs  in  Goa  powder  (also  called  arrarobo 
powder)  to  the  extent  of  about  70  p.  c.,  from  which 
it  is  extracted  with  C6H6.  Small  yellow  leaflets,  m. 
sol.  benzene,  CHC13,  and  acetic  acid,  si.  sol.  alcohol 
or  ether,  insol.  water.  Insol.  NH3Aq  (difference 
from  chrysophanic  acid).  By  leading  air  into  the 
solution  in  KOH,  chrysophanic  acid  is  formed : 
C30H26p7  +  202=2C15Hlp04  +  3H20.  By  distilla- 
tion with  zinc  dust  it  yields  methylanthracene. 

Di-acetyl  derivative.  Light  yellow 
leaflets. 

Tetra-acetyl  derivative  [228°-230°]. 
Yellowish  prisms ;  si.  sol.  alcohol  with  a  blue 
fluorescence.  By  oxidation  with  Cr03  it  gives 
di  -  acetyl  -  chrysophanic  acid  (Liebermann  a. 
Seidler,  B.  11,  1603;  .4.212,  29;  cf.  De  Silva, 
Ph.  [3]  5,  723 ;  Holmes,  Ph.  [3]  5,  801). 

CHEYSATIC  ACID  C24H20N60)9  (Mulder, 
J.pr.  48, 16;  A.  72, 289)  or  C,0H]2N409  (Schunck, 
A.  65, 240).  An  acid  obtained  by  heating  chrys- 
ammic  acid  with  aqueous  KOH.  Sol.  water. 

CHBYSATROPIC  ACID  C12H1005.  [202°]. 
S.  (hot  water)  1-3.  An  acid  extracted  by  ether 
from  an  acidified  infusion  of  the  root  or  leaves 
of  Atropa  belladonna  (Kunz,  Ar.  Ph.  [3]  23,  722). 
Pale  yellow  trimetric  prisms  ;  may  be  sublimed. 
SI.  sol.  cold  water.  Its  alcoholic  solutions  ex- 
hibit green  fluorescence. 

CHRYSAZIN  v.  DI-OXY-ANTHRAQUINONE. 

CHEYSAZOL  v.  DI-OXY -ANTHRACENE. 
C10H6.CH 

CHRYSENE    C18H12  i.e.  \         \      .    Mol.  w. 

CtiH4.CH 

228.  [250°].  (above  360°).  S.  (alcohol)  -097  at  16° ; 
•17  at  78°  ;  S.  (toluene)  -24  at  18°  ;  5-39  at  100° 
(Bechi,  B.  12,  1978).  V.D.  7-95  (calc.  7'89). 

Occurrence. — In  coal-tar,  in  petroleum,  and 
in  the  product  of  the  dry  distillation  of  fats,  fir- 
wood,  amber,  and  resins  (Laurent,  A.  Ch.  [2]  66, 
136;  Berthelot,  Bl.  [2]  7,  30;  J.  1867,  605; 
Pelletier  a.  Walter,  A.  48,  345 ;  Williams,  J.  pr. 
67,  248;  Adler,£.12,  1891;  Prunier,  A.  Ch.  [5] 
17,  5). 

Formation. — 1.  By  passing  naphthyl-phenyl- 
ethane  through  a  red-hot  tube  (Graebe  a.  Bun- 
gener,  B.  12,  1079).— 2.  The  statement  that 
chrysene  is  among  the  products  of  the  passage 
of  benzene  through  a  red-hot  tube  has  been  con- 
tradicted (Berthelot,  J.  1867,  605 ;  Bl.  [2]  7,  30  ; 
22,  437;  G.  Schultz,  B.  6,  415).— 3.  Among  the 
products  obtained  by  passing  benzene-azo-benz- 
ene  through  a  red-hot  tube  (Glaus  a.  Suckert,  B. 
8,  37). 

Properties. — Colourless  scales  or  flat  tri- 
metric octahedra  (from  benzene)  ;  a:b:c  = 
1:1-376:  2-490 ;  v.  si.  sol.  alcohol,  si.  sol.  ether 
and  cold  CS2,  m.  sol.  boiling  benzene  and  HOAc. 
The  solutions  as  well  as  the  crystals  exhibit  deep 
reddish-violet  fluorescence.  Hot  cone.  H2S04 
forms  a  blue  solution  (Liebermann,  A  158,  299). 
Cr03  in  HOAc  gives  chrysoquinone  (q.  v.).  By  ex- 
haustive chlorination  with  SbCl5  it  yields  CC14, 
C.,Cla  and  per-chloro-benzene  (Merz  a.Weith,JB. 
16,  2881), 


Picric   acid  compound 
C^H^C.H.tNO^OH.     Keddish-brown    needles 
(from  crude  xylene)  (Galletly,  C.  N.  10,  243). 
Decomposed  by  alcohol. 

Di-nitro-anthroquinone  compound 
C18H1,C14H<;(N02)202.  [294°].  Formed  by  dissolv- 
ing greenish-yellow  commercial  anthracene  [208°] 
(50g.)  in  alcohol  (5  litres)  and  adding  HNO3 
(30g.  of  S.G.  1-4),  and  boiling.  Eed  needles; 
v.  si.  sol.  alcohol,  ether,  and  benzene.  Tin  and 
HC1  reduce  the  di-nitro-anthraquinone,  setting 
free  pure  chrysene,  which  may  conveniently  be 
prepared  in  this  way. 

Di-chloro-chrysene  C18H10CL.  [267°].  From 
chrysene  and  Cl.  Soft  white*  needles  (from 
benzene) ;  v.  si.  sol.  alcohol ;  may  be  sublimed. 

Tri-chloro-chrysene  CiSH9Cl3.  [above  300°J. 
Slender  needles  (from  benzene).  From  chrysene 
and  Cl  at  170°  (Schmidt,  J.pr.  [2]  9,270). 

Di-bromo-chrysene  C18HIOBr2.  [273°].  From 
Br  and  chrysene  in  CS2.  White  needles  (from 
benzene) ;  v.  si.  sol.  all  menstrua.  Not  attacked 
by  alcoholic  KOH  below  180°.  K2Cr207  and 
H2S04  oxidise  it  to  chrysoquinone. 

Nitro-chrysene  C]8HnN02.  From  chrysene 
and  HN03  (S.G.  1-25)  at  100°.  [209 °J.  Thick 
prisms,  grouped  in  stars  (from  benzene).  May 
be  sublimed  ;  v.  si.  sol.  alcohol,  ether,  and  CS.,. 

Di-nitro-chrysene  C18H,0(N02)2.  [above  300°]. 
From  chrysene  and  boiling  HN03  (S.G.  1'3). 
Slender  yellow  needles  (from  HOAc).  V.  si.  sol. 
alcohol,  ether,  and  benzene. 

Tetra-nitro-chrysene  C18H9(N02)3.  [above 
300°].  From  the  preceding  and  fuming  HN03. 
Yellow  needles  (from  HOAc).  Detonates  above 
300°. 

Tri-bromo-di-nitro-chrysene  C18H7(N02)2Br3. 
Yellowish-red  needles.  Sol.  hot  alcohol,  less  in 
C6H6  and  ether.  Prepared  by  the  action  of 
bromine  on  tetra-nitro-chrysene  (Adler,  B.  12, 
1894). 

Isomeride  of  chrysene  C18H12.  [196].  A 
by-product  in  the  preparation  of  diphenyl  by 
action  of  sodium  on  bromo-benzene  (Schultz,  A. 
174,229).  Long  needles  (from  alcohol).  Is  per- 
haps triphenylene  (Schmidt  a.  Schultz,  A.  203, 
135). 

Isomeride  of  chrysene  (?)  C,8H12.  [186°]. 
A  product  of  the  action  of  A12C16  on  a  mixture 
of  naphthalene  and  phthalic  anhydride  (Ador  a. 
Crafts,  C.  B.  88,  1355).  Laminae  (from  ether- 
alcohol).  Its  bromo-derivative  melts  at  112°. 

CHRYSEUDIENE.  A  hydrocarbon,  obtained 
in  small  quantity  in  the  distillation  of  aluminum 
(£)-naphthol  (Gladstone  a.  Tribe,  C.  J.  41, 16). 

CHRYSIN  C15H1004.  Chrysinic  acid.  [275°]. 
S.  (cold  alcohol)  '66  ;  (hot  alcohol)  2.  Occurs  in 
the  buds  of  Populus  nigra,  P.  pyramidalis,  and 
P.  balsamifera  (Piccard,  B.  6,  884  ;  7,  888  ;  10, 
176).  The  alcoholic  extract,  after  successive 
treatment  with  lead  acetate  and  H.,8,  is  evapo- 
rated, and  the  residue  recrystallised  from  spirit 
and  washed  with  alcohol,  ether,  CS2,  boiling 
water,  and  boiling  benzene.  The  residue  is 
heated  to  275°,  and  crystallised  from  spirit. 
Bright  yellow  plates.  Insol.  water,  nearly  insol. 
benzene,  CS2,  and  chloroform.  Aqueous  alkalis 
form  a  yellow  solution,  but  on  boiling  they  split 
it  up  into  phloroglucin,  acetophenone,  benzoic 
acid,  and  acetic  acid.  Lead  acetate  gives,  in 
alcoholic  solutions,  a  pp.  soluble  in  excess. 
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Fe2Cl6  gives  a  violet  colour  in  alcoholic  solu- 
tion. 

Di-bromo -chrysin  C15HbBr204.  Formed  by 
adding  Br  to  an  alcoholic  solution  of  chrysin. 
Felted  mass  of  silky  needles. 

Di-chloro-chrysin.     Needles. 

Di-iodo-chrysin  C15H8I204.  Formed  by  add- 
ing iodine  and  iodic  acid  to  an  alcoholic  solution 
of  chrysin. 

Di-mtro-chrysin  C15H8(N02)204.  From  chry- 
sin and  HNO.j.  Large  crystals  (from  hot  HOAc 
or  aniline).  Forms  an  orange-red  basic  ammo- 
nium salt  and  a  yellow  acid  ammonium  salt. 

Methyl  derivative  ClvH9Me04.  Tecto- 
chrysin.  [1G40].  From  chrysin,  Mel,  and  KOH 
dissolved  in  MeOH.  Exists  in  poplar-buds  toge- 
ther with  chrysin,  from  which  it  may  be  sepa- 
rated by  means  of  its  much  greater  solubility  in 
benzene  and  chloroform.  It  is  much  less  solu- 
ble in  alcohol  than  chrysin.  Large  sulphur- 
yellow  monoclinic  prisms  (from  alcohol) ;  a:b:c 
=  1-54:1:1-86  ;  0  =  53°.  Insol.  alkalis.  It  forms 
a  di-bromo-devivative. 

Ethyl  derivativeC^H^tO^     [146°]. 

Iso-amyl  derivative  CI5H9(C5Hn)04. 
[125°].  Its  di-bromo-  derivative  crystallises  in 
needles. 

CHRYSOFLUORENE   C17H12  i.e.   |"    *\CH2 

[188°].  Silvery  glistening  tables.  V.  e.  sol. 
ether,  chloroform,  and  benzene,  less  sol.  cold 
alcohol.  Formed  by  heating  chrysoketone  with 
HI  and  P  at  150°-160°  (Bamberger  a.  Kranzfeld, 
B.  18,  1934). 

C6H4X 
Chrysofluorene      alcohol      |         \CH(OH). 


[167°].  Formed  by  reduction  of  chrysoketone 
with  zinc  and  HC1  (B.  a.  K.).  White  silky 
needles  or  glistening  plates.  Sublimable.  V. 
sol.  alcohol,  ether,  and  benzene,  si.  sol.  ligroin. 
Its  alcoholic  solution  is  turned  blue  by  addition 
of  H2S04.  Strong  H2S04  dissolves  it  with  a 
reddish-violet  colour. 

CHRYSOGEN  C.  94-3  to  95  p.c.  ;  H  5-7  to  5 
p.c.  [280°-290°J.  S.  (cold  benzene)  -04  ;  (boil- 
ing benzene)  -2  ;  S.  (boiling  HOAc)  '05  ;  (cold 
HOAc)  -01.  An  orange-coloured  hydrocarbon 
contained  in  small  quantity  in  crude  anthracene, 
and  separated  therefrom  by  repeated  crystallisa- 
tion from  benzene  (Fritzsche,  C.  B.  54,  910  ;  BL 
[2]  6,  474  ;  Prunier,  Bl.  [2]  31,  293).  Orange 
tables  with  green  lustre  ;  may  be  sublimed. 
Cone.  H.,S04  dissolves  it  without  change.  Small 
quantities  colour  white  hydrocarbons  yellow. 
Its  solution  is  bleached  by  sunlight.  It  forms, 
with  di-nitro-anthraquinone,  a  compound  crys- 
tallising in  olive  needles  with  golden  lustre. 

CHRYSOGLYCOLLIC  ACID 
CdH4X 

\C(OH).CO,H.     White  powder.    Formed 
CioS/^ 

by  boiling  freshly  precipitated  amorphous  chryso- 
quinone  with  alkalis  (Bamberger  a.  Kranzfeld, 
B.  18,  1933). 

CHRYSOIDINE  v.  Benzene-hzo-m-phenylene 
diamine. 


|  tening  red  needles.  Scarcely  volatile  with 
steam.  V.  sol.  the  ordinary  solvents.  Formed 
by  the  oxidation  of  chrysoglycollic  acid 

C6H4V 

^>C(OH).C02H  with  K^A  and  H^O, 


CHRYSOKETONE 


CO.   [130°].    Glis- 


(Bamberger  a.  Kranzfeld,  B.  18,  1933). 

CHRYSO-NAPHTHAZINE       C^H^N,      i.e. 

CisHios^  |  \C10H6.  Formed  by  mixing  a  solu- 
tion of  chrysoquinone  in  aqueous-alcoholic 
NaHSO3  with  an  aqueous  solution  of  naphthyl- 
ene-o-diamine  hydrochloride,  sodium  acetate, 
and  acetic  acid.  Yellow  microcrystalline  pow- 
der (Liebermann  a.  Witt,  B.  20,  2443). 

CHRYSOPHANIC  ACID   v.    DI-OXY-METH?L- 

ANTHRAQUINONE. 

CHRYSOPHANIN.  A  white  amorphous  sub- 
stance  said  to  be  contained  in  the  aqueous 
decoction  of  senna  leaves  (Bourgoin,  C.  R.  73 
1449). 

CHRYSOPHENOL  CI9H13N,0.  Oxy-amido- 
phenyl-acridine.  Formed  by  heating  chrysani- 
line  with  HC1  under  pressure  at  180°,  NH2  being 
replaced  by  OH  (Fischer  a.  Korner,  B.  17,  205). 
Small  yellowish-red  needles  (containing  aq).  SI. 
sol.  water,  benzene,  and  ether,  v.  sol.  alcohol  and 
caustic  alkalis.  The  hydrochloride  and  sul- 
phate form  sparingly  soluble  yellow  crystals. 

CHRYSOQUINONE  C18HJ002  i.e.  C10H6-CO 


C10H6.C.O 
C6H4.C.O 


C6H4-C< 


Mol.   w.   258.     [235°].    Occurs 


in  American  petroleum  to  which,  according  to 
Prunier  (Bl.  [2]  31,  293),  it  imparts  the  blue 
fluorescence.  Obtained  by  oxidising  chrysene 
with  Cr03  in  HOAc  (Liebermann,  A.  158,  309 ; 
Graebe,  B.  7,  782 ;  E..  Schmidt,  J.  pr.  [2]  9, 250, 
270).  Orange  plates  (from  alcohol);  m.  sol. 
benzene  and  HOAc,  si.  sol.  ether  and  CS2.  May 
be  sublimed.  Cone.  H.2S04  forms  a  deep-blue 
solution  whence  it  is  ppd.  unaltered  by  water. 
NaHS03  forms  a  crystalline  compound,  decom- 
posed by  much  water. 

Reactions. — 1.  KMn04  gives  phthalic  acid 
(Anschiitz  a.  Japp,  B.  11,  211).— 2.  Distillation 
over  zinc-dust  forms  chrysene. — 3.  Aqueous  SO._, 
at  100°  forms  hydro-chrysoquinone.  This 
body  is  also  formed  by  the  action  of  zinc-dust 
and  aqueous  KOH.  It  is  an  amorphous  white 
powder,  re-oxidised  by  air  at  200°,  or  by  shaking 
its  solution  in  H2S04  with  air. — 4.  PC15  and 
POCL,  at  200°  form  di-chloro-chrysoquinone  and 
deca-chloro-chrysene. — 5.  Distillation  vfith  soda- 
lime  gives  a  hydrocarbon  C16HI2  (?  phenyl-naph- 
thalene). — 6.  Heated  with  benzoic  aldehyde  and 
aqueous  NH3  in  sealed  tubes  at  100°  it  forms  a 
product  which,  if  boiled  first  with  alcohol  and 
then  with  benzene,  yields  to  the  latter  a  body 
C.25H15NO  crystaUising  in  silky  needles  [259°- 
265°]  which  may  be  sublimed.  The  reaction  is 
analogous  to  that  of  benzoic  aldehyde  and  am- 
monia on  phenanthraquinone  (q.  v.),  hence  this 

/C-0V 
body  should  be   C16H  /|i        ^C.Ph  (Japp  a. 

Streatfeild,  C.  /.  41,  157). 
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CHRYSOQUINONE. 


Di-chloro-chrysoquinone  C18H8C1202.  From 
chrysene  POC13  and  PC13  (2  mols.)  at  200°;  a 
yellow  flocculent  pp.  is  then  obtained  by  adding 
alcohol  (L.). 

Di-bromo-chrysoquinone  C18H8Br202.  Eed 
leaflets.  [160°-165°].  Prepared  by  bromination 
of  chrysoquinone  (Adler,  B.  12,  1893). 

Di-nitro-chrysoquinone  C18H8(NO,),02.  [230°]. 
From  chrysoquinone  and  HN03  (S.G.  1'4)  (A.). 
Ked  needles. 

Tetra-nitro-chrysoquinone  C18H6(N02)402. 
From  chrysoquinone  and  cold  cone.  HN03. 
Orange  powder  (L.). 

Chrysoquinone  di-sulphonic  acid 
C18H8(S03H)202.-BaA"  (A.). 

Di-oxy-chrysoquinone  C18H8(OH)202.  Chrys- 
ezarin.  [above  300°].  Said  to  have  been  ex- 
tracted from  crude  artificial  alizarin  (Glaus,  B. 
8,  157).  Dark  brown  needles  with  bronze  lustre 
(from  HO  Ac).  Insol.  cold  water,  sol.  alcohol, 
ether,  and  alkalis. 

CHRYSO-TOLU-AZINE  C25H16N2  i.e. 

C18H10<^  |  \CtiH3(CH3).    Prepared  by  mixing  a 

solution  of  chrysoquinone  in  aqueous-alcoholic 
NaHS03,  with  an  aqueous  solution  of  tolylene-o- 
diamine  hydrochloride,  sodium  acetate,  and 
acetic  acid.  Small  golden  needles.  Sublimable. 
Dissolves  in  cone.  H.,S04  with  a  blackish- violet 
colour  (Liebermann  a.  Witt,  B.  20,  2443). 

CHRYSOTOLUIDINE  C21H21N3  (?).  Found 
among  the  by-products  in  the  preparation  of 
rosaniline  (DeLaire,  Girard,  a.  Chapoteaut,  C.  R. 
63,  964). 

CICUTA  OIL.  The  oil  from  the  seeds  of 
Cicuta  virosa  is  of  the  same  nature  as  Koman 
oil  of  chamomile  (q.  v.)  (Trapp,  J.  pr.  74,  428). 

CICUTENE  C10H16.  (160°).  A  dextrorotatory 
terpene  in  the  essential  oil  obtained  from  the 
root  of  the  water-hemlock,  Cicuta  virosa  (An- 
kum,  Z.  1869,  248).  The  same  plant  is  said  to 
contain  an  alkaloid,  Cicutine  (Polex,  Ar.  Ph. 
18,  174  ;  Wittstein,  Buchner's  Repert.  18,  19). 

CIMICIC  ACID  C)VE2S02.  Mol.  w.  240.  [44°]. 

Occurrence. -—  In  the  foetid  oil  ejected  by  a 
kind  of  bug  Ehaphigaster  punctipennis  when 
irritated.  The  insects  are  washed  with  alcohol, 
and  the  residue  extracted  with  ether  (Carius,  A. 
114,  147).  Occurs  also  in  spider's  web  (Valente, 
G.  12,  557). 

Properties.— Prisms  (horn  ether),  lighter  than 
water.  Insol.  water,  v.  si.  sol.  alcohol,  v.  sol. 
ether.  Has  a  rancid  odour. 

Salts.— NaA'.—KA':  amorphous. 

Chloride  C15H27OC1:  [c.  44°]. 

Ethyl  ether  EtA'.     Oil. 

CIMICIC  ALDEHYDE  C15H280.  [72°].  Occurs 
in  spider's  web  (Valente,  G.  12,  557).  Eeduces 
Fehling's  solution  and  ammoniacal  AgN03. 

CINCHAMIDINE  v.  CINCHONA  BASES. 

CINCHENE  C19H20N2.  Cinchonidene.  [125°]. 
Formed  by  treatment  of  cinchonine  or  cinchon- 
idine  with  PC15,  and  boiling  the  resulting  cin- 
chonine-chloride  C,9H21C1  or  cinchonidine  chlor- 
ide with  alcoholic  KOH.  Trimetric  tables  a:b:c 
--  -6017:1:-5022.  By  heating  with  HC1  at  220°- 
230°  it  is  converted  into  apocinchene  C18H17NO, 
MeCl  and  NH3  being  split  off  and  H.,0  taken  up 
(Comstock  a.  Konigs,  B.  14,  1854 ;  17,  1989). 

Methylo-iodide  B'Mel :    [186°];    monosym- 


metrical  tables,  a:&:c=l-5838:l:>9114;  v.  sol. 
alcohol,  si.  sol.  water,  scarcely  sol.  ether  (Com- 
stock a.  Koenigs,  B.  18,  1219). 

(a)-Cinchene-di-bromide  C19H20Br2N.,.  [113°]. 
Formed,  together  with  about  an  equal  quantity 
of  ()3) -cinchene-di-bromide,  by  the  addition  of 
bromine  to  cinchene  (Comstock  a.  Konigs,  B.  19, 
2858;  20,  2512).  Monosymmetrical  crystals, 
a:b:c  =  '9570:1:  -8686,  j8  =  65°  52'.  Converted  by 
boiling  with  alcoholic  KOH  into  dehydrocinchene. 
The  hydrobromide  forms  concentric  needles  ;  the 
nitrate  small  colourless  crystals,  si.  sol.  dilute 
HN03 ;  the  zinc-double  chloride  colourless 
needles  [c.  250°]. 

(j8)-Cinchene-di-bromide  C19H20N2Br2  [134°]. 
Formed,  together  with  (a)-cinchene-di-bromide 
[113°],  and  in  about  equal  quantity,  by  the  addi- 
tion of  bromine  to  cinchene.  Rhombic  sphen- 
oidal  hemihedral  crystals,  a:6:c  =  *5552:l:l'2017. 
Somewhat  less  sol.  alcohol  and  ether  than  the  (o)- 
isomeride.  Like  the  (a)-isomerideitis  converted 
by  boiling  with  alcoholic  KOH  into  dehydrocin- 
chene. The  hydrobromide  forms  granular  crys- 
tals more  soluble  than  the  (a)-hydrobromide(s<3p«- 
ration).  The  zinc-double  chloride  forms  colour- 
less needles  [c.  250°].  The  nitrate  separates  in 
the  form  of  a  jelly,  si.  sol.  dilute  HN03  (C.  a.  K.). 

Cinchene-bromo-hydride  C19H21BrN2.  Hydro- 
bromcinchene.  [105°-116°].  Formed  by  dis- 
solving cinchene  in  cooled  HBr  and  allowing  to 
stand  for  two  days.  Monoclinic  crystals, 
a:b:c  =  -8541:1:  -8280,  0  =  63°  7';  isomorphous 
with  cinchene-di-bromide.  V.  sol.  alcohol,  ether, 
benzene,  chloroform,  and  acetic  ether,  si.  sol. 
ligrom  (Comstock  a.  Konigs,  B.  20,  2522). 

Dehydrocinchene  C19H,8N2.  [c.  60°  hydr.].  Ob- 
tained by  boiling  dehydrocinchonine  chloride 
C,9H19N2C1  or  (a)-  or  (/3) -cinchene-di-bromide 
C19H20Br2N2  with  alcoholic  KOH.  Long  colour- 
less needles  (with  3aq).— B"H2Br2:  very  soluble 
small  prisms. — B"H2Cl2PtCl4  :  very  sparingly 
soluble  red  tables  (Comstock  a.  Konigs,  B.  19, 
2857). 

Apocinchene  C19H19NO.  [209°].  Formed  by 
heating  cinchene  with  HC1  at  220°-230°  (Com- 
stock a.  Konigs,  B.  14,  1854 ;  17,  1986  ;  18, 
2379;  20,  2674).  Colourless  needles.  Sol. 
alcohol,  acids,  and  alkalis.  The  compounds 
which  it  forms  with  acids  and  with  bases  are 
dissociated  by  water. 

Reactions. — By  fusion  with  KOH  or  NaOH  it 
gives  oxy-apocinchene  Ci8H17N02.  Its  ethers 
are  oxidised  by  Cr03  to  cinchonic  acid  ;  on  oxi- 
dation with  dilute  HN03  they  yield  alkyl-apo- 
cinchenic  acids  C17H13(OE)N.C02H. 

Salts.— B'HBr.  [c.  256°]:  yellow  needles 
(from  alcoholic  HBr).  —  B'HI.  —  B'2H2PtCl6. 
[c.  235°].  The  Ag  salt  is  a  nearly  insoluble  pp. 

Acetyl  derivative  C19H,8AcNO.  [119°]. 

Methyl  ether  CJ9H18(OMe)N  :  oil;  v.  sol. 
alcohol,  ether,  &c.,  nearly  insol.  water. 
B'HCl  iaq :  [c.  198°],  crystalline  solid. 

Ethyl  ether  C19H18(OEt)N  :  [71°] ;  colour- 
less prisms. 

Bromo-apocinchene  C19H,8BrNO.  [188°]. 
From  apocinchene  hydrobromide  in  chloroform 
and  HOAc  by  adding  Br.  Crystalline,  v.  sol. 
aqueous  alkalis,  benzene,  and  chloroform,  less 
sol.  alcohol  and  ether.  Cr03  oxidises  it  to 
bromoform  and  cinchonic  acid.  Boiling  alco- 
holic NaOH  does  not  attack  it. 


CINCHONA  BABK. 
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Di-bromo-apocinchene.  Ethyl  ether 
C19HI6Br.,(OEt)N.  [118°].  From  ethyl-apocin- 
chene  (10  g.)  and  Br  (15  c.c.) 

Oxy-apocinchene  C19H19N02.  [217°].  Formed 
by  fusing  apocinchene  C19HI8(OH)N  with  KOH 
or  NaOH  (Comstock  a.  Koenigs,  B.  18,  2385). 
Colourless  crystals.  V.  sol.  caustic  alkalis,  si. 
sol.  cold  alcohol  and  pure  ether,  nearly  insol. 
water  and  dilute  acids. 

Acetyl  derivative  C19H18AcNO2.  [203°]. 

Methyl-apocinchenic  acid 

C17H13(OMe)N.CO2H.  [234°].  Formed  by  oxida- 
tion of  the  methyl  ether  of  apocinchene  with 
dilute  HN03  (Comstock  a.  Koanigs,  B.  18,  2383). 
Colourless  crystals.  V.  sol.  alcohol,  acids  and 
alkalis,  nearly  insol.  water. 

Ethyl-apocinchenic  acid  C17H13(OEt)N.C02H. 
Formed  by  oxidation  of  the  ethyl  ether  of  apo- 
cinchene C19H18(OEt)N  with  dilute  HN03  (Com- 
stock a.  Koenigs,  B.  18,  2384  ;  20,  2674).  Crys- 
tallises from  absolute  alcohol  in  yellowish  anhy- 
drous needles  [162  ] ;  from  dilute  alcohol  in 
crystals  (containing  aq)  [126°].  By  heating  with 
HC1  at  130°  it  is  split  up  into  C02,  EtCl,  and 
homo-apocinchene  C17H15NO;raq  [185°]. 
The  hydrobromide  of  homoapocinchene  B'HBr  aq 
crystallises  in  yellow  needles  or  prisms  [222°] 
si.  sol.  water.  Homo-apocinchene  on  fusion  with 
potash  gives  an  acid  [230°]  split  up  by  heat  into 
C02  and  another  acid  C17H13N02  (?)  [223°]. 

Salts.— The  Ag,  Ca,  Ba,  Pb,  Zn,  and  Cu 
salts  are  sparingly  soluble.  —  AgA'.  — 
(HA')2H,PtCl6. 

CINCHOL  C20H?4O.  [139°  water-free].  Is 
found  in  all  true  cinchona  barks  but  not  in  C. 
Cuprea ;  in  largest  amount  (up  to  0'03  p.c.), 
along  with  some  quebrachol,  in  C.  Calisaya  Var. 
Ledgeriana.  Found  also  along  with  cupreol. 
Helms'  '  Cinchocerotine '  (Ar.  Ph.  [3]  21,  279) 
was  probably  wholly  or  partly  cinchol.  Further, 
Liebermann's  '  Oxy-chino-terpene  '  (B.  17,871) 
is  cinchol  (Hesse). 

Preparation. — From  crude  cupreol,  the 
acetate  being  separated  by  repeated  crystallisa- 
tions from  alcohol  from  the  acetates  of  quebra- 
chol and  cupreol  (O.  Hesse,  A.  228, 288 ;  234, 375). 

Properties.—  Plates  (containing  aq)  from 
alcohol.  Laavorotatory  in  chloroform  solution ; 
[a]D=  —34-3°  (in  a  6  p.c.  solution).  Its  proper- 
ties are  similar  to  those  of  cupreol. 

Acetyl  derivative  C.,0H.330(G.ZH.S0). 
[124°].  White  needles  from  alcohol.  M.  sol. 
alcohol,  v.  sol.  ether  and  chloroform.  Lsevo- 
rotatory  (in  chloroform);  [o]D=— 41'7°  (in  a 
4  p.c.  solution). 

Propionyl  derivative  C20H330(C3H60). 
[110°].  Microscopic  plates. 

CINCHOCEROTIN  C27HJSO2-  [130°].  Pro- 
bably identical  with  the  preceding.  Deposited 
in  tubes  through  which  an  alcoholic  extract  of 
South  American  calisaya  bark  and  lime  is 
passed  (Helms,  Ar.  Ph.  [3]  21,  279).  Chromic 
acid  gives  acetic  acid,  butyric  acid,  and  cincho- 
cerotic  acid  C10H2./V[72°]. 

CINCHOLEPIDINE  v.  (Py.  3)  METHYL-QUINO- 

LINE. 

CTNCHOLINE.  Strongly  basic  oil.  Volatile 
with  steam.  Occurs  in  the  mother  liquors  from 
quinine.  V.  sol.  alcohol  and  ether,  less  sol. 
water.  The  hydrochlo ride  forms  colourless 


quadratic  plates.  The  oxalate  is  sparingly 
soluble  in  water  (Hesse,  B.  15,  858). 

CTNCHOMERONIC  ACID  and  iso-cmchome- 
ronic  acid  v.  PYRIDINE  DI-CABBOXYLIC  ACID 

CINCHONA  BARK.  Cortex  Cinchona  and 
Chinee,  Cortex  Peruvianus,  Peruvian  Bark, 
Ecorcede  Quinquina,China  rinde.— This  name  is 
given  to  the  bark  of  various  species  of  Cinchona, 
which,  with  about  thirty  other  allied  genera, 
constitute  the  tribe  Cinchonece  of  the  order 
Rubiacece  (v.  Pharmacographia,  f.  338).  They 
have  been  long  known  for  their  antifebrile  pro- 
perties, which  are  chiefly  due  to  the  contained 
alkaloids,  which  are  absent  in  all  the  allied 
genera,  with  the  exception  of  Remigia,  some 
species  of  which  contain  them. 

These  medicinal  barks  were  first  introduced 
into  Europe  from  Peru  about  the  year  1638,  by 
the  Countess  of  Chinchon,  wife  of  the  Viceroy 
of  Peru  (in  whose  honour  the  name  cinchona 
was  given  to  the  genus  by  Linnaeus),  and  being 
afterwards  sent  over  by  the  Jesuits,  acquired 
great  celebrity  for  the  cure  of  intermittent  fevers, 
being  known  by  the  names  of  Pulvis  Comitessffi, 
Jesuiticus,  Patrum,  &c.  The  cinchonas  are 
natives  of  the  mountain  regions  of  South 
America,  on  the  eastern  slope  of  the  Cordillera 
of  the  Andes  and  on  the  mountain  ranges  of 
Ecuador  and  New  Granada,  growing,  at  eleva- 
tions from  3,000  to  11,000  feet,  no  species  being 
known  to  inhabit  the  low  alluvial  plains. 

In  1853  an  attempt  was  made  by  the  Dutch 
Government  to  introduce  the  cultivation  of  cin- 
chona into  Java,  but  at  first  great  difficulty 
was  found  in  obtaining  seeds  or  plants  of  good 
qualities,  owing  to  the  extreme  jealousy  of  the 
natives. 

In  1860  Mr.  Clements  Markham  was  sent  by 
the  Government  of  India  to  South  America  to 
collect  seeds  and  plants,  and  after  great  difficul- 
ties he  and  his  coadjutors  succeeded  in  intro- 
ducing the  most  valuable  species  of  cinchona 
into  India,  and  Mr.  C.  Ledger,  who  was  then  re- 
siding on  the  west  coast  of  America,  also  suc- 
ceeded in  obtaining  a  supply  of  seed  of  the  finest 
variety  of  the  Calisaya  bark. 

The  cultivation  of  the  cinchonas  thus  intro- 
duced into  the  East  Indies  has  increased  to  such 
an  extent  that  much  the  greater  proportion  of 
the  bark  is  now  supplied  from  Ceylon,  Java,  and 
India, from  whence  upwards  of  14,000,000  Ibs.  of 
bark  were  imported  in  1885. 

This  cultivation  has  also  been  successfully 
introduced  into  Jamaica  and  elsewhere,  in  tropi- 
cal regions  where  high  mountains  give  the  re- 
quisite elevation,  and  in  the  natural  home  of  the 
genus  there,  are  now  large  plantations  of  culti- 
vated cinchonas  of  the  finest  qualities. 

In  collecting  the  bark  in  the  native  forests, 
the  trees  are  invariably  cut  down,  and  the  bark, 
when  stripped  off,  dried  either  in  the  sun  or  on 
hurdles  arranged  over  a  fire  in  a  hut. 

In  the  plantations  of  cultivated  bark,  the 
system  of  cutting  down  the  trees  is  adopted  to 
some  extent,  but  a  far  more  economical  method 
of  harvesting  the  bark  is  by  the  process  of  '  re- 
newing,' introduced  by  the  late  W.  G.  Mclvor, 
by  which  a  succession  of  crops  of  bark  can  be 
obtained  from  the  same  tree.  For  this  purpose 
longitudinal  incisions  are  made  into  the  bark 
and  about  half  the  bark  removed  in  alternate 
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strips,  leaving  the  remaining  bark  intact,  and  the 
stem  is  then  covered  with  moss.  A  fresh  layer 
of  bark  is  then  formed  from  the  cambium  with 
surprising  rapidity,  and  in  a  few  months  it  attains 
the  thickness  of  the  original  bark  when  several 
years  old. 

It  is  remarkable  that  the  renewed  bark  is  not 
only  in  most  cases  richer  in  total  alkaloids  than 
the  natural  bark  but  contains  a  far  higher  pro- 
portion of  quinine,  which  appears  to  take  the 
place  of  the  less  valuable  alkaloids.  Another 
more  imperfect  process  adopted  for  renewing 
barks  is  to  cut  off  the  external  layers  with  a 
spokeshave,  but  the  results  are  rarely  so  good 
as  in  the  former  process,  as  it  is  essential  that 
the  liber  layers  of  the  bark  should  be  cut 
through  without  injuring  the  cambium  beneath, 
which  is  more  difficult  to  do  in  this  manner  than 
in  the  other  system. 

Between  thirty  and  forty  species  of  cinchona 
have  been  described,  but  most  of  them  are  of  no 
practical  value.  Those  used  in  pharmacy  and 
in  the  manufacture  of  quinine  are  as  follows. 

I.  Yellow  or  Calisaya  Bark.     This  is  the 
most  valuable  of  all  the  species  of  cinchona.     It 
is  found  in  commerce  in  quills  formed  by  the 
contraction  of  the  bark  when  drying,  which  are 
covered  with  a  rough  epidermis.     It  was  for- 
merly found  also  in  flattened  pieces,  from  which 
the  epidermis  had  been  removed,  and  which 
have  been  dried  under  pressure,  and  was  then 
known  as  flat  yellow  bark. 

II.  Crown  bark.     Pale   bark.    Loxa  bark 
yielded  by  C.  officinalis  and  the   allied  species, 
found  in  quills,  with  a  rough  blackish-brown  or 
dark  grey  surface.     This  was  formerly  the  chief 
bark  used  in  medicine  under  the  name  of  Peru- 
vian bark.  It  is  largely  cultivated  and  approaches 
the  Calisaya  in  richness. 

III.  Bed  bark,  Cinchona  Bubra  and  Succi- 
rubra,  so  called  from  the  red  colour  of  the  sap 
and  of  the  mature  bark.     Owing  to  the  vigorous 
growth  of  this  species,  it  has  been  cultivated  in 
India  to  a  very  large  extent,  and  has  been  adopted 
in  the  British  Pharmacopoeia  for  use  in  galenical 
preparation.    It  is  less  suited  for  the  preparation 
of  quinine,  owing  to  the  great  proportion  of  cin- 
chonidine  that  it  contains. 

IV.  Soft  bark.     Columbian  and  Carthagena 
bark,  yielded  by  C.  Lucumifolia  and  Lancifolia, 
imported  in  quills  or  broken  pieces,  with  a  whitish 
shining  epidermis,  which  scales  off  easily.   They 
vary  greatly  in  the  quantity  and  quality  of  the 
alkaloids. 

V.  Pitayo  barks,  yielded  by  C.  Pitayensis, 
are  imported  in  short  curly  pieces  of  a  brownish 
colour,  either  bare  or  with  a  rugged  whitish  epi- 
dermis.    They  are  rich  in  alkaloids,  especially 
quinine  and  quinidine. 

VI.  Cuprea   bark,  yielded  by  Bemigia  Pe- 
dunculata.    Although  not  a  true  cinchona  bark, 
this  may  conveniently  be  included  here  as  the 
only  known  species  of  any  other  genus  that  has 
yielded  the  cinchona  alkaloids.    It  is  imported 
in  short  quills  and  broken  pieces  of  a  deep  red 
colour.     The  bark  is  of  a  very  compact  texture, 
of  much  higher  specific  gravity  than  the  true 
cinchonas.     It  gives  with   ammonia  a  purple 
solution   of   considerable  tinctorial   power.      It 
contains  quinine,  quinidine,  cinchonine,  but  no 
cinchonidme,  and  an  alkaloid,  cupreine,  dis- 


covered by  Paul  and  Cownley,  which  exists  in 
the  bark  in  a  combination  with  quinine,  pre- 
viously taken  for  a  distinct  alkaloid,  and  desig- 
nated homoquinine,  an  allied  species.  B.  Pur- 
dieana  yields  no  quinine,  but  a  new  alkaloid 
called  by  the  discoverer,  M.  Arnaud,  Cinchon- 
amine. 

Along  with  these  principal  species  are  found 
in  commerce  the  bark  of  a  great  number  of 
species  of  Cinchona,  most  of  which  contain 
little  or  no  valuable  alkaloid,  and  also  barks  of 
allied  genera,  especially  of  Ladenbergia  and 
Exostemma.  These  barks  contain  none  of  the 
cinchona  alkaloids. 

The  organic  constituents  of  cinchona  bark 
are  quinine,  quinidine,  cinchonine  and  cin- 
chonidine,  and  some  isomeric  modifications 
of  these  bases,  quinamine,  uncrystallisable 
alkaloids,  in  some  species  aricine,  paricine, 
and  their  congeners  ;  quinic  acid,  quinovin  and 
cinchotannic  acid,  cinchona  red,  colouring  matter, 
wax,  and  fatty  matter,  a  small  quantity  of  vola- 
tile oil,  along  with  starch,  gum,  and  woody  fibre. 

The  barks  of  some  of  the  allied  genera  also 
contain  quinovin,  cinchotannic  acid,  and  quinic 
acid.  The  ash  of  cinchona  bark  consists  chiefly 
of  calcic  and  potassic  carbonate,  containing  also, 
besides  iron,  a  notable  quantity  of  manganese. 
For  detailed  analysis  vide  Carles,  Ph.  [3]  3,  723. 

The  first  chemical  examination  of  cinchona 
bark  appears  to  have  been  made  in  1785  by 
Hermbstadt,  who  obtained  from  it  calcium 
quinate,  which  he  designated  as  essential  salt  of 
quinine.  Schneider  in  1807,  and  Vauquelin  in 
1808,  separated  quinic  acid  from  the  calcium 
salt.  Quinotannic  acid  was  discovered  by  Deyeux 
in  1793,  and  obtained  in  a  more  definite  form  by 
Seguin  in  1797.  Cinchona  bitter  and  cinchona 
red  were  obtained  from  red  cinchona  bark  by 
Eeuss  in  1810.  The  first  discovery  of  the  alka- 
loids was  made  by  Gomes  of  Lisbon  in  1811,  who 
appears  to  have  obtained  cinchonine  in  an  im- 
pure state ;  but  its  true  nature  was  not  dis- 
covered till  1820,  when  Houton-Labillardiere 
drew  attention  to  its  alkaline  reaction,  and  com- 
municated his  observations  to  Pelletier  and 
Caventou,  who  in  the  same  year  succeeded  in 
isolating  first  cinchonine,  and  afterwards  qui- 
nine, and  proved  them  to  be  true  vegetable 
alkaloids.  The  isomeric  modifications  of  these 
alkaloids  were  afterwards  discovered  and  vari- 
ously named.  Pasteur  (C.  B.  36, 26  ;  37, 110)  re- 
duced those  then  known  to  four,  quinine  and  its 
isomeride,  quinidine,  and  cinchonine  and  its  iso- 
meride,  cinchonidine,  and  also  investigated  the 
isomeric  modifications  of  these  alkaloids  pro- 
duced by  the  action  of  heat  in  strong  acid  solu- 
tion, viz.  quinicine  and  cinchonicine.  Hesse 
has  now  investigated  the  whole  subject,  and  has 
described  various  alkaloids  which,  however,  with 
the  exception  of  a  modification  of  cinchonidine 
named  by  him  '  homo-cinchonidine,'  and  the 
recently  discovered  hydroquinine,  do  not  seem 
to  have  been  isolated  by  other  observers. 

Cinchona  barks  are  employed  medicinally  in 
the  form  of  tinctures,  fluid  extracts,  and  infu- 
sions, and  were  thus  used  long  before  the  dis- 
covery of  the  alkaloids,  and,  although  it  is  to 
these  bodies  that  the  medicinal  value  is  chiefly 
due,  the  cinchotannic  acid  and  other  ingredients 
appear  also  to  be  of  medicinal  value. 
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Reactions  of  Cinchona  bark.— Most  salts  of 
the  cinchona  alkaloids  give  a  purple  tar  when 
strongly  heated  in  a  test-tube,  especially  if  they 
are  mixed  with  cellulose.  The  same  reaction  is 
observed  when  a  bark  containing  them  is  heated, 
and  is  very  characteristic.  The  test  was  pro- 
posed by  Grahe,  of  Kasau,  in  1858.  Water  ex- 
tracts a  portion  only  of  the  alkaloidal  contents 
of  cinchona  bark,  and  the  cinchotannates  of  the 
alkaloids  being  more  soluble  in  hot  than  in  cold 
water,  a  hot  infusion  becomes  turbid  on  cooling. 
The  solution  obtained  by  treatment  with  acidu- 
lated water  gives  the  following  reactions : — The 
alkaloids  give  a  whitish  precipitate  with  excess 
of  caustic  alkali,  and  with  tannic  acid,  and  a 
yellow  crystalline  precipitate  with  platinic 
chloride,  if  these  precipitates  are  submitted  to 
dry  distillation,  the  characteristic  odour  of  quinol- 
ine  is  observed.  Of  the  acid  constituents  quino- 
tannic  acid  gives  precipitates  white  with  solution 
of  gelatin,  green  with  ferric  salts,  dirty  white 
with  tartar  emetic.  Quinovic  acid  gives,  with 
sulphate  of  copper,  first  a  green  colour  and  then 
a  precipitate  which,  when  washed,  has  a  bitter 
metallic  taste.  Quinic  acid  distilled  with  sul- 
phuric acid  and  manganese  peroxide  yields  a 
distillate  of  quinone ;  this  test  is  proposed  by 
Stenhouse  (Mem.  Chem.  Soc.  ii.  22d)  to  distin- 
guish true  cinchona  bark. 

For  the  quantitative  analysis  of  cinchona 
bark,  various  processes  have  been  proposed,  many 
of  which  give  good  results  in  practised  hands, 
but  in  all  of  which  success  largely  depends  on 
details  of  manipulation  only  to  be  acquired  by 
practice.  The  earlier  processes  depended  on  dis- 
solving out  the  alkaloids  with  hydrochloric  acid, 
precipitating  the  alkaloids  by  caustic  alkali.  A 
great  excess  of  acid  is  required  for  the  extrac- 
tion of  the  whole  alkaloid,  and  a  great  excess  of 
alkali  for  the  complete  separation  of  the  alkaloids 
from  the  cinchotannic  acid  which  precipitates 
along  with  them  by  exact  neutralisation.  Better 
methods  are  those  in  which  the  salts  of  the 
alkaloids  are  decomposed  in  the  bark  by  treat- 
ment with  alkali,  and  the  alkaloids  then  ex- 
tracted by  suitable  solvents.  De  Vrij  (Phar- 
macographia,  p.  365,  and  Ph.  [3]  4,  241)  recom- 
mends to  mix  20  g.  of  powdered  bark  with  milk 
of  lime  (5  g.  lime  to  50  c.c.  water),  dry  the  mixture 
slowly,  stirring  frequently.  Then  boil  the  dry 
powder  with  200  c.c.  alcohol  of  S.G.  0*830,  pour 
off  and  filter  the  solution,  and  boil  again  with 
100  c.c.  alcohol,  throw  the  whole  on  the  filter,  and 
wash  further  with  100  c.c.  alcohol,  acidulate  with 
dilute  sulphuric  acid,  filter,  and  distil,  but  not 
to  dryness  (water  must  be  added  if  necessary), 
when  all  the  spirit  is  separated  the  aqueous  solu- 
tion is  filtered.  The  filtrate  and  washings  are 
reduced  to  50  c.c.,  and  while  still  warm  treated 
with  caustic  soda  in  excess.  After  cooling,  the 
solution  is  decanted  off  and  water  added  before 
throwing  it  on  the  filter.  It  is  then  washed  with 
the  smallest  possible  quantity  of  water,  pressed 
between  folds  of  blotting  paper,  dried,  and 
weighed.  The  weight  is  that  of  the  total  alka- 
loids in  the  bark. 

The  process  given  in  the  British  Pharma- 
copoeia, f.  Ill,  is  also  a  good  one,  it  is  as  fol- 
lows : — Mix  200  grams  of  the  bark  in  fine  powder 
with  60  grams  of  hydrate  of  calcium  ;  moisten 
the  powders  with  half  an  ounce  of  water,  mix 
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the  whole  intimately ;  allow  it  to  stand  for  an 
hour  or  two,  it  will  then  present  the  characters 
of  a  moist  dark- brown  powder,  in  which  there 
should  be  no  lumps  or  visible  white  particles. 
Transfer  the  powder  to  a  flask,  boil  for  half  an 
hour  with  three  fluid  ounces  of  a  mixture  of 
three  volumes  of  benzene  and  one  of  amylic 
alcohol,  decant  and  filter  the  solution,  leaving 
the  bark  in  the  flask,  boil  again  with  the  same 
solvent  and  decant  as  before ;  repeat  the  third 
time,  and  finally  throw  the  bark  on  the  filter  and 
wash  with  the  solvent.  The  filtrates  are  then 
shaken  repeatedly  with  water  acidulated  with 
hydrochloric  acid  till  the  alkaloids  are  all  re- 
moved, the  acid  washings  concentrated,  and  if 
the  process  given  below  for  the  separation  of 
the  alkaloids  is  adopted,  the  alkaloids  are  pre- 
cipitated by  excess  of  alkali. 

The  process  given  in  the  German  Pharma- 
copoeia is  also  efficient. 

The  separation  of  the  cinchona  alkaloids 
depends  on  their  relative  solubilities  hi  various 
reagents,  but  in  most  cases  these  do  not  differ 
so  widely  as  to  give  a  perfectly  satisfactory  sepa- 
ration, and  the  separation  is  made  more  difficult 
by  the  tendency  of  the  alkaloids  and  their  salts 
to  form  more  or  less  definite  compounds  with 
one  another. 

A  convenient  process  giving  fairly  accurate 
results  is  as  follows : — Treat  the  powdered  mass 
of  mixed  alkaloids  with  ten  times  its  weight  of 
ether ;  this  will  dissolve  the  quinine  and  amor- 
phous alkaloid,  and  small  quantities  only  of  the 
other  alkaloids ;  wash  the  alkaloids  out  of  this 
ethereal  solution  by  excess  of  dilute  sulphuric 
acid,  and  neutralise  after  heating  to  boiling  with 
dilute  ammonia,  using  no  more  water  than  is 
necessary;  the  quinine  will  then,  on  cooling, 
crystallise  out  almost  entirely  as  sulphate,  which 
salt  is  almost  insoluble  in  a  cold  solution  con- 
taining animonic  sulphate.  The  crystals  after 
filtration  and  washing  with  a  small  quantity  of 
water  are  pressed  between  blotting  paper  and 
dried  at  100°.  73*4  pts.  of  the  anhydrous  salt 
equal  100  of  the  hydrated  crystals.  The  salt 
should  be  tested  for  cinchonidine,  which  may  be 
present  in  small  quantity.  The  alkaloids  con- 
tained in  the  mother  liquor  are  then  precipitated 
by  alkalis,  converted  into  neutral  acetates,  and  a 
solution  of  potassium  iodide  and  a  small  quantity 
of  alcohol  is  then  added ;  on  standing  quinidine 
iodide  will  crystallise  out  if  present.  Of  this 
salt  100  pts.  equal  71-8  of  the  alkaloid.  A  solu- 
tion of  potassio-tartrate  of  Sodium  is  then  added 
to  the  mother  liquor,  and  on  agitation  and  stand- 
ing, tartrate  of  cinchonidine  will  crystallise  out 
if  any  of  that  alkaloid  has  been  dissolved  by  the 
ether;  100  pts.  of  this  salt  equal  80'4  of  the 
alkaloid.  The  mother  liquor  now  contains  amor- 
phous  alkali,  which  may  be  precipitated  by  a 
solution  of  sodic  hydrate  and  weighed.  The 
portion  insoluble  in  ether  must  be  also  converted 
into  neutral  acetates,  and  the  solution  tested  for 
quinidine  by  potassic  iodide,  a  few  drops  of  spirit 
being  added,  and  for  cinchonidine  by  potassio- 
tartrate  of  sodium  as  above.  If  a  considerable 
proportion  of  this  alkaloid  is  present  it  will  pro- 
bably contain  a  notable  quantity  of  quinine,  as 
ether  fails  to  give  a  complete  separation.  After 
removal  of  any  quinidine  and  cinchonidine  present 
by  those  reagents,  the  solution  contains  the  cin- 


178 


CINCHONA  BARK. 


chonine,  which  may  be  precipitated  by  caustic 
alkali  and  weighed.  Dr.  de  Vrij  recommends 
that  the  quinine  should  be  precipitated  from  the 
solution  of  alkaloids  soluble  in  ether,  as  iodo- 
sulphate  (Ph.  [3]  6,  461) ;  in  skilful  hands  this 
method  of  analysis  gives  accurate  results.  In- 
stead of  commencing  the  separation  of  the  alka- 
loids by  ether,  Dr.  Moena  recommends  that  the 
neutral  aqueous  solution  of  the  mixed  alkaloids 
be  treated  with  excess  of  solution  of  sodic  potas- 
sio-tartrate,  which  throws  down  the  whole  of 
the  quinine  and  cinchonidine  as  tartrates.  The 
tartrate  is  then  decomposed  by  alkali,  and  the 
quinine  and  cinchonidine  separated  by  ether, 
the  alkaloid  dissolved  in  the  ether  being  either 
weighed  directly  as  quinine  or  preferably  con- 
verted into  sulphate  and  weighed  as  such.  Great 
care  must  be  taken  in  this  case  to  decompose  the 
tartrate  entirely,  to  avoid  underestimating  the 
quinine. 

The  method  of  estimating  the  relative  pro- 
portions of  quinine  and  cinchonidine  in  the  pre- 
cipitated tartrates  by  determination  of  the  specific 
rotation  of  the  polarised  ray  has  been  recom- 
mended by  Drs.  De  Vrij  and  Oudemans,  but  no 
published  process  for  bark  analysis  gives  the 
tartrate  obtained  direct  from  the  crude  mixed 
alkaloids  in  a  sufficient  state  of  purity  to  give 
really  trustworthy  results  by  this  method. 

The  distribution  of  the  alkaloids  in  the 
bark  has  been  the  subject  of  careful  observation. 
It  was  first  observed  by  Carles  (Ph.  [3]  3,  643) 
that  though  quinine  exists  in  all  portions  of  the 
bark,  it  is  contained  in  much  larger  proportion 
in  the  external  and  cortical  layers  than  in  the 
internal  liber  layers,  and  his  observation  has 
been  confirmed  by  other  observers. 

On  the  other  hand,  the  corky  epidermis  found 
in  some  barks,  specially  in.  certain  varieties  of 
officinalis,  such  as  the  knotty  bark  of  Jussieu 
does  not  contain  alkaloid. 

Alkaloids  begin  to  form  in  the  bark  even  when 
very  young,  and  increase  in  quantity  until  the 
bark  is  mature,  the  maximum  yield  being  at- 
tained at  ages  varying  with  the  species  and  cir- 
cumstances of  growth — from  five  to  fifteen  years, 
or  even  later.  The  relative  proportion  of  the 
different  alkaloids  also  varies  greatly  in  the  same 
tree. 

The  increase  of  the  dextrogyrate  alkaloids, 
quinidine  and  cinchonine,  in  the  root  barks  is 
remarkable.  This  is  specially  the  case  in  stunted 
or  unhealthy  trees  in  which  the  root  bark  is  often 
exceptionally  rich  in  alkaloid.  As  a  rule  a 
luxuriant  growth  of  the  plant  is  required  to  give 
the  maximum  of  alkaloid,  and  therefore  it  is 
natural  that  manures  should  have  a  beneficial 
effect.  Valuable  experiments  on  this  subject 
have  been  carried  out  by  Mr.  Broughton  at  the 
Government  Plantation  at  Ootacamund  (Ph.  [3] 
3,  521).  He  found  that  a  great  improvement  in 
the  yield  of  quinine  was  caused  by  the  use  of 
guano,  a  greater  by  the  use  of  ammonia  salts, 
but  most  of  all  by  the  use  of  farmyard  manure. 
A  series  of  experiments  on  renewed  bark  of 
C.  succirubra  in  Ceylon,  on  the  other  hand, 
showed  a  maximum  of  improvement  from  the 
use  of  bones ;  ammonia  and  cattle  manure  pro- 
ducing less  improvement,  the  different  result 
being,  no  doubt,  owing  to  a  different  condition 
of  the  soil.  In  some  soils  a  very  great  improve- 


ment is  caused  by  dressings  of  lime.  This  ques- 
tion is  one  deserving  of  much  more  investigation 
than  it  has  yet  received.  D.  H. 

CINCHONA  BASES.— Quinine,  Cinchonine, 
Cinchonidine,  and  Aricine  are  described  in 
separate  articles.  The  existence  of  many  of  the 
following  bases  requires  confirmation.  In  the 
names  of  these  alkaloids  qii  is  used  before  i,  and 
ch  before  any  other  vowel. 

Chairamine  C22H,6N204  aq.  [140°].  [233° 
when  dry]  [a]  D  =  about  +  100°.  In  the  bark  of 
Bemijia  Purdieana  (Hesse,  A.  225, 243).  Named 
from  xa'pw,  because  Hesse  '  rejoiced '  at  dis- 
covering it.  Slender  needles  (containing  aq) 
(from  dilute  alcohol).  Sol.  ether  and  chloroform. 
Its  alcoholic  solution  is  alkaline  to  litmus. 
H2S04,  with  or  without  Mo03,  forms  a  colourless 
solution,  turning  dark  green. 

Salts.— B'HCl  aq.  Needles.— B'2H2S04  8aq. 
— (B'HCl)2Pt014  2aq. 

ConchairamineC22H26N204aqEtOH.  [82°-86°] ; 
B'aq  [c.  110°]  ;  B'  [c.  120°]  [a]D  (for  B')  =  +  68'4 
in  2  p.c.  alcoholic  solution.  In  the  bark  of  Re- 
mijia  Purdieana  (Hesse,  A.  225,  246).  It  has 
three  melting-points  according  as  it  is  dry,  with 
water  of  crystallisation,  or  with  alcohol  of  crys- 
tallisation also.  Colourless  prisms  (containing 
aqEtOH)  (from  alcohol).  Sol.  ether  and  chloro- 
form. Cone.  H,S04,  with  or  without  Mo03, 
forms  a  brown  solution  turning  green. 

Salts.  —  B'HCl.  --  (B'HCl) ,PtCl45aq.  — 
B'HI  aq.— B'HSNC  aq.— B'2H,S04  9aq. 

Methylo-iodide. — B'Melaq.  Eed  crystals. 
B'Mel  3aq.  Colourless  crystals. 

Methylo-chloride.—B'MeCl  2aq.  Pla- 
tino  -  chlori  de.— (B'MeCl)3HCl(PtCl4),  14aq. 

Chairamidine  C22H2ijN204  aq.  [c.  128°  when 
dry].  [o]D  =  +  7'3°  in  3  p.c.  alcoholic  solution. 
In  the  bark  of  Remijia  Purdieana  (Hesse,  A. 
225,  253).  Amorphous  powder,  insol.  water,  sol. 
ether,  alcohol,  benzene,  and  chloroform ;  solu- 
tion in  cone.  H2S04  slowly  turns  green.  Animal 
charcoal  removes  it  from  solution  in  acetic  acid. 

Salts.— (B'HCl)2PtCl45aq.— Sulphate  is 
gelatinous. 

Conchairamidine  C20H26N204  aq.  [115°  when 
dry].  [a]D  =  —  60°  in  a  3  p.c.  alcoholic  solution. 
In  the  bark  of  Remijia  Purdieana  (0.  Hesse,  A. 
225,  256).  Crystalline.  V.  sol.  ether,  alcohol, 
chloroform,  benzene,  and  acetone.  Its  alcoholic 
solution  is  neutral  to  litmus.  In  cone.  H.,SO4, 
with  or  without  Mo03,  the  solution  is  dark 
green. 

Salts.  —  Well  crystallised.  —  B'HCl  3aq.  — 
(B'HCl).  ,PtCl4  5aq.-B',H2S04 14aq. 

Cinchamidine  C20H26N2O.  [230°].  [a]D  = 
—  98-4.  Occurs  in  the  mother-liquors  from 
homocinchonidine  (Hesse,  B.  14, 1683  ;  cf.  Forst 
a.  Bohringer,  B.  14,  1270  ;  15,  520).  Colour- 
less plates,  needles,  or  prisms.  Sol.  alcohol  and 
chloroform,  si.  sol.  ether,  insol.  water.  Has  an 
alkaline  reaction. 

Salts.  —  B'HCl  2aq:  trimetric  prisms.  — 
(B'HCl),P'tCl43aq:  yellow  amorphous  pp.  — 
B'H,Cl,PtCi4 :  orange  plates.  —  Tartrate 
B'2C4HaO8  2aq  :  colourless  prisms,  si.  sol.  cold 
water.  ' 

Cinchonamine  C19H24N20.  [194°]  (A.); 
[185°]  (H.).  [o]D  -  + 121°  (1  pt.  base  in  50  pts. 
of  97  p.c.  alcohol  at  15°). 

Occurrence. — In   Cinchona  Purdieana   (Ar- 


CINCHONA  BASES. 


179 


naud,  C.  R.  93,  593 ;  97,  174 ;  Hesse,  A.  225, 
218  ;  Planchon,  J.  Ph.  [5]  5,  352). 

Properties. — Colourless  hexagonal  prisms 
(Friedel,  C.  B.  105,  985).  Sol.  alcohol,  ether, 
chloroform,  CS2  and  benzene ;  si.  sol.  petroleum 
or  water.  Highly  poisonous.  Its  alcoholic  so- 
lution is  alkaline  and  gives  no  colour  with  Fe2Cl6 
or  Cl  and  NH3.  In  cone.  H2S04  forms  reddfsh- 
yellow  solution,  in  cone.  HNO3  a  bright  yellow 
solution.  In  HC1  it  is  insoluble,  and  on  heating 
at  150°  it  gives  no  MeCl. 

Salts.—  B'HCl.— B'HCl  aq.—(B'HCl)2PtC!4. 
— B'HBr.— B'HL— B'HSCN.— B'HNOS.  S.  -2  at 
15°.— B'2H,S04.  [a]D  =  +  36-7°  at  15°  in  2  p.c. 
solution  (H.)  ;  =  +  43-5  at  15°  (A.).  V.  sol.  water. 
B'H2S04  [o]D  =  34-6°.  — B'H2S203.—  Tartrate 
B'2H6CA.  S.  1-15  at  15°.— MalateB'C4H605aq: 
S.  1  at  15°.— Citrate :  prisms.  S.  1-95  at  16°. 

Acetyl  derivative  C19H23AcN20.  [80°- 
90°].  Amorphous.  Sol.  acetic  acid,  ether,  alco- 
hol, and  chloroform,  sparingly  so  in  dilute  HC1. 
In  cone.  H2S04  it  forms  a  purple  solution,  turned 
yellow  by  heat.  Not  saponified  by  alcoholic 
potash. 

Di-nitro-cinchonamine  '  C19H2,(N02)2N20. 
[118°].  Formed  by  treatment  with  HN03  of 
S.G.  1-06.  Explosive.  Flocculent  pp.,  sol.  acetic 
acid,  ether,  chloroform,  and  alcohol,  and  in 
dilute  HC1.— (C)9H22(N02)2N2OHCl)2PtCl4. 

Methylo-iodide  B'Melaq. 

Methylochlorid  eB'MeCl.— (B'MeCl)2PtCl4. 
The  hydrate  B'MeOH  gives  methyl-cinchonamine 
on  boiling  with  water. 

Methyl-cinchonamine  C^H^MeN-jO.  [139°]. 
Amorphous  powder,  v.  sol.  alcohol,  ether,  and 
chloroform,  in  sol.  water.  Sulphomolybdic  acid 
is  slowly  turned  dark  blue  by  it.  Forms  a  floc- 
culent  platino-chloride 
(C19H23MeN2OHCl)2PtCl4  4aq. 

Ethylo-iodideB'Etl.  Insol.  water.  When 
treated  with  AgCl  and  PtCl4  successively  it  gives 
(B'EtCl),PtCl4  2aq.  And  with  Ag.,S04  it  gives 
(B'Et)2S04.  When  an  alcoholic  solution  of  B'Etl 
is  boiled  with  addition  of  a  little  NaOH,  ethyl- 
cinchonamine  is  formed. 

Ethyl-cinclionanune  C19H2SEtN20,aq.  [75°- 
78°]  ;  when  dry  it  melts  at  [c.  i40°j."  Amorphous, 
resembling  methyl-cinchonamine.  Platino-chlor- 
ide :  (ClflH,3EtN2OHCl)2PtCl43aq. 

Cincholine.  An  oily  alkaloid  which  accom- 
panies quinine  (Hesse,  B.  15,  858). 

Hydrocinchonidiae  C19H.,4N20.  [229°-230°] 
[a]D  =  98-4  (in  97  p.c.  alcohol,  p  =  2)  (Forst  a. 
Bohringer,  B.  14,  1270  ;  15,  520 ;  0.  Hesse,  B. 
14,  1893 ;  A.  214,  1).  Found  in  the  mother- 
liquors  from  which  cinchonidine  sulphate  or 
homo-cinchonidine  sulphate  has  crystallised. 
Six-sided  plates  (from  hot  dilute  alcohol)  or 
short  prisms  (from  strong  alcohol).  Less  sol. 
alcohol  than  cinchonidine  or  homo-cinchonidine. 
V.  si.  sol.  chloroform,  ether,  or  water.  Freshly 
ppd.  si.  sol.  ether,  quickly  separating  again  in 
six-sided  plates.  Alcoholic  solution  is  alkaline 
and  bitter. 

Reactions. — 1.  Its  sulphate  does  not  at  once 
bleach  KMn04  and  shows  no  fluorescence.— 2. 
Ammonia  gives,  in  solutions  of  its  salts,  a  floc- 
culent  pp.  becoming  crystalline;  in  very  dilute 
solutions  a  crystalline  pp.  after  some  time.  — 3. 
Chlorine  and  NH,  give  no  colour.— 4.  Cone. 
H2S04  dissolves  it  without  colour.-5.  Insoluble 


in  KOH,  baryta  or  lime.— 6.  HC1  (S.G.  1-125)  at 
160°  has  no  action. 

Salts.— (Hesse.)  B'HCl  2aq.— B'CNSH.— 
B'2H2PtCl6  3aq.—  B'H.PtC^.—  B'C7HI208  (quin- 
ate).  —  B'2H,C20>  —  B'2C4H6Oa  (tailrate).  — 
B'2H2S2O3  aq.— B'H2S04  4aq.  -  B'2H,S04  7aq.  S. 
1-75  at  10°.  [o]D=  -75-2°  (in  water,  z>  =  2); 
-93-8°  (in  97  p.c.  alcohol).— 
B'2C6H4(OH)S08H5aq. 

Acetyl  derivative  C19H23AcN20.  [42°]. 
[a]D  =  -  29-5°  (in  97  p.c.  alcohol,  p  =  2) ;  -  50*9° 
(in  water  with  3HC1,  p  =  2).  Amorphous  hygro- 
scopic mass.  V.  sol.  alcohol.  Saponified  by 
alcoholic  KOH.  Soluble  in  acids  forming  salts, 
e.g.  C19H23AcN2OH,PtCl6  2aq. 

Amorphous  hydrocinchonidine  [a]D  = 
- 12°  (in  water  with  3HC1,  p  =  2).  Is  formed  by 
fusing  the  sulphate  at  140°,  and  adding  aqueous 
NaOH  to  the  product.  It  is  a  brownish  amor- 
phous base,  isomeric  with  hydrocinchonidine. 
It  is  v.  sol.  ether,  alcohol,  chloroform,  or  acids. 
Its  salts  are  amorphous,  e.g.  B'HjjPtClg  2aq. 

Di-cinchonine  C38H44N40,.  [40°].  [o]D=  +66°. 
Occurs  in  the  bark  of  Cinchona  rosulenta  and 
of  C.  succirubra  especially.  Not  present  in  the 
bark  of  C.  Calisaya,  var.  Boliviana,  and  var. 
Ledgeriana,  C.  Tmujensis  or  C.  Pelletierana, 
or  of  Bemijia  pedunculata  or  B.  Purdieana 
(0.  Hesse,  A.  227,  153). 

Properties. — Yellowish  amorphous  base.  V. 
sol.  ether,  acetone,  alcohol,  chloroform,  and 
benzene,  less  sol.  water  and  light  petroleum, 
insol.  in  aqueous  NaOH.  Its  alcoholic  solution 
is  strongly  alkaline  and  tastes  bitter,  gives  no 
colour  with  Cl  and  NH3,  and  is  dextrorotatory. 

Salts. — The  base  dissolves  in  dilute  acids 
and  is  reppd.  by  NH3  or  NaOH  as  a  resinous 
pp.— B"2HC1.— B"2HCl.PtCl4. 

Beaction—  HC1  at  150°  converts  it  into  di- 
apocinchonine,  which  is  also  formed  from  cin- 
chonine under  similar  conditions. 

Hydrocinclionine  C,9H.MN2O.  [256°].  Occurs 
in  C.  cuprea  (Hesse,  B.  15, 855).— B"H2PtCl6  2aq. 

Cinchotme  C19H21N20.  [277°  cor.].  S.  -07 
at  20° ;  S.  (ether)  -19  at  20°.  Occurs  in  crude 
cinchonine  sulphate  (Willm  a.  Caventou,  A. 
Suppl.  7,  248;  Forst  a.  Bohringer,  B.  14,  436; 
1267;  15,  519;  Skraup,  A.  197,  352;  C.  C. 
1877,629).  Slender  prisms  and  scales.  Dextro- 
rotatory. On  oxidation  it  gives  cinchonic  acid. 

Salts.  —  B'oH.,S04  12aq:  fine  needles  or 
prisms.  S.  3-28~at~13°.— B'HN03aq:  tables.— 
B'HCl  2aq :  fine  needles.— B'H.CU— B'HCl  2aq : 
S.  2-12  atO0.— B'HBr  2aq.—B'H.,Br.2:  prisms. — 
B'HIaq.  —  Sulphocyanide  B'CNSH:  long 
needles,  si.  sol.  water.— Ox al ate  B'2H,C204 aq : 
needles;  S.  1-16  at  10°.  —  Tartrates 
B'C.H.-O,.  4aq :  needles,  sol.  hot  water.  - 
B'.,C .HeOg  2aq :  prisms.— B  e n z  o a t e  B'C7H602 : 
needles,  si.  sol.  cold  water. 

Quinamine  C19H,4N,0.,«  [172°].  [a]D  =  93-5° 
(in  a  2  p.c.  chloroform  solution),  [a]D  =  104-5° 
(in  a  2  p.c.  alcoholic  solution).  S.  -064  at  16°. 
S.  (ether)  2  at  16°.  Occurs  in  the  bark  of  Cin- 
chona succirubra,  and  of  many  other  species  of 
cinchona  (Hesse,  A.  166,  266 ;  182,  163 ;  199, 
335  ;  207,  288  ;  De  Vrij,  Ph.  [3]  4,  609  ;  J.  1874, 
874).  Obtained  from  the  mother-liquor  after 
quinine  and  cinchonine  have  been  ppd.  as  tar- 
trates.  Long  prisms  (from  dilute  alcohol).  Dex- 
trorotatorv.  Its  alcoholic  solution  is  alkaline  to 

N2 


180 


-CINCHONA  BASES. 


litmus.  AuCl3  gives  a  yellowish  pp.  which  soon 
turns  purple.  Paper  moistened  with  an  acid 
solution  of  the  sulphate  is  turned  green,  and 
finally  blue,  by  C1204. 

S  alts.—  B'HCl  aq  :  prisms.—  B'H,PtClG  2aq. 
—  B'HC103.—  B'HBr  aq.-B'HI.  S.  1-4  at  16°.— 
B'HN03. 

Quinamidine  C19H24N202.  [93°].  [a]D  =  4-5° 
(in  a  2  p.c.  alcoholic  solution).  Formed  by  the 
action  of  acids  upon  quinamine  (Hesse,  A.  207, 
299).  Nodules  ;  v.  e.  sol.  alcohol.  Not  ppd.  by 
NH3  from  acid  solutions,  but  ppd.  by  NaOH. 
AuCl3  gives  a  purple  colour  in  solutions  of  its 
hydrochloride.  -  B'HCl  aq.  —  B'^E2PtCl6  6aq.  — 
B'HBr  aq.-Ox  a  late  B'.,H2C204  4aq. 

Quinamicine  C]9H,4N,~02.  [109°].  [o]D  =  3-8° 
(in  a  2  p.c.  alcoholic  solution).  Formed  by  heat- 
ing quinamine  with  dilute  acids  at  130°  (Hesse, 
A.  207,  303).  Amorphous,  but  gradually  becomes 
crystalline.  V.  e.  sol.  alcohol.  Dextrorotatory.  — 
B',,H,PtCl63aq. 

"  Protoquinamicine  C17H20N202.  Formed  by 
heating  dry  quinamine  acid  sulphate  at  130° 
(Hesse,  A.  207,  305).  Amorphous  brown  base.  — 


Apoquinamine  C19H,2N20.  [114°].  Formed 
by  boiling  quinamine  with  excess  of  HC1  (S.G. 
1-125)  for  3  minutes  (Hesse,  A.  207,  294).  •  The 
alcoholic  solution  is  inactive  and  neutral  to 
litmus:  the  hydrochloride  is  Icevorotatory.  — 
B'HCl  |aq.—  B'2H2PtCl62aq.—  B'HN03.—  Oxa- 
1  a  t  e  B'2H2C204  aq.—  T  a  r  t  r  a  t  e  B'2C4Hd06  zaq. 

Ace'tyl  derivative  C19H21AcN20.  Amor- 
phous.— B'.jH.PtCl,;  2aq. 

Conquinamine  C19H24N202.  [123°].  [a]  D  =  205° 
(in  a  2  p.c.  alcoholic  solution).  S.  (91  p.c.  alco- 
hol) 13-5  at  19°;  S.  (ether)  13-5  at  15°;  S. 
(benzene)  24-4  at  18°;  S.  (CS2)  6-05  at  18°. 
Occurs  in  the  bark  of  C.  succirubra  and  rosu- 
lenta.  It  is  best  separated  from  quinamine 
through  the  greater  solubility  of  its  salts  (Oude- 
mans,  A.  209,  38  ;  Hesse,  A.  209,  62). 

Properties.—  Long  prisms  or  pyramids.  It 
resembles  quinamine  in  its  reactions  with  H2S04 
and  HN03.  Gold  chloride  gives  a  golden  pp. 
followed  by  a  purple  colouration.  Heating  with 
HC1  forms  apoquinamine  C^H^N^ 

Salts.  —  B'HCl:  octahedra,  m.  sol.  water; 
[a]D  =  205°.—  B'H2PtCl6  3aq  (0.).—  B'H.,PtCl6  aq 
(H.).—  B'HC103.-  B'HC104.—  B'HBr.—  B'HI.  S. 
9-4  at  16°.—  B'HN03.-B'2H2S04.—  Formate 
B'CH202  :  monoclinic  crystals.  —  Acetate 
B'HOAc:  dimetric  crystals.  —  Oxalate 
B'2H2C204  3aq.  —  Quinate  B'C7H1206  2aq  : 
prisms. 

Quinidine  C20H24N202.  Conquinine.  [168°]. 
[o]D  =  236-8—  3p  (in  &p  p.c.  alcoholic  solution). 
S.  -05  at  15°  ;  S.  (ether)  3  at  10°.  Occurs  in  the 
bark  of  Cinchona  Calisaya,  C.  pitayensis,  and 
other  species  of  Cinchona  (van  Heijningen,  A. 
72,  302  ;  Pasteur,  C.  R.  36,  26  ;  Stenhouse,  A. 
129,  15;  Hesse,  A.  146,  357;  166,  232;  174, 
338  ;  176,  225  ;  182,  163  ;  B.  10,  2154;  12,  425  ; 
Oudemans,  A.  182,  53).  By  adding  NaOH  to 
the  mother-liquors  from  which  quinine  sulphate 
has  separated  crude  quinidine  is  ppd.  Pure 
quinidine  may  be  isolated  from  this  by  means 
of  its  iodide.  Prisms  (containing  2T,aq)  (from 
alcohol),  rhombohedra  (containing  2aq)  (from 
ether),  or  laminae  (containing  l*aq)  (from  water). 
Its  solution  in  dilute  H2S04  fiuoresces  blue. 


Chlorine -water  and  NH3  give  a  green  colour. 
Dilute  H2S04  at  100°  changes  it  to  quinicine. 
Cone.  HCl  converts  it  on  heating  into  apoquin- 
idine  and  apoquinidine  chlorohydride.  It  is  a 
febrifuge.  It  crystallises  in  trimetric  forms  with 
various  alcohols :  B'MeOH;  B'EtOH;  B'PrOH; 
B'C3H5OH ;  and  B'2C2H4(OH)n  (Mylius,  B.  19, 
1773). 

Salts.— B'HCl  aq.  S.  1-6  at  10°;  [a]D 
=  212—  2'56  p  (in  a  p  p.c.  alcoholic  solution). — 
B'H2C12  aq :  [a]D  =  250°  in  a  2  p.c.  aqueous  solu- 
tion.-B'H2ZnCl4.— B'2H2ZnCl4.— B'2H2HgCl4. - 
B'H2PtCl6  aq.  —  B'2H2PtClG  3aq.  —  B'H2AuCl5.— 
B'HBr.  S.  -5  at  14°  (de  Vrij,  J.  Ph.  [3]  32, 328).— 
B'HI.  S.  "08  at  15°.— B'H.J2  3aq.  S.  M  at 
15°.  — B'HN03.  S.  1-2  at  15°.  — B'AgN03.— 
B'2H2S042aq.  S.  1  at  15°.  [a]D  =  184°  in  a  3  p.c. 
solution  in  chloroform. — B'H2S04  4aq.  S.  11*5 
at  10°.-B'2H.,SOlH.Jfi  (Jorgensen,  J.  pr.  [2J  14, 
356;  15,  67)  — B'^HjSO^H,!,,,.— B'2H2Se04H2Iti. 
— B'4(H2Se04)4H3I13.— B'2H2S2O32aq.— B'H3P04. 
— B'2H2Cr04  6aq  :  large  yellow  plates  (Hesse,  A. 
243,  144).— Oxalate  B'2H2C204aq.  S.  -66  at 
15°.— Succinate  B'.,C4H6O42aq.— Tartrate 
B'2C4Hti06 aq.  S/2-6  at  15°.— Acid  tar tr ate 
B'C4H606  3aq.  S.  '25  at  10°.-B'C4H3(SbO)Oti 4aq. 
S.  -18  at  10°. 

Acetyl  derivative  C20H23AcN202.  [o]D 
=  128°  in  a  2  p.c.  alcoholic  solution  at  15°. 
Amorphous.— B'H2PtCl6  3aq.— B'H2Au2Cl8  2aq. 

Methylo-iodide  C.,0H24N.,02MeI :  needles 
(Stahlschmidt,  A.  90,  22i).-B'MeI3  [165°]  (Jor- 
gensen,  J.  pr.  [2]  3,  153). 

Ethylo-iodide  C20H24N2O.EtI  (Stenhouse, 
A.  129,  20).— B'Etlaq  (Howard";  C.J.  26,  1183). 
— B'EtClaq.— B'EtHPtCl6.— B'2Et.2I6H2S04. 

Quinitiine  chloride  C20H23N2OC1.  Conquinine 
chloride.  [132°].  Formed  by  the  action  of 
PC15  upon  the  hydrochloride  of  quinidine  (con- 
quinine)  (Comstock  a.  Konigs,  B.  18,  1223); 
Colourless  crystals.  V.  sol.  alcohol,  benzene", 
and  chloroform,  si.  sol.  ligroin  and  dry  ether. 
By  boiling  with  alcoholic  KOH  it  is  converted 
into  quiniene  C20H?2N,0. 

Apoquinidine  C^H^N./X.  Apoconquinine. 
[137°].  [a]D  =  155°  (in  a  2  p.c.  alcoholic  solu- 
tion). Formed,  together  with  MeCl,  by  heating 
quinidine  with  cone.  HCl.  White,  amorphous 
powder  (containing  2aq).  Sol.  alcohol  and  ether, 
[a]D  =  153-3_p=2,  t=l5°  in  97  p.c.  alcohol.  The 
solution  in  dilute  H2S04  does  not  fluoresce,  and 
gives  no  green  colour  with  Cl  and  NH3  (Hesse, 
A.  205,  326). 

Hydrochloride:  acicular  crystals,  v.  sol. 
water. — B'H2PtCl6  3aq  :  yellow  flocculent  pp. 

Diacetyl  derivative  C1(JH20Ac2N202. 
[o]D  =  40-4°  in  a  2  p.c.  solution  in  97  p.c."  alco- 
hol at  15°.  Its  sulphate  fluoresces  blue,  and 
gives  a  green  colour  with  Cl  and  NH3. — 
B'H2PtCl6  2aq  :  golden  crystalline  pp. 

Apoquinidine  chlorohydride  CI9H.23C1N20.2. 
Formed  by  heating  quinidine  or  apoquinidine 
with  fuming  HCl  at  150°.  Crystalline  (with  2aq) 
or  amorphous  when  anhydrous  [164°].  Sol.  ether 
and  alcohol.  [a]D  =  203-7°  (p  =  2,  t  =  15-97  v.  p.c. 
alcohol).  Does  not  give  a  green  colour  with  Cl 
and  NH3.— B'2HC1.— B'H2PtCl6  4aq. 

Diacetyl  derivative  C19H21Ac2ClN202. 
[168°].  Gives  no  green  colour  with  Cl  and  NH3. 
[o]n  =  95°  in  a  2  p.c.  solution  in  dilute  HCl.— 
B'H.,PtCle  3aq. 
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Iso-quinidine  C,0H,,N,0,.  Formed  by  dis- 
solving quinidine  in  cone.  H2SO,  (Hesse,  A.  243, 
149).  Long  needles  (from  ether).— B'2H.,SO4  8aq : 
needles.— B'H,PtCl6  3aq :  yellow  flocculent  pp. 

Quiniene  C,0H22N20.  Quinenc.  [81°].  Formed 
by  treatment  of  quinine  or  quinidine  with  PC15 
followed  by  alcoholic  KOH  (Comstock  a.  Konigs 
B.  17,  1989  ;  18, 1223).  Trimetric  crystals  (con- 
taining 2aq),  a:b:c  -  -5322:1:  -0642.  The  solution 
in  dilute  H2S04  shows  a  greenish-blue  fluo- 
rescence. By  heating  with  HBr  (or  HC1)  it  is 
converted  into  apoquiniene  CI8HI7NO2. 

Salt  s.— B"H,CloZnCU  2aq :  trimetric  prisms, 
a:6:c  =  -3424:1:  -4964.—  The  tartrate  is  si.  sol. 
cold  water,  and  well  crystallised. 

Dibromide  C20H22Br2N20.  Obtained  by 
addition  of  bromine  to  quiniene.  By  boiling 
with  alcoholic  KOH  it  is  converted  into  dehydro- 
quiniene  C20H.20N20.  The  hydrobromide 
B"H2Br2  2aq  forms  yellow  crystals,  si.  sol.  alco- 
hol, aqueous  HBr,  or  cold  water  (Comstock  a. 
Konigs,  B.  20,  2516). 

Dehydroquiniene  C20H20N20.  Formed  by 
boiling  quiniene-di-bromide  with  alcoholic  KOH. 
Colourless  crystals  (with  3aq).  V.  sol.  alcohol 
and  ether,  nearly  insol.  water.  Dissolves  in  very 
dilute  H2S04  with  a  strong  green-blue  fluores- 
cence. Gives  the  quinine  reaction  with  chlorine 
and  ammonia  (Comstock  a.  Konigs,  JB.20,  2517). 
Quinicine  C20H24N202.  [60°].  [a]D  =  44°  (in 
a  2  p.c.  chloroform  solution).  Occurs  in  cin- 
chona bark  (Howard,  C.  J.  24,  61 ;  25,  101). 
Formed  by  heating  the  sulphate  of  quinine  or 
quinidine  with  H2S04  at  130°  (Pasteur,  C.  R.  37, 
110 ;  Hesse,  A.  178, 245).  Formed  also  by  heat- 
ing quinine  or  quinidine  with  glycerin  at  200° 
(Hesse,  A.  166, 277).  Oil,  which  slowly  solidifies. 
SI.  sol.  water,  v.  sol.  alcohol  and  ether.  Its  alco- 
holic solution  is  alkaline  to  litmus.  Cl  and  NH,  \ 
.give  a  green  colour.  Its  solution  in  dilute 
H2S04  is  not  fluorescent. 

Salts.— B'H.PtCl,.  2aq.  -  B'HI  aq.  — 
B'2H2S04  3aq.— Oxalate  B',H2C204  9aq.  S.  -4 
at  16°.— Acid  tartrate  B'C4H606  6aq.  [100°]. 
Sulphocyanide  B'HSCy  £aq. 

Apoquiniene  C]8H,7NO2.  Apoconquinine.  [246°]. 
Formed  by  heating  quiniene  with  aqueous  HBr 
(S.G.  1-5)  at  about  180°  (Comstock  a.  Konigs,  B. 
18,  1226).  Colourless  crystals.  V.  sol.  alcohol, 
si.  sol.  water,  ether,  and  benzene.  It  dissolves  in 
aqueous  acids  and  alkalis,  forming  yellow  solu- 
tions. The  sulphate  is  sparingly  soluble.  The 
hydrobromide  forms  small  yellow  crystals. 

Cupreine  CI9H22N2O2.  [198°].  (Paul  a. 
Cownley,  Ph.  [3]  15,  221 ;  Hesse,  A.  230,  55). 
Occurs  in  cuprea  bark.  The  crude  quinine  sul- 
phate from  such  bark  is  dissolved  in  aqueous 
H,S04,  excess  of  NaOH  is  added,  and  the  ppd. 
quinine  shaken  out  with  ether.  The  aqueous 
liquid  is  warmed  and  neutralised  with  H2S04. 
Cupreine  sulphate  then  separates  (Hesse",  A. 
226,  240;  230,  57). 

Properties. — Concentric  prisms,  containing 
2aq  (from  ether).  From  alcohol  it  separates  in 
the  dry  form.  V.  si.  sol.  ether  or  chloroform, 
more  sol.  alcohol.  The  alcoholic  solution  is 
alkaline  to  litmus,  gives  a  dark  reddish  brown 
colour  withFe.2Cl6,  and  a  deep  green  with  chlorine 
water,  followed  by  ammonia.  The  solution  in 
dilute  H.SOj  does  not  fluoresce,  but  gives  with 
NH3  a  pp.  slightly  soluble  in  excess  of  NH3, 


and  easily  soluble  in  NaOH.  Ether  extracts  the 
base  from  the  ammoniacal  solution,  but  not  from 
the  solution  in  NaOH.  It  rotates  light  to  the 
right  almost  as  strongly  as  quinine.  Its  neutral 
salts  form  yellow  solutions;  its  acid  salts  are 
colourless.  HC1  (S.G.  1-125)  at  140°  converts 
cupreine  into  apoquinine,  no  MeCl  being  evolved. 


and  KOH  (1  mol.),  but  not  with  NH3.    It  also 
forms  calcium,  lead,  and  silver  compounds. 

Diacetyl  derivative  C.^^o-N-O. 
[88°].  S  a  1  t.-C19H20Ac,N.202H2PtCl6  3aq. 

Mono-methylo-  compounds.— B"MeI.  Is 
thrown  down  on  adding  Mel  to  alcoholic  cupreine 
solution.  Colourless  needles,  very  sparingly  solu- 
ble in  alcohol  or  water,  insoluble  in  ether.     Very 
soluble   both  in  acids  and  alkalis.— B"MeCL  — 
|  B"MeCl.HCl.PtCl42aq.—  (B"Me)2S04.  On  adding 
baryta  to  a  solution  of  the  methylo-sulphate, 
j  and    evaporating    the    filtrate,  the  hydroxide, 
I  (B"Me)OH,    remains    as  a    yellow  amorphous 
!  residue.    It  has  a  bitter  taste,   is  insoluble  in 
I  ether,  but  very  soluble  in  water.    With  a  little 
bleaching-powder  and  ammonia  it  gives  a  green 
colour;   if  more  bleaching-powder  is  used  the 
colour  is  red. 

Di  -  methylo-  compounds  B"2MeI  5aq 
forms  orange  plates  (from  water),  soluble  in 
acids,  alkalis,  and  alcohol  (though  not  in.  water). 
The  corresponding  hydroxide  is  only  known  in 
solution. 

Hydrocupreine  C19H24N202.  [169°].  Formed 
by  heating  hydroquinine  sulphate  with  HClAq 
(S.G.  1-125)  (Hesse,  A.  241,  279).  Microcrys- 
talline  powder  (containing  2aq).  Alkaline 
to  litmus.  A  solution  of  its  sulphate  does  not 
fluoresce— B'H2S04 :  small  needles,  v.  si.  sol. 
water  and  alcohol. — B'2C4H606  2aq. — B'H.CLaq. 
— B'H^PtCL. 

Homoquinine.  This  substance,  obtained  from 
China  cuprea  (the  bark  of  Remijia  pedunculate) 
(Howard  a.  Hodgkin,  C.  J.41,  66),  is  also  formed 
by  adding  sodium  cupreine  to  quinine  hydro- 
chloride  (Hesse,  A.  230,  70).  It  is  therefore  a 
molecular  compound  of  quinine  and  cupreine, 
C20H24N202,C19H22N202,4aq. 

Cuscamine.  [218°].  An  alkaloid  in  the  bark 
of  Cinchona  Pelletierana  (Hesse,  A.  200,  304). 
Prisms  ;  v.  sol.  ether,  in.  sol.  alcohol. 

Cusconine  C.3H.,GN.>042aq.  [110°].  S.  (ether) 
3  at  18°.  [a]D="-54"°  ("in  a  2  p.c.  alcoholic  solu- 
tion). Occurs  together  with  aricine  in  the  bark 
of  C.  cuprea  (Hesse,  A.  185, 320 ;  Paul  a.  Cownley, 
Ph.  [3]  12,  497).  Plates  (containing  2  aq)  (from 
ether).  Its  acid  solutions  do  not  fluoresce. 
Lsevorotatory.  Cone.  HN03  turns  it  dark  green. 
B'HHgCl32aq.  —  B'2H>PtCl65aq:  amorphous.— 
B'2H,S04o-aq.— B'HSCy  2aq:  yellow  powder. 

Concusconine  C23H,6N.,04aq.  [144°].  When 
dry  [c.  208°].  j>]D  =  +4>8°  at  15°  in  2  per  cent, 
alcoholic  solution.  In  bark  of  Remijia  Purdieana 
(cuprea  bark)  (O.Hesse, A. 225, 234).  Monoclinic 
crystals  (containing  aq).  SI.  sol.  alcohol,  but 
ppd.  by  water  from  that  solution.  V.  sol.  benzene, 
ether,  and  chloroform  ;  si.  sol.  petroleum.  Its 
alcoholic  solution  is  neutral  to  litmus.  At  150° 
it  partly  changes  to  an  amorphous  variety.  It 
forms  no  acetyl  derivative  with  Ac20.  Cone. 
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HN03  added  to  its  solution  in  acetic  acid  or  HC1 
gives  a  splendid  dark  -green  colour.  Cone.  H,S04 
forms  a  blue-green  solution,  turned  olive-green 
on  warming. 

Salts.—  Mostly  gelatinous.—  (B'HCl)2PtCl4 
6aq.-B'2H2C204.B'2H2S04.  Prisms. 

(a)'Methylo~iodide  B'MeL  Crystalline 
powder  :  hardly  sol.  alcohol,  sol.  boiling  water. 
From  it  may  be  obtained  :  B'MeCl,  needles  ; 
(B'MeCl),PtCl4,  amorphous;  (B'Me)2S04  ;  and 
B'MeOH,  which  when  dry  melts  at  [202°]. 

(&)-Methylo-iodide  B'MeL  Gelatinous. 
V.  sol.  alcohol.  From  it  may  be  obtained: 
B'MeCl,  amorphous  ;  (B'MeCl),PtCl45aq,  amor- 
phous ;  (B'Me)2S04  ;  and  B'MeOH  2f  aq. 

Cusconidine.  An  amorphous  alkaloid  in 
Cusco  bark  (Hesse,  A.  200,  303). 

Concusconidine  C23H23N204.  [124°].  A 
slightly  dextrorotatory  amorphous  alkaloid,  said 
to  occur  in  cuprea  bark  (Hesse,  B.  16,  62).  — 


Hydroquinine    C20H26N2O2.       [168°].       [o]D 

,  but 
o]D  = 
(B.  15,  856)  in  mother-liquors  of  quinine  sulphate. 


=  -142-2°  (p  =  2-4  in  95  p.c.  alcohol  at  20°, 
[o]D  =  -  227-1°  in  dil.  HC1.    Discovered  by  Hesse 


Preparation  (Hesse,  A.  241,  255).  —  The 
mother-liquor  from  quinine  monosulphate  is 
treated  with  successive  quantities  of  sulphuric 
acid  until  a  neutral  salt  is  obtained  containing 
over  30  p.c.  of  hydroquinine  sulphate.  The 
quinine  is  then  removed  with  KMn04,  and  after 
neutralisation  with  NaOHAq  the  hydroquinine 
is  extracted  with  ether,  benzene,  or  chloroform. 

Properties.—  Can  be  obtained  by  neutralising 
the  solution  in  dilute  acid  with  NaOHAq 
as  an  amorphous  pp.  having  the  composition 
C20H26N202  2aq.  Crystallises  from  chloroform 
in  concentric  grouped  needles.  V.  sol.  alcohol, 
chloroform,  ether,  benzene,  and  CS2,  m.  sol. 
ammonia,  si.  sol.  water,  insol.  NaOHAq.  Solu- 
tion in  dilute  H2S04  shows  blue  fluorescence, 
and  gives  the  same  reactions  as  quinine  with 
Cl  and  ammonia,  but  decolourises  KMn04  very 
slowly.  Alkaline  reaction,  bitter  taste.  Heated 
with  HC1  it  yields  hydrocupreme. 

Salts.—  B'2H2S046aq:  short  white  prisms; 
v.  sol.  alcohol  and  hot  water,  si.  sol.  cold  water, 
insol.  ether.  S.  -287  at  15°.  [a]D  =  -  193-4°.— 
B'H2S04  3aq  :  long  thin  needles  ;  v.  sol.  water 
and  alcohol,  m.  sol.  acetone.  Heated  to  120° 
it  gives  off  water,  and  to  140°  yields  hydroquin- 
icin  sulphate.—  B'2H2S2022aq.—B'HC12aq:  long 
flat  prisms  ;  v.  sol.  water  and  alcohol,  insol. 
ether.—  B'2PtCltiH2  3aq  :  yellow  amorphous  pp.  ; 
v.  si.  sol.  water  and  alcohol.—  B'PtCl6H2  2aq.— 
B'2AuCl,H2aq(?)  :  yellow  amorphous  pp.  — 
B'2HClHgCl2  :  small  colourless  flat  needles.  — 
B'BrH  2aq.—  B'(BrH)2  3aq  :  B'lH  :  oil,  becoming 
solid  but  not  crystallising.—  B'(IH)24aq:  shining 
yellow  needles.—  B'H2I6  xaq  :  metallic,  dichroic 
flat  needles.—  B'HCNS:  a  resin;  m.sol.  water.— 
B'C2H,0,5aq.  [100°]:  small  colourless  needles  ; 
v.  sol.  water  and  alcohol.—  Benzoate  B'C7H602  : 
small  needles  ;  v.  sol.  alcohol,  si.  sol.  water.— 
Salicylate  B'C7H603:  small  colourless  needles  ; 
v.  si.  sol.  cold  water,  m.  sol.  hot  water,  v.  sol. 
alcohol.  --  Piperonylate  B'C8H604.  - 

B'2C204H26aq:  long  shining  needles;  insol.  ether, 
v.  sol.  hot,  si.  sol.  cold,  water,  v.  sol.  alcohol. 
S.  -213  at  15°.—  B'2C4H606  2aq  :  thick  colourless 
prisms  ;  m.  sol.  hot  water,  alcohol,  v.  sol.  chloro- 


form-alcohol, si.  sol.  water.  8.  -183  at  17°. 
[o]D  =-176-35°  (cf.  Ph.  [3]  16,  1025).— Citrate 
B'3CdH807  lOaq  :  small  white  needles ;  v.  sol. 
boiling,  si.  sol.  cold,  water.— B'2P04H37aq:  small 
white  needles;  si.  sol. water.— B'3(As64H3)210aq: 
long  white  needles. — B'2Cr04H2  6aq :  long  golden 
needles;  m.  sol.  hot,  si.  sol.  cold,  water,  v.  si.  sol. 
chloroform. 

Combinations.  —  1.  With  cupreine 
C20H2sN202.C19H22N2022aq ;  long  shining  needles 
grouped  concentrically. — 2.  With  quinidine 
C.,0H.>;N2O2.C.,0H21No022iaq  ;  white  needles.— 3. 
With  a  n  e  t  h  o  1  (C20H26N20,)2C10H120  2aq.  Large 
shining  dimetric  prisms.  V.  sol.  hot  alcohol, 
ether ;  si.  sol.  cold  alcohol ;  insol.  water.  De- 
composes at  120°  into  hydroquinine,  anethol, 
and  water. — 4.  Also  forms  compounds  with 
hydroquinidine,  cinchonidine,  hydrocinchon- 
idine,  and  homocinchonidine,  but  not  with  cin- 
chonine  or  hydrocinchonine. 

Methylo-  compounds  B'MelEtOH.  Pale 
yellow  prisms.  [218°].  V.  sol.  hot,  m.  sol. 
cold  alcohol,  insol.  water.— B'MeCl  2aq  [168°]. 
—  B'MeHPtClfi  2aq  :  orange-red  needles.  — 
B'-jMe-jPtCl,; :  pale-yellow  needles ;  m.  sol.  alco- 
hol and  water. — B'MeOH :  resin  ;  insol.  ether 
and  chloroform  ;  v.  sol.  alcohol  and  water.  Ab- 
sorbs CO2. 

Acetyl  derivative  C^H^N-jO-jAG.  [c.  40°]. 
V.  sol.  ether,  alcohol,  benzene,  acetone,  and 
acids;  si.  sol.  water,  and  NH3.  [a]D=— 73-9°. 
in  3  molecules  HClAq  p  =  3,  t  =  15°.  - 
(C20H25AcN202)PtCl6H,2aq:  powdery  pp.;  si. sol. 
dil.  HC1  and  water.— (C20H23AcN2O2)2S04H2  9aq : 
long  needles ;  v.  sol,  hot  water,  alcohol,  si.  sol. 
cold  water,  insol.  ether. 

Sulphonic  acid.  —  Strong  H2S04  at 
ordinary  temperatures  forms  hydroquinine  sul- 
phonic  acid  C20H25N202.S03H  aq  [239°]  ;  insol. 
ether,  chloroform  ;  si.  sol.  NH3  and  NaOHAq.  — 
(C20H25N202.S03H)PtCl6H2.8aq  :  pale  -  yellow 
needles. 

Hydroquinicine  C20H26N202.  Formed  by 
fusing  hydroquinine  sulphate  at  140°  (Hesse, 
A.  241,  273).  Yellow  resin.  V.  sol.  ether, 
alcohol,  chloroform  and  dilute  acids.  Solution 
in  dilute  H2S04  is  intensely  yellow,  addition  of 
chlorine -water  and  ammonia  gives  a  yellowish 
green  colouration.  More  easily  acted  on  by 
KMn04  than  hydroquinine. — Salts. — Neutral 
sulphate;  white  needles,  v.  e.  sol.  alcohol  and 
water. — B'PtCl6H2  aq  :  pale  yellow  flocculent  pp. 
changing  to  orange-coloured  crystals  insol.  water, 
si.  sol.  dilute  HC1. 

Hydroquinidine  C20H26N202.  Hydroconquin- 
ine.  [167°].  Occurs  in  crude  quinidine,  and 
obtained  therefrom  by  treatment  in  acid  solution 
with  KMn04  which  does  not  attack  hydroquin- 
idine (Forst  a.  Bohringer,  B.  14,  1954 ;  15,  519, 
1656 ;  Hesse,  B.  15,  854).  Needles  or  tables. 
M.  sol.  ether,  v.  sol.  alcohol  and  chloroform. 
The  alcoholic  solution  is  alkaline  to  litmus.  Its 
solution  in  dilute  H2S04  shows  blue  fluorescence. 
It  is  dextrorotatory.  Chlorine-water  and  NH3 
give  a  green  colour.  Chromic  mixture  forms 
quinic  acid.. 

Salts. — B'HCl:  soluble  prismatic  tables. — 
B'HBr :  plates,  si.  sol.  cold  water. — B'H2PtCl6  2aq. 
B'2H2S04 12aq.  -B'HL— B'H2I23aq :  large  orange 
soluble  crystals.  —  Tartrate  B',C4HaO6  2aq : 
glistening  soluble  prisms.  —  Acid  tartrate 
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B'C.HjO,  3aq :  thin  white  needles,  si.  sol.  cold 
water. — Benzoate  B'C7Ha02:  colourless  tables. 
— Salicylate  B'C7H6O3 :  six-sided  tables. 

Hydrocinchonidine.  identical  with  CINCHAMI- 
DINE  (v.  CINCHONA  BASES). 

Homocinchonidine  C19H22N.,0.  [206°].  S. 
(alcohol)  4-9  at  13°;  S.  (ether)  -46  at  15°. 
[«]D=  —107°  in  a  2  p.c.  alcoholic  solution  at  5°. 
Occurs  in  very  small  quantity  in  many  cinchona 
barks,  especially  that  of  C.  rosulenta  (Hesse,  B. 
14,  46,  1891;  A.  205,  203;  207,  310;  cf.  Skraup, 
A.  199,  365).  Obtained  by  recrystallisation  of 
crude  cinchonidine  sulphate.  Prisms  or  plates. 
Lsevorotatory.  Its  alcoholic  solution  is  alkaline 
to  litmus.  Its  solution  in  H2S04  does  not 
fluoresce.  It  gives  no  green  colour  with  Cl  and 
NH3.  Cone.  HC1  at  150°  gives  apocinchonidine 
and  apocinchonidine  chlorohydride.  KMn04 
forms  formic  acid  and  cinchotenidine. 

Salts.— B'HClaq.— B'HC12aq.  [a]n=  -139°. 
— B'H2PtCl6  aq.— B'2H2PtCl6  2aq.— B'HNO,  aq.— 
B'H2S203  2aq.  S.  -5  at  13°.—  B'2H,S04  6aq.  S. 
1-45  at  22°.  [a]D=  -138°  in  an  8  p.c.  aqueous 
solution.— B'HSCy.  —  Tartrate  B'C4H.062aq. 
S.  -075  at  10°.— Quinate  B'C7H1206.— Phenyl 
sulphate  B'2HS04Ph  5aq. 

Acetyl  derivative  C19H21AcN20.  [a]D 
=  -  34°  in  a  2  p.c.  alcoholic  solution  at  15°. — 
B'H2PtCl6  2aq.— B'(HAuCl4)2  aq. 

Cinchotenidine  C18H,0N203.  [256°  cor.].  S. 
(alcohol)  -13  at  78°.  Formed  by  oxidation  of 
homocinchonidine  or  cinchonidine  (Skraup  a. 
Vortmann,  A.  197,  235  ;  Hesse,  B.  14,  1892). 
Needles  or  prisms  (containing  3aq).  Its  solution 
in  dilute  H2S04  does  not  fluoresce.  Its  solution 
in  HClAq  is  Isevorotatory.  [a]D=-201°. — 
B'-jHoPtCl,;.— B'2H2S042^aq;  v.  e.  sol.  water. 

D'iconquinine  "C40H46'N403.  An  amorphous 
alkaloid  occurring  in  most  cinchona  barks 
(Hesse,  B.  10,  2155).  Is  the  chief  constituent 
of  commercial  'quinoidine.'  Dextrorotatory. 
Gives  a  green  colour  with  Cl  and  NH3.  The 
solution  in  dilute  H2S04  is  fluorescent.  Its 
salts  are  amorphous. 

Paricine  C16H18N20.  [130°].  Found  by 
Winkler  (B.  J.  27,  338)  in  a  false  cinchona  bark. 
Occurs  in  the  bark  of  C.  lutea,  and  C.  succirubra 
of  Darjeeling  (Hesse,  A.  166,  263;  Ph.  [3]  9,  839). 
The  aqueous  solution  of  the  mixed  sulphates  of 
quinine,  cinchonine,  paricine,  &c.  is  treated 
with  cone.  HN03  which  throws  down  paricine 
nitrate.  Paricine  may  also  be  ppd.  from  the 
mixed  sulphates  by  adding  Na2C03  to  feeble 
alkaline  reaction.  Yellow  powder.  V.  e.  sol. 
alcohol  and  ether.  The  alcoholic  solution  is 
alkaline  to  litmus  and  is  inactive.  — 
B'2H2PtCl6  4aq. 

Javanine.  Occurs  in  the  bark  of  C.  Calisaya 
javanica  (Hesse,  B.  10,  2162).  Plates  (from 
water).  Its  solution  in  dilute  H2S04  is  intensely 
yellow. 

CINCHONIC  ACID  v.  QUINOLINE-(P?/.  !)-CAR- 

BOXYLIC   ACID. 

CINCHONIDINE  CI9H22N20.  [200°]  (H.) ; 
[210°  cor.]  (S.  a.  V.).  S.  -06  at  10°.  S.  (ether) 
•53  at  15°;  S.  (97  p.c.  alcohol)  6-1  at  13°. 
[a]D=  —70°  in  a  4  p.c.  solution  in  alcohol- 
chloroform.  Discovered  by  Winkler  (Repert. 
Pharm.  [2]  48,  384 ;  49,  1)  and  occurs  in  most 
cinchona  barks  (Leers,  A.  82,  147;  Pasteur, 
C.  B.  37,  110 ;  C.  J.  6,  275  ;  Bussy  a.  Guibourt, 


J.  Ph.  [3]  22,  401;  Hesse,  A.  135,  333;  166, 
240;  176,  203;  181,  50;  182,  160;  205,  196; 
207,  310  ;  Skraup  a.  Vortmann,  A.  197,  226). 
Separated  from  quinine  and  other  bases  by  re- 
peated extraction  with  ether.  It  is  then  con- 
verted into  the  hydrochloride  and  ppd.  by  hydro- 
sodic  tartrate.  The  base,  liberated  from  the 
tartrate,  is  then  crystallised  from  alcohol. 

Properties.  —  Gives  no  green  colour  with 
chlorine  water  and  ammonia.  Its  solution  in 
dilute  H2S04  does  not  fluoresce. 

Reactions. — 1.  HN03  gives  the  same  products 
as  with  cinchonine.  Cr03  does  the  same.— 2. 
H2S04  at  130°  or  glycerin  at  200°  converts  it 
into  cinchonicine. — 3.  Heating  with  HC1  gives 
apocinchonidine,  (/3) -cinchonidine,  and  apocin- 
chonidine chloro-hydride.— 4.  Oxidised  by  KMnO4 
to  pyridine  tri-carboxylic  acid.  [257°]  (Ramsay 
a.  Dobbie,  C.  J.  35,  189).— 5.  PC15  converts  it 
into  cinchonidine-chloride  ClnH2,N2Cl,  which  by 
boiling  with  alcoholic  KOH  "gives  cinchene 
C19H20N2,  and  this  by  heating  with  HC1  at  220° 
is  converted  into  apocinchene  C18H17NO  (Corn- 
stock  a.  Konigs,  B.  17,  1986). 

Salts. — B'HClaq:  monoclinic  crystals.  S. 
3-3  at  10°.  S.  (ether)  -3  at  10°.  Lsevorotatory. 
[o]D  varies  from  -  24°  (in  chloroform)  to  - 152° 
(in  dilute  HClAq).— B'HC12aq:  prisms.  - 
B'H2CL  aq.— B'H2HgCl4 :  scales.— B'H2PtCl6  aq. 
B'H,PtCl,  2aq.  —  B'H,AuCl5.  —  B'H2I2  aq.  - 
B'HN03  aq.  S.  1-4  at  10°.— B'^SO,  6aq.  S.  1 
at  12°;  1-5  at  22°:  prisms.  [a]D=-lH°  (in 
water). — B'H2S04  5aq  :  striated  prisms,  v.  sol. 
water  and  alcohol.  —  B'(H2S04)2  2aq :  short 
prisms,  si.  sol.  cold  water. — B'H2S203  2aq.  S. 
•45  at  10°.— B'12(H2S04)9H8I32  8aq  :  golden  plates 
(Herapath,  C.  J.  9, 130 ;  Jorgensen,  J.  pr.  [21  14, 
371).-B'4(H2S04)2H3I94aq.-B^H2S04)5HJ186aq. 
B'2H2S04HI5aq.  -  B'12(H2Se04)9H8I32  8aq.  - 
B'2H.,Se04HI5aq.  —  B'3(H3P04)2 12aq.— 
B'2(H(P04),III5.—B'2(H3As04)2.— B'HSCy.  S.  -5 
at20°.  Acetate  B'HOAc  aq.  —  Benzoate 
B'C7Ha02.  S.  -3  at  10°.— 0  x  a  1  a  t  e  B'2H.,C.,04  6aq. 
S.  -4  at  10°.  [a]D  =  -  99°.  —  B^H&QjHA.  - 
Succinate  B',C4H604  2aq.  S.  -17  at  10°. 
Tartrate  B'2C4H606 2aq :  crystalline  pp.;  in- 
sol.  aqueous  sodio-potassium  tartrate.  S.  -04 
at  10°  (tartrate  of  cinchonine  is  far  more 
soluble).  —  B'2C4H606HI3.  —  Acid  tartrate 
B'(C4H606)23aq.  — Salicylate  B'C7H603.  S. 
•13  at  18°. 

Combinations  with  <  Phenol.  —  B'2HOPh. 
Prisms.  Formed  by  mixing  alcoholic  solutions 
of  phenol  and  cinchonidine. — B'2(HOPh)3:  un- 
stable crystals. — B'HClHOPhaq:  crystalline 
grains,  formed  by  adding  phenol  to  an  aqueous 
solution  of  cinchonidine  hydrochloride. — 
B'2S03HOPh  5aq.  Formed  by  mixing  hot  aque- 
ous solutions  of  phenol  and  cinchonidine  sul- 
phate. Prisms.  S.  -235  at  15°. 

Acetyl  derivative  C.nH^AcN.jO.  [42°]. 
[O]D=  —38°  in  a  2  p.c.  alcoholic  solution  at  15°; 
=  -  81°  in  a  solution  in  dilute  HC1.  Brittle 
mass._B'H2PtCl6  2aq.— B'(HAuCl4)2  aq. 

Methyl-einchonidine  C]9H21MeN,0.  [76°]. 
From  the  iodide  by  treatment  with  aqueous 
KOH  (Stahlschmidt,  A.  90,  218  ;  Glaus  a.  Bock, 
B.  13,  2191;  Hesse,  B.  14,  45).  Needles  or 
tables  (containing  aq).  Its  salts  are  mostly 
deliquescent.  Iodide  CIOH21MeN,OHI.  [248°]. 
From  cinchonidine  and  Mel.  Slender  needles. — 


184 


CINCHONINE. 


Chloride  B'HCl.  [158°].  Slender  needles 
(containing  aq). — BH2PtCl63aq. 

M e thy  lo  -  iodide  C19H21MeN2O.MeI  2aq  : 
crystals. 

Methylo-di-iodide  C19H21MeN2O.HLMeI: 
large  prisms. 

Ethyl  -  cinchonidine  C22H28N2O.  [90°]. 
Colourless  needles.  V.  sol.  alcohol  and  ether, 
insol.  water.  Prepared  by  the  action  of  aqueous 
KOH  on  the  iodide  (Glaus  a.  Dannenbaum,  B. 

13,  2189). 

Salts. — B'HClSaq:  cubes;  v.  sol.  water 
and  alcohol  (Howard,  C.  J.  26,  1181 ;  Glaus,  B. 

14,  1922).      Lffivorotatory.— B'HBr  aq.— B'HI. 
[261°].    From  cinchonidine  and  EtI.     Needles. 
B'HI3.— B'HCy.      [140°].      Slender  needles,  v. 
sol.  water   (Glaus   a.   Merck,  B.   16,    2745).— 
B"H.,Cl2PtCl4  aq :  crystalline  pp. 

Methylo-iodide  BMel.  Colourless  needles. 
Decomposes  at  257°. 

E  thy  lo- iodide  BEtl.  Resembles  the 
methylo-iodide ;  on  treatment  with  KOH  it 
gives  a  di-ethyl-cinchonidine. 

Ethylo-di-iodide  C19H21EtN2OHEtI2aq. 
[255°].  Golden  crystals. 

Isoamyl  -  cinchonidine  C19H21  (C5Hn)N20. 
Resin.— B'H2PtCl6  zaq  (Glaus  a.  Weller,  B.  14, 
1922). 

Di-bromo-cinchonidine  C19H00Br2N2O.  From 
cinchonidine  in  CS2  and  Br  (Skalweit,  A.  172, 
103).— E'ELjEr-j:  needles,  v.  sol.  alcohol. 

Di-oxy-cinchonidine  C,9H20(OH)2N20.  From 
the  preceding  by  long  boiling  with  alcoholic 
KOH  (S.).  Ramified  crystals.— B'2H2S042aq : 
plates.— B/H2S04.—B/H2PtCl6. 

Apocinchonidine  C,9H22N20.  [225°].  [o]D 
=  — 129°  in  a  |  p.c.  alcoholic  solution  at  15°. 
Formed  by  heating  cinchonidine  with  HC1  (6  pts. 
of  S.G.  1-105)  at  150°  (Hesse,  A.  205,  327). 
Small  plates  (from  alcohol).  Laevorotatory.  Its 
acid  solutions  do  not  fluoresce. — B'H2PtCls2aq. 

Acetyl  derivative  C]9H21AcN20.  [o]D 
=  —62°  in  a  2  p.c.  alcoholic  solution  at  15°. — 
B'H2PtCl62aq.— B'(HAuCl4)2  aq. 

Apocinchonidine  chlorohydride  C^H^ClN-jO. 
[200°].  [o]D  =  - 142°  in  a  2  p.c.  solution  of  dilute 
HC1  (containing  3HC1).  From  apocinchonidine 
and  fuming  HC1  at  150°  (Zorn,  J.  pr.  [2]  8,  283  ; 
Hesse,  A.  205,  346).  Plates  (from  alcohol). 
Laevorotatory.— B/H2Cl2.—B'H2PtCl62aq. 

Acetyl  derivative  C19H22AcClN20.  [150°]. 
Prisms  (from  ether).    Lsevorotatory. — 
FH2Pt01a2aq. 

(0)-  Cinchonidine  C]9H22N20.  [207°].  [o]D 
=  - 181°  in  a  1|-  p.c.  solution  in  dilute  HC1  at 
15°.  Formed,  together  with  apocinchonidine, 
by  heating  cinchonidine  with  HC1  (S.G.  1-105) 
at  140°.  Separated  from  apocinchonidine 
through  the  insolubility  of  its  tartra-te  (Hesse,  A. 
205,  327).  Short  prisms  or  plates.  Lavorotatory. 
The  neutral  tart  rate  is  v.  si.  sol.  water.  By 
heating  with  HC1  for  a  long  time  it  changes  to 
apocinchonidine.  — B'H2PtCl(j  aq. 

Iso-cinchoi 

by  dissolving  cinchonidine  in  cone.  H2SO4 
(Hesse,  A.  243,  149).  Colourless  plates.  V.  si. 
sol.  ether,  v.  sol.  alcohol  and  chloroform. 

CINCHONINE  C)9H,,N20.  [236°]  (when 
slowly  heated);  [248°-2~52°]  (when  quickly 
heated)  (Hesse);  [260uj  (Skraup).  [a]D  =  226°  in 
a  1  p.c.  alcoholic  solution ;  =  255°  in  dilute 


H.,S04;  =268°  in  a  10  p.c.  solution  containing 
1  mol.  H0S04  at  15°  (Hesse  ;  cf.  Oudemans,  Ar. 
Neerl.  10,  193).  S.  -262  at  10° ;  S.  (alcohol  of 
S.G.  -852)  -71  at  10° ;  S.  (ether)  -27  at  10° ;  S. 
(CHC13)  -28.  Occurs,  together  with  quinine,  in 
most  of  the  true  cinchona  barks  (Fourcroy,  Ann. 
Chim.  8,  113 ;  9,7;  Vauquelin,  Ann.  Chim.  59, 
30, 148;  Gomez,  Edinb.  Med.  and  Surg.  Journal, 
1811,  420  ;  Pfaff,  Schw.  J.  10,  365 ;  Pelletier  a. 
Caventou,  A.  Ch.  15,  291,  337;  Pelletier  a. 
Dumas,  A.  Ch.  24, 169  ;  Gerhardt,  Revue  sclent. 
10,  886  ;  Traite,  4,  105  ;  Laurent,  A.  Ch.  [3]  19, 
363-,'Regnault,  A.  Ch.  68,  113;  A.  26,  15; 
Liebig,  A.  26, 49  ;  Hlasiwetz,  A.  77,  49  ;  Weidel, 
A.  173,  76  ;  Hesse,  A.  122,  226 ;  135,  326  ;  166, 
217  ;  205,  211 ;  Skraup,  A.  197,  353  ;  Oudemans, 
A.  182,  44). 

Preparation. — The  bark  is  extracted  with 
dilute  acid.  The  alkaloids  are  ppd.  by  lime, 
Na2C03,  or  NaOH,  and  crystallised  from  alcohol 
(85  p.c.).  Cinchonine  crystallises  out  before 
quinine,  unless  the  quantity  of  the  latter  present 
be  relatively  large,  in  which  case  a  portion  of 
the  quinine  is  first  removed  by  crystallisation  of 
the  sulphates.  Quinine  may  be  separated  from 
cinchonine  by  ether^  which  dissolves  quinine 
most  readily. 

Properties. — Prisms  (from  alcohol).  When 
ppd.  by  ammonia  from  aqueous  solutions  of  its 
salts  it  is  amorphous,  but  rapidly  becomes  crys- 
talline. Tastes  bitter.  Its  solutions  are  alka- 
line to  litmus  and  dextro-rotatory.  Its  solution 
in  dilute  H2S04  does  not  fluoresce.  It  does  not 
give  a  green  colour  with  chlorine-water  and 
ammonia.  It  gives  a  yellow  pp.  with  chloride 
of  iodine. 

Reactions. — 1.  Oxidised  by  KMn04  to  pyri- 
dine tri-carboxylic  acid  (Dobbie  a.  Ramsay,  C.  J. 
35,  189).  10  g.  cinchonine  dissolved  in  4-5  g. 
H,S04,  diluted  with  water  to  100  c.c.,  and  treated 
gradually  with  285  c.c.  of  a  5  p.c.  solution  of 
KMn04  gives  cinchotine,  cinchotenine,  and 

Jumoline  carboxylic  acid  (Skraup,  A.  201,  294). 
n  the  syrupy  oxidation  products  of  cinchonine 
are  a  monobasic  acid  C8H]3N04,  a  base  C9HI7NO2, 
yielding  an  ethyl-pyridine  identical  with  that  of 
Wyschnegradsky,  C9H7NO,  identical  with  Schmi- 
deberg  a.  Kretschy's  base  kynurine,  and  an  amor- 
phous product  C13H13N02  (Skraup,  M.  7,  517, 
518).  Alkaline  KMn64  gives  off  41  p.c.  of  the 
nitrogen  as  NH3  (Hoogewerff  a.  Van  Dorp,  A. 
204,  90).— 2.  H2S04  and  Pb02  give  a  red  sub- 
stance, cinchonetin  (Marchand,  J.  Chim.  Med. 
10,  362).— 3.  Boiling  HNO3  (S.G.  1-4)  forms 
quinoline  carboxylic  (cinchonic)  acid,  quinolic 
acid  CyHaN206,  pyridine  dicarboxylic  (cincho- 
meronic)  acid,  pyridine  tri-carboxylic  acid  and 
a  base  C16HJ8N2O5  (Weidel,  A.  173,  76).— 4.  Cr03 
gives  quinoline  carboxylic  acid  and  some  formic 
acid,  which  perhaps  indicates  a  methoxyl  group 
(Skraup,  A.  201,  294).— 5.  PC15  converts  it  into 
cinchonine-chloride  C19H2,N2C1  [52°],  which  by 
boiling  with  alcoholic  KOH  gives  cinchene 
C19H20N2,  and  this  by  heating  with  HC1  at  220°^ 
230°  is  converted  into  apocinchene  C18H17NO  by 
splitting  off  MeCl  and  NH3  and  taking  up  H20 
(Comstock  a.  Konigs,  B.  17,  1984).— 6.  Treat- 
ment with  CuO  and  KOH  gives  quinoline  and 
a  resin  whence  oxidation  produces  pyridine  di- 
carboxylic acid  (Wyschnegradsky,  B.  13,  2318). 
7.  Distillation  with  solid  potash  yields  methyl- 
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amine,  (a)  and  (0)  di-methyl-pyridine,  (o)  and 
(0)  tri-methyl-pyridine,  quinoline,  andquinoline 
tetrahydride  (Oechsner  de  Coninck,  A.  Ch.  [5] 
27,  453  ;  C.  R.  94,  87).— 8.  Aqueous  KOH  gives 
quinoline  and  a  solid  body  (Butlerow,  J.  It.  10, 
244) ;  in  presence  of  superheated  steam  KOH 
forms  also  methyl-quinoline  (Krakau,  Bl.  [2]  45, 
248).— 9.  H2S04  and  a  little  water  at  130°  forms 
the  isomeric  cinchonicine  ;  this  body  is  also 
formed  by  fusing  the  acid  sulphate  of  cinchonine. 
According  to  Jungfleisch  a.  Leger  (C.  R.  105, 
1255)  pure  sulphate  of  cinchonine  dissolved  in 
a  mixture  of  equal  parts  of  water  and  pure  H2S04 
yields  a  colourless  liquid,  which  when  heated  for 
some  time  to  120°  and  then  rendered  alkaline 
yields  a  pp.  of  six  bases :  cinchonibine 
(OD=  +175-8°  in  a  |  p.c.  alcoholic  solution),  cin- 
chonifine  (aD  =  +  195°),  cinchonigine  (OD  =  —  60°), 
cinchoniline  (aD=+53°),  all  having  the  for- 
mula C38H.,2N202,  and  the  two  oxycinchonines 
(a,,  =  +  i82:56°and  aD  =  +  187-14°)  of  the  formula 
C38H22N2O4.  Fuming  H2S04  forms  cinchonine 
sulphonic  acid. — 10.  HC1  at  150°  forms  succes- 
sively apocinchonine,  diapocinchonine,  and 
finally  apocinchonine  chlorohydride. — 11.  The 
product  of  the  action  of  sodium  ethylate  on 
cinchonine,  after  distilling  with  steam,  yields 
C20H2(iN2,  a  heavy  reddish  yellow  viscous  oil 
smelling  like  quinoline.  The  constitution  of  this 
base  is  probably  CI8H2]N2(C2H5)  (Michael,  Am.7, 
182).— 12.  Cone.  HBrAq  forms  apocinchonine 
bromohydride  C19H23BrN20  and  the  hydrobro- 
mide  of  that  body  C19H23BrN2OH2Br2  (Skraup, 
A.  201,  324). 

Salts.— B'HC12aq.     S.  4-2  at  10°  ;  S.  (alco- 
hol) 77  at  16°;  S.  (ether)  -35.     [a]D  =  163°  in  a 

1  p.c.  aqueous  solution ;  =  212°  in  presence  of 

2  mol.  HC1  (Hesse;  cf.  Schwabe,  J.  Ph.  [3]  38, 
389).-B'H2Cl.,.— B'HCl.  -  B'H2F2  laq      (Elder- 
horst,  A.  74,  80).—  B'H,HgCl4 :  formed  by  mix- 
ing alcoholic  solutions  of  cinchonine  hydrochlor- 
ide  and  of  HgCL2   (Hinterberger,   A.  77,  201). 
Needles.  —  B'H2ZnCl4  aq.  —  B'2H6ZnCl8  3aq.  — 
B'2H6ZnCl8  aq.— B'H2SnCl4.— B'H2PtCl6 :  amor- 
phous pp.  —  B'H2PtCl6  aq.  —  B'H.,PtCl6  2aq.  — 
B'H.,AuCl5.— B'HC103 :  bulky  crystalline    tufts 
(Serullas,  A.  Ch.  [2]  45,  278).— B'(HC10J,  aq 
(Bdclecker,  A.   71,   59;   Dauber,  A.   71,  66).— 
B'H2Br,.— B'HI  aq.— B'H2I2  aq.— B'HI,   (Bauer, 
Ar.  Ph.  [3]  5,  289  ;  cf.  Pelletier,  A.  Ch.  [2]  63, 
181).— B'HI3  aq   [92°];  trimetric  brown   tables 
(from  alcohol)  (Jorgensen,  J.  pr.  [2]  3,  145 ;  15, 
82).—  B'HC1H3I7  [97°].— B'H2HgI4  (Caillot,  B.  J. 
10,    193).  —  B'8(H2S04)6H6I162aq.      [140°-145°] 
(Jorgensen,   J.  pr.  [2]    14,  356;    cf.  Herapath, 
C.  J.  9,  151).— B'4(H2S04),H4II4.— B'2H2S04H2I8. 
BVH.,Se04H,Is.  —  B/(H2C^04)2H4I14.  —  B'HI03. 
Explodes  at"  120°.— B'H4FeCy6  2aq  :  formed  by 
mixing   alcoholic   solutions  of  cinchonine  and 
H,FeCy6 ;  lemon-yellow  pp. ;  v.  si.  sol.  alcohol 
(Dollfus,  A.  65,  224).— B'H3FeCy6  2aq :  orange  j 
pp.,   formed  by    adding    aqueous   K.,FeCy,.    to 
aqueous  cinchonine  hydrochloride — B'HSCy. — 
B'HN03aq:  prisms,  v.  sol.  water.     [a]D=172° 
Bouchardat).— B;2H2S04  2aq.    Hard  prisms.    S. 
1-5  at  13°.     [a]D  =  169°  in  a  1  p.c.  aqueous  solu- 
tion ;  =  193°  in  a  1  p.c.  alcoholic  solution  (Hesse). 
[«].>-K«]c  =  1-268  (Grimbert,  J.  Ph.  [5]  16,  295). 
B'H,S04  3aq  :  trimetric  octahedra  (Baup,  A.  Ch. 
[2]    27,   323).— B'H.,S04  4aq.— B'2H2S2O3  2aq.— 
B'2H,S203  aq.  —  B'2H2Cr207.  —  B'2H3P04 12aq.- 


B',H3As04 12aq.— 0  x  a  1  a  t  e  B'H.,C,04  2aq.  S.  1 
at  10°.  —  Succinate  B'C4H8O4Haq.  — 
B'C4Htt04aq.  — Tartrate  B'2C4H60B  2aq.  S.  3 
at  16°.  — Acid  tartrate  B'C4H6Oa  4aq.  S.I 
at  16°  (Pasteur,  J.  1853,  419).  —  Lsevotar- 
trate  B'C4H8Oaaq.  S.  (alcohol)  -3  at  19°; 
v.  si.  sol.  water.— Citrate  B'3CBH8O7  4aq.  S. 
2-1  at  12°.  Acid  citrate  B'2C6H807  4aq.  S. 
1-8  at  15°.— Urate  B'C5H4N403  4aq.-Picrate 
B'2(C6H2(NO2)3(OH))3.— Benzoate  B'HOBz.  S. 
•6  at  15°. 

Acetyl  derivative  C,9H2)AcN20.  [a]D 
=  114°  in  a  2  p.c.  alcoholic  solution.  Annr- 
phous;  v.  sol.  alcohol  and  ether.— B'H.,PtCL  aq. 
B'(HAuCl4)2aq. 

Benzoyl  derivative  C,9H2,BzN20. 
Amorphous  (Schiitzenberger,  A.  108,  351). — 
B'H,PtCl8  o:aq. 

Methyl-cinchonine  C^H^MeN./).  [74°]. 
From  cinchonine  by  successive  treatment  with 
MeBr  and  aqueous  KOH  (Glaus,  B.  13,  2286 ; 
cf.  Stahlschmidt,  A.  90,  218).  Tables  (from 
ether).  B'HBraq.  Cinchonine  methylo-bromide. 
[248°].  From  cinchonine  and  MeBr.  Said  not 
to  be  identical  with  the  compound  of  methyl- 
cinchonine  with  HBr.— B'HI  [254°].— B'HI, 
[162°].— B'H2PtCl6aq.— B'HMeBr,  [235°].  From 
cinchonine  (1  mol.)  and  MeBr  (2  mols.)  at  150°. 
B'Mel.  [201°];  needles.— B'Me^.  [235°]. 

Ethyl-cinchonine  C,2H28N20.  [50°].  Crystal- 
line  solid.  Prepared  by  the  action  of  alcoholic 
KOH  on  cinchonine-ethylo -iodide  (Glaus  a. 
Kemperdick,  B.  13,  2286  ;  cf.  Howard,  C.  J.  26, 
1183). 

Salts.— B'HI.  [260°J.  Cinclwnine  ethylo- 
iodide.  White  needles.  From  cinchonine  and 
EtI.— B'HCl  aq.— B'HBr.— B'HI3  [142 3]  (Jorgen- 
sen, /.  pr.  [2]  3,  152).— B'H2Cl2PtCl4  2aq :  yellow 
pp.  The  gold  double  chloride  forms  small 
yellow  plates. 

Ethylo-iodide  B'Etl.  [242°].  From 
ethyl-cinchonine  and  EtI.  Fine  white  needles. 
With  KOH  it  gives  di-ethyl-cinchonine.  B'HEtLj. 
Cinchonine  di-ethylo-iodide:  B'Et2I2aq.  [264°]. 
Yellow  prisms  sol.  water. 

Benzyl-cinclionine  C2tiH2SN20.  [117°].  Colour- 
less needles.  Prepared  by  the  action  of  KOH  on 
cinchonine-benzylo-chloride  (Glaus  a.  Treupel, 
B.  13,  2294).— B'HCl.  Cinchonine  benzylo-chlor- 
ide.  [248°].  From  cinchonine  and  C7H,C1  in 
alcohol.  Needles,  sol.  hot  water  and  alcohol. 
Ag2O  converts  it  into  CI9H,,(C7H7)N20  aq  said 
not  to  be  identical  with  the  isomeride  got  by  the 
action  of  KOH  (Glaus). -Garb  on  ate  [115°].— 
B'H2Cl2PtCl4  2aq :  yellow  crystalline  pp. 

Benzylo-chloride  B'C7H7C1 :  [255°] ;  co- 
lourless needles. 

Di-chloro-cinchonine  C19H20CLN20.  The  hy- 
drochloride is  ppd.  by  passing  chlorine  into  a 
cone,  solution  of  cinchonine  hydrochloride 
(Laurent,  A.  Ch.  [3]  24,  302).  Crystalline.— 
B'H2CL2.  S.  (alcohol)  2.  —  B'HaPtCl,,  aq.  — 
E'E-jBr,. 

Bromo-cinchonine  C19H2,BrN20.  Formed  by 
adding  Br  to  an  alcoholic  solution  of  cinchonine 
(Laurent,  A.  Ch.  [3]  24,  302  ;  A.  Kopp,  Ar.  Ph. 
[3]  9,  34).  Boiling  alcoholic  KOH  gives  *  oxy- 
cinchonine  '  [205°].— B'H2C12. 

Di-bromo-cinchonine  Cl9H,0Br2N2O.  Formed 
by  bromination  of  cinchonine  (Comstock  a. 
Konigs,  B.  17,  1995 ;  cf.  Laurent,  Compt.  chim. 
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1849,  311).  Colourless  crystals  containing  aq. 
SI.  sol.  alcohol,  insol.  water.  Alcoholic  KOH  is 
said  by  H.  Strecker  (A.  123,  380)  to  convert  it 
into  an  oxycinchonine  which  crystallises  from 
alcohol  in  plates. 

Cinchonine  -  (a)  -  di  -  bromide  C,9H22N2Br20. 
Formed  by  the  action  of  bromine  upon  cin- 
chonine  dissolved  in  a  mixture  of  chloroform 
and  spirit.  Crystallises  with  aq.  Boiled  with 
alcoholic  KOH  it  is  converted  into  dehydro- 
cinchonine  C19H.,0N20.  —  C,9H.,2N,Br20,H.2Br2 
(Comstock  a.  Konigs,  B.  19,  28547  20,  2510). 

Cinchonine  -  (0)  -  di  -  bromide  C19H22N2Br,0. 
Formed  at  the  same  time  as  the  preceding,  from 
which  it  differs  in  crystallising  in  an  anhydrous 
condition. 

Cinchonine  -  di  -  bromide  -  sulphuric  acid. 
Formed  by  several  hours'  standing  at  the  ordi- 
nary temperature  of  a  solution  of  cinchonine-di- 
bromide  in  7-8  parts  of  cone.  H,S04.  Crystal- 
line solid.  SI.  sol.  cold  water,  v.  sol.  aqueous 
alkalis,  an  excess  of  which  precipitates  the 
alkaline  salts  of  the  acid.  By  heating  with 
dilute  HBr  at  c.  130°  it  is  split  up  again  into 
cinchonine-di-bromide  and  H,S04  (Comstock 
a.  Konigs,  B.  19,  2855). 

Cinchonine-chloro -hydride  ClnH23ClN20.  Hy- 
drochlor cinchonine.  [213°].  Formed  by  allow- 
ing a  solution  of  cinchonine  in  fuming  HC1 
(saturated  at  —17°)  to  stand  at  the  ordinary 
temperature  for  several  weeks.  Colourless  crys- 
tals (from  alcohol).  By  boiling  with  alcoholic 
KOH  it  yields  isocinchonine  and  a  little  cin- 
chonine. The  hydrochloride  C,9H23ClNoO,  H2C12 
crystallises  in  prisms  (Comstock  a.  Konigs,  B. 
20,  2519). 

Cinchonine-bromo-hydride  C19H23BrN20.  Hy- 
drobromcinchonine.  'Bromcinchonide  '  of  Skraup. 
Formed  by  the  action  of  fuming  HBr  (saturated 
at  — 17°)  upon  cinchonine  at  the  ordinary  tem- 
perature or  at  100°.  Boiled  with  alcoholic  KOH 
it  gives  a  mixture  of  cinchonine  and  isocin- 
chonine. —  C19H,3BrN20,H.,Br2  (Comstock  a. 
Konigs,  B.  20,  25"20). 

Cinchonine  -  chloride  C19H2IN2C1.  [72°]. 
Formed  by  heating  the  hydrochloride  of  cincho- 
nine with  POClg  and  PC15.  Trimetric  prisms. 
By  boiling  with  alcoholic  KOH  it  yields  cinchene 
C19H20N2  (Comstock  a.  Konigs,  B.  14,  1854 ;  17, 
1984). 

Dehydro  -  cinchonine  C19H20N20.  [203°]. 
Formed  by  heating  cinchonine-di-bromide  with 
alcoholic  KOH.  Colourless  needles.  Sublimable. 
V.  sol.  alcohol,  acetone,  and  chloroform,  m.  sol. 
ether  and  hot  benzene,  v.  si.  sol.  ligroin  and 
water.  —  B'HBr  :  colourless  prisms.  —  x  B'HCl : 
very  soluble  long  silky  needles  (Comstock  a. 
Konigs,  B.  19,  2856). 

Dehydro-cinchonine-bromo-hydride 
C,,,H2jBrN20.  Hydrobromdehydrocinchonine. 
JJromo-cinchonine.  [c.  235°].  Crystalline. 
Formed  by  allowing  a  solution  of  dehydro- 
cinchonine  in  very  cone.  HBr  to  stand  for  8  days 
at  the  ordinary  temperature  (Comstock  a.  Konigs, 
B.  20,  2524). 

'  Dehydrocinchonine  -  chloride  '  Cli(H19N2Cl. 
[149°].  Formed  by  the  action  of  PC15  upon  de- 
hydrocinchonine.  Colourless  crystals.  V.  sol. 
alcohol,  ether,  acetone,  chloroform,  and  benzene, 
nearly  insol.  ligroin.  By  boiling  with  alcoholic 


KOH  it  is  converted:  into  dehydrocinchend 
C19H18N2  (Comstock  a.  Konigs,  B.  19,  2857). 

Di-hydro-di-cinehonine  (C19H,SN20)2.  [258°]. 
Formed  by  treating  an  acid  solution  of  cinchonine 
with  sodium-amalgam  or  with  zinc  and  H2S04 
(Zorn,  J.pr.  [2]  8,  293  ;  Howard,  C.  J.  26,  1179  ; 
Skraup,  B.  11,  312).  Scales  (from  alcohol).— 
B'H,S04. 

Hydrocinchonine  C19H24N20.  Formed  at  the 
same  time  as  the  above.  Amorphous.  When 
Cl  is  passed  into  an  aqueous  solution  of  its 
chloride  there  is  formed  hexa-chloro-hydro- 
cinchonine  Ci9HlsCl(iN2O  and  tetra  -  chloro  - 
dispoline  C^H^^N.  HN03  converts  hydrocin- 
chonine  into  amorphous  tetra-nitro-hydrocin- 
chonine  CiqH20(N02)4N,0. 

Cinchonibine  C19H22N20.  [259°].  [a]D  =  176° 
(in  alcohol) ;  =  220°  (in  HClAq).  Insol.  water 
and  ether.  Alkaline  to  litmus,  but  not  to 
phenol-phthalein.  —  B'Mel.  —  B'Me2I2  l£aq.  — 
B'EtL— B'Et2I2  (Jungfleisch  a.  Leger,  C.  B.  106, 
1410). 

Cinchonigine  C19H22N20.  [128°].  [a]D=-60°. 
The  bases  formed  from  cinchonine  by  heating 
with  sulphuric  acid  can  be  separated  by  ether. 
From  the  ethereal  extract  HC1  pps.  cinchonigine 
hydrochloride  and  the  mother-liquor  on  concen- 
tration, addition  of  soda  and  re-extraction  with 
ether  gives  with  HI  cinchoniline  hydro-iodide. 
The  bases  insoluble  in  ether  are  4  in  number, 
and  are  separated  by  weak  alcohol,  in  which  cin- 
chonibine  and  cinchonifine  are  insoluble,  while 
(a)  and  (/3)  oxycinchonine  dissolve  (Jungfleisch 
a.  Leger,  C.  R.  106,  68,  357). 

Properties.— Colourless  prisms,  volatile,  dis- 
tils under  reduced  pressure,  sol.  alcohol  and  di- 
lute HC1.  SI.  sol.  water  ;  v.  sol.  chloroform,  benz- 
ene, and  acetone ;  less  sol.  dry  ether.  Pro- 
bably identical  with  the  base  obtained  by  Caven- 
tou  a.  Girard  (C.  R.  106,  71)  by  heating  cincho- 
nine with  oxalic  acid  and  H.,S04. 

Salts.— B'HCl  aq  ;  [213°].— B'2HC1  aq.— 
B'HBr  aq.  —  B'HI  aq.— B'2HI  aq.  —  B'9C2H,04 ; 
needles.— B'C4H606  3|aq.-B'MeI  [253°] ;  colour- 
less needles. — B'Etlaq  [232°];  large  prisms  from 
alcohol.— B'EtBr  aq.— B'H,PtCl6  aq  (Jungfleisch 
a.  Leger,  C.  B.  106,  357).  " 

Cinchoniline C19H,2N20.  [130°].  [o]D  =  +  53-220 
in  alcohol.  Prepared  as  above.  Bhombic  prisms, 
dextrorotatory.  SI.  sol.  water,  v.  sol.  most  sol- 
vents. Its  aqueous  solution  is  turned  blue  by 
litmus  and  red  by  phenol-phthalein.  Eeduced 
in  the  cold  by  KMn04.  Yields  the  same  products 
as  cinchonine  on  heating. 

Salts.— B'HCl  3aq  [226°];  v.  sol.  water  [o]D 
=  +5°.—  B'2HClPtCl4  aq  ;  yellow  prisms.— 
B'2HClAuCl3  £aq  ;  prisms.— B'HBr  3aq  ;  prisms, 
less  soluble  than  the  chloride.— B'HI  aq  ;  B'2HI ; 
B'HCNS  aq. 

Methyl  and  ethyl  compounds  B'Mel 
[235°]  ;  B'Etl ;  B'EtBr  are  all  three  v.  sol.  most 
solvents  (Jungfleisch  a.  Leger,  C.  R.  106,  657). 

Cinchotenine  C18H20N203.  [198°].  [a]D  =  135° 
in  a  2  p.c.  alcoholic  solution.  The  chief  product 
of  the  action  of  KMnO4  on  cinchonine  dissolved 
in  dilute  H2S04  (Skraup,  B.  11,  311 ;  A.  197, 
376).  Needles  or  plates  (containing  3aq).  Dex- 
trorotatory. Not  attacked  by  cold  KMn04. — - 
B'H2PtCl6;  prisms.— B'(HAuCl4)2 ;  needles. 

Cinchotenicine  C18H20N203.  [153°].  The  sul- 
phate is  formed  by  fusing  cinchotenine  sulphate 
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It  is  feebly  dextrorotatory,  and  forms  an  amor- 
phous platinochloride. 

Cinchonicine  CI9H22N20.  (o)D  =  46-5°  in  a  2 
p.c.  solution  in  chloroform.  Formed  by  heating 
the  acid  sulphate  of  cinchonine  or  cinchonidine 
(Pasteur,  C.  R.  37,  110;  Hesse,  A.  178,  253). 
Formed  also  by  heating  the  tartrate  or  acid  tar- 
trate  of  cinchonine,  and  by  heating  cinchonine, 
cinchonidine,  or  cinchonine  sulphate  with  glyce- 
rin (Howard,  C.  J.  25,  102  ;  Hesse,  A.  147,  242 ; 
166,  277).  Slightly  yellowish  viscid  mass,  which 
becomes  a  mobile  liquid  at  50°.  V.  sol.  alcohol 
and  ether.  Its  alcoholic  solution  tastes  bitter 
and  is  alkaline  to  litmus.  Cl  and  NH3  give  no 
green  colour.  Bleaching-powder  gives  a  white 
pp.  in  a  solution  of  its  hydrochloride  (difference 
from  cinchonine  and  cinchonidine).  Dextro- 
rotatory. 

Salts. — B'HI :  prisms,  m.  sol.  cold  water. — 
B'8H3CL(PtCl4)2  4aq  (?).  -  B'H,PtCl6  aq.  -  O  x  a- 
1  a  t  e  B'.,H2C.,04  4aq :  slender  prisms. — A  c  i  d  t  a  r- 
trateB'C4HG06aq. 

Apocinchonine  C19H22N20.  [209°].  [a]D  =  160° 
in  a  1  p.c.  alcoholic  solution  at  16°  (Hesse,  A. 
205,  330 ;  Oudemans,  R.  T.  C.  1,  173).  Formed, 
together  with  diapocinchonine,  by  heating  cin- 
chonine with  HC1  (S.G.  1-125)  at  150°.  The  pro- 
duct is  nearly  neutralised  with  ammonia,  alcohol 
is  added,  and  the  solution  heated  to  boiling  ;  ex- 
cess of  NH3  now  pps.  apocinchonine.  Prisms,  si. 
sol.  ether,  insol.  water. 

Salts. — The  salts  are  dextrorotatory,  for  the 
neutral  salt  [o]D  varies  from  180°  to  215°  ;  for 
the  basic  salts  from  164°  to  176°.— B'HC12aq.— 
B'H,PtClti  2aq.  —  B'HBr  aq.  —  B'HI  aq.  — 
B'2H.,S042aq(H.).— B'2H9S043aq(0.).— B'HC103. 
B'HC104  aq.-B'2H2C204  2aq. 

AcetylderivativeC}gR2lA.cN.f>.  [o]D  =  71° 
in  a  2  p.c.  alcoholic  solution  at  15°. — 
B'H2PtCl62aq. 

Apocinchonine  chlorohydride  C^H^ClNoO. 
[197°J.  [a]D  =  211°  (Oudemans),  =205°  (Hesse) 
in  a  |  p.c.  alcoholic  solution  at  16°.  Formed  by 
heating  cinchonine  or  apocinchonine  with  satu- 
rated HClAq  at  150°  (Zorn,  J.  pr.  [2]  8,  280 ; 
Hesse,  A.  205,  348).  Needles;  v.  si.  sol.  water  ; 
si.  sol.  ether  and  alcohol.  Dextrorotatory.  In 
the  case  of  the  neutral  salts  [a]D  varies  from  215° 
to  229°  ;  for  the  basic  salts  it  lies  between  192-5° 
and  195°  (0.).— B'H2C1.,.— B'HCl  aq.— B'H,Br2.— 
B/H2PtCl62aq.  —  B'2H2S043aq.  —  B'HNO,.  — 
B'HC103.-B'HC104  zaq.— B'H2C204  zaq. 

Acetyl  derivative  C19H22AcClN20.  [o]D 
=  108°  in  a  2  p.c.  alcoholic  solution  at  15°.  Amor- 
phous ;  v.  sol.  alcohol  and  ether. 

Apocinchonine  bromohydride  C19H23BrN20. 
From  cinchonine  and  cone.  HBrAq  at  100° 
(Skraup,  A.  201,  324).  Scales  (from  alcohol).— 
B'H,Br, :  crystals. 

Apocinchonicine  C19H22N20.  A  resinous  base, 
formed  by  heating  apocinchonine  acid  sulphate 
at  140°.  Inactive ;  v.  sol.  alcohol  and  ether. — 
B'H2PtCl6  2aq. 

Di-apocinchonine  (C19H22N20)2.  [o]D  =  20° 
in  a  2  p.c.  alcoholic  solution  at  15°.  Formed 
by  the  prolonged  action  of  HC1  on  apocinchonine. 
Amorphous  powder,  v.  sol.  alcohol  and  ether. 
Dextrorotatory.— B'H2PtCl,;  4aq  :  amorphous. 

Acetyl  derivative  C38H42Ac2N402.  [o]D 
=  26°  in  a  2  p.c.  alcoholic  solution.  Yellow 


amorphous    mass.— B'HjPtCl,,  4aq ;    amorphous 
pp.-B'(HAuCl4)42aq. 

Iso-cmchonine  CI9H,2N20.  [127°]. 
Crystalline.  Formed  together  with  cinchonine 
by  boiling  cinchonine-chloro-  or  bromo-hydride 
(C,,,HaClN20  or  CJ9H23BrN20)  with  alcoholic 
KOH.  V.  e.  sol.  alcohol,  ether,  benzene,  chloro- 
form, acetic  ether,  and  CS2,  si.  sol.  ligroi'n,  nearly 
insol.  water.  It  forms  easily  soluble  salts.  The 
zinc  double  chloride  C,,,H2,N20,  ZnCl2,  H..C1, 
forms  small  needles  (Comstock  a.  Konigs,  B.  *20~ 
2521) .  A  substance  called  isocinchonine  has  also 
been  obtained  by  Hesse  (A.  243,  149)  among  the 
products  of  the  action  of  cone.  H2S04  on  cincho- 
nine. 

CINCHOTENICINE  v.  CINCHONINB 

CINCHOTENIDINE  v.  CINCHONINB. 

CINCHOTENINE  v.  CINCHONINE. 

CINCHOTINE  v.  CINCHONA  BASES. 

CINCHOVATINE  v.  ABICINE. 

CINENE  C10H1S.  Cynene.  (181°-182°).  S.G. 
is  -854  (Wallach  a.  Brass,  A.  225,  309). 

Formation.— 1.  By  passing  HC1  into  boiling 
oleum  cinsB  (worm-seed  oil)  or  cineol  (c/.  Volckel, 
A.  89, 358).— 2.  From  cineol  andBzCl.— 3.  From 
C10H18I2  (got  from  cineol  and  HI)  and  aniline. — 
4.  Among  the  products  of  the  distillation  of 
caoutchouc  (when  it  is  called  caoutchin). — 5.  By 
heating  isoprene  at  260°. 

Properties. — Oil,  with  pleasant  odour  of  lemon. 

Reactions. — 1.  Bromine  added  to  its  cold  so- 
lution in  alcohol  or  ether  forms  the  tetrabromide 
C10HI6Br4  [125°].— 2.  Cone.  H2S04  converts  it 
into  cymene,  giving  off  S02.  P2S5  behaves 
similarly.  (V.  also  TEBPENES.) 

Dihydrochloride  C]0HI8C12.     [50°]. 

Z>ihydrobromideCloH.lsBr2.  [64°].  White 
silky  plates.  Formed  by  the  action  of  HBr  gas 
upon  worm-seed  oil.  It  is  slowly  decomposed 
on  standing  in  contact  with  alcohol.  On  heat- 
ing or  by  boiling  with  water  or  dilute  alkalis  it 
loses  HBr  giving  cinene.  It  decomposes  on 
keeping  in  the  course  of  several  weeks  (Hell  a. 
Bitter,  B.  17,  2609). 

Dihydroiodide  C,0H,8I2  [77°].  White 
felted  needles.  Formed  by  the  action  of  gaseous 
HI  upon  worm-seed  oil.  It  decomposes  on  keep- 
ing in  the  course  of  a  few  days,  and  quickly  in 
contact  with  alcohol.  By  zinc-dust  and  water 
it  is  reduced  to  cynene-di-hydride  CIOH,8  (Hell 
a.  Bitter,  B.  17,  2611). 

DihydrideGloHls.  (166°).  V.D.  =  5  (obs.). 
Colourless  liquid,  of  ethereal  odour.  Formed 
by  boiling  cinene-di-hydrochloride  or  cinene-di- 
hydroiodide  with  zinc-dust  and  water  (Hell  a. 
Bitter,  B.  17,  2612). 

CINEOL  C10H1S0.  (176°).  S.G.  SB.  -927. 
p.D  =  1-458.  V.D.  5-12  (Wallach  a.  Brass,  A.  225, 
295  ;  245,  195  ;  Gladstone,  C.  J.  49,  621).  The 
chief  constituent  of  oleum  cinse  and  of  oil  of 
cajeput ;  occurs  also  in  oil  of  rosemary  (Weber, 
238,  89).  Liquid,  smelling  like  camphor,  in- 
active. Boiling  HN03  (S.G.  1-15)  forms  oxalic 
acid  only. 

Reactions. — 1.  HC1  passed  into  its  solution 
in  ligroin  forms  crystals  of  (C10H180)2HC1,  a 
body  which  is  decomposed  by  water,  reproducing 
cineol,  but  when  heated  alone  produces  cinene : 
(C10HlbO),HCl  =  2H,0  +  HCl  +  C)0H16.  —  2.  HI 
passed  into  oleum  cinae  ultimately  converts  it 
into  a  crystalline  mass  of  C,0H,8I2.  Crystallised 
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from  light  petroleum,  this  forms  trimetric 
tablets:  a:b:c  =  -7588:1:  -7074  [78-5°].  Alcoholic 
KOH  converts  it  into  cinene.  —  3.  Excess  of 
Bromine  added  at  0°  to  a  solution  of  cineol  in 
light  petroleum  forms  red  crystals  of  C10H18OBr2. 
These  crystals  decompose  on  keeping,  forming 
cinene  tetrabromide  and  water  :  2C,0H18OBr2 
=  C)0H16Br4  +  2H20  +  C10H16.  When  a  smaller 
quantity  of  Br  is  added  to  a  solution  of  cineol  in 
light  petroleum,  needles  of  (C^H^O).^  are 
formed  (Wallach,  A.  230,  228).—  4.  Cineol  also 
combines  with  iodine  forming  crystals  of 
(C10H)80)2I2. 

Constitution.—  Sodium,  PC15  in  the  cold,  and 
BzCl  at  120°  do  not  act  on  cineol.  Hence  it 
appears  not  to  contain  hydroxyl.  At  150°  BzCl 
removes  H20.  Hydroxylamine  and  phenyl- 
hydrazine  do  not  act  on  cineol.  Briihl 
(B.  21,  461)  gives  cineol  the  constitution 

Pr 


since  it  is  optically  inactive  and  on 

H2\I/H2 

Me 

passing  HC1  through  it  it  is  converted  into  opti- 
ClPr 


cally  inactive  [    • 

HJ 


Isomerides  of  Cineol  are  described  under  BOB- 
NEOL  ;  v.  also  CAMPHOKS,  vol.  i.  p.  672.  The  matter 
will  be  less  complicated  if  we  can  assume  the 
existence  of  only  two  compounds  of  the  formula 
C,0H,7OH  with  rotatory  power  +38°  and  -38° 
respectively,  the  others  being  mixtures  of  these 
in  varying  proportions.  Thus  the  laevorotatory 
camphols  ([a]D=—  38°)  derived  from  Blumea 
balsamifera  (N'gai  camphor  and  also,  from  the 
same  tree,  Bang  Phi6n),  Martico  camphor,  the 
camphor  from  oil  of  valerian,  and  that  from 
madder,  are  in  all  respects  identical  (Haller, 
C.  R. 103,  64, 151).  Ordinary  borneol  is  a  cineol 
of  rotatory  power  +  38°.  Camphol  from  amber 
appears  to  be  partly  of  the  racemic  character 
(i.e.  an  inactive  compound  of  camphols  of  rotatory 
power  +38°  and  —38°)  and  partly  of  dextro- 
rotatory borneol  (Haller,  C.  B.  104,  66).  By  dis- 
solving a  camphol  (50  g.)  in  toluene  (150  g.), 
heating  with  sodium  (6  g.)  and  passing  in  cya- 
nogen a  product  is  got  whence  water  extracts  a 
camphyl  carbamate  C10H,..O.CO.NH2.  The  pro- 
duct derived  from  dextrorotatory  camphol  is 
described  (vol.  i.  p.  523)  as  bornyl  carbamate.  It 
is  dextrorotatory  and  forms  dextro-hemihedral 
crystals.  Laevorotatory  camphol  forms  an 
isomeride  [127°]  which  is  lasvorotatory  ([o]D 
-  -  29-90°),  and  crystallises  in  laevo-hemihedral 
forms.  In  each  preparation,  camphyl  carbonate 
(C10H17)2C03  is  a  by-product ;  the  carbonate 
from  borneol  is  dextrorotatory  while  that  from 
Iffivorotatory  camphol  is  laevorotatory.  Both 
melt  at  215°  (Haller,  C.  R.  98,  578). 

CINNAMEIN  v.  Benzyl  ether  of  CINNAMIC 

ACID. 

CINNAMENE  v.  STYKENE. 
CINNAMENYL  COMPOUNDS 
C0H..CH:CH-X  v.  STYRYL  COMPOUNDS. 


CINNAMENYL  -  AMIDO  -  PHENYL  -  MEft  - 
CAPTAN  C15HnNS  i.e. 

CSH4<^^C.CH:CH.C6H5  [1110].    Prepared  by 

the  action  of  cinnamic  acid  on  amido-phenyl- 
mercaptan  (Hofmann,  B.  13,  1235).  Colourless 
prisms.  Sol.  alcohol.  Weak  base.  On  fusion 
with  KOH  it  is  split  up  into  cinnamic  acid  (which 
is  further  converted  into  benzoic  acid)  and 
amido-phenyl-mercaptan. 

Salts.— B'HCl:  unstable  salt.— 
(B'HCl).,PtCl4 :  yellow  needles. 

CINNAMIC  ACID  C9H802  i.e. 
C6H5.CH:CH.C02H.  Phenyl-acrylicacid.  Benzyl- 
idene  acetic  acid.  Mol.  w.  148.  [133°]  (Kraut, 
A.  133,  93  ;  147,  112).  (300°).  S.G.  ±  1-248 
(Schroder,  B.  12,  1612).  S.  '03  at  17°  ;  S.  (alco- 
hol) 2-3  at  20°;  S.  (CHOI,)  6  at  15°;  S.  (CS2)  -9 
at  15°.  Electrical  conductivity :  Ostwald,  J.  pr. 
[2]  32,  365. 

Occurrence.—  1.  In  oil  of  cinnamon  (Dumas 
a.  Peligot,  A.  Ch.  57,  311 ;  Herzog,  Ar.  Ph.  17, 
72 ;  20, 159). — 2.  In  liquid  storax  which  contains 
styrene,  cinnamic  acid,  and  styryl  cinnamate 
(styracin)  (E.  Simon,  A.  31,  265  ;  D.  Howard, 
C.  J.  13,  135 ;  Beilstein  a.  Kuhlberg,  Z.  [2]  7, 
489). — 3.  In  balsam  of  Peru,  which  contains 
benzyl  cinnamate,  benzoic  acid,  and  cinnamic 
acid  (E.  Kopp,  Compt.  chim.  1847,  198  ;  1849, 
146  ;  1850,  140  ;  Kraut,  B.  2, 180 ;  Delafontaine, 
Z.  1869,  156).— 4.  In  balsam  of  Tolu,  which  is 
similar  in  composition  to  that  of  Peru  (Fremy, 
A  30,  338;  Deville,  A.  44,  304;  E.  Kopp,  A. 
60,  269  ;  Busse,  B.  9,  830). — 5.  In  gum  benzoin 
from  Sumatra  (Kolbe  a.Lautemann,  A.  119, 136). 

6.  In  the  leaves  and  stalks  of  Globularia  vulgaris 
(Heckel  a.  Schlagdenhauffen,  A.  Ch.  [5]  28,  69). 

7.  In  the  leaves  of  Eukianthus  japonicus  (Eyk- 
man,  R.  T.  C.  5,  297). 

Formation. — 1.  By  heating  benzoic  aldehyde 
with  AcCl  for  24  hrs.  at  125°  (Bertagnini,  Ci- 
mento,  4,  46  ;  A.  100, 126).— 2.  By  heating  ben- 
zoic aldehyde  with  HOAc  and  ZnCl2  at  160° 
(Schiff,  B.  3,  412  ;  Z.  [2]  6,  700).— 3.  By  heating 
benzoic  aldehyde  (2  pts.),  Ac20  (3  pts.),  and 
NaOAc  (1  pt.)  at  145°  (Perkin,  C.  J.  31,  389 ; 
Slocum,  A.  227,  58).  This  reaction,  commonly 
known  as  Perkin's  synthesis,  is  discussed  under 
ALDEHYDES  (vol.  i.  p.  108). — 4.  By  the  action 
of  benzoic  aldehyde  on  sodium  malonate  in  pre- 
sence of  Ac20  in  the  cold,  C02  being  evolved : 
Ph.CHO  +  CH2(C02H)2  =  PhCH:C(C02H)2  +  H20 
=  PhCH:CH.CO,H  +  CO2  +  H20  (Stuart,  C.  J.  43, 
404). — 5.  By  heating  benzoic  aldehyde  with  ma- 
Ionic  acid  at  130°  (Michael,  Am.  5,  205).— 6.  By 
the  action  of  KOH  on  benzyl-chloro-malonic 
ether  (Conrad,  B.  13,  2160). 

Properties. — Monoclinic  prisms  (from  alcohol) 
(Schabus,  Sits.  W.  1850,  ii.  206).  When  quickly 
distilled  it  is  but  little  decomposed,  but  when 
slowly  distilled  it  splits  up  into  C02  and  styrene 
(Howard,  C.  J.  13,  135).  Volatile  with  steam. 
V.  si.  sol.  water,  v.  sol.  alcohol,  v.  e.  sol.  ether ; 
v.  si.  sol.  cold  ligroi'n. 

Reactions. — 1.  Distillation  with  lime  gives 
styrene  and  benzene.— 2.  Potash-fusion  gives 
potassium  acetate  andbenzoate  (Chiozza,  A.  Ch. 
[3]  39,  439 ;  Kraut,  A.  147,  113).  Fusion  with 
NaOH  gives  C02  and  benzene  (50  p.c.  of  theo- 
retical) (Barth  a.  Schreder,  B.  12,  1257).— 3.  S03 
forms  sulphobenzoic  acid.  Boiling  with  H2S04 
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diluted  with  1  to  1J  vols.  water  forms  an  oil, 
consisting  of  distyrene  CltiH1(i  and  distyrenic  acid 
C,TH1(.02.— 4.  Cone.  HNO.,  gives  nitro-benzoic 
acid,  but  a  more  dilute  acid  gives  benzoic  alde- 
hyde.—5.  Boiling  with  PbO2in  aqueous  solution 
forms  benzoic  aldehyde  and  lead  benzoate  (Sten- 
house,  A.  55,  1 ;  57,  79).— 6.  Chromic  mixture 
also  forms  benzoic  aldehyde  (Simon).  KMn04 
in  feebly  alkaline  solution  acts  in  the  same  way 
(A.  Bauer,  A.  220,  37).  KMn04  in  very  dilute 
neutral  solution  at  0°  oxidises  cinnamic  acid  to 
PhCH(OH).CH(OH).C02H  (Fittig,  B.  21,  919).— 
7.  Br  gives  di-bromo-phenyl-propionic  acid  (A. 
Schmitt,  A.  127,  319).— 8.  Fuming  HBr  gives 
bromo  -  phenyl  -  propionic  acid.  HI  acts  in  a 
similar  way. — 9.  Sodium  amalgam  reduces  it  to 
phenyl-propionic  acid  (Erlenmeyer,  A.  137,  327). 
Cone.  HIAq  does  the  same  (Popoff,  Z.  [2]  1,  111). 
10.  HC10  gives  chloro-oxy-phenyl-propionic  acid 
(Glaser,  A.  147,  78  ;  Z.  [2]  3,  65 ;  4,  131).— 11. 
Boiling  aqueous  K2S03  gives  sulpho-phenyl-pro- 
pionic  acid. — 12.  Chlorine  acts  on  aqueous  sodic 
cinnamate  in  two  ways,  viz. : 

(1)  Ph.CH:CH.C02Na  +  Cl2 
-  Ph.CHCl.CHCl.C02Na 

=  Ph.CH.CHCl.CO.O  +  NaCl 


=  Ph.CH:CHCl  +  CO2  +  NaCl 
(2)  Ph.CH:CH.CO,Na  +  C12  +  H.,O 
=  Ph.CH:CH.CO.;H  +  HC10  +  NaCl 
=  Ph.CH(OH).CHCl.CO2H  +  NaCl 
producing  w-chloro-styrene  and  chloro-oxy-phe- 
nyl-propionic acid  (Erlenmeyer  a.  Lipp,  A.  219, 
184).— 13.  Diphenylamine  and  ZnCL.at  250° form 
phenyl-acridine  (Bernthsen,  B.  20, 1552). — 14.  m- 
Oxy-benzoic  acid  and  H2S04  form  a  body  C1BHbO3 

[260T  (Kostanecki,  B. 

20,  3137).  It  forms  a  diacetyl  derivative  [260°]. 
15.  s-Di-oxy '-benzoic  acid  and  H,S04  give  the 
oxy-derivative  of  the  preceding  [325°]  which 
forms  a  crystalline  acetyl  derivative  C,6H.Ac04 
[255°]  (K.).— 16.  Gallic  acid  and  H,S04  at  50° 
form,  in  the  same  way,  « styrogallol,'  a  dioxy- 
derivative  of  the  above  C](iH8O5,  which  crystal- 
lises in  minute  yellow  needles,  melting  above  350° 
(Jacobsen  a.  Julius,  B.  20,  2588).  Its  di-acetyl 
derivative  melts  at  260°. 

Salts  (Herzog,  J.  pr.  29,  51;  E.  Kopp,  C.  R. 
53,  634).—  NH4A'  £aq :  si.  sol.  cold  water.— 
KA'  i aq  :  monoclinic  crystals  ;  v.  sol.  water,  m. 
sol.  alcohol. — NaA'  ^aq  :  needles  (from  dilute 
NaOHAq).— NaHA'2  (Perkin,  C.  J.  31,  388).— 
AgA' :  curdy  pp.  insol.  boiling  water. — BaA'2  aq 
(Herzog).— BaA'2  2aq  :  pearly  plates  (Kopp). — 
BaA'2  3aq :  iridescent  leaflets  or  striated  prisms 
(Kebuffat,  G.  11,  166).— CaA'2  2aq  (H. ;  R.).— 
CaA',  3aq  (K.).  S.  -16  at  17°.  —  SrA'2  4aq : 
nacreous  needles.— MgA'2  3aq  :  white  needles. — 
CuA'2(Cu02H2)a; :  greenish  -  blue  pp.  —  PbA'2 : 
crystalline  powder  or  flattened  needles.  — 
CdA'2  2aq.—  Mn A'2  2aq.  —  ZnA'2  2aq :  prismatic 
needles  (from  hot  water). 

Methyl  ether  Me  A'.  [34°].  (263°  i.V.). 
S.G.  356  1-0415.  Formed  by  the  action  of  the 
ethyl  ether  on  methyl  alcohol  in  presence  of 
NaOMe  (Purdie,  C.  J.  51,  628;  cf.  E.  Kopp, 
C.  R.  21,  1376;  Anschiitz  a.  Kinnicutt,  B.  11, 
1220;  Weger,  A.  221,  74).  With  Br  it  forms 
OflHvCHBr.CHBr.CO,Me  [117°]. 


Ethyl  ether  EtA'.  [12°]  (Friedlander,  A. 
221,  75).  (268°)  at  741  mm.  (Briihl,  A.  235,  19). 
(271°  i.  V.)(A.  a.  K.).  S.G.  ^  1-0490.  ^  1-560 
(B.).  Preparation.— Cinnamic  acid  (500  g.)  is  dis- 
solved in  dry  alcohol  (1  litre)  and  HC1  is  passed 
in  to  saturation.  After  3  hrs.  the  product  is 
poured  into  ice-cold  water.  The  oil  is  washed, 
dissolved  in  ether,  and  shaken  with  aqueous 
sodic  carbonate,  dried  over  CaCL,,  and  the  ether 
evaporated  (Perkin,  jun.,  C.  J.  45,  17  ;  cf. 
Herzog,  Ar.  Ph.  [2]  17,  72  ;  Marchand,  A.  32, 
269  ;  E.  Kopp,  J.pr.Pharm.  [3]  11,  72;  Planta- 
mour,  A.  30,  345).  Reactions.— 1.  With  bromine 
it  forms  CgH5.CHBr.CHBr.CO.jEt  [69°].— 2.  So- 
dium-aceto-acetic  ether  in  presence  of  alcohol  at 
100°  forms  an  acid  CI5H1(.O4  [140°].  Its  silver 
salt,  AgA',  forms  radiating  prisms,  insol.  water 
(Michael,  J.  pr.  [2]  .35,  354).— 3.  With  sodium 
malonic  ether  at  100°  in  presence  of  alcohol  it 
forms  an  oil  C18H24Qfi  (305°-310°)  or  (215°  at 
15  mm.).  Ph.CH:CH.CO  Et  +  NaHC(CCvEt), 
Ph.CH.CHNa:C02Et 

+  H20 

C02Et-CH-CO.Et 
Ph.CH.CH2.C02Et 

+  NaOH.    On  saponify- 
CH(C02Et)2 

ing  and  heating  the  resulting  acid  C02  is  evolved, 
and  there  results  phenyl -glutaric  acid 
Ph.CH.CH2.CO.,H 

[138°].    Its  silver  salt,  AgA', 

CH.C02H 

is  amorphous  (Michael,  J.  pr.  [2]  35,  349 ;  Am. 
9,  118). 

n-Propyl  ether  PrA'.  (283°-284°  i.V.) 
(A.  a.  K.).  S.G.  2  1-0435  (Weger,  A.  221,  76). 

Benzyl  ether  C,jH5.CH:CH.CO.OCH2C(.H5. 
Cinname'in.  [39°].  Discovered  by  Plantamour 
(A.  27,  329  ;  30,  341)  in  balsam  of  Peru  (Fremy, 
A.  Ch.  70,  184 ;  E.  Kopp,  Compt.  chim.  1850, 
140  ;  Scharling,  A.  74,  230  ;  97,  184  ;  Kraut,  A. 
107,  208  ;  Grimaux,  Z.  [2]  5, 157).  Formed  also 
by  boiling  dry  sodium  cinnamate  with  alcohol 
and  benzyl  chloride  for  some  hours.  Short 
prisms  (from  alcohol). 

Phenyl  ether  CgH-.C.^.COAH, :  [73°]; 
(206°)  at  15  mm.  Formed  by  the  action  of 
cinnamoyl  chloride  upon  phenol.  By  slow  dis- 
tillation it  loses  carbonic  acid,  giving  stilbene 
CtiH5.C2H2.C6H5  (Anschiitz,  B.  18,  1945;  C.  J. 
47,  898). 

p-Tolyl  ether  C6H5.C2H2.C02C;H7 :  [101°]; 
(230°)  at  15  mm.  (A.).  By  slow  distillation  it 
yields  s-phenyl-tolyl-ethylene  (A.). 

Phenylpropyl  ether 

C6H5.C2H2.C02.CH2.CHrCH2.CaH5.  Occurs  in 
storax  (Miller,  A.  189,  353),  and  is  also  formed 
by  treating  styracin  bromide  with  zinc  and 
H2S04. 

Thymyl  ether  C6H5.C.,H,.CO.,C10H13:  [70°]; 
(240°)  at  15  mm.  (A.). 

(ff)-Naphthyl  ether  CfiH5.C,H,.CO,CIOH7 : 
[102°].  By  distillation  CO,  is  split  off  with 
formation  of  s-phenyl-naphthyl-ethylene  (A.). 

Cinnamyl  ether 

C6H5.CH:CH.CO.O.CH.).CH:CH.C(;H5.  Styracin. 
[44°].  S.  (ether)  33  ;  S.  (alcohol  of  S.G.  -825) 
33  at  78°;  5  at  15°.  Occurs  in  liquid  storax 
(Bonastre,  J.  Ph.  1831,  338  ;  E.  Simon,  A.  31, 
265;  E.  Kopp,  Compt.  chim.  1850,  140;  Toel, 
A.  70,  1;  Strecker.4.  70,  10;  74,112;  Wolff, 
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A.  75,  297  ;  PLintamour,  A.  27,  329 ;  30,  341 ; 
Gossmann,  A  99, 376  ;  Scharling,  A.  97, 90, 174  ; 
W.  v.  Miller,  N.  Rep.  Pharm.  24,  1 ;  A.  188,  200 ; 
189,  344).  Needles  or  prisms  (from  alcohol). 
Chlorine  forms  a  viscid  tetra-chloro-  derivative 
C18H12C1402.  Br  forms  C18H16Br202  [151°]  and 
CJ8H16Br402. 

Chloride  C&.C-H-.C-H..CO.CL  [36°].  (170°) 
at  58  mm.  Prisms  (Cahours,  A.  Ch.  [3]  23,  341; 
Eostoski,  A.  178,  214  (Claisen  a.  Antweiler,  B. 
13,  2123). 

Cyanide  C6H5.CH:CH.CO.CN.  [115°]. 
Prisms.  Sol.  ether,  CHC13,  C6H6,  and  CS2 ;  v. 
si.  sol.  water.  Prepared  from  the  chloride  by 
the  action  of  silver  cyanide.  On  saponification 
it  gives  cinnamoyl-formic  acid. 

Anhydride  (CtiHvCH:CH.CO)20.  [127°]. 
(Gerhardt,  A.  Ch.  [3]  37,  285;  A.  87,  76). 
Crystalline. 

Amide  CfiH5.CH:CH.CO.NH2.  [142*].  (v. 
Eossum,  ^.1866,  362).-(C6H5.C2H2.CO.NH)2Hg. 

Anilide  C,.H5.CH:CH.C6.NPhH  (Cahours, 
A.  70,  43).  Slender  needles. 

Diphenylamide  C6H5.CH:CH.CO.NPh2. 
[153°]  (Bernthsen,  B.  20,  1554).  Needles. 

Nitrile  C6H5.CH:CH.CN.  [11°].  (255°). 
From  the  amide  and  PC15.  Also  from  cinnamic 
acid  and  lead  sulphocyanide  at  190°  (Kriiss,  B. 
17,  1768). 

Cinnamic  acid  dibromide  v.  DI-BROMO-PHENYL- 
PROPIONIC  ACID. 

Cinnamic    acid    hydrobromide    v.    BROMO- 

PHENYL-PROPIONIC   ACID. 

Cinnamic-acid-di-nitrite 

Ch.H5.C2H2(N02)2.C02H.  Phenyl-di-nitro-propio- 
nic  acid.  Colourless  crystals.  Formed  by  direct 
combination  of  cinnamic  acid  with  N204.  Very 
unstable.  By  treatment  with  water  or  alcohol 
it  evolves  CO.,  and  yields  phenyl-nitro-ethylene 
C6H5.CH:CH(N02)  (Gabriel,  B.  18,  2438). 

^-Aldehydo-cinnamic  acid 

C,;H4(CHO)(CH:CH.CO,H).  [247°].  From  tere- 
phthalic  aldehyde,  NaOAc,  and  Ac.,0  by  Perkin's 
reaction  (Low,  A.  231,  374).  Flat  prisms  or 
needles.  SI.  sol.  hot  water,  ether,  or  chloroform, 
more  sol.  glacial  acetic  acid.  When  sublimed 
it  forms  large  plates.  Salt. — AgA. 

Ethyl  ether  EtA'.  Eeduces  ammoniacal 
AgN03.  Gives  by  Perkin's  reaction 

CrtH4(CH:CH.C02H)  (CH:CH.C02Et) 
(v.  PHKNYLENE-DI-ACRYLIC   ACID).     Reactions.  — 

1.  Eeduces  ammoniacal  AgN03  with  difficulty . — 

2.  Does  not  react  with  NaOAc  and  Ac20.— 3.  On 
nitration   gives    nitro-aldehydo-cinnamic    acid 
(q.  v.). 

Di-bromide 

C.jH^CHOJ.CHBr.CHBr.CO.JI.  [176°]  (with  de- 
composition). Prisms  (from  methyl  alcohol). 
Insol.  water ;  v.  sol.  ether,  chloroform,  and 
alcohol. 

p-Carboxy-cinnamic  acid 

C,iH4(C02H)(CH:CH.C02H)  [1:4].  Got  by  sapo- 
nifying its  ether.  Powder,  will  not  melt,  but 
may  be  sublimed.  Nearly  insoluble  in  solvents. 
Does  not  combine  with  bromine  in  the  cold. 
Forms  a  nitro-  derivative. 

Dibromide 

C,,H4(C02H)(CHBr.CHBr.C02H).  Di-bromo- 
carboxy-phenyl  propionic  acid.  Formed  at  100°. 
Will  not  melt.  Sol.  methyl  alcohol,  from  which 
it  may  be  crystallised. 


Mono-ethyl  ether 

C6H4(C02Et)(CH:CH.C02H)  [220°].  From  p. 
aldehydo-terephthalic  ether,  NaOAc,  and  Ac20 
by  Perkin's  reaction  (Low,  A.  231,  369).  Prisms 
(from  ether). 

Other  derivatives  of  cinnamic  acid  are  de- 
scribed as  AMIDO-,BEOMO-,  CHLORO-,  HYDRAZIDO-, 
NITRO-,  SULPHIDO-,  SULPHYDRO-,  and  SULPHO- 
CINNAMIC  ACID.  Oxy-cinnamic  acid  is  described 

aS  COUMARIC  ACID. 

CINNAMIC  ALDEHYDE  C9H80  i.e. 
C6H5.C2H.,.CHO.     Mol.  w.  132.     (129°).     S.G.  2T° 
1-0497     (Briihl,     A.     235,     18).         /ID  =  1-619. 
Hy  =  1-683. 

Occurrence.— In  oil  of  cassia  and  oil  of  cinna- 
mon, whence  it  may  be  extracted  by  shaking 
with  NaHS03  and  distilling  the  resulting  crys- 
talline compound  with  aqueous  Na2C03  (Perkin, 
C.  J.  31,  403 ;  cf.  Mulder,  A.  34,  147 ;  Berta- 
gnini,  A.  85,  271). 

Formation. — 1.  By  oxidising  cinnamyl  alco- 
hol with  the  aid  of  platinum  black  (Strecker,  A. 
93,  370).— 2.  By  distilling  calcium  formate  with 
calcium  cinnamate  (Piria,  A.  100,  105). 

Preparation. — A  mixture  of  benzoic  aldehyde 
(10  pts.),  acetic  aldehyde  (15  pts.),  10  pts.  of 
10  p.c.  aqueous  NaOH,  and  900  pts.  of  water  is 
allowed  to  stand  for  8  or  10  days  with  frequent 
shaking  at  about  30°,  the  cinnamic  aldehyde 
being  finally  extracted  with  ether  (Chiozza,  A. 
97,  350  ;  Peine,  B.  17,  2109). 

Properties. —  Oil.  Forms  crystalline  com- 
pounds with  HC1,  HN03,  NaHS03,  KHS03,  and 
NH4HS03  (Dumas  a.  Peligot,  A.  14,  65). 

Reactions.  —  With  alcoholic  NH3  it  gives 
hydrocinnamide  C27H24N2  [106°].  With  HCN  it 
yields  the  nitrile  of  a-oxy-phenyl-crotonic  acid. 
j  With  resorcin  and  dilute  HC1  it  gives  a  resin  in 
the  cold  (Michael  a.  Eyder,  Am.  9,  134).  HC1 
passed  into  a  mixture  of  cinnamic  aldehyde  with 
phenyl  mercaptan  forms  C6H5C.,H0CH(SPh)2 
[81°]  (Baumann,  B.  18,  885).  With  carba- 
mic  ether  it  forms  Ph.C2H2.CH(NH.C02Et)2 
[135°-143°]  (Bischoff ,  B.  7,  1079). 

Phenyl  hydrazide 

C6H5.C2H,.CH:N.,HC6H5 :  [168°],  yellow  plates 
(Fischer,  B.  17,  575). 

Anilide  C6H5.C,H2.CH:NC6H5 :  [109°], 
yellow  glistening  plates.  Very  stable  towards 
HC1.  Forms  crystallisable  salts  with  acids 
(Doebner  a.  Miller,  B.  16,  1665  ;  Peine,  B.  17, 
2109). 

Di-methyl-amido-anilide 
C6H5.C2H2.CH:N.C6H4(NMe2)  :     [141°]  ;     yellow 
needles ;  sol.  alcohol,  si.  sol.  cold  ether  (Nuth, 
B.  18,  574). 

E thy lene-di-  amide 

(C8H5.C2H,.CH:N),C.,H4 :  [110°] ;  tables,  m.  sol. 
ether  (Mason,  B.  20;  267). 

Di-bromide    v.    O£-DI-BROMO-PHEN YL-PRO- 

PIONIC   ALDEHYDE. 

CINNAMIC  AIDOXIM 

CeH5.CH:CH.CH:NOH.  Phenyl-acrylic  aldoxim. 
[136°].  Fine  silky  needles.  V.  sol.  alcohol, 
ether,  acids,  and  alkalis,  nearly  insol.  cold  water 
and  ligroin. 

Benzoyl  derivative  CtiH5.C,H,.CH:NOBz. 
[125°].  White  needles ;  si.  sol.  cold  alcohol  and 
benzene,  insol.  water  and  ligroin  (Bornemann, 
B.  19,  1512). 


CITRACONIC  ACID. 


101 


CINNAMIC-CARBOXYLIC  ACID  v.  Carboxy- 

CINNAMIC  ACID. 

CINNAMIDOXIM  C,,H10N,0  i.e. 
CtiH5.CH:CH.C(NOH)NH2.  Phcnyl-allenyl-amid- 
oxim.  [93°].  Formed  by  direct  combination 
of  cinnamo-nitrile  with  hydroxylamine.  Bod- 
like  prisms.  Sol.  hot,  less  sol.  cold  water,  v.  sol. 
alcohol,  ether,  and  benzene,  si.  sol.  ligroin.  De- 
composed by  long  boiling  with  water. 

Salts.—  B'HCl:  [155°],  flat  concentric 
prisms.— B'2H.,CL,PtCl4 :  concentric  needles,  sol. 
alcohol. 

^  Methyl  ether  C8H7.C(NH,)NOMe :  [98°]; 
prisms ;  volatile  with  steam ;  v.  sol.  alcohol, 
ether,  &c.,  nearly  insol.  cold  water,  more  readily 
in  hot. 

Ethyl  ether  CbH7.C(NH2)NOEt :  [83°]; 
like  the  preceding. 

Benzoyl  derivative  C8H,.C(NH2)NOBz  : 
[160°] ;  fine  needles ;  v.  sol.  alcohol,  more 
sparingly  sol.  benzene,  chloroform,  and  ether, 
insol.  cold  water.  On  boiling  with  water  it  loses 
1  mol.  H,O,  giving  phenyl-allenyl-azoxim-benz- 
enyl  (Wolff,  B.  19,  1507). 

CINNAMO-LACTONE  v.  COUMAEIN. 

CINNAMONE  v.  DI-BENZYLIDENE-ACETONE. 

CINNAMOYL-ACETO- ACETIC  ETHEE 
C15H1604  i.e.  Ph.CH:CH.CO.CHAc.CO,Et.    [40°]. 
From  sodium  aceto-acetic  ether  and*cinnamoyl 
chloride  (Fischer  a.  Kuzel,  B.  16,  166).     Crys- 
talline grains  (from  ligroi'n). 

a-CINNAMOYL-BUTYRIC  ETHER  v.  Benzyl- 
idene-ethyl-kCEio-kCETic  ETHER,  vol.  i.  p.  24. 

CINNAMOYL-FORMIC  ACID  v.  STYRYL-GLY- 

OXYLIC  ACID. 

CINNAMYL  ALCOHOL  C9H100  i.e. 
C(iH5.CH:CH.CH,OH.  Slyrone.  Mol.  w.  134. 
[33°].  (254°)  at  747  mm.  S.G.  3S°  1-0440.  /*D  1-582 
at  20°  (Briihl,  A.  235,  16).  R^  69'7  (in  a  9  p.c. 
alcoholic  solution)  (Kanonnikoff ;  Nasini  a.  Bern- 
heimer,  G.  14,  153).  Obtained  by  distilling 
styracin  (cinnamyl  cinnamate)  with  aqueous 
potash  (Simon,  A.  31,  274  ;  Kamdohr,  Z.  Pharm. 
1858,  113 ;  J.  1858,  446  ;  Tol,  A.  70,  3).  Long 
thin  needles,  smelling  like  hyacinths.  SI.  sol. 
cold  water,  v.  e.  sol.  alcohol  and  ether. 

Reactions. — 1.  Oxidised  by  air  and  platinum 
black  to  cinnamic  aldehyde ;  and  by  chromic 
acid  mixture  to  cinnamic  acid  and  benzoic  alde- 
hyde.—2.  Boiling  with  aqueous  KOH  and  PbO., 
gives  benzoic  aldehyde. — 3.  Reduced  by  sodium 
amalgam  in  presence  of  much  water  to  phenyl- 
propyl  alcohol  (Rugheimer,  A.  172,  122).  Re- 
duced by  (15  p.c.)  sodium  amalgam  by  heating 
with  a  little  water  for  3  days  at  100°  it  forms 
styrene  C8H8  and  methyl  alcohol,  as  follows : 
PhCH:CH.CH.,OH  +  H2  =  Ph.CH:CH2  +  CH3OH 
(Hatton  a.  Hodgkinson,  C.  J.  39,  319).— 4.  Aque- 
ous HI  (S.G.  1-96)  at  190°  gives  toluene  and 
allyl-benzene  (Tiemann,  B.  11,  671).— 5.  Fuming 
H,S04  forms  C9HnS03H  (?)  (Jacobsen,  A.  146, 
90).— 6.  B203  forms  cinnamyl  oxide  (C9H9)20,  a 
heavy  oil. 

Acetyl  derivative  C9H9OAc.     (245°). 

CINNAMYL AMINE  CyHuN  i.e. 
C6H5.CH:CH.CH2.NH2.  (100°).  From  cinnamyl 
chloride  and  alcoholic  NH3  at  100°  (Eamdohr, 
Z.  Pharm.  1858,  113  ;  J.  1858,  448).  According 
to  Malbot  (C.  R.  105,  574)  the  chief  product  is 
di-cinnamyl-amine. — B'HCl :  stellate  groups  of 
crystals.— B'aHjjPtCLj :  si.  sol.  cold  water. 


CINNAMYL  CHLORIDE  CJI.,01  i.e. 
C6H5.CH:CH.CH.,C1.  A  liquid,  obtained  bypassing 
HC1  into  cinnamyl  alcohol.     NaOEt  converts  it 
into  oily  C.H^OEt  (Ramdohr,  Z.  Pharm.  1858, 
113;  J.  1858,  448).    K,S  forms  oily  (O,HHLS. 

CINNAMYLIDENE  -  DIACETONAMINE  „. 
vol.  i.  p.  28. 

CINNAMYLIDENE  -  DI  -  THIO  -  GLYCOLLIC 
ACID  Ph.CH:CH.CH:(SCH,C02H)2.  [143°]. 
Formed  by  the  action  of  cinnamic  aldehyde  on 
thio-glycollic  acid  (Bongartz,  B.  21,  481).  White 
plates  (from  hot  water).  By  the  action  of  zinc- 
dust  in  an  alkaline  solution  cinnamyl  thio-gly- 
collic acid  is  formed. 

CINNAMYL  IODIDE  CaH9I.  From  cinnamyl 
alcohol  and  PI2.  Oil.  Converted  by  alcoholic 
KCy  into  oily  C(,H,,Cy. 

DI-CINNAMYL  KETONE  v.  DI-BENZYLIDENE- 
ACETONE. 

CINNAMYL-METHYL  KETONE  v.  BENZYL- 

IDENE   ACETONE. 

CINNAMYL-PHENYL-KETONE  v.  PHENYL- 

CINNAMYL-KKTONE. 

CINNAMYL-THIO-GLYCOLLIO  ACID 

Ph.CH:CH.CH.2.S.CH,.CO,H.  [77°].  The  com- 
pound obtained  by  the  action  of  cinnamic  alde- 
hyde on  thioglycollic  acid  when  treated  with 
zinc-dust  in  an  alkaline  solution  yields  this  sub- 
stance (Bongartz,  B.  21,  481).  White  plates 
(from  dilute  alcohol). 

yCH:CH 
CINNOLINEC8H.N2i.e.CtiH4<          |    .This 

\N  :  N 

base  has  not  been  isolated.  The  first  of  its  de- 
rivatives prepared  was  oxy-cinnoline  carboxylic 

.C(OH):C.C02H 

acid  C6H £  obtained  by  warming 

\N     =    N 

o-diazo-phenyl-propiolic  acid  with  water  (Rich- 
ter,  B.  16,  677 ;  v.  also  Widman,  B.  17,  722). 

CINNYL.  A  name  sometimes  applied  to  the 
radicle  cinnamyl  Ph.CH:CH.CH.,. 

CIRCULAR    POLARISATION    v.    PHYSICAL 

METHODS. 

CITRACETIC  ACID  C^O^.  An  acid  said  to 
be  formed,  together  with  aceconitic  acid,  by 
treating  bromo-acetic  ether  with  sodium  (Baeyer, 
A.  135, 306).— Ba.,A"'o2aq :  gummy.  -Pb3A'"2  2aq. 

CITRA-DI-BROMO-PYROTARTARIC  ACID  r. 

Dl-BROMO-JPYROTARTARIC  ACID. 

CITRA  -  CHLORO  -  PYROTARTARIC    ACID 

v.  CHLORO-PYROTARTARIC  ACID. 

CITRACONANIL  v.  Phenylimide  of  CITRA- 
CONIC ACID. 

CITRACONIC  ACID  C6H,.04.  Mol.  w.  130. 
[80°].  S.G.  1-6.  S.  238.  R^  44-68  (in  a  7  p.c. 
aqueous  solution)  (Kanonnikoff,  J.  pr.  [2]  32, 
497).  H.C.  477867  (Louguinine,  C.  R.  106, 
1291).  Heat  of  solution :  2793  (Gal  a.  Werner, 
Bl  [2]  47,  159).  Heat  of  neutralisation :  27082 
(G.  a.  W.). 

Formation. — 1.  The  anhydride  is  the  chief 
portion  of  the  distillate  obtained  by  heating 
citric  acid.  It  rapidly  combines  with  water 
(Lassaigne,  A.  Ch.  [2]  21,  100;  Robiquet,^.  Ch. 
75,  78  ;  Liebig,  A.  26,  119,  152  ;  Gottlieb,  A.  77, 
265 ;  Baup,  A.  Ch.  [3]  33,  192  ;  Kammerer,  A. 
170,  191 ;  Wilm,  A.  141,  28).— 2.  By  the  distil- 
lation of  itaconic  acid  (Crasso,  A.  34,  68),  of 
lactic  acid  (Engelhardt,  A.  70,  246),  of  citramalic 
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acid  (Carius,  A.  129, 160),  and  of  oxypyrotartaric 
acid  (Demarcay,  C.  E.  82,  1337). 

Properties. — Monoclinic  four-sided  prisms. 
Deliquescent.  V.  sol.  water,  alcohol,  and  ether. 
Volatile  with  steam.  By  dry  distillation  it  is 
partially  resolved  into  its  anhydride. 

Reactions. — 1.  Sodium  amalgam  in  presence 
of  water  reduces  it  to  pyrotartaric  acid. — 2. 
Bromine  unites  with  it  in  the  cold,  forming 
citra-di-bromo-pyrotartaric  acid  (Kekul6,  J.  1862, 
313).— 3.  Fuming  hydric  bromide  unites  with  it 
even  in  the  cold,  forming  citra-bromo-pyrotar- 
taric  acid. — 4.  Electrolysis  of  the  potassium  salt 
forms  allylene  CH3.C-CH.— 5.  Water  at  120° 
changes  it  to  the  isomeric  itaconic  acid. — 6. 
Boiling  dilute  HN03  forms  mesaconic  acid. — 
7.  Chlorine  acting  on  sodium  citraconate  in 
aqueous  solution  forms  chloro-citramalic,  chloro- 
methacrylic,  and  tri  chloro-isobutyric  acids  and 
tri-chloro-acetone  (Gottlieb,  J.  pr.  [2]  12,  1; 
Morawski,  J.  pr.  [2]  12,  369). 

Salts .— NH4HA".— CaA"  aq.— CaH2A"2  3aq. 
CaA"5aq  (Kammerer,  A.  148,  326).  — 
SrH,A",  3aq.  —  BaH2A"2  aq  :  silky  needles.  — 
BaA"2|aq  (Kammerer,  A.  170,  191;  Petri,  B. 
14,  1634).  —  PbH,A"2.  -  PbA".  —  PbA"2aq.  — 
PbA'TbO.— AgHA"".— Ag.^A".— AgA"  aq :  hexa- 
gonal crystals. 

The  acid  aniline  salt  HA"NH3Ph  loses H2O 
when  its  aqueous  solution  is  allowed  to  stand  for 
a  few  days,  and  deposits  crystals  of  the  acid 
anilide  C02H.C3H4.CO.NPhH. 

The  neutral  aniline  salt  when  boiled  with 
water  gives  the  phenyl-imide  C3H4(C202)NPh. 

The  ethyl-aniline  andmethyl-aniline 
salts  do  not  give  anilides  when  heated.  The  same 
is  the  case  with  CtfH,.NMe2  and  CdH..NEt2  salts. 

The  ethyl  derivatives  of  p-t oluidine  behave 
exactly  like  the  corresponding  aniline  com- 
pounds. 

Di-phenyl-amine  citraconate  is  only 
formed  at  100°,  since  the  Ph2NH  separates  com- 
pletely on  cooling  (Michael,  Am.  9,  194). 

Me  thy  I  ether  Me,A".  (212°  i.  V.).  S.  3  at 
15°.  S.G.  i£  1-1168 ;"  |§  1-1050.  A*D  1'4442  ; 
/UH  1-4721  at  15'5°.  From  citraconic  acid,  methyl 
alcohol,  and  HC1  (Perkin,  C.  J.  39,  555).  From 
silver  citraconate  and  Mel.  Oil ;  pleasant  odour. 

Ethyl  ether  Et.^A".  (232°  i.  V.).  S.G.  if 
1-051 ;  |g  1-038.  M.M.  10-499  (Perkin,  C.  J. 
Proc.  3,  99).  MD  1-4397;  MH  1-4659  at  16-5° 
(Gladstone).  An  alcoholic  solution  with  sodium- 
aceto-acetic  ether  at  100°  forms  an  oil  C15H.,407 
(174°)  at  26  mm.  (Michael,  J.  pr.  [2]  35,  354  ; 
Am.  9,  118). 

Chloride  C3H4(COC1)2.  (95°)  at  17'5  mm. 
S.G.  i6ji  1-408.  From  the  acid  and  POL  (Strecker, 
B.  15,  1640). 

Anhydride  C,H4C203.  [7°].  (214°  i.  V.). 
S.G.  M  1-241  (Anschiitz,  B.  13,  1542;  14,  2788). 
Partially  converted  by  distillation  into  xeronic 
anhydride  (Fittig,  A.  188,  64).  Thiourea  at  130° 
converts  it  intoNH2.CS.NH.CO.C,H..CO.,H  [223°] 
(Pike,  B.  6,  1106). 

Amide  C5H402(NH2)2.  Thin  colourless 
tables,  sol.  water,  decomposes  at  about  186° 
(Strecker,  B.  15,  1640). 

Imide  C.H,O,(NH).  [110°].  Formed  by 
distilling  acid  ammonium  citraconate  (Gottlieb, 
A.  77,  274  ;  Ciamician  a.  Dennstedt,  G.  12,  501). 
Needles  (from  water).  Br  forms  C5H3BrO,(NH) 


[c.l81°]andC5H.,Br202(NH)  [c.1440].  C5H40.,NAg 
(Mendini,  G.  15,"  184). 

Anilide  C5H402(NHPh)2  :  [176°],  long  flat 
needles,  sol.  alcohol  and  ether,  slightly  in  water 
(Strecker,  B.  15,  1639). 

Acid  anilide  CO,H.C3H4.CO.NHPh. 
Citraconanilic  acid.  Formed"  spontaneously  by 
allowing  the  aqueous  solution  of  the  acid  aniline 
salt  to  stand  for  a  few  days.  Large  trimetric 
prisms  or  long  needles. 


Phenylimide  C3H4 


.  Citracon- 


anil:  [98°],  formed  by  boiling  aniline  and 
citraconic  acid  in  aqueous  solution  (Michael  a. 
Palmer,  B.  19,  1375  ;  Am.  9,  180). 

p-Chloro  -phenylimide 
C3H4:C202:NC6H4C1.     [114°].    From  the  preced- 
ing and  01  (Morawski  a.  Klaudy,  M.  8,  399). 

Bromo-phenylimide  *C,H4Oa.N.G6H4Br, 
[118°].  From  the  phenylimide  and"  Br  (M.  a. 
K.). 

Di-nitro-  phenylimide 
CaH4:C202:N.CriH3(NO.>),.       [120°].      From    the 
preceding,  HN03   and~H2S04  (Gottlieb,  A.  85, 
21). 

Acid  toluide  *C92H.C3H4.CO.NHC7H7 
[166°].  Formed  by  warming  an  aqueous  solu- 
tion of  acid  p-toluidine  citraconate. 

p-Tolylimide  C3H4:C202:NCttH4Me.   [115°]. 

(a)-Naphthylimide  C5H4O2NC10H..  [142°]. 
(360°).  Yellow  plates,  sol.  most  solvents,  insol. 
cone.  HClAq  (Morawski  a.  Glaser,  M.  9,  286). 

(&)-Naphthylimide  C15HUO2N.  [110°]. 
From  citraconic  acid  and  ()8)-naphthylamine  at 
175°  (M.  a.  G.).  Pale  yellow  needles. 

m-Car  boxy  -phenylimide 

C3H4<^>N.C6H4.C02H.     [218°].    Formed  by 

boiling  w-amido-benzoic  acid  with  an  aqueous 
solution  of  citraconic  acid.  Prismatic  needles, 
sol.  hot  alcohol  and  water,  sol.  dilute  alkalis. 

Phenyl-hydrazide    C3H4<^>  N2HPh. 

[160°].  Bright  yellow  needles  ;  si.  sol.  cold,  v. 
sol.  hot,  water. 

Isomerides  of  Citraconic  Acid  v.  ITACONIC 
ACID,  MESACONIC  ACID,  CROTACONIC  ACID,  and 
ETHYLIDENE-MALONIC  ACID. 

Constitution  of  Citraconic  acid.  —  Citraconic 
acid  stands  to  mesaconic  acid  in  the  same  rela- 
tion that  maleic  acid  does  to  fumaric  acid.  The 
formation  of  allylene  by  the  electrolysis  of  citra- 
conic and  mesaconic  acids  indicates  the  presence 
of  a  methyl  group,  so  that  citraconic  acid  is 
inethyl-maleic  acid,  while  mesaconic  acid  is 
methyl-fumaric  acid.  On  the  other  hand,  itaconic 
acid  is  said  to  give  isoallylene  CH2:C:CH.,  on 
electrolysis. 

Citraconic  and  maleic  acids  differ  from  the 
aZZo-isomerides  in  combining  vigorously  with 
halogens  and  HBr.  The  ethers  of  citraconic 
and  maleic  acids  have  higher  boiling-points  than 
those  of  mesaconic  and  fumaric  acids,  the  differ- 
ence being  much  greater  between  the  methyl 
than  the  ethyl  ethers. 

On  the  other  hand,  (ct)-coumaric  ethers  have 
lower  boiling-points  than  (/3)-coumaric  ethers. 

Citraconic  acid  with  PC15  gives  mesaconyl 
chloride,  (a)-coumaric  acid  with  PC15  gives  (#)- 
coumaryl  chloride  (Petri,  B.  14,  1634). 

The  indices  of  refraction  of  the  citraconic 
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and  mesaconic  ethers  are  nearly  the  same  for  the 
red  end  of  the  spectrum,  but  the  mesaconic 
ethers  refract  the  violet  rays  more  powerfully. 

The  ethers  of  citraconic,  jnaleic,  and  (a)- 
coumaric  acids  contract  in  volume  on  changing 
to  the  more  stable  isomerides.  The  acid  aniline 
salts  of  citraconic  and  maleic  acids  readily 
change,  especially  when  their  solution  is  eva- 
porated at  100°,  into  phenylimides ;  the  corre- 
sponding salts  of  mesaconic  and  fumaric  acids 
are  not  affected  (Perkin,  C.  J.  39,  561). 

The  initial  velocity  of  etherification  is  29-3 
for  itaconic  acid,  37'9  for  mesaconic  acid,  and 
47'4  for  citraconic  acid  (Menschutkin,  J.  R.  13, 
527  ;  B.  14,  2630). 

CITRAMALIC  ACID  v.  OXY-PYROTARTARIC 
ACID. 

CITRANILIC  ACID  v.  Phenylimide  of  CITRIC 

ACID. 

CITRATARTARIC  ACID  v.  DI-OXY-PYROTAR- 

TARIC    ACID. 

CITRAZIC   ACID  v.  DI-OXY-PYRIDINE-CARBO- 

XYLIC   ACID. 

CITRENE  v.  TERPENES. 

CITRIC  ACID  C6H807  i.e. 

C02H.CH2.C(OH)(C02H).CH,.C02H.  [147°] 

(Grimaux  a.  Adam).  S.G.  1-54.  S.  125  at  15° ; 
200  at  100°.  S.  (of  C6H807  aq  in  80  p.c.  alcohol) 
87  at  15° ;  S.  (of  CKH807  in  absolute  alcohol) 
75-9  at  15°  ;  S.  (of  C  .HS07  in  ether)  2-26  (Bour- 
goin,  Bl.  [2]  29,  244) ;  S.  (of  C6H807  in  ether) 
9-1  (Lippmann,  B.  12,  1650).  H.F.  354,000  (v. 
Eechenberg). 

Occurrence. — In  lemons,  oranges,  cranberries, 
cowberries,  and  sundew  (Drosera  intermedia) ; 
together  with  malic  acid  in  red  currants,  goose- 
berries, whortleberries,  raspberries,  and  cloud- 
berries (Rubus  Chamczmorus)  ;  together  with 
both  malic  and  tartaric  acids  in  tamarinds  and 
mountain  ash  berries  (Scheele,  Opuscida,  2, 181 ; 
Berzelius,  A.  Ch.  94,  171 ;  [2]  52,  424,  432  ;  67, 
303;  70,  215;  Kobiquet,  A.  Ch.  [2]  65,  68; 
Liebig,  A.  5,  134  ;  26,  119,  152  ;  44,  57  ;  Mar- 
chand,  J.  pr.  23.  60;  Cahours,  A.  Ch.  [3]  19, 
488  ;  Pebal,  A.  82,  78  ;  98,  67 ;  Tilley,  /.  Ph.  13, 
305  ;  Ferret,  Bl.  [2]  5,  42  ;  Warrington,  C.  J.  28, 
925 ;  Stein,  B.  12,  1603  ;  Kossovic,  C.  C.  1887, 
1157).  Occurs  also  in  certain  plants,  e.g.  celan- 
idine  (Haitinger,  M.  2,  485),  leaves  of  the  wild 
cherry  (Rochleder,  Z.  [2]  6, 176),  Lupinus  luteus, 
Viciasativa (vetch),  Vicia  Faba,  Pisum sativum 
(peas)  and  white  beans  (PJuiseolus)  (Eitthausen, 
J.  pr.  [2]  29,  357).  Occurs  as  lime  and  potash 
salt  in  tobacco,  and  in  the  juice  of  lettuce.  Oc- 
curs in  the  root  and  leaves  of  madder  (Eoch- 
leder,  A.  80,  322 ;  Willigk,  A.  82,  343),  in  beet- 
root (Michaelis,  /.  1851,  394  ;  J.  pr.  54,  184 ; 
Schrader,  A.  121,  370),  and  in  young  vines 
(Wittstein,  J.  1857,  520 ;  Vier.  pr.  Pharm.  6, 
192). 

Synthesis.  —  s  -  Di  -  chloro-acetone  combines 
withhydrogencyanideforming(CH2Cl)2C(OH).CN 
which  is  converted  by  saponification  into 
(CH,C1).,C(OH).CO.,H,  whence  KCy  readily  forms 
(CN.CH2)2C(OH).CO,H  which  is  converted  by 
treatment  with  HC1  into  citric  acid  (Grimaux  a. 
Adam,  A.  Ch.  [5]  23,  356 ;  C.  R.  90,  1252). 

Preparation. — Lemon  juice  is  allowed  to 
undergo  incipient  fermentation,  and  is  then 
boiled  with  chalk  and  lime.  The  ppd.  calcium 
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citrate  is  decomposed  by  an  equivalent  quantity 
of  H2S04. 

Proper  ties.— Usually  crystallises  in  efflores- 
cent trimetric  prisms  (containing  aq)  a:b:c 
=  -6068:1:  -4106.  Different  specimens  of  crys- 
tallised citric  acid  when  powdered  and  left  over 
H2S04  lose  water  at  very  different  rates  (Gros- 
jean,  C.  J.  43,  331).  From  boiling  solutions 
citric  acid  separates  in  anhydrous  crystals 
(Sarandinaki,  B.  5,  1101).  Crystals  containing 
2aq  may  sometimes  be  obtained  (Cloez).  Lime 
water  produces  little  or  no  pp.  in  the  cold,  but 
calcium  citrate  is  ppd.  on  boiling.  Calcium 
citrate  is  insoluble  in  KOH ;  it  dissolves  inNH4Cl, 
but  is  reppd.  on  boiling.  Citric  acid  differs  also 
from  tartaric  acid  in  not  forming  an  insoluble 
acid  potassium  salt.  Boiling,  strongly  alkaline, 
permanganate  is  reduced  by  citric  acid  to  man- 
ganate  only,  the  liquid  becoming  green,  whereas 
in  the  case  of  tartaric  acid  the  reduction  pro- 
ceeds further,  the  liquid  becoming  brown  (Chap- 
man a.  Smith,  Laboratory,  1,  39  ;  cf.  \Vimmel, 
Z.  [2]  5,  286).  FeCl3  gives  a  light  yellow  pp. 
in  a  hot  solution  of  an  alkaline  citrate ;  the 
pp.  dissolves  in  excess  of  the  citrate  (Kaminerer, 
Fr.  8,  298).  Silver  citrate  dissolves  in  hot  water 
without  blackening.  Cone.  K2Cr207Aq  is 
blackened  in  the  cold  by  tartaric  acid  but  not  by 
citric  acid. 

Estimation  (in  lemon  juice). — The  juice  is 
neutralised  with  Na.2C03,  CaCl2  is  added,  and  the 
liquid  boiled.  The  pp.  is  collected  and  washed. 
The  nitrate  and  washings  are  treated  with  NH3 
and  evaporated  to  a  small  bulk.  Some  more 
calcic  citrate  then  separates  (Grosjean,  C.  J.  43, 
332;  cf.  Fleischer,  Ar.  Ph.  [3]  5,  97;  Allen, 
C.  N.  32,  277 ;  Creuse,  Ph.  [3]  2,  547).  A  second 
concentration  may  then  be  effected,  when  a  third 
quantity  sometimes  separates.  Turmeric  is  better 
than  litmus  as  an  indicator  in  alkalimetric  ex- 
periments with  citric  acid  (F.  Watts,  S.  C.  I.  5, 
214). 

Reactions.— 1.  By  heat  it  is  split  up  at  175° 
into  H20  and  aconitic  acid  C6H(i06,  which  on 
dry  distillation  again  splits  up  into  C02  itaconic 
acid  CjjHjO.,,  citraconic  anhydride  C5H403,  and 
acetone.— 2.  By  heating  with  water  (10  pts.)  at 
160°  it  is  split  up  into  itaconic  acid  and  C0.2 
(Markownikoff  a.  Purgold,  #.[2]  3,204).— 3.  Cit- 
ric acid  (100  g.)  heated  with  water  (50  g.)  and 
sulphuric  acid  (100  g.)  for  5  hours  gives  aconitic 
acid  which  separates  on  cooling  (Hentschel, 
J.  pr.  [2]  35,  206).  100  g.  citric  acid  heated 
with  100  g.  water  and  5  g.  H2S04  at  170°  give 
aconitic  and  itaconic  acids  (Pawolleck,  A.  178, 
152)._4.  Cone.  H2S04  at  40°  gives  off  CO,  CO,, 
and  acetone,  and  forms  an  acid  whose  acid 
barium  salt  is  (C5H7S05)2Ba,  and  is  converted  by 
baryta-water  into  (C3H5SO4),Ba  (Wilde,  A.  127, 
170). —5.  On  dry  distillation  with  glycerin,  it  gives, 
besides  acetone,  acrolem,  CO,  and  C02,  a  distil- 
late containing  the  pyruvic  ether  of  glycide 
CH2.CH.CH2.O.CO.CO.CH3.  [82°].  (241°) 


Y 


(De  Clermont  a.  Chautard,  C.  R.  105,  520).— 6. 
Cone.  HClAq  at  150°  gives  aconitic  acid  ;  at  200° 
it  also  forms  diconic  acid  C9HU,06,  and  gives  off 
CO  and  C02  (Hergt,  J.  pr.  [2]  8,  373).— 7.  An 
aqueous  solution  mixed  with  yeast  and  chalk 
and  exposed  to  the  ail  at  25°  forms  acetic  and 
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butyric  acids  (How,  C.  J.  5,  1 ;  Personne,  C.  R. 
36,  197). — 8.  Chlorine  acting  on  a  cone,  aque- 
ous solution  of  sodium  citrate  forms  hexa-chloro- 
acetone  and  chloroform.  Br  acts  in  the  same 
way  (Cloez,  C.  E.  53,  1120).— 9.  Potash-fusion 
gives  oxalic  and  acetic  acids  (Liebig,  A.  26, 158). 
10.  Acetone  is  formed  by  distilling  sodium 
citrate  with  lime  (Freidl,  M.  4,  151). — 11.  An- 
hydrous citric  acid  is  converted  by  a  mixture  of 
fuming  HN03  (1  pt.)  and  H2S04  (2  pts.)  into  the 
nitrate  C3H4(ON02)(C02H)3  erroneously  called 
nitro-citric  acid.  It  is  insol.  ether,  and  forms 
insoluble  salts  Ba3A'"2  and  Pb3A"2  (Champion 
a.  Pellet,  Bl.  [2]  24,  448).— 12.  Citric  acid  (1 
mol.)  heated  with  glycerin  (1  mol.)  at  100° 
forms  glyceryl  citrate  C-jH^CyH^Oj  a  glassy 
mass,  insol.  water  (Bemmelen,  /.  pr.  69,  84). 
Excess  of  glycerin  at  170°  gives  so-called 
citro-diglycerin  Ci2H18010(?).  — 13.  Citric 
acid  (1  mol.)  heated  with  mannite  (1  mol.) 
at  140°  forms  citrornannitan  Cj,H14O9 
(Bemmelen,  J.  1858,  435).  Excess  of  citric  acid 
(2  mols.)  heated  with  mannite  at  150°  forms 
dicitromannitan  C,8H200 15.  Both  bodies  are 
amorphous. 

Salts.  —  N^H.jA'" :  triclinic  crystals.  — 
(NH4),HA".  S.G.  f  1-479  (Clarke,  A m.  2,  174).— 
(NH4)3A"'  aq  :  deliquescent.  Ferric  and  alumi- 
nium oxides,  freshly  precipitated,  dissolve  in  a 
solution  of  ammonium  citrate,  and  from  the  solu- 
tions when  evaporated  salts  of  the  general  type 
C6H507H(NH4)2(C6H507(NH4)2)3M2H20  crystal- 
lise out.  Similarly  magnesium,  manganese,  nickel, 
cobalt,  zinc,  copper,  and  mercuric  oxides  dissolve 
in  ammonium  citrate  to  form  salts  of  general 
type  [CtiH507(NH4)2]2M  generally  with  1  mol. 
H20.  Solutions  of  these  salts  are  not  precipi- 
tated by  ammonia,  the  alkaline  hydroxides  and 
carbonates,  but  completely  precipitated  by  H2S 
or  ammonium  sulphide.  The  oxides  and  carbo- 
nates of  Ba,  Sr,  and  Ca  decompose  boiling  solu- 
tions of  ammonium  citrate  forming  insoluble 
pps.  of  the  corresponding  salts  Ca3A"2,  &c.  (Lan- 
drin,  A.  Ch.  [5]  25,  233;  C.  E.  86,  1336).— 
(NH4)3H3A"2  (Heusser,  P.  88,  121).— Li3A"' (?) 
(Thomson,  Ph.  [3]  13,  783).— NaE^A'"  aq.— 

Na2HA'"aq:   needles.— Na3A'"  5|aq.      S.G.  ^-8 

1-858  (Clarke,  Am.  2,  174 ;  Kammerer,  A.  148, 
294;  170,  176).  Trimetric  prisms  or  groups  of 
silky  needles.  —  Na3A'"  2aq  (Heldt,  A.  47, 
157).  —  KH.A'"  2aq.  —  K2HA'".  —  K3A"  aq.  - 
K3(NH4)2HA/>/2.  — K,(NH4)A'".  —  K3Na3A"26|aq. 
K3Na3A"2  llaq.— T13A"  (Kuhlmann,  C.  E.  55, 
607).— Ba3A"27aq:  amorphous  pp.— Ba3A"25aq: 
groups  of  minute  needles,  formed  by  boiling 
the  above  with  water. — Ba3A'"2  3|aq :  minute 
monoclinic  prisms,  formed  by  treating  either 
of  the  two  preceding  salts  with  ammonia. — 
Sr3A"25aq:  minute  silky  needles.— Sr3A"'22aq. 
Sr7H2(C6H407)4  llaq.  —  Sr7H2(C6H4O7)4  2iaq.— 
Ca3A'"2  4aq.  From  Na3 A"  and  CaCl2 :  pp.  changed 
in  water  at  100°  into  minute  transparent  needles. 
Ca3A"27aq.-CaH2A'"2aq.— MgaH2(CdH407)38aq. 
Mg3A"2  9aq.  —  Mg3A'"2  5iaq.  —  Mg,A'"2  7aq.  — 
MgnH2(CaH407)«  13aq.  —  M&H^O.HA),  3aq.  — 
Mg3A"'2  14aq.— Mg(NH,)4A"2  2aq  (Landrin,  C.R. 
86,  1336).  -  Zn,A'"2  2aq.  —  Zn8H4(CtiH407)5.  — 
Zn.H.A'",  2aq.  -  Zn(NH4)4A'"2.  -  Cd3A"2  *a£  - 
Cd3A"2  lOaq.— Cd9H2(CaH407),  18aq  :  needles.— 
Ccl9H2(C6H407)5  27aq.  -  Cu2CtiH407  2|aq  :  green 


crystalline  precipitate  which  is  obtained  by  boil- 
ing a  solution  of  cupric  carbonate  in  citric  acid. — • 
Cu5H2(C6H407)3 15aq  :  greenish  pp.  got  by  adding 
alcohol  to  the  above  solution. — Cu(NH,)4A"2aq 
(Landrin,  C.  R.  86,  1336).— Pb3A"2  3aq :  crystal- 
line pp.  from  lead  nitrate  and  Na3A".  - 
Pb2C6H407  2aq  :  amorphous  ;  got  by  heating  the 
preceding  with  ammonia. — Pb3A'"2  aq  :  amor- 
phous pp.  from  alcoholic  Pb(OAc)2  and  citric 
acid.  —  PbHA":  crystals,  v.  sol.  water.— 
Pb3A"2Pb202  3aq  (at  100°)  (Otto,  A.  127, 175).— 
Pb3A'"2Pb404.  —  Hg(NH4)4A"2.  —  Co3A'".>  14aq  : 
amorphous.—  Co(NH4)4A"2  4aq.  —  Ni3A"'2 14aq  : 
amorphous.  —  Ni(NH4)4A'"2  4aq.  — Mn3A'"2  2aq  : 
crystalline  powder  formed  by  boiling  citric  acid 
with  MnC03  (Heldt) ;  the  following  salts  are 
formed  at  the  same  time  (K.).  Sodium  citrate 
does  not  precipitate  salts  of  manganese.  — • 
MnHA'"  aq. — Mn3A'"2  9aq  :  trimetric  prisms. — • 
Mn5H.,(C6H407)a 15aq.  — Mn7H2(C6H407)4 18aq.— 
Mn(NH4)4A"'2.— FeHA"aq  :  crystalline  powder 
formed  by  boiling  iron  with  aqueous  citric  acid. — 
FeNaA'"  :  apple-green  scales  (Rother,  Ph.  [3]  13, 
629).— Fe(OH)Na»A" :  amorphous  grass-green 
powder.  —  FeNa2H2A'"2.  —  FeNa2H2(P04)  A".  — 
FeA"'  l^aq :  got  by  dissolving  Fe(OH)3  in  citric 
acid.  Light  brown  film.— Fe(OH)HA'"2aq 
(Schiff,  A.  125,  147).— Fe(NH4)3A''2 :  greenish- 
yellow  mass.— Fe(NH4)2HA"2.— Fe(NH4)H2A"2. 
(FeO)2(NH4)A'"  4aq.  —  FeA"(NH3)3  3aq.  — 
Fe2(NH4).,(C(iH407)23aq  (Mehu,  J.  1873,  570).— 
Fe(OH)(NH4)4A"22aq.  —  A1(OH)(NH4)4A"2. — 
SmA'"  6aq :  amorphous  pp.  sol.  ammonia.  The 
ammoniacal  solution  does  not  become  turbid  on 
heating  (Cleve,  Bl.  [2]  43,  172).— Y3A"2 14aq.— 
LaA"  3.^aq  (Czudnowicz,  J.  1860,  128 ;  J.  pr. 
80,  31).  —  CeA"3|aq.  —  K3SbA'"22faq:  hard 
prisms  grouped  in  tufts. — BiA"' :  granular  pp. 
obtained  by  boiling  bismuth  nitrate  with  citric 
acid  (Rother,  Ph.  [3]  6,  764;  Cavazzi,  G.  14,  289). 
— (BiO)(NH4)2A":  obtained,  together  with  the 
following  body,  by  boiling  the  preceding  with 
ammonia.  — (BiO)(NH4)HA".—  BiA"4Bi(OH)3 : 
gelatinous  pp.— BiA'"(NH3)  3aq  (Bartlett.C.  N.  11, 
28).— FeA"BiA"(NH3)3  3aq.— Ag:iA"  :  powder; 
crystallises  from  water  in  needles.  —  Ag2HA" 
(Ronnefahrt,  J.  1876,  562).— Ag3A'"(NH3)  l-£aq 
(Wohler,  A.  97,  18).— Ag6A"  (?)  (W.) :  got^by 
heating  Ag3A'"  at  100°  in  a  current  of  hydro- 
gen. —  Ag2CaC6H407.  —  Telluro  -  citrate. 
K2A'"2TeOH2  aq  :  leaflets,  v.  sol.  water ;  formed 
by  adding  citric  acid  to  a  solution  of  potassium 
tellurite  and  evaporating  (Klein,  C.R.  102,  47).— 
Boro-citrates.  Boro-citric acid HKA"'2HB02 at 
80°  is  formed  by  dissolving  boric  acid  (1  mol.)  in  a 
solution  of  citric  acid  (2  mols.4).  It  is  a  deli- 
quescent mass.  The  boro-citrates  are  formed  by 
dissolving  boric  acid  in  solutions  of  the  citrates. 
The  magnesium  borocitrates  do  not  crystallise. — 
Na,A'"3HB02.— Na.,HA"2HB02.— 
NaH.A"'HB02.  -K,HA"'2HB02.  -  K3A"3HB02. 
KH.,A"HB02.— KH>'"22HB02.— 
LiH2A"'HB02.— Li2HA'"2HB02.-Li3A"3HB02. 
MgH4A",HBO2.— Mg.,H2A"24HB02.— 
Mg3A"26HB02  (Scheibe,  Ph.  [3]  11,  389).— 
Aniline  salt  NPhH^HgOj.  Needles  (Pebal, 
A.  82,  91).  At  145°  It  changes  to  the  phenyl- 
imide.  i|/-Cumidine  salt  CaH.,Me3NH2H3A" 
[133°]  (Schneider,  £.21,  660). 

Methyl  ether   MeHA'"   (Demondesir,  A. 
80,  302). 
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Di-methyl  ether  Me.HA"'  (St.  Evrc,  A. 
60,  325). 

Tri-methyl  ether  Me3A'".  [79°].  (c. 
285°) ;  (176°  at  16mm.).  Formed,  together  with 
the  two  preceding  bodies,  by  passing  HC1  into  a 
solution  of  citric  acid  in  MeOH  (St.  Evre,  C.  B. 
21,  1441).  Triclinic  crystals.  Partly  split  up 
on  distillation  into  H20  and  tri-methyl  aconitate 
(271°).  PC15  gives  oily  C3H4Cl(C02Me)3. 

Acetyl-trimethyl  ether 
C3H4(OAc)(C02Me)3.     (281°) ;  (171°  at  15  mm.). 

Mono -ethyl  ether  EtH2A'".  Formed  by 
the  action  of  sodium  amalgam  upon  wet  Et3A"' 
(Glaus  a.  Eoennefahrt,  B.  8,  866).  Formed  also 
by  boiling  citric  acid  with  acetic  ether  (Kreitmair, 
B.  8,  737).  Thin  prisms  ;  v.  sol.  water,  alcohol, 
and  ether.— Na2EtA'"  (at  100°);  prisms.— 
Ag2EtA'". 

Di- ethyl  ether^i.fLK'".  (218°)  at  60mm. 
Formed,  together  with  the  preceding,  by  the 
action  of  sodium  amalgam  on  wet  citric  ether. — 
NaEt.,A"' :  deliquescent.  Formation. — (Conen, 
B.  12^  1653 ;  Euhemann,  C.  J.  51,  404). 

Tri-ethyl  ether  Et3A'".  (218°  at  60  mm.) 
(Kuhemann,  B.  20,  799  ;  C.  J.  51,  404) ;  (213°  at 
35  mm.);  (263°  at  300  mm.)  (Conen,  B.  12, 
1653).  S.G.  f  1-137  (C.).  /^  1-4513.  E^,  105-09 
(Briihl).  Formed  by  heating  citric  acid  with 
alcohol  and  H2S04,  or,  better,  by  saturating  an 
alcoholic  solution  of  citric  acid  with  HC1  (Th6- 
nard,  Mtm.  d'Arcueil,  2,  12 ;  Malaguti,  A.  Ch. 
63,  197  ;  Dumas,  C.  R.  8, 528  ;  Marchand,  J.  pr. 
20,  318 ;  Heldt,  A.  47,  157 ;  Demondesir,  C.  R. 
33,  227;  Pebal,  A.  98,  67;  Claus,  B.  8,  867). 
Oil ;  v.  sol.  alcohol  and  ether.  It  boils  with  de- 
composition at  280°. 

Acety  I-  tri-  ethyl  -ether 
C3H4(OAc)(C02Et)3:  (288°)  ;  (229°  at  100  mm.), 
(214°  at  40  mm.) ;  S.G.  if  1-1459.  By  the  action 
of  strong  aqueous  NH3  it  is  converted  into  the 
amide  of  di-oxy-pyridine-carboxylic  acid  (citraz- 
J(OH):CHv 

-SC-CONH2  (Euhemann,  B. 

J(OH):CH/ 

20,  799 ;  C.  J.  51,  404 ;  cf.  Wislicenus,  A.  129, 
175).     Yields  a  phenyl-hydrazide  [128°]. 

Tetra- ethyl  ether  C3H4(OEt)(C02Et)3. 
S.G.  f  1-1022.  up  1-4548.  EOO  119'97  (Bruhl). 
Thick  liquid.  Bitter  taste.  (238°  at  150  mm., 
and  about  290°  at  760  mm.).  With  PC15  it  gives 
aconitic  ether  (Conen,  B.  12,  1653). 

Tri-n-propyl  ether  C3H4(OH)(C02Pr)3. 
(198°)  at  13  mm. 

Acetyl-tri-n-propyl  ether 
C,H4(OAc)(C02C8H7)8.  (205°  at  13  mm.).  When 
heated  to  250°-280°  the  acetyl  ethers  readily  split 
off  acetic  acid,  yielding  the  corresponding  ethers 
of  aconitic  acid  (Anschiitz  a.  Klingemann,  B.  18, 
1953). 

Mono-isoamyl  ether  C^HUH.A/"  (Breun- 
lin,    A.     91,     318).    -   -     (NH4)2(C,Hn)A'".    - 
NaH(C,HH)Aw.-KH(C,Hn)A"'.-Pb3(CnH1507)2. 
CaH.,(C,Hu),A"'2  tcaq:  laminae. 

Ethyl  isoainyl  ether  C.HnEtHA'".   Oil. 

Tri-phenyl  ether  C3H30(COJPh)8.  [125°]. 
From  citric  acid,  phenol  and  POC13  (Seifert, 
J.pr.  [2]  31,470). 

Mono -amide  0,11,0 (C02H).2CONH2.  Citro- 
mon-amic  acid.  [138°].  Colourless  crystals ;  ex- 
tremely sol.  water,  less  sol.  alcohol,  insol.  ether 
and  ligroin.  Formed  as  a  by-product  in  the 


l  preparation  of  the  tri-amide.  By  boiling  with 
HC1,  or  by  heating  with  75  p.c.  H2S04,  it  is  con- 
verted into  citrazinic  acid  C6H5N04.  —  Salt: 
C6H706NAg2:  white  pp. 

Di-  amide  O^OfOOjHUOONH,),:  citro- 
di-amic-acid:  [158°]  ;  white  plates;  v.sol.  water, 
nearly  insol.  alcohol  and  ether.  Formed  as  a 
by-product  in  the  preparation  of  the  tri-amide. 
By  boiling  with  HC1,  or  by  heating  with  75  p.c. 
H2S04,  it  is  converted  into  citrazinic  acid.  — 
C6H905N2Ag  :  crystalline  pp. 

Tri-amide  C,H50(CONH.,),  :  [210°-215°]; 
colourless  crystals;  B.  (at  18°)  =2-7;  (at  100°) 
=  33-3  ;  insol.  alcohol,  ether,  &c.  Prepared  by 
the  action  of  strong  aqueous  NH3  (-88)  in  the 
cold  upon  the  tri-methyl  ether  of  citric  acid. 
By  heating  with  HC1  or  with  75  p.c.  H2S04  it  is 
converted  into  citrazinic  acid  (Behrmann  a.  Hof- 
mann,  B.  17,  2682). 

Tri  -me  thy  I  -amide 

C3H4(OH)(CO.NHMe)3:  [124°];  white  prisms,  v. 
sol.  cold  water. 

Phenylimide  C3H4(OH)(C02H)(C202NPh). 
Citranilic  acid.  Formed  by  heating  citric  acid 
(1  mol.)  with  aniline  (1  mol.)  at  150°  (Pebal,  A. 
82,  92).  Crystalline  spherules  (from  water).  — 
AgC12H)0N05.—  NPhH2C12HnN05. 

Dianilide  C3H4(OH)(C02H)(CONPhH)2. 
[150°].  Formed  by  boiling  the  di-phenyl-amide- 
imide  with  ammonia.  Concentric  groups  of 
silky  needles  (from  alcohol). 

Di-phenyl-amide-imide 
C3H4(OH)(CONPhH)(C202NPh).       Formed     by 
heating  the  aniline  salt  of    the  phenylimide. 
Hexagonal  plates  ;  sol.  alcohol. 

Tri-anilide  C3H4(OH)(CONPhH)3. 

Formed  by  heating  normal  aniline  citrate. 
Prisms  (from  alcohol).  Insol.  alkalis. 

p-Tolyl-imide 

C3H4(OH)(C02H)<^>NC7H7:    [173°];    small 

white  crystals;  v.  sol.  alcohol,  ether,  and  hot 
water,  si.  sol.  cold  water.    Formed  by  heating 
mono-jp-toluidine  citrate  at  160°-170°. 
Di-p-tolyl-amide-imide 

C3H4(OH)(CO.NHC7H7)<£°>NC7H7  :     [205°]  ; 

small  granular  crystals;  m.  sol.  alcohol  and 
ether,  insol.  water.  Formed  by  heating  1  mol. 
of  citric  acid  and  2  mols.  of  j>-toluidine  for  three 
hours  at  160°-170°. 

Di-p-tolyl-di-  amide 

C3H4(OH)(CO.NHC7H7)2(CO.^):  [161°];  small 
needles;  sol.  alcohol  and  ether,  insol.  water. 
Formed  by  heating  the  preceding  compound  with 
aqueous  NH3. 

Tri-p-toly  I  -tri-amide 
C3H4(OH)(CO.NHC7H7)3:  [189°];  silky  white 
microscopic  needles  ;  si.  sol.  alcohol,  insol. 
water.  Formed  by  heating  1  mol.  of  citric  acid 
and  3  mols.  of  _p-toluidine  at  140°-145°  (GiU,  B. 
19,  2352). 

Di-ty-cumyl-amide-imide 
C,H4(OH)  (CO.NHC6H.,Mes)  (C20,NC6H,Me3). 
[173°].     The  chief    product   of    the   action   of 
»//-cumidine  (2  mols.)  on  citric  acid  (1  mol.)  at  160° 
(Schneider,  B.  21,  660).    Prisms  ;  v.  sol.  alcohol. 


C3H4(OH)  (COM)  (CO.NH.CtiH2Me3)2.  [194°]. 

Formed  by  treating  the  preceding  with  alkalis.  — 
NaA'.    [236°]. 
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Tri-^-cumidide 

C3H4(OH)(CO.NH.CtiH2Me3)3:  [185°];  white 
powder,  si.  sol.  alcohol.  Formed  by  heating 
citric  acid  (1  mol.)  with  ^-cumidine  (3  mols.). 

Benzidide 

.CO.NH.C6H4 
C3H4(OH)(C02HX  |       .  Frombenzidine 

\CO.NH.C6H4 

and  citric  acid  at  150°.  Carbonises  above  300°. 
Crystalline  powder. 

Tolylene-diamide 

C3H4(OH)<^°^>C6H3Me.      [187°].      From 

citric  acid  and  tolylene-diamine.  [99°]  at  130°. 
Minute  crystals. 

Tri-nitro-anilide 

C3H4(OH)(CO.NH.C6H4N02)3.  [108°].  Formed 
by  nitrating  the  anilide. 

Di-(P)-naphthyl-amide-imide 

C3H4(OH)(CO.NHC10H7)<g°>NC10H7  :    [233°]. 

Formed  by  heating  1  mol.  of  citric  acid  with 
2  mols.  of  (0)  -naphthylamine  at  140°-150°. 
White  six-sided  plates.  SI.  sol.  alcohol,  insol. 
water. 


C3H4(OH)(C02H)(CO.NHCIOH7)2:  [172°].  Formed 
by  digesting  the  preceding  body  with  cone. 
aqueous  NH3  at  170°.  Microscopic  concentric 
needles.  Insol.  water.  Weak  acid  reaction  to 
litmus.  —  A'Ag. 

Tri-(0)-naphthyl-tri-amide 
C3H4(OH)(CO.NHC10H7)S:    [215°].     Formed  by 
heating  the   di-naphthyl-amide-imide  with  (£)- 
naphthylamine  (1  mol.)  at   15q°-170°.    Micro- 
scopic prisms.    V.  sol.  alcohol,  insol.  water. 

Di-(a)-naphthyl-amide-imide 

C3H4(OH)(CO.NHC10H7)<^>NC10H7  :    [194°]. 

Formed  by  heating  1  mol.  of  citric  acid  with 
2  mols.  of  (a)  -naphthylamine  at  140°-  150°.  Six- 
sided  plates  (from  benzene).  V.  sol.  alcohol, 
ether,  &c.,  insol.  HClAq. 

Di-(a)-naphthyl-di-amide 
C3H4(OH)(C02H)(CO.NHC10H7)2:  [149°].  Formed 
by  heating  the  preceding  body  with   aqueous 
NH3  at  150°-160°.    Small  needles  (from  alcohol). 
A'Ag. 

Tri-(a)-naphthyl-tri-amide 
C3H4(OH)(CO.NHC10H7),     [129°].      Formed    by 
heating    the    di-(o)-naphthyl-amide-imide   with 
()8)  -naphthylamine  (1  mol.)  at  150°-170°.   Micro- 
scopic rhombic  prisms  (Hecht,  B.  19,  2614). 

ISOMEKIDE   OF  CITRIC  ACID  v.  OXY-TRI- 

CABBALLYLIC   ACID. 

CITRIDIC  ACID  v.  ACONITIC  ACID. 

CITRONELLOL  C10H18O  (Gladstone,  C.  J.  25, 
47)  or  C10HI80  (Wright,  C.  J.  12,  318).  (210°- 
220°).  The  chief  constituent  of  the  oil  of 
citronella  (Andropogon  Nardus  or  Schcenanthiis), 
a  grass  cultivated  in  Ceylon.  P2S5  appears  to 
form  a  mixture  of  terpenes  and  their  polymerides. 
It  combines  with  Br,  forming  a  dibromide,  which 
is  split  up  by  heat  into  H20,  cymene,  and  HBr. 

CLAD  ONIC  ACID.  (fy-Usnic  arid.  [175°]. 
Occurs  in  Cladonia  rangiferina  (Stenhouse,  A. 
155,  50  ;  Hesse,  A.  117,  346).  Yields  betorcin 
on  dry  distillation.  Cladonic  acid  is  probably  a 
mixture  of  usnic  and  barbatic  acids  (Paterno,  O. 
6,  113;  12,  231  ;  Stenhouse,  A.  203,285). 


CLASSIFICATION,  CHEMICAL.— In  the  fol- 
lowing article  nothing  more  is  attempted  than  to 
sketch  the  outlines  of  the  methods  by  the  em- 
ployment of  which  a  fairly  satisfactory  scheme 
of  chemical  classification  may  be  attained.  '  By 
the  classification  of  any  series  of  objects  is 
meant  the  actual  or  ideal  arrangement  together 
of  those  which  are  like  and  the  separation  of 
those  which  are  unlike ;  the  purpose  of  this 
arrangement  being  primarily  to  disclose  the 
correlations  or  laws  of  union  of  properties  or 
circumstances,  and  secondarily  to  facilitate 
the  operations  of  the  mind  in  clearly  con- 
ceiving and  retaining  in  the  memory  the 
characters  of  the  objects  in  question.'  ' 

The  importance  of  classification  in  chemistry 
can  scarcely  be  too  much  insisted  upon.  The 
fundamental  object  is  to  arrange  the  various  kinds 
of  matter  with  which  chemistry  is  concerned  in 
classes,  so  that  the  connexions  between  the  pro- 
perties and  the  composition  of  these  kinds  of 
matter  shall  be  made  apparent.  Inasmuch  as 
our  knowledge  of  the  connexions  between  the 
composition  and  the  properties  of  different  kinds 
of  matter  is  being  modified  from  day  to  day,  it  is 
evident  that  no  system  of  chemical  classification 
can  be  regarded  at  present  as  a  final  system. 
That  we  may  draw  the  outlines  of  a  scheme  of 
chemical  classification,  it  is  necessary  first  of  all 
to  inquire  what  the  objects  are  which  the  scheme 
is  to  include. 

Chemistry  concerns  itself  with  the  connexions 
between  the  properties  and  the  composition  of 
homogeneous  kinds  of  matter ;  a  homogeneous 
kind  of  matter  being  such  that  all  the  portions, 
however  small,  into  which  it  can  be  divided,  are 
possessed  of  the  same  properties  as  belong  to 
the  mass.  But  the  properties  of  homogeneous 
kinds  of  matter  are  of  two  kinds ;  on  the  one 
hand,  there  are  those  properties  which  belong 
to,  or  which  may  be  acquired  by,  the  specified 
kind  of  matter  considered  apart  from  other 
kinds  of  matter;  on  the  other  hand,  there  are 
the  properties  which  are  exhibited  by  the  spe- 
cified kind  of  matter  when  it  acts  on,  and  is 
acted  on  by,  other  kinds  of  matter.  Chemistry 
concerns  itself  more  especially  with  the  latter 
kind  of  properties.  Another  classification  of  the 
properties  of  homogeneous  kinds  of  matter  may 
be  made  ;  we  may  pay  regard  to  those  properties 
which  are  the  sums  of  the  properties  of  the  parts 
of  the  specified  mass  of  matter ;  or  we  may  look 
to  those  properties  which  are  dependent  on  the 
configurations  of  these  parts.  Any  mass  of 
matter  may  be  conceived  to  be  made  up  of  a 
vast  but  finite  number  of  minute  particles,  which, 
for  the  purposes  of  the  investigation  in  hand, 
may  be  regarded  as  indivisible.  These  particles 
may  or  may  not  be  possessed  of  the  properties 
which  distinguish  the  mass  of  matter  under 
consideration ;  the  properties  of  the  mass  may 
be  the  sum  of  the  properties  of  the  particles,  or 
they  may  differ  from  the  sum  of  these  properties. 
In  the  latter  case  we  assume  that  the  properties 
of  the  mass  depend,  among  other  conditions, 
on  the  relative  arrangement  of  the  particles. 
The  weight  of  any  mass  of  matter,  i.e.,  the  force 
with  which  the  matter  is  attracted  towards  the 

1  Stanley  Jevons  (in  Principles  of  Science,  ii.  348,  1st 
ed.) modifying  Huxley's  definition  given  in  Lectureson  the 
Elements  of  Comparative  Anatomy  (1864),  p.  1. 
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earth's  centre,  is  absolutely  independent  of  the 
arrangement  of  the  particles,  and  is  equal  to  the 
sum  of  the  weights  of  these  particles.  The  volumes 
occupied  by  specified  masses  of  homogeneous 
gases,  on  the  other  hand,  are  entirely  dependent 
on  the  relative  arrangement  of  the  particles,  and 
are  not  the  sums  of  the  volumes  occupied  by 
these  particles  when  separated  from  each  other. 
Most  of  the  chemical  properties  of  any  homo- 
geneous kinds  of  matter  are  not  the  sums  of 
the  properties  of  the  particles  of  such  kinds  of 
matter. 

Such  then  being,  very  broadly,  the  kind 
of  properties  considered  in  chemistry,  we  have 
next  to  inquire  as  to  the  meaning  of  the  term 
composition.  This  inquiry  at  once  carries  us 
back  to  properties.  Experiment  shows  that  from 
certain  kinds  of  homogeneous  matter  there  can 
be  obtained  two  or  more  different  kinds  of  ho- 
mogeneous matter,  which  new  kinds  of  matter 
are  wholly  unlike  the  original  in  properties,  and 
the  mass  of  each  of  which  is  less  than  the  mass 
of  the  original ;  the  sum  of  the  masses  of  the 
new  kinds  of  matter  being,  however,  always 
equal  to  the  mass  of  the  original  matter.  Ex- 
periment also  shows  that  from  certain  kinds  of 
homogeneous  matter  new  kinds  of  matter  can  be 
obtained  only  by  adding  on  to  (or  combining 
with)  the  original  matter  one  or  more  different 
kinds  of  matter,  and  that  in  these  cases  the  mass 
of  the  new  kind  (or  kinds)  of  matter  produced 
is  greater  than  the  mass  of  any  one  of  the  kinds 
of  matter  which  have  united  to  produce  it,  but 
is  equal  to  the  sum  of  the  masses  of  all  these 
kinds  of  matter.  Experiment  thus  enables  us  to 
arrange  all  known  kinds  of  homogeneous  matter 
in  two  classes  ;  those  kinds  belonging  to  the  first 
class,  i.e.,  those  from  which  can  be  obtained  two 
or  more  different  kinds  each  unlike,  and  weigh- 
ing less  than,  the  original,  are  called  com- 
pounds ;  those  belonging  to  the  second  class, 
i.e.,  those  which  can  be  changed  only  by  adding 
on  to  them  some  other  kind  of  matter,  are  called 
elements.  A.  compound  may  of  course  be  changed 
by  adding  on  to  it  a  new  kind  of  matter  in  the 
same  way  as  an  element  may  be  changed ;  but 
an  element  can  be  changed  in  this  way  and  in 
this  way  only.  So  far  as  exact  knowledge  goes, 
elements  may  be  said  to  be  completely  homo- 
geneous ;  not  only  are  we  unable  to  separate  a 
specified  mass  of  an  element  into  particles  un- 
like each  other,  by  grinding,  or  cutting,  or 
dividing  the  mass  in  any  way,  but  we  have 
every  reason  to  suppose  that  the  extremely 
minute  particles  of  matter,  by  the  union  of  which 
we  are  obliged  to  regard  the  mass  as  built  up, 
are  themselves  completely  identical  in  proper- 
ties. Although  by  grinding,  or  cutting,  or 
dividing  by  a  machine,  we  cannot  separate  a 
specified  mass  of  a  compound  into  particles  un- 
like each  other,  yet  we  are  certain  that  the  ex- 
tremely minute  particles  of  matter,  by  the  union 
of  which  we  are  obliged  to  regard  the  mass  as 
built  up,  are  themselves  built  up  of  yet  smaller 
particles,  some  of  which  are  wholly  unlike  some 
others.  But  notwithstanding  this  distinction, 
which  may  perhaps  be  removed  as  more  knowledge 
is  gained,  we  are  justified  in  applying  the  term 
homogeneous  kind  of  matter  to  elements  and 
compounds  alike. 

Chemistry  then  concerns  itself  with  the  con- 


nexions between  the  properties  and  the  composi- 
tion of  elements  and  compounds.  By  the  com- 
position of  an  element  is  meant,  at  present, 
simply  a  statement  of  the  name  of  the  element ; 
the  element  is  composed  of  itself.  By  the  com- 
position of  a  compound  is  meant,  at  present,  a 
statement  of  the  elements  by  the  union  of  which 
the  compound  is  produced,  and  of  the  mass  of 
each  element  which  goes  to  produce  a  specified 
mass  of  the  compound.  But  the  word  composi- 
tion, as  we  shall  see  hereafter,  has  a  fuller 
meaning  than  this. 

Let  us  then  regard  the  composition  and  pro- 
perties of  compounds  with  the  view  of  placing 
together  those  which  are  like  and  separating  those 
which  are  unlike.  The  moment  we  attempt  to  do 
this,  we  find  that  our  classification  of  compounds 
must  include  elements  also.  A  series  of  com- 
pounds may  be  formed  by  the  union  of  one  ele- 
ment with  other  elements;  the  properties  of 
these  compounds  present  some  points  of  simi- 
larity ;  the  presence  in  all  of  them  of  the  speci- 
fied element  is  accompanied  by  certain  more  or 
less  marked  similarities  of  properties.  We  wish 
to  connect  properties  of  compounds  with  com- 
position ;  therefore  we  must  learn  the  properties 
of  the  elements  which  by  their  union  produce 
these  compounds ;  but  this  involves  the  study 
of  these  elements  both  as  they  are  in  themselves, 
that  is,  as  they  are  when  unacted  on  by  other 
elements,  and  also  as  their  properties  are  modi- 
fied when  the  elements  combine  with  others. 
We  cannot  then  classify  compounds  without 
studying  the  properties  of  elements,  and  we 
cannot  classify  elements  without  studying  the 
properties  of  compounds. 

Compounds  may  be  classified  in  accordance 
with  (1)  the  number  of  elements  in  each; 
(2)  the  qualitative  properties  of  the  elements  in 
each  ;  (3)  the  quantity  of  the  elements  in  each ; 
(4)  the  quality  and  quantity  of  the  elements  in 
each ;  (5)  the  functions  performed  by  each ; 
(6)  the  qualitative  and  quantitative  elementary 
composition  and  at  the  same  time  the  function 
performed  by  each. 

Making  the  number  of  elements  in  each  com- 
pound the  class-mark,  we  should  have  a  division  of 
compounds  into  binary,  ternary,  quaternary,  &c.; 
but  this  arrangement  would  tell  very  little  about 
the  compounds  in  each  class ;  many  compounds 
may  be  binary  compounds,  and  yet  the  differ- 
ences between  them  be  very  great.  If  the  quali- 
tative properties  of  the  elements  in  a  number 
of  compounds  are  made  the  class-mark,  we 
should  have  a  division  into  compounds  of  oxy- 
gen, compounds  of  chlorine,  compounds  of  iron, 
and  so  on ;  but  not  only  would  this  arrange- 
ment convey  little  information  regarding  the 
compounds  classified,  but  it  would  involve  an 
immense  number  of  classes,  and  the  classes 
would  overlap  each  other ;  e.g.  the  chlorides  of 
iron  would  be  placed  both  in  the  class  of  chlorides 
and  also  in  that  of  compounds  of  iron.  Nor  can 
the  quantity  of  the  elements  in  compounds  by 
itself  be  made  the  characteristic  mark  of  a  class; 
else  we  should  have  vast  numbers  of  quantita- 
tive analyses  as  the  sole  basis  of  classification. 
More  hopeful  is  it  to  attempt  a  classification  of 
compounds  based  on  the  functions  which  they 
perform  under  stated  conditions ;  this  scheme 
leads  to  the  placing  together  e.g.  of  acids,  basic 
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compounds,  metallic  compounds,  peroxides,  an- 
hydrides, &c.,  &c. ;  but  unless  we  connect  the 
composition  of  the  acids,  the  basic  compounds, 
the  anhydrides,  &c.,  with  the  functions  of  each 
of  these  groups,  our  classification  must  at  the 
best  be  one-sided  and  subject  to  continual  modi- 
fication. The  characteristic  mark  of  a  class 
should  be  some  property  or  circumstance,  or  a 
conjunction  of  properties  or  circumstances, 
which  is  easily  detected,  and  which  belongs  to 
all  the  members  of  the  class  and  to  no  others. 
The  property  which  we  propose  to  employ  as  a 
class-mark  is  power  of  performing  a  stated  action 
under  stated  conditions,  and  with  this  property 
we  shall  endeavour  to  connect  a  certain  com- 
position. The  term  composition  must  be  inter- 
preted as  meaning  not  only  a  statement  of  the  ele- 
ments, and  of  the  masses  of  these  elements,  which 
produce  a  specified  mass  of  any  given  compound, 
but  also  a  statement  of  the  number  of  atoms  of 
each  element  in  the  atomic  complex  or  reacting 
chemical  unit  of  the  compound  in  question ;  or, 
in  the  case  of  gaseous  compounds,  of  the  number 
of  elementary  atoms  in  the  molecule  of  the  com- 
pound. We  shall  assume  the  molecular  theory 
of  the  structure  of  matter,  and  the  atomic  theory 
of  chemistry  (v.  ATOMIC  AND  MOLECULAR 
WEIGHTS,  vol.  i.  p.  336).  We  shall  also  assume 


evolution  of  carbon  dioxide,  and  react  with 
many  metals  to  produce  compounds  composed 
of  the  metal  and  a  portion  of  the  elementary 
constituents  of  the  acid,  this  action  being  fre- 
quently accompanied  by  evolution  of  hydrogen. 
Oxides  which  react  in  this  way  are,  generally 
speaking,  but  not  always,  oxides  of  non-metallic 
elements.  Other  oxides  again  exist  which  either 
do  not  dissolve  in  water,  or  dissolve  only  in  re- 
latively very  large  quantities  of  water,  and 
which  do  not  thus  produce  either  alkalis  or  acids, 
but  react  with  aqueous  solutions  of  acids  to  form 
salts  and  water.  Such  oxides  are  for  the  most 
part  oxides  of  well-marked  metallic  elements. 
Finally  a  few  oxides  exist  which  do  not  belong 
to  any  one  of  the  three  classes  already  con- 
sidered; omitting  these,  the  three  classes  of 
oxides  may  be  named  (1)  alkali-forming  or 
alkaline  oxides  ;  (2)  acid-forming  oxides  or  an- 
hydrides ;  (3)  salt-forming  or  basic  oxides.  The 
alkaline  oxides  are  all  oxides  of  metals,  the 
acid-forming  oxides  are  generally  oxides  of  non- 
metals,  and  the  salt-forming  oxides  are  oxides  of 
elements  most  of  which  are  usually  classed  with 
the  metals.  The  following  list  will  serve  as 
data  on  which  a  comparison  of  the  properties 
with  the  composition  of  each  of  these  classes  of 
oxides  may  be  based : 


I.  Alkali-forming  oxides. 

Li20,  Na.20,  K20,  Bb20, 
Cs00;TL,0;MgO,CaO, 
Sr6,BaO~;(?AgaO?PbO) 


II.  Acid-forming  oxides. 
A;  CO,  C02;  N20,  N203>  N204, 

N.A;  Si02;  P2o3,  PA;  so2, 

S03;  CIA  C1203;  Se02;  Te02, 
Te03;  I205;  and  the  following 
oxides  of  metals,  viz.  V204,  V205  ; 
As2O3,  As  A;  Sb203,  Sb0 


CrO3;  Mo03;  W03;  Au203;  Ir203 
Os03  ;  PtO,  Pt02  ;  Pb02  ;  MnO.,, 


that  the  reader  is  familiar  with  chemical  for- 
mulae and  notation. 

A  number  of  compounds  exist  which  dis- 
solve in  water  to  produce  more  or  less  alkaline 
liquids,  that  is  to  say,  liquids  which  exert  a 
corroding  action  on  organic  fibres,  change  the 
tint  of  various  vegetable  colouring-matters,  neu- 
tralise acids  without  evolution  of  any  gas,  pre- 
cipitate the  hydroxides  of  most  heavy  metals 
from  solutions  of  salts  of  these  metals,  have  a 
peculiar  soap-like  action  on  the  skin,  and  sapo- 
nify fats.  The  compounds  which  thus  dissolve 
in  water  to  produce  alkaline  liquids  are  found 
on  analysis  to  be  binary  compounds  of  oxygen  ; 
the  element  present  in  combination  with  oxygen 
is  in  each  case  a  metal.  Other  oxides  exist 
which  dissolve  in  water  to  produce  more  or  less 
acidic  liquids,  or  which  can  be  obtained  from 
acids,  that  is  to  say,  compounds  aqueous  solu- 
tions of  which,  like  alkalis,  exert  a  corroding 
action  on  organic  fibres  and  change  the  tint  of 
various  vegetable  colouring-matters,  which  neu- 
tralise alkalis  with  the  production  of  water  and 
salts  but  without  the  evolution  of  any  gas,  neu- 
tralise carbonates  of  the  alkali-metals  with 


III.  Salt-forming  oxides. 

Most  of  the  oxides  not  placed  in 
groupsl.andll.;  the  chief  exceptions 
being  H20,  H202,  NO,  and  some  of 
the  oxides  of  Or,  Mo,  W,  and  U.  The 
oxides  (M20)  of  Li,  Na,  K,  Eb,  Cs 
and  Tl,  and  the  oxides  (MO)  of  Mg, 
Ca,Sr,  and  Bajbeing  already  classed 
as  alkali-forming,  may  be  omitted 
from  this  group,  although  they  re- 
ZrO,.  act  with  acids  to  form  salts  ;  some 

metallic  oxides  containing  rela- 
tively much  oxygen,  e.g.  Na202, 
K204,  Ba02,  Bi204,  &c.,  form  salts 
by  the  action  of  acids  but  at  the 
same  time  evolve  oxygen. 

The  alkali-forming  oxides  are  oxides  of 
strongly  marked  positive  elements  ;  if  more  than 
one  oxide  of  such  an  element  exists,  that  with 
the  less  oxygen  is  alkali-forming.  The  acid- 
forming  oxides  are  either  oxides  of  the  more 
negative  elements  (non-metals),  or  they  are  the 
higher  oxides  of  the  less  positive  metals ;  many 
of  the  anhydrides  belonging  to  the  latter  class 
do  not  form  acids  when  acted  on  by  water,  but 
are  obtained  by  removing  water  (usually  by  the 
action  of  heat)  from  the  hydrated  oxides  which 
are  themselves  feebly  acidic  in  character.  By  a 
body  of  a  feebly  acidic  character  is  meant  a 
compound  which,  as  a  rule,  is  insoluble  or  nearly 
insoluble  in  water,  does  not  react  with  aqueous 
solutions  of  alkalis  to  form  salts,  but  gives  rise 
to  the  production  of  salts  when  it  is  fused  with 
an  alkali ;  the  salts  thus  produced  are  unstable 
and  are  easily  separated  into  their  constituent 
oxides.  The  salt-forming  oxides  which  are 
neither  alkaline  nor  acid-forming  constitute  by 
far  the  greater  number  of  the  well-marked  me- 
tallic oxides.  The  physical  properties  of  the 
oxides  placed  in  the  same  class  are  not  neces- 
sarily similar;  thus  CO,  C02,  N204,  S02,  and 
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some  other  anhydrides,  are  gaseous  under  ordi- 
nary conditions  of  temperature  and  pressure,  but 
the  metallic  oxides  belonging  to  this  class  are 
solids,  many  of  which  melt,  if  at  all,  only  at 
high  temperatures. 

The  division  of  oxides  into  three  classes,  an 
outline  of  which  has  now  been  given,  is  based  to 
a  great  extent  on  the  properties  of  compounds 
which  are  produced  by  the  interactions  of  these 
oxides  with  water  on  the  one  hand,  and  with 
acids  on  the  other  hand.  In  order  then  more 
completely  to  grasp  the  classification  of  oxides  it 
is  necessary  to  consider  the  properties  and  the 
classification  of  alkalis,  acids,  and  salts. 

The  term  alkali  was  originally  applied  to  the 
ashes  of  sea-plants;  but  it  was  soon  extended 
to  include  substances  which,  like  the  ash  of  sea- 
weed, easily  dissolved  in  water  to  form  solutions 
having  a  soap-like  action  on  the  skin,  affecting 
the  colour  of  many  vegetable  matters,  and  re- 
acting with  acids  with  effervescence  and  the  pro- 
duction of  new  substances  wherein  neither  the 
properties  of  the  alkali  nor  the  acid  were  promi- 
nent. About  the  middle  of  the  eighteenth  cen- 
tury Black  proved  by  quantitative  experiments 
that  the  effervescence  which  occurs  during  the 
interaction  of  an  acid  and  an  alkali  is  caused  by 
the  outrush  of  a  gas  which  existed  in  the  alkali 
in  combination  with  the  other  constituents  of 
that  body.  That  the  same  gas  may  also  be  ob- 
tained from  the  alkali  by  the  action  of  heat  was 
also  proved  by  Black.  From  this  time  it  became 
customary  to  distinguish  mild  or  carbonated  al- 
kali from  burnt  or  caustic  alkali,  the  former  being 
regarded  as  a  combination  of  the  caustic  alkali 
with  carbonic  acid  gas.  Both  carbonated  and 
caustic  alkali  reacted  with  acids  to  produce  the 
same  substance,  in  which  the  properties  of  alkali 
and  acid  were  lost,  or  rather  merged  into  a  new 
set  of  properties ;  the  action  was  attended  in  the 
case  of  carbonated  alkali  with  evolution  of  car- 
bonic acid  gas,  but  in  the  case  of  caustic  alkali 
no  gas  was  produced.  Continued  examination 
of  alkali  showed  that  the  composition  of  the  sub- 
stance thus  named  was  not  always  the  same ;  this 
led  to  the  recognition  of  more  than  one  kind  of 
matter  exhibiting  the  characteristic  properties  of 
alkalis.  Lavoisier  adduced  reasons  for  regarding 
the  various  alkalis  as  compounds  of  unknown 
metals  with  oxygen,  but  he  did  not  succeed  in 
actually  demonstrating  their  composition.  In 
1807  Davy  decomposed  two  alkalis,  potash  and 
soda,  each  into  oxygen  and  a  metal,  by  passing 
an  electric  current  through  them  when  molten, 
and  a  year  later  by  the  same  agency  he  separated 
the  three  earthy  bodies,  lime,  strontia,  and  baryta 
—bodies  which  to  a  great  extent  resemble  alkalis 
in  their  properties — into  oxygen,  and  in  each  case 
a  metal.  The  composition  of  the  various  bodies 
having  the  properties  already  summarised  as 
characteristic  of  alkali  was  now  settled ;  these 
bodies  were  oxides  of  metals.  But  further  in- 
vestigation showed  that  aqueous  solutions  of  these 
metallic  oxides  did  not  contain  the  oxides,  but 
rather  compounds  of  metal,  oxygen,  and  hydro- 
gen, and  that  these  compounds,  these  hydrox- 
ides, were  obtained  as  definite  well-marked  solid 
bodies  by  boiling  off  the  water  from  the  solutions 
in  question.  Now  as  the  characteristic  properties 
of  alkali  belonged  to  aqueous  solutions  of  the  me- 
tallic oxides  under  consideration  it  was  better  to 


apply  the  name  alkali  to  the  hydroxides  rather 
than  to  the  oxides  of  certain  metals.  The  com- 
position of  alkalis  is  represented  by  the  formula 
MOH,  where  M  =  Li,  Na,  K,  Eb,  Cs,  or  the  com- 
pound radicle  NH4 ;  each  of  these  compounds, 
except  NH4OH,  is  known  as  a  definite  solid  body. 
An  aqueous  solution  of  ammonia,  NH3,  reacts 
towards  vegetable  colouring-matters,  towards 
acids,  towards  solutions  of  the  salts  of  iron,  cop- 
per, bismuth,  tin,  and  many  other  heavy  metals, 
in  a  manner  very  similar  to  that  in  which  aque- 
ous solutions  of  the  five  alkaline  hydroxides, 
MOH,  react  towards  these  classes  of  substances. 
The  salts  formed  by  the  action  of  acids  on  the 
hydroxides  in  question  are  generally  isomorphous 
with,  and  in  other  properties  similar  to,  the  salts 
formed  by  the  action  of  the  same  acids  on  an 
aqueous  solution  of  ammonia.  For  these  and  a 
few  other  reasons  the  composition  of  an  aqueous 
solution  of  ammonia,  NH3,  is  supposed  to  be 
similar  to  that  of  aqueous  solutions  of  the  solid 
alkalis ;  but  the  compositions  of  the  latter  solu- 
tions are  represented  by  the  symbols  LiOHAq, 
NaOHAq,  &c.,  therefore  the  composition  of  the 
former  solution  is  represented  by  the  symbol 
NH4OHAq.  As  we  have  hydroxides  of  the  metals 
lithium,  sodium,  potassium,  &c.,  so  we  have  a 
hydroxide  of  the  compound  radicle  ammonium 
(NH4) ;  the  former  hydroxides  are  stable  solid 
bodies,  the  latter  exists  only  in  aqueous  solu- 
tion (v.  AMMONIUM  COMPOUNDS,  vol.  i.  p.  200).  The 
hydroxides  M02H2  where  M  is  Mg,  Ca,  Sr,  or  Ba, 
all  more  or  less  resemble  the  alkalis  ;  these  hy- 
droxides are  white  solids,  which  require  for  solu- 
tion much  larger  relative  quantities  of  water 
than  are  needed  to  dissolve  equal  masses  of  the 
alkalis,  but  which  thus  produce  solutions  capable 
of  neutralising  acids  without  effervescence,  of 
changing  vegetable  colouring-matter  in  the  same 
way  as  solutions  of  the  alkalis,  of  precipitating 
oxides  or  hydrated  oxides  of  many  heavy  metals 
from  solutions  of  the  salts  of  these  metals,  of 
corroding  organic  fibres  to  some  extent,  of  sapo- 
nifying fats,  and  of  quickly  combining  with  car- 
bonic acid  to  produce  carbonates.  As  all  the 
alkalis  and  the  four  compounds  of  Mg,  Ca,  Sr, 
and  Ba,  just  mentioned  are  compounds  each  of 
oxygen,  hydrogen,  and  a  metal,  and  as  many 
other  metallic  hydroxides,  e.g.  CuOjJTj,  Fe?06H6, 
&G.  &c.,  do  not  exhibit  alkaline  properties,  it 
seems  probable  that  the  alkaline  qualities  of  the 
hydroxides  of  Li,  Na,  K,  Kb,  Cs,  Mg,  Ca,  Sr,  and 
Ba,  are  to  be  associated  with  the  properties  of 
the  metals,  Li,  Na,  K,  .  .  .  Ba. 

Thus  in  our  attempts  to  classify  oxides  we  are 
obliged  to  have  regard,  first,  to  the  properties  of 
alkalis,  and  then  to  the  properties  of  the  elements 
of  which  these  alkalis  are  composed.  What, 
then,  are  the  properties  of  the  metals  Li,  Na,  K, 
Eb,  Cs,  Mg,  Ca,  Sr,  and  Ba  ? 

The  metals  Li,  Na,  K,  Eb,  and  Cs,  are  silver- 
white  solids,  with  low  melting-points,  and  very 
small  specific  gravities  (Li,  Na,  and  K,  being 
lighter  than  water);  the  metals  are  extremely 
easily  oxidised,  the  process  of  oxidation  being 
attended  with  production  of  much  heat;  they 
rapidly  decompose  cold  water  with  evolution  of 
half  the  hydrogen  of  the  water  decomposed  and 
production  of  hydroxides  MOH  which  remain  in 
solution  ;  during  this  process  much  heat  is  pro- 
duced. The  metals  easily  and  rapidly  combine 
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with  the  halogens  and  with  sulphur;  they  are 
electro-positive  to  all  other  metals,  and  the  most 
electro-positive  metal  of  the  group  is  that  with 
the  largest  atomic  weight  (Cs).  The  composi- 
tions of  the  chief  compounds  of  these  metals 
are  represented  by  the  symbols  M.,O,  MOH, 
M,S,  MSH,  MX  (X  =  C1,  Br,  I,  F,  CN),  M.,S04, 
MHS04,  MN03,  M.,C03,  MHC03,  &c.,  where 
M  =  Li,Na,  K,  Kb,  or  Cs.  These  compounds  are  for 
the  most  part  white  and  easily  soluble  in  water ; 
many  of  them  are  not  chemically  changed  by  the 
action  of  heat  alone  ;  all  compounds  of  similar 
composition,  e.g.  all  M2S04  or  all  MCI,  are  as  a 
rule  isomorphous ;  the  sulphates  M2S04  form 
alums  by  combination  with  sulphates  of  the 
composition  M23S04  where  M  =  Fe,  Al,  Cr,  In,  or 
Ga.  The  properties  of  the  hydroxides  MOH  have 
already  been  detailed. 

The  metals  Ca,  Sr,  and  Ba  are  whitish- 
yellow  solids,  the  melting-points  of  which  have 
not  been  accurately  determined,  but  are  some- 
where about  a  red  heat ;  the  specific  gravities 
of  these  metals  are  represented  by  small  values, 
which  are,  however,  decidedly  greater  than  those 
that  represent  the  specific  gravities  of  the 
metals  Li  .  .  .  to  Cs ;  these  metals  are  harder 
than  the  alkali  metals,  but,  compared  with  the 
group  of  metals  as  a  whole,  they  are  soft ;  they 
quickly  oxidise  in  air  or  oxygen,  and  decompose 
cold  water  with  production  of  much  heat,  evolu- 
tion of  half  the  hydrogen  of  the  water  decom- 
posed, and  formation  of  solutions  of  the  hydrox- 
ides MO.,H2.  In  the  cases  of  Li  ...  Cs  one  atom 
of  metal  reacts  with  one  molecule  of  water  evolv- 
ing one  atom  of  hydrogen,  in  the  cases  of  Ca 
.  .  .  Ba  one  atom  of  metal  reacts  with  two  mole- 
cules of  water  evolving  two  atoms  of  hydrogen  ; 
the  metals,  so  far  as  exact  experiment  goes,  seem 
to  combine  easily  and  rapidly  with  the  halogens 
and  with  sulphur ;  they  are  electro-negative  to 
the  metals  Li  ...  Cs,  but  positive  to  all  other 
metals.  The  compositions  of  the  chief  com- 
pounds of  these  metals  are  represented  by  the 
symbols  MO,  M02H,,  MS,  MS2H2,  MX2  (X  =  C1, 
Br,  I,  F,  CN),  MS04,~  M2N03,  MC03,  &c.,  where 
M  =  Ca,  Sr,  or  Ba.  Most  of  these  compounds  are 
white ;  the  oxides  and  hydroxides  are  not  very 
soluble,  the  sulphates  and  carbonates  are  nearly 
insoluble,  the  chlorides  and  nitrates  are  easily 
soluble,  in  water  ;  the  hydroxides,  nitrates,  and 
carbonates  are  decomposed  by  the  action  of  heat 
alone ;  almost  all  similar  compounds  are  isomor- 
phous ;  the  sulphates  do  not  form  alums,  nor  do 
the  compounds  generally  exhibit  any  marked 
tendency  to  form  double  or  basic  salts.  The 
properties  of  the  hydroxides  have  already  been 
detailed. 

The  metal  magnesium  is  a  silver- white  solid, 
the  melting-point  of  which  is  about  500°-700° 
(not  accurately  determined),  and  the  specific 
gravity  is  a  little  greater  than  that  of  calcium  ; 
the  metal  is  much  more  malleable  and  ductile 
than  Li  .  .  .  Cs  or  Ca  .  .  .  Ba ;  it  is  scarcely  oxid- 
ised by  exposure  to  air  or  oxygen  at  ordinary 
temperatures,  but  when  rapid  oxidation  is  begun 
by  heating  the  metal  in  air  or  oxygen  it  proceeds 
with  production  of  much  heat  and  light.  Mag- 
nesium decomposes  water  at  100°  very  slowly 
with  formation  of  Mg02H2;  it  does  not  act  chemi- 
cally on  cold  water ;  it  does  not  combine  with  the 
halogens  or  with  sulphur  at  ordinary  tempera- 


tures. The  compositions  of  the  chief  compound's 
of  this  metal  are  represented  by  the  symbols 
MgO,  MgO.,H2,  MgS,  MgX.,  (X  =  Cl,Br,  I,  F,  CN), 
MgS04,  Mg2N03,  MgC03,  &c.  Most  of  the  com- 
pounds are  white ;  the  oxide  and  hydroxide  are 
only  very  slightly  soluble  in  water ;  the  oxide 
combines  with  water  to  form  MgO.J32,  but  much 
less  heat  is  produced  during  this  process  than 
when  CaO,  SrO,  or  BaO,  combines  with  water  to 
form  the  hydroxide.  The  hydroxide  is  easily  de- 
composed by  heat  alone  into  oxide  and  water  ; 
the  sulphate,  nitrate,  and  haloid  salts  are  easily 
soluble  in  water,  the  carbonate  is  nearly  insoluble 
in  water  ;  many  compounds  of  magnesium  salts 
with  those  of  the  alkali  metals,  &c. ,  are  known  ; 
some  of  the  magnesium  compounds  are  isomor- 
phous with  the  similar  compounds  of  Ca,  Sr,  and 
Ba,  but  the  isomorphism  of  the  two  series  of  salts 
is  very  far  from  being  complete.  (For  more  de- 
tails of  the  properties  of  the  three  classes  of 
metals  v.  ALKALIS,  METALS  OF  THE,  vol.  i.  p.  114 ; 
ALKALINE  EARTHS,  METALS  OF  THE,  vol.  i.  p.  112  ; 
and  MAGNESIUM  METALS.) 

These  facts  concerning  the  metals  whose 
hydroxides  are  the  alkalis,  and  concerning  those 
whose  hydroxides  more  nearly  approach  the 
alkalis  than  do  the  hydroxides  of  any  other  ele- 
ments, show  that  the  property  of  forming  an 
alkaline  hydroxide  is  accompanied  by  the  follow- 
ing properties  on  the  part  of  an  element :  low 
specific  gravity,  not  very  high  melting-point, 
small  malleability  and  ductility,  softness,  occu- 
pation of  a  very  positive  position  in  the  electrical 
series  of  elements,  power  of  rapidly  decomposing 
water  with  evolution  of  part  of  the  hydrogen 
thereof,  power  of  forming  salts  which  are  not 
easily  decomposed  by  heat  alone,  and  many  of 
which  are  easily  soluble  in  water,  great  readiness 
to  combine  with  oxygen  and  with  the  halogens. 
Of  all  the  metals  whose  properties  we  have  con- 
sidered in  detail,  magnesium  differs  most  from 
the  ideal  alkali-forming  metal ;  but  the  hydrox- 
ide of  magnesium  is  decidedly  less  markedly 
alkaline  than  the  hydroxide  of  any  other  metal 
in  the  two  groups  from  Li  to  Sr. 

When  a  given  element  exhibits  a  fair  num- 
ber of  the  properties  given  above  as  charac- 
teristic of  the  alkali-forming  elements  we  may 
conclude  that  the  hydroxide  of  that  element 
will  be  more  or  less  alkaline  in  its  properties. 
There  is  a  certain  element  characterised  by 
the  following  properties :  specific  gravity  large 
(11-9),  melting-point  moderately  low  (290°),  very 
soft,  malleability  and  ductility  moderate,  oxid- 
ises rather  rapidly  in  air  but  action  soon  stops 
because  of  formation  of  film  of  oxide,  burns 
rapidly  in  oxygen  at  about  300°,  does  not  de- 
compose water  until  a  red-heat  is  reached  ;  less 
positive  than  zinc,  which  is  again  less  positive 
than  Ca,  Sr,  or  Ba ;  combines  readily  with  the 
halogens  and  with  sulphur;  most  of  the  salts 
of  this  metal  are  white  and  easily  soluble  in 
water,  some  of  them  are  isomorphous  with,  and 
of  similar  composition  to,  salts  of  potassium. 
In  many  respects  then  this  metal  approaches 
the  ideal  alkali-forming  element ;  but  in  others, 
notably  its  high  specific  gravity  and  compara- 
tively negative  position  in  the  electrical  series,  it 
departs  from  the  alkali-forming  type.  We  should 
expect  the  oxide  and  hydroxide  of  this  metal  to 
present  fairly  close  resemblances  to  the  corre- 
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Spending  compounds  of  the  lithium  group  of 
metals,  but  at  the  same  time  to  show  consider- 
able differences  from  these  compounds.  As  a 
matter  of  fact,  the  metal  forms  two  oxides  and 
two  hydroxides ;  one  pair  of  these  compounds 
shows  close  analogies  with  the  corresponding 
compounds  of  the  alkali  metals ;  the  other  pair 
shows  fairly  marked  analogies  with  the  corre- 
sponding compounds  of  aluminium.  The  metal 
in  question,  which  is  thallium,  belongs  to  two 
groups  of  elements  ;  it  forms  an  alkaline  oxide 
and  hydroxide  T1.,O  and  T10H,  and  another 
oxide  and  hydroxide  T1203  and  T10.0H. 

Having  thus  learnt  something  regarding  the 
properties  and  compositions  of  alkalis,  let  us 
turn  to  the  second  group  of  compounds  which  it 
is  necessary  to  consider  before  we  can  complete 
the  classification  of  oxides  ;  let  us  briefly  consi- 
der the  group  of  acids.  The  name  oxygen  per- 
petuates the  Lavoisierian  conception  of  the  com- 
position of  acids  :  this  element  was  for  Lavoisier 
emphatically  the  acid-producer.  The  products 
of  the  combustion  in  oxygen  of  sulphur,  phos- 
phorus, carbon,  boron,  nitrogen,  selenion,  and  a 
few  other  elements,  dissolve  in  water  to  form  so- 
lutions which  have  '  acid  reactions,'  that  is  to 
say,  have  a  sour  taste,  corrode  organic  fibres, 
change  the  tint  of  many  vegetable  colouring- 
matters,  neutralise  alkalis  with  production  of 
salts  and  water,  and  dissolve  many  metals  with 
evolution  of  gas  (generally  hydrogen).  By  re- 
moving water  from  these  solutions,  at  least  one 
definite  compound  can  in  most  cases  be  ob- 
tained, composed  of  the  element  which  had  been 
burnt  in  oxygen,  combined  with  oxygen  and  hy- 
drogen ;  when  this  compound  is  again  dissolved 
in  water  the  original  acid  liquid  is  reproduced. 
Very  many  other  compounds  are  known  which 
form  aqueous  solutions  characterised  by  acidic 
reactions  as  above  enumerated;  most  of  these 
compounds  are  composed  of  oxygen,  hydrogen, 
and  a  third  element.  On  the  other  hand,  very 
many  compounds  formed  by  the  union  of  oxygen, 
hydrogen,  and  a  third  element  do  not  form  acidic 
solutions  when  dissolved  in  water  ;  and,  finally, 
a  few  compounds  are  known,  aqueous  solutions 
of  which  are  most  definitely  acidic,  but  which  do 
not  themselves  contain  oxygen.  Oxygen  is  there- 
fore not  the  sole  acid-producing  element ;  but 
the  fact  remains  that  by  far  the  greater  number 
of  acids  are  composed  of  oxygen  united  with 
other  elements. 

Putting  into  one  class  all  those  compounds 
which  dissolve  in  water  with  formation  of  solu- 
tions having  acidic  properties,  as  these  have 
been  already  enumerated,  and  then  tabulating 
the  composition  of  these  compounds,  it  becomes 
evident  that  they  are  all  compounds  of  hydrogen 
with  one  or  more  other  elements.  Hydrogen 
then,  rather  than  oxygen,  would  seem  to  be  the 
acid-producing  element.  But  further  examina- 
tion of  the  compounds  of  hydrogen  shows  that 
very  many  of  these  are  not  possessed  of  any  of 
the  characteristics  of  acids. 

Is  it  possible  then  to  trace  any  definite  con- 
nexion between  the  composition  of  compounds 
and  the  possession  or  non-possession  by  them 
of  acidic  properties?  In  attempting  to  answer 
this  question  we  are  confronted  with  the  great 
difficulty  of  chemical  classification.  We  cannot 
define  the  class  acids,  just  as  we  could  not  de- 


fine the  class  alkalis  :  an  ideal  acid  or  alkali 
may  be  defined,  but  it  is  necessary  to  place  in 
one  or  other  of  these  classes  many  bodies  which 
possess  some  of  the  properties  of  the  ideal  type, 
but  in  other  properties  diverge  more  or  less 
widely  from  that  type.  Chemical  classification, 
based  on  the  notion  of  connecting  properties 
with  composition,  is  at  best  a  typical  classifica- 
tion, and  such  a  system  cannot  be  regarded  as 
final  in  an  exact  science.  The  mark  of  a  class 
should  be  some  property  or  circumstance,  or 
conjunction  of  these,  which  is  clear  and  definite, 
and  which  belongs  to  all  the  members  of  the 
class  and  to  no  other  bodies.  But  we  cannot 
predicate  any  one  property  of  acids  which  is 
perfectly  clear  and  definite,  and  the  possession 
or  non-possession  of  which  shall  determine 
whether  a  specified  compound  is  or  is  not  to  be 
admitted  to  this  class.  The  reaction  which 
occurs  between  an  acid  and  a  metallic  hydroxide, 
or  hydrated  oxide,  more  nearly  approaches  to  a 
good  class  characteristic  than  any  other  single 
property  of  acids.  The  products  o"f  the  action  in 
question  are  water  and  a  compound  formed  of 
the  metal  of  the  hydroxide  employed,  and  the 
elements  of  the  acid  excepting  the  whole  or  a 
part  of  the  hydrogen ;  such  a  compound  is  called 
a  salt.  The  following  equations,  representing 
the  distribution  of  the  elements  of  the  reacting 
compounds  before  and  after  the  mutual  actions 
of  various  acids  and  metallic  hydroxides,  will 
illustrate,  more  clearly  than  can  be  done  in 
words,  the  characteristic  reaction  of  an  acid  :— 
(the  symbol  Aq  is  used  to  denote  that  the  com- 
pound which  it  follows  is  dissolved  in  water) 

1.  HClAq  +  NaOHAq  =  NaClAq  +  H2OAq. 

2.  HN03Aq  +  TlOHAq  =  TlN03Aq  +  H9OAq. 

3.  H  ,S04Aq  +  KOHAq  =  KHS04Aq  +  H,OAq. 

4.  H,S04Aq  +  2KOHAq  =  K.,S04Aq  +  2H,OAq. 

5.  H"S04Aq  +  Cu02H2  =  CuS04Aq  +  2H2OAq. 

6.  2H4C2O.Aq  +  Pb02H2  =  Pb(H3C202)2  +  2H2OAq. 

7.  H4C.,02Aq  +  NaOHAq  =  NaHjCAAq  +  H2OAq. 

8.  H3P04Aq  +  TlOHAq  =  TlH,P04Aq  +  H.,OAq. 

9.  2H3P04Aq  +  Fe206H6  =  2FeP04  +  6H0OAq. 

10.  H2C204Aq  +  Ca0.2H2Aq  =  CaC204  +  2'HzOAq. 

An  acid,  then,  may  be  provisionally  defined 
as  a  compound  of  hydrogen  with  another  ele- 
ment, or  other  elements,  which,  when  dissolved 
in  water,  reacts  with  metallic  hydroxides  to  pro- 
duce water  and  a  salt ;  a  salt  being  a  compound 
formed  by  the  union  of  the  elements  of  the  acid, 
excepting  the  whole  or  a  part  of  the  hydrogen, 
with  the  metal  of  the  metallic  hydroxide.  This 
definition  is  more  commonly  put  into  the  shorter 
form,  an  acid  is  a  compound  containing  replace- 
able hydrogen ;  but  unless  a  definite  meaning  is 
given  to  the  expression  replaceable  hydrogen, 
the  definition  of  acid  means  nothing  :  the  mean- 
ing of  the  words  replaceable  hydrogen  is  given 
in  the  longer  definition  of  acid  stated  above.  It 
is  found  that  most  compounds  which  are  acids, 
in  accordance  with  the  provisional  definition  we 
have  adopted,  when  dissolved  in  water  form  more 
or  less  corrosive  liquids,  which  affect  vegetable 
colouring  matters,  have  a  sour  taste,  and  dis- 
solve many  metals  with  formation  of  salts  and 
evolution  of  gas,  which  is  usually  hydrogen.  But, 
on  the  other  hand,  some  compounds  which  are 
possessed  of  many  of  the  properties  just  detailed 
do  not  react  with  metallic  hydroxides  to  form 
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salts  ;  and,  further,  some  compounds  which  are 
not  possessed  of  any  of  the  properties  detailed 
do  react  with  metallic  hydroxides  to  form  salts 
(v.  ACIDS,  vol.  i.  p.  47). 

Looking  at  the  composition  of  compounds 
which  undoubtedly  come  under  the  definition  of 
acid,  and  which  at  the  same  time  are  charac- 
terised by  the  other  four  properties  enumerated, 
we  find  that  the  elements,  or  some  of  the  ele- 
ments, which  by  their  union  with  hydrogen  form 
the  acid,  are  strongly  negative  in  character ;  in 
other  words,  the  element  or  elements  other  than 
hydrogen  more  or  less  resemble  oxygen  in  their 
general  chemical  characteristics.  As  a  whole, 
the  elements  which  are  classed  as  non-metallic 
are  those  which  by  union  with  hydrogen,  and 
generally  with  hydrogen  and  oxygen,  produce 
acids.  When  an  acid  is  a  compound  of  a  metal 
united  with  hydrogen  and  another  element  or 
elements,  for  no  binary  metallic  compound  is 
acidic,  that  other  element  is  always  very  nega- 
tive. The  following  list  exhibits  the  well-marked 
metallic  acids  which  have  been  obtained  in 
approximate  purity : — 

Acids  containing  metals. 

H3As04  HjSnOg  H2SnS3 

HAs03  — 

H4As207  (?H2Pb03)  (?H3AsS4) 


H3Sb03 
H3Sb04 
HSbO, 

H4Sb2Or 
HV08 


H2Mo04 
H2W04 
H2U04 


H4Fe(CN)6 
H3Fe(CN)a 

&c. 

(?H2PtCl6) 
(?HAuBr4) 
(?HAuCl4) 


H4Ta207 

/?H2Ti02\ 
V?H4Ti(V 


/?H2M207  )  where  M 
^?H2M3010f     or  U. 

H2Pt02 


The  element  which  is  generally  combined  with 
hydrogen  and  a  metal  in  these  acids  is  oxygen  : 
in  a  few  acids  sulphur,  in  (?)  three  acids  chlorine 
or  bromine,  and  in  a  few  acids  the  negative  group 
CN  is  combined  with  hydrogen  and  a  metal. 
It  is  also  to  be  remarked  that  the  metals  which 
form  well-marked  acids  by  union  with  oxygen 
and  hydrogen  are  those  which,  compared  with 
the  majority  of  the  metals,  are  negative. 

The  general  conclusion  to  be  drawn  from  the 
facts  now  reviewed  concerning  the  connexions 
between  the  properties  and  the  composition  of 
acids  is,  that  those  compounds  which  are  de- 
cidedly acidic  in  properties,  as  the  term  acidic  pro- 
perties has  been  defined,  are  formed  by  the  union 
of  hydrogen  with  one  or  more  decidedly  negative 
elements.  Acids  are  seen  to  be  strongly  con- 
trasted with  alkalis,  both  in  properties  and  com- 
position. 

Oxides  were  divided  (v.p.198)  into  three  groups : 
alkali-forming,  acid-forming,  and  salt-forming, 
oxides.  We  can  now  understand  in  a  general  way 
what  is  meant  by  an  alkali-forming  oxide,  or  by 
an  acid-forming  oxide;  it  remains  to  consider 
the  meaning  of  the  term  salt-forming  as  applied 
to  oxides.  At  the  outset,  let  us  remark  that  a 


salt-forming  oxide  may  also  be  acid-forming, 
and  that  an  alkali-forming  oxide  also  is  salt- 
forming.  In  considering  the  meaning  of  the 
term  salt-forming  oxide,  it  will  therefore  be 
necessary  to  study  those  typical  compounds 
which  possess  the  property  in  question  to  a 
marked  extent.  A  salt  has  been  already  stated 
to  be  one  of  the  products  of  the  mutual  ac- 
tion of  an  acid  and  a  metallic  hydroxide  or 
hydrated  oxide,  and  to  be  composed  of  the 
elements  of  the  acid,  excepting  the  whole  or 
part  of  the  hydrogen,  united  with  the  metal  of 
the  metallic  hydroxide.  It  is  impossible  to 
generalise  the  properties  of  salts  ;  many  of  them 
are  soluble  in  water,  some  are  insoluble ;  aqueous 
solutions  of  many  exhibit  acidic  reactions,  aque- 
ous solutions  of  others  exhibit  alkaline  reactions, 
and  aqueous  solutions  of  very  many  are  neutral, 
i.e.  exert  no  corroding  action  on  organic  fibres, 
have  no  sour  or  soap-like  taste,  do  not  affect 
vegetable  colouring-matter,  do  not  saponify  fats, 
do  not  dissolve  metals,  or  react  with  metallic 
hydroxides,  &c.  We  must  be  content  to  look  at 
the  composition  and  the  conditions  of  formation 
of  salts.  The  composition  of  salts,  regarding 
them  as  derivatives  of  acids,  has  already  been 
stated.  But  salts  are  formed  in  other  ways ; 
they  are  sometimes  produced  by  the  mutual  action 
of  an  acid-forming  oxide  and  an  oxide  containing 
much  oxygen,  called  a  peroxide— e.g.  Ba02  +  S03 
=  BaS04;  sometimes  by  the  action  of  a  salt- 
forming  oxide  on  an  aqueous  solution  of  another 
oxide  from  which  an  acid  has  not  actually  been 
obtained,  thus  K20  +  C02Aq  =  K2C03Aq  ;  some- 
times by  fusing  together  a  metallic  and  a  non- 
metallic  oxide,  e.g.  CaO  +  Si02  =  CaSi03 ;  some- 
times by  dissolving  the  sulphide  of  a  less  positive 
metal  in  a  solution  of  the  sulphide  of  a  very 
positive  metal,  thus  As2S3  +  K2SAq  =  2KAsS2Aq, 
or  WS3  +  K2SAq  =  K2WS4Aq  ;  and  sometimes  in 
other  ways.  The  products  of  such  actions  as 
these  are  called  salts,  either  because  they  can 
also  be  directly  obtained  by  the  mutual  actions 
of  acids  and  metallic  hydroxides,  or  because  they 
are  composed  of  positive  elements  (metals)  com- 
bined with  negative  elements,  of  which  oxygen 
is  usually  one,  and  which  negative  elements  are 
known  to  form  acids  by  union  with  hydrogen, 
although  the  special  acid  of  which  any  one  of 
these  specified  salts  is  theoretically  a  metallic 
derivative  may  not  have  been  prepared.  All 
oxides  are  in  a  sense  salt-forming ;  an  alkaline 
oxide  reacts  with  water  to  form  an  alkali,  and 
the  alkali  reacts  with  an  acid  to  form  a  salt ;  an 
anhydride  reacts  with  water  to  form  an  acid, 
and  by  the  mutual  action  of  this  acid  and  an 
alkali  a  salt  is  produced.  But  placing  on  either 
side  those  oxides  which  have  been  already 
classed  as  alkali-forming,  and  those  which  have 
been  classed  as  acid-forming,  there  remain  a 
great  many  oxides  which  are  emphatically  salt- 
forming  oxides.  As  a  class,  these  oxides  form 
salts  by  reacting  either  with  acids  or  with  solu- 
tion of  oxides  which  act  as  if  they  contained 
acids,  although  no  acid  may  actually  be  obtained 
when  the  dissolving  water  is  removed,  or,  lastly, 
by  reacting  in  the  liquid  state  (not  in  solution) 
with  the  oxides  of  non-metals  cr  of  the  more 
negative  metals ;  examples  of  these  three  types 
of  action  are  exhibited  by  the  following  pro- 
cesses : — 
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(1)  CuO  +  H  ,S04Aq  =  CuS04Aq  +  H2OAq, 
(31  BaO  +  CO.,Aq  =  BaC03  +  Aq, 
(3)  1^0 +  TaA(*  used)  =  2KTaO,. 
Some  salt-forming  oxides   also  produce  salts, 
either   by  dissolving  in  concentrated  solutions 
of  alkalis,  or  by  combining  with  alkalis  when 
melted    in    contact  with    them ;    thus  freshly 
ppd.  aluminium  oxide  dissolves  in  solution  of 
acids  to  form  salts,  and  also  in  a  concentrated 
aqueous  solution  of  potash  to  form  a  salt ;  the 
two  actions  may  be  represented  thus  : 

(1)  Al A  +  GHClAq  =  Al.Cl^Aq  +  3H,OAq, 

(2)  AlA  +  2KOHAq  =  Al2O4K2Aq  +  H20. 
Again,  moist   Sn0.2  dissolves    in   concentrated 
aqueous  potash  to  form  a  solution  of  potassium 
stannate  K2Sn03,  but  the  same  oxide  dissolves 
in  hydrochloric  acid  to  form  stannic  chloride, 
SnCl,;  inasmuch  as  the  acid  H2Sn03,  of  which 
Sn02  is  the  anhydride,  is  known,  we  have  in 
stannic  oxide,  Sn02,  an  example  of  a  compound 
which  is  at  once  an  acid-forming  and  a  salt- 
forming  oxide.     The  oxide  Mn02  dissolves  in 
molten  KOH  to  form  the  salt  potassium  man- 
ganate,  K2Mn04 ;  the  same  oxide,  when  produced 
in  a  concentrated   solution   of  lime,  combines 
with  the  lime  to  form  a  series  of  salts,  of  which 
CaMn03  may  be  taken  as  a  representative  ;  and, 
lastly,  the  same  oxide,  when  hydrated,  dissolves 
in  strong  sulphuric  acid  to  form  a  sulphate  of 
manganese  Mn02.2S03.    This  oxide,  Mn02,  thus 
exhibits  some  of  the  properties  of  two  of  the 
three    classes    into    which   we     have    divided 
oxides. 

We  began  by  proposing  to  arrange  oxides  in 
three  classes  in  accordance  with  certain  promi- 
nent reactions  of  these  oxides ;  that  we  might 
attach  to  the  reactions  in  question  such  definite 
meanings  as  should  suffice  for  classificatory 
purposes,  we  were  obliged  to  consider  the  mean- 
ing of  the  terms  which  summarise  the  reactions 
and  composition  of  three  other  groups  of  com- 
pounds—acids, alkalis,  and  salts ;  that  we  might 
grasp  the  significance  of  these  terms,  we  had  to 
turn  from  compounds  to  elements,  and  roughly 
to  classify  these  in  accordance  with  their  acid- 
forming  or  alkali-forming  functions;  but  we 
found  all  this  scheme  of  classification  to  be 
based  at  once  on  the  composition  and  the 
functions  of  the  bodies  classified,  and  the  word 
function  we  were  obliged  to  interpret  as  implying 
the  notion  of  mutual  action  and  reaction  between 
at  least  two  kinds  of  matter.  We  arrived  at  no 
perfectly  clear  definition  of  any  one  of  the 
classes  of  compounds  under  examination ;  we 
did  succeed  in  conceiving  the  properties  and 
the  composition  of  a  typical  acid-forming,  alkali- 
forming,  and  salt-forming,  oxide ;  but  when  we 
applied  this  conception,  gained,  it  is  to  be  re- 
marked, from  the  study  of  actual  acid-,  alkali-, 
and  salt-forming  oxides,  to  individual  compounds, 
we  found  that  very  few  of  these  exhibited  all 
the  characteristics  which  we  had  laid  down  as 
marking  off  the  typical  acid-forming  from  the 
typical  alkali-forming,  or  both  from  the  typical 
salt-forming,  oxide. 

Looking  back  for  a  moment  at  the  classifica- 
tion of  oxides,  and  considering  what  it  implies, 
one  thing  stands  clearly  out,  namely,  that  this 
classification  of  oxides  carries  in  itself  a  classi- 
fication of  elements.  Those  elements  which 
form  markedly  alkaline  oxides  fall  into  one 


class,  those  which  form  oxides  which  are  dis- 
tinctly anhydrides  fall  into  a  second  class,  and 
a  third  class  includes  those  elements  the  best- 
marked  oxides  of  which  are  neither  alkali- 
forming  nor  acid-forming,  but  salt-forming.  Or, 
putting  the  matter  in  even  more  general  terms, 
the  classification  of  oxides  suggests  a  means  of 
classifying  the  elements.  Let  us  put  into  one 
class  all  the  elements  which,  under  similar  con- 
ditions, form  compounds  similar  in  composition 
and  function.  Let  us  then  examine  the  elements 
in  a  class  with  the  view  of  finding  whether  they 
do  or  do  not  exhibit  similarities  in  physical 
properties.  If  the  result  is  fairly  successful, 
let  us  examine  more  closely  into  the  composition 
of  the  compounds  belonging  to  specified  classes, 
and  endeavour  to  learn  something  of  the  struc- 
ture of  these  compounds  in  the  light  which  is 
thrown  on  structure  by  the  molecular  and  atomic 
theory.  Finally,  let  the  knowledge  which  may 
thus  be  gained  of  structure  react  on  that  pre- 
viously amassed  concerning  function,  that  by 
the  help  of  both  some  advance  may  be  made  in 
finding  a  solution  for  the  fundamental  problem 
of  chemistry,  which  is,  to  trace  the  connexions 
between  changes  of  composition  and  changes  of 
properties  in  homogeneous  kinds  of  matter. 

Instead  of  following  the  course  of  this  inves- 
tigation step  by  step,  it  will  be  more  advantageous 
to  begin  with  the  leading  principle,  which  has 
been  gained  after  much  laborious  inquiry.  In 
the  article  ATOMIC  AND  MOLECULAR  WEIGHTS  a 
sketch  was  given  of  the  periodic  law.  The 
substance  of  that  sketch  it  would  be  needless  to 
repeat  here ;  let  us  rather  apply  it  to  the  point 
in  hand,  namely,  the  classification  of  the  ele- 
ments, remembering  always  that  a  good  classifi- 
cation of  elements  implies  and  carries  with  it  a 
good  classification  of  compounds  also. 

The  classification  founded  on  the  periodic 
law  arranges  the  elements  in  groups  and  series 
(v.  vol.  i.  p.  351) ;  the  members  of  the  same 
group  more  or  less  closely  resemble  each  other ; 
the  properties  of  the  members  of  a  series  vary 
from  member  to  member  so  that  the  last,  that  is 
the  element  with  the  largest  atomic  weight,  is 
more  unlike  the  first  than  any  other  member  of 
the  series.  Each  series  to  some  extent  repeats  the 
characteristics  of  that  which  precedes  it.  The 
properties  of  an  individual  element  are  chiefly 
conditioned  by  (1)  the  group,  (2)  the  series,  to 
which  it  belongs,  (3)  its  position  in  the  group 
and  in  the  series,  (4)  its  relations  to  elements 
situated  similarly  to  itself  in  other  groups  and 
series,  and  (5)  the  relations  of  the  group  and  of 
the  series  to  other  groups  and  series.  As  regards 
the  characteristics  of  individual  groups  and  series, 
and  the  relations  between  various  groups  and 
series,  it  should  be  remarked,  (1)  that  each  group 
is  made  up  of  elements  belonging  to  even  series 
and  elements  belonging  to  odd  series;  (2)  that 
an  odd  and  an  even  series  together  comprise  14 
elements,  and  that  in  the  cases  of  series  4  and  5, 
6  and  7,  and  10  and  11,  there  is  a  group  of  three 
elements  (Group  VIII.)  forming  what  is  called 
by  Mendelejeff  a  'transition-period'  from  the 
even  to  the  odd  series;  (3)  that  there  is  cer- 
tainly no  such  'transition-period'  connecting 
series  2  and  3,  but  that  very  probably  such 
a  period  of  three  elements  will  be  discovered 
between  series  8  and  9  ;  (4)  that  the  elements  in 
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the  even  series,  or  in  the  odd  series,  of  any  group 
are  more  like  one  another  than  elements  in  the 
even  are  like  those  in  the  odd  series ;  (5)  that, 
omitting  series  2  and  3,  the  passage  from  an  even 
to  an  odd  series  is  accomplished  by  a  gradual 
change  of  properties,  but  the  passage  from  an  odd 
to  an  even  series  by  a  more  sudden  change  of 
properties;  (6)  that  the  distinctly  non-metallic 
elements  occur  in  odd  series,  except  in  the 
case  of  series  2 ;  (7)  that,  omitting  series  2, 
easily  gasified  organo-metallic  compounds,  so 
far  as  data  go  at  present,  are  formed  only  by 
elements  which  occur  in  odd  series ;  (8)  that 
the  properties  of  hydrogen  are  so  marked,  and 
are  typical  of  such  diverse  elements,  that  it  is 
placed  in  a  series  [series  1J  by  itself ;  (9)  that 
all  the  members  of  series  2  [Li  to  F],  and  at  least 
the  first  member  of  series  3  [Na],  are  to  a  great 
extent  marked  by  peculiar  properties,  and  that 
the  relations  of  these  elements  to  those  in 
series  4,  and  in  the  case  of  sodium  to  series  5, 
are  rather  markedly  different  from  the  normal 
relations  of  an  odd  series  to  the  next  odd  series, 
or  of  an  even  series  to  the  next  even  series. 
The  elements  Li  to  Na  have  been  called  by  Men- 
delejeff  '  typical  elements.'  The  following  table 
(copied  with  a  few  changes  from  one  given  by 
Mendelejeff)  exhibits  the  arrangement  of  the  ele- 
ments in  groups  and  in  odd  and  even  series  (at. 
wts.  in  round  numbers) : — 


The  even  series  elements  in  this  gf  oup  are  be- 
ryllium, calcium,  strontium,  and  barium.  The 
three  metals,  Ca,  Sr,  and  Ba,  are  yellowish -white, 
rather  soft,  solids,  with  comparatively  small 
specific  gravities  ;  their  characteristic  properties 
have  already  been  detailed  in  the  present  article 
(v.  p.  200).  The  metal  beryllium  differs  con- 
siderably from  the  other  even  series  members  of 
the  group ;  unlike  these  metals,  it  cannot  be  ob- 
tained by  electrolysing  the  chloride  ;  the  method 
by  which  beryllium  is  obtained  is  very  similar 
to  that  whereby  magnesium  is  prepared,  viz.  by 
heating  the  chloride  with  metallic  sodium.  Be- 
ryllium appears  to  be  a  silver-white,  hard,  solid ; 
its  specific  gravity  is  small  (approximately  1*7), 
melting-point  high,  not  accurately  determined, 
but  certainly  above  600° ;  the  specific  heat  of 
this  metal  increases  rapidly  as  temperature  rises, 
and  approaches  a  constant  value  between  400° 
and  500°.  The  spectrum  of  beryllium  more  nearly 
resembles  that  of  lithium  than  of  any  other  ele- 
ment, in  the  number,  relative  position,  and  inten- 
sity, of  the  lines ;  but  the  character  of  the  lines 
of  greatest  intensity  in  the  beryllium-spectrum 
closely  resembles  that  of  two  pairs  of  lines  in 
the  spectrum  of  calcium.  This  metal  does  not 
oxidise  in  air  at  ordinary  temperatures,  and  even 
when  heated  in  oxygen  it  is  only  superficially 
oxidised ;  it  combines  with  chlorine  and  iodine 
only  at  high  temperatures ;  when  heated  with 
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As  regards  the  mutual  relations  of  groups  and 
series,  it  should  be  further  remarked  that,  calling 
the  even  series  members  of  a  group  a  family,  and 
the  odd  series  members  a  family,  in  groups  1 
and  7  the  family-character  is  more  marked  than 
the  group-character,  in  groups  3,  4,  and  5  the 
group-character  preponderates  over  the  family- 
character,  and  in  groups  2  and  6  the  two  charac- 
ters are  about  balanced,  so  that  these  two  groups 
present,  perhaps,  the  best  examples  for  the  de- 
tailed study  of  the  application  of  the  periodic 
law  to  the  classification  of  elements.  Group  II. 
contains  the  following  elements: — 

Group  II. 

Even  series : 

2468 

Be  =  9         Ca  =  40         Sr  =  87  Ba  =  137 
Odd  series : 

^             5             7             9  11 

Mg  =  24   Zn=65    Cd  =  112      —  Hg  =  200 


sulphur,  no  sulphide  of  beryllium  is  formed ;  it 
very  readily  combines  with  silicon.  Beryllium 
does  not  decompose  water  even  at  a  red  heat ;  it 
dissolves  in  an  aqueous  solution  of  potash  with 
formation  of  beryllium  oxide  and  evolution  of 
hydrogen ;  it  is  easily  soluble  in  dilute  hydro- 
chloric or  sulphuric  acid,  but  has  little  or  no 
action  on  nitric  acid.  The  compositions  of  the 
salts  of  beryllium  are  represented  by  the  same 
formulae  as  express  those  of  the  salts  of  Ca,  Sr, 
and  Ba ;  the  oxide  BeO  does  not  combine  with 
water,  but  the  hydroxide,  Be02H2,  can  be  pre- 
pared indirectly;  this  hydroxide  is  easily  decom- 
posed by  heat  alone,  it  resembles  the  hydroxides  of 
zinc  and  of  aluminium  in  being  soluble  both  in 
acids  and  in  aqueous  potash,  it  combines  with 
carbon  dioxide  to  produce  BeCO3;  the  oxide 
crystallises  in  the  same  (hexagonal)  form  as 
aluminium  oxide ;  under  certain  conditions  zinc 
oxide  can  also  be  obtained  in  this  form ;  beryl- 
lium oxide  usually  occurs  in  combination  with 
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alumina  and  silica,  as  beryl.  Most  of  the  salts 
of  beryllium  are  white ;  the  nitrate,  sulphate, 
and  chloride  are  soluble,  the  carbonate  and  phos- 
phate are  insoluble,  in  water.  Beryllium  sul- 
phate does  not  form  an  alum,  but  does  combine 
with  potassium  sulphate  to  form  a  double  salt 
having  the  composition  BeS04.K2S04.2H2O  :  the 
chloride  does  not  form  double  "salts  With  the 
alkali  chlorides ;  the  carbonate  is  fairly  stable 
towards  heat,  but  easily  forms  basic,  and  also 
double,  salts  ;  the  sulphate,  which  also  readily 
produces  basic  salts,  is  completely  decomposed 
into  oxide  and  oxide  of  sulphur  by  the  action  of 
heat  alone.  The  chloride  and  bromide  of  beryl- 
lium have  been  gasified  ;  an  ethide,  Be(CaH-,)2, 
is  known ;  it  is  a  fuming  liquid  which  takes  fire 
when  gently  warmed  in  air. 

The  odd  series  members  of  the  group  we  are 
considering  are  magnesium,  zinc,  cadmium,  and 
mercury.  The  properties  of  the  metal  magne- 
sium have  already  been  stated  in  this  article 
(v.  p.  200)  ;  of  the  remaining  metals,  zinc  and 
cadmium  are  very  similar,  while  mercury  differs 
in  many  respects  from  any  other  member  of 
the  group.  Zinc  and  cadmium  occur  together 
in  minerals,  chiefly  as  sulphides ;  both  are  ob- 
tained by  deoxidising  the  oxides  by  hot  carbon ; 
both  are  heavy,  moderately  hard,  tin-white 
solids  (S.G.  Zn  =  7'2,  S.G.  Cd  =  8-6);  both  melt 
at  fairly  high  temperatures  (M.P.  Zn  =  420°, 
M.P.  Cd  =  320°),  and  both  can  be  volatilised  at 
temperatures  somewhat  under  1000°.  Cadmium 
is  ductile  and  malleable,  the  ductility  and  mal- 
leability of  zinc  yary  considerably  with  varia- 
tions of  temperature ;  both  are  easily  soluble  in 
the  ordinary  mineral  acids,  zinc  dissolves  in 
concentrated  warm  aqueous  solutions  of  potash 
or  soda,  with  evolution  of  hydrogen  and  produc- 
tion of  an  unstable  zincate  of  the  alkali  metal 
(«Zn0.7/M20) ;  both  are  nearly  unacted  on  by  air 
or  oxygen  at  ordinary  temperatures,  but  are 
rapidly  burnt  to  oxides  when  heated  in  oxygen  ; 
both  readily  combine  with  the  halogens  and  with 
sulphur.  The  formulae  which  represent  the  com- 
positions of  the  chief  compounds  of  Be,  Ca,  Sr, 
Ba,  and  Mg,  also  represent  those  of  the  chief 
compounds  of  Zn  and  Cd;  almost  all  similar 
salts  of  Zn  and  Cd  are  isomorphous.  The 
oxides,  MO,  do  not  combine  with  water  to  form 
hydroxides  ;  the  hydroxides,  M02H2,  are  quite 
insoluble  in  water,  and  are  readily  decomposed 
by  heat  alone  into  oxides  and  water ;  Zn02H2  is 
soluble,  CdOaHjj  is  insoluble,  in  aqueous  potash. 
The  chloride,  sulphate,  and  nitrate  of  either 
metal  is  soluble,  the  phosphate  and  carbonate 
are  nearly,  if  not  altogether,  insoluble,  in  water ; 
these  salts  show  great  readiness  to  form  double 
salts,  especially  with  the  alkali  metals  and  with 
ammonia,  and  also  to  form  basic  salts,  but  the 
zinc  salts  are  more  ready  to  undergo  the  latter 
changes  than  the  salts  of  cadmium.  Mercury 
differs  from  all  other  metals  in  being  liquid  at 
temperatures  above  —39°.  This  metal  occurs 
chiefly  as  sulphide,  from  which  it  may  be  ob- 
tained by  heating  with  iron,  and  in  other  ways ; 
it  is  a  silver-white,  heavy  liquid  (S.G.  about 
13-5)  ;  it  boils  at  350°,  and  is  very  easily  vola- 
tilised ;  it  is  unacted  on  by  oxygen  until  a  tem- 
perature near  350°  is  reached,  when  it  slowly 
combines  with  oxygen  to  form  HgO.  Mercury 
readily  combines  with  the  halogens  and  with 


sulphur ;  it  is  without  action  on  water ;  dilute 
nitric  acid  quickly  dissolves  mercury,  and  it  is 
also  soluble  in  hot  concentrated  sulphuric  acid, 
but  neither  boiling  hydrochloric,  nor  boiling 
dilute  sulphuric,  acid  acts  upon  it.  Mercury 
forms  two  series  of  salts,  mercurous  salts  repre- 
sented by  Hg20,  Hg2Cl2,  Hg2S04,  HgN03,  Ac., 
and  mercuric  salts  represented  by  HgO,  HgCl2, 
HgS04,  Hg2N03,  &c.;  the  latter,  as  a  class,  are 
more  soluble  in  water,  and  are  much  more  stable, 
than  the  former.  No  hydroxides  of  mercury  are 
known  ;  HgO  is  said  to  be  very  slightly  soluble 
in  water,  and  also  in  molten  potash.  The  salts  of 
mercury,  especially  the  mercuric  salts,  form  a 
great  many  double  compounds,  chiefly  with  the 
salts  of  the  alkali  metals  ;  they  also  readily  form 
many  basic  salts  ;  a  very  large  number  of  com- 
pounds of  mercury  salts  with  ammonia,  and  de- 
rivatives of  ammonia,  is  known. 

The  following  data  present  some  of  the 
measurements  which  have  been  made  (chiefly 
by  Thomsen)  of  the  quantities  of  heat  produced 
during  similar  changes  undergone  by  the  ele- 
ments, or  by  compounds  of  the  elements,  in  the 
group  we  are  now  considering  : — l 

M   [M,012,Aq]  [M,Bra,Aq]  [M,P,Aq]  [M,0,Na05Aq]  [M,0] 

Ca  187,600   165,800  135,300  177,160  130,930 

Sr   195,700   173,800  143,400  185,410  128,440 

Ba  196,300   174,400  144,000  187,000  124,240 

Mg  186,900   165,000  134,600  176,480  146,000 

Zn  112,800     90,900  60,500  102,510  85,400 

Cd    96,300     74,400  44,000  86,000  65,600 

Hg    53,2002    41,4802    24.3002  37,070  30,670 

Hg2  62,6002    50,950*  28,4002  47,990  42,200 

M 
Zn 
Cd 
Hg 


62,230 
44,750 
27,780 


So  far  as  these  data  warrant  us  in  drawing 
general  conclusions,  it  appears  that  the  quantity 
of  heat  produced  during  the  occurrence  of  a 
similar  chemical  change  increases  as  the  atomic 
weight  of  the  metal  increases  in  the  cases  of 
even  series  members  of  Group  II.,  but  that  the 
quantity  of  heat  produced  decreases  as  the  atomic 
weight  of  the  metals  in  odd  series  of  the  group 
increases.  Further,  it  seems  that  the  increase 
in  the  even  series  members  is  much  less  for 
equal  increments  of  atomic  weights  than  the  de- 
crease in  the  odd  series  members.  And  lastly  it 
is  seen  that  the  value  for  magnesium,  which  is 
the  first  odd  series  member  of  the  group,  is  gene- 
rally nearly  the  same  as  the  value  for  calcium, 
which  is  the  first  even  series  member  for  which 
thermal  data  have  been  observed.  Unfortunately 
hardly  any  thermal  measurements  have  yet  been 
made  for  compounds  of  beryllium ;  the  follow- 

1  The  square  bracket  denotes  that  the  thermal  value  of 
the  chemical  change  which  occurs  between  the  bodies 
within  the  bracket  is  measured  ;  the  comma  means  that 
chemical  action  occurs  between  the  bodies  the  symbols  of 
which  are  separated  by  this  comma ;  the  symbols  of  ele- 
ments and  compounds  are  to  be  read  in  grams ;  the  figures 
represent  gram-units  of  heat  produced  ;  the  symbol  Aq  is 
used  to  denote  so  large  a  mass  of  water  that  an  increase 
in  this  mass  would  not  affect  the  thermal  value  of  the 
change.     Thus  [Ca,Cl2,Aq]  =  187,600  means  that  187,600 
gram-units  of  heat  are  produced  when  40  grams  of  calcium 
and  71  grams  of  chlorine  combine,  in  presence  of  much 
water,  to  produce  111  grams  of  calcium  chloride. 

2  These  figures    represent  the  heats  of  formation  of 
solid  HgCla,  HgaClai  HgBr.,,  Hg2Bra,  Hgla,  and 
spectively. 
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ing  numbers,  taken  from  Thomson's  work,  show 
that  the  heat  of  neutralisation  of  beryllium 
hydroxide  is  very  much  less  than  that  of  the 
other  even  series  members  of  the  group,  or  of 
magnesium,  and  approaches  the  values  for 
zinc,  cadmium,  and  mercury : — 

Q  [Q,2H01Aq] 

BeO,H2  16,100 

Ca02Hj  27,900 

SrO^  27,630 

BaO.,H2  27,780 

Mg02H2  27,690 

Zn02H2  19,880 

Cd02H2  20,290 

HgO  18,920 

Looking  at  these  thermal  measurements  as  a 
whole  it  is  clear  that,  thermally  considered,  mag- 
nesium is  very  analogous  to  the  three  metals  Ca, 
Sr,  and  Ba  ;  that  the  three  metals  Zn,  Cd,  and 
Hg  form  a  second  class,  marked  off  from  the 
Mg...Ba  class ;  and  that,  if  one  may  draw  any 
conclusions  from  the  meagre  data,  beryllium 
seems  to  belong  to  the  zinc  rather  than  to  the 
magnesium  class.  A  consideration  of  the  ther- 
mal values  of  the  reactions  of  the  metals  in 
Group  II.  with  acids  shows  that  mercury  is 
more  widely  separated  from  the  other  members 
of  the  group  than  these  other  members  are  from 
one  another.  Thus,  take  the  values  of  the 
differences  (1)  between  the  heats  of  formation  of 
the  chlorides  of  the  metals  and  that  of  gaseous 
hydrochloric  acid,  and  (2)  between  the  heats  of 
formation  of  aqueous  solutions  of  the  nitrates  of 
the  metals  and  that  of  aqueous  nitric  acid  ; 
these  differences  give  comparative  representa- 
tions of  the  quantities  of  heat  produced,  or  which 
disappear,  when  equivalent  masses  of  the  metals 
react  (1)  with  the  same  (equivalent)  mass  of 
gaseous  hydrochloric  acid,  and  (2)  with  the  same 
(equivalent)  mass  of  nitric  acid  dissolved  in 
much  water : — 
M  [M,Cla]-[H2,Cl2]  M  [M,0,N205Aq]-[N2Os,Aq] 

Ca  125,820  Ca  117,520 

Sr  140,550  Sr  125,770 

Ba  150,740  Ba  127,380 

Mg  107,010  Mg  116,840 

Zn  53,210  Zn           42,870 

Cd  49,240  Cd           26,360 

Hg2  18,600  Hg2  -11,650  (used) 

Hg  9,200  Hg  -22,570  (used) 

As  a  general  rule,  such  thermal  data  as  are 
given  here  and  elsewhere  in  this  article  repre- 
sent differences  between  the  quantities  of  energy 
degraded  from  more  chemically  available  to  less 
chemically  available  forms,  during  similar  reac- 
tions. Of  two  systems  producible  from  the 
same  initial  system,  that  one  will  be  the  more 
stable  the  production  of  which  is  attended  with 
the  running  down  of  the  greater  quantity  of 
energy.  It  is  most  important  to  trace  con- 
nexions between  the  compositions  of  chemical 
systems  and  the  quantities  of  energy  degraded 
during  the  production  of  these  systems;  but 
such  thermal  data  as  are  given  here  can  only 
be  regarded  as  affording  bases  for  very  rough 
comparisons  of  the  stabilities  of  the  various 
systems  produced  by  the  different  chemical 
operations  formulated  (v.  further  EQUILIBRIUM, 
CHEMICAL  ;  and  PHYSICAL  METHODS). 

Further  data  on  which  comparisons  of  the 


compounds  of  the  elements  in  Group  II.  may  be 
based  are  furnished  by  (1)  the  melting-points, 
and  (2)  the  so-called  specific  volumes,  of  similar 
compounds.  The  specific  volume  of  a  compound 
is  defined  as  the  quotient  obtained  by  dividing 
the  formula-weight  by  the  specific  gravity  of 
the  solid  compound ;  it  represents  the  volume, 
in  cubic  centimetres,  occupied  by  the  mass  of 
the  solid  compound,  in  grams,  represented  by 
the  formula  of  the  compound.  The  difference 
between  the  specific  volume  of  a  binary  com- 
pound and  that  of  one  of  the  elements  contained 
in  one  formula-weight  of  the  compound  may  be 
taken  as  representing  the  specific  volume  of  the 
other  element  in  one  formula-weight  of  the  com- 
pound ;  these  differences  afford  useful  data  for 
comparing  similar  compounds  of  elements  in  the 
same  or  different  groups  : — 

Melting-points  of  chlorides  and  bromides  (approx.). 


BeCl2  600° 

CaCl2  720 

SrCl2  825 

BaCl2  800 

MgCl2  700 

ZnCl2  260 

CdCl2  540 

HgCl2  280 


BeBr2  600° 

CaBr2  680 

SrBr2  630 

BaBr2  810 

MgBr2  700 

ZnBr2  400 

CdBr2  570 

HgBr2  240 


Spec.  vols.  of  solid  oxides  MO. 

round        differ- 
numbers      ences 


BeO  8 

CaO  18 

SrO  22 

BaO  28 

MgO  12 

ZnO  14 

CdO  16 

HgO  19 


10 
4 


Spec.  vols.  of  MO— spec.  vols.  of  M. 
(= hypothetical  spec.  vols.  of  0  in  MO) 

Iii  BeO  +2-7 

CaO  -7-2 
SrO   -12-9 

BaO  -8-5 

MgO  -1-8 

ZnO  +  5-1 

CdO  +5-5 

HgO  +4-7 

As  regards  the  melting-points  of  chlorides 
and  bromides,  we  see  that  the  five  metals  Be, 
Ca,  Sr,  Ba,  and  Mg,  are  closely  related  to  each 
other,  while  the  three  remaining  metals  of  the 
group,  viz.  Zn,  Cd,  and  Hg,  form  a  class  by  them- 
selves. As  regards  the  specific  volumes  of  oxides, 
we  notice  that  the  values  increase  from  BeO  to 
BaO,  then  fall  to  MgO,  and  again  increase  from 
MgO  to  HgO ;  the  great  difference  between  the 
value  for  CaO  and  that  for  BeO  (10),  and  the 
smaller  difference  between  the  value  for  BeO  and 
MgO  (4),  suggest  that  BeO  is  more  allied  to  the 

group  MgO HgO  than  to  the  group  CaO, 

SrO,  BaO.  An  analogy  between  BeO  and  the 
oxides  of  Zn,  Cd,  and  Hg,  is  also  pointed  to  by 
the  value  for  the  specific  volume  of  0  in  the 
oxides  MO. 

Finally,  let  us  tabulate  the  differences  be- 
tween the  values  of  the  atomic  weights  of  pairs 
of  consecutive  metals  in  the  group  we  are  con- 
sidering :— 
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Even  series 


OM  series 


Ca-: 

40- 
Ba- 
137 


-Sr\ 

_87j>= 


50  +  47 


=  47 
=  48-5. 


47  +  50  +  41  +  47  +  44 


=  45-8. 


Omitting  the  difference  Ca-Be,  it  is  seen  that  the 
difference  between  the  atomic  weights  of  a  pair 
of  consecutive  elements  approaches  the  value  45  ; 
and  that  the  difference  is  rather  larger  in  the 
cases  of  the  elements  belonging  to  even  series 
than  in  those  of  elements  belonging  to  odd  series. 
But  the  difference  Ca  — Be  is  only  31:  in  this 
respect  beryllium  stands  marked  off  from  the 
other  elements  of  the  group.  If  the  differences 
between  the  values  of  the  atomic  weights  of  the 
first  and  second  even  series  members  of  Groups  I. 
to  VII.  are  tabulated,  it  is  found  that  this  differ- 
ence varies  from  32  (K— Li)  to  36  (Mn  — F),  and 
has  a  mean  value  of  34  ;  but  34  is  considerably 
less  than  45,  which  is  about  the  mean  difference 
between  any  two  elements  (omitting  the  elements 
from  Li  to  Na)  in  the  same  group  and  in  con- 
secutive even,  or  consecutive  odd,  series. 

Looking  back  at  the  properties  of  the  ele- 
ments in  Group  II.,  it  appears  that  beryllium  is 
distinctly  marked  off  from  the  other  elements  of 
the  group ;  that  calcium,  strontium,  and  barium 
are  more  closely  related  to  each  other  than  they 
are  related  to  any  other  elements  of  the  group ; 
that  the  relations  between  zinc  and  cadmium  are 
most  marked ;  and  that  mercury  is  to  some  ex- 
tent separated  from  the  other  members  of  the 
group.  Beryllium  approaches  magnesium  in  the 
method  of  its  preparation ;  in  its  high  melting- 
point  ;  in  the  unreadiness  with  which  it  oxidises  ; 
in  the  ease  with  which  its  hydroxide  is  decom- 
posed by  heat ;  in  the  solubility  of  its  sulphate  ; 
in  the  specific  volume  of  its  oxide ;  and  in  some 
other  properties.  Beryllium  approaches  calcium, 
among  other  respects,  in  the  nature  of  its  spec- 
trum; and  in  the  readiness  with  which  its 
hydroxide  combines  with  carbon  dioxide.  In 
the  melting-point  of  its  chloride  and  bromide, 
beryllium  approaches  the  three  metals  calcium, 
strontium,  and  barium.  The  analogies  between 
beryllium  and  zinc  are  marked  by  the  following 
among  other  properties  :  action  on  water ;  solu- 
bility in  aqueous  potash  ;  crystalline  form  of  the 
oxides.  The  solubility  of  beryllium  sulphate  in 
water  ;  the  readiness  with  which  basic  salts,  and 
also  double  salts,  of  beryllium  are  produced  ;  the 
existence  of  gasifiable  chloride,  bromide,  ethide, 
and  propide,  of  beryllium  ;  the  specific  volume  of 
oxygen  in  beryllium  oxide ;  and  the  thermal 
value  of  the  neutralisation,  by  aqueous  hydro- 
chloric acid,  of  beryllium  hydroxide ;  these  pro- 
perties indicate  the  analogy  between  beryllium 
and  the  three  odd  series  members  of  the  group, 
zinc,  cadmium,  and  mercury.  Calcium,  stron- 
tium, and  barium  certainly  stand  by  themselves ; 
but  in  the  specific  volume  of  the  oxygen  in  its 
oxide,  and  more  especially  in  the  thermal  values 
of  similar  reactions,  the  odd  series  metal  mag- 
nesium is  closely  related  to  these  three  even 
series  metals.  Mercury  is  marked  off  from  the 


other  elements  of  the  group  by  the  fact  that  it 
forms  two  series  of  salts,  and  by  the  thermal 
values  of  the  reactions  between  it  and  hydro- 
chloric and  nitric  acids ;  but  in  the  general 
character  of  its  persalts,  in  the  melting-points 
of  its  chloride  and  bromide,  in  the  specific  volume 
of  its  oxide  and  of  the  oxygen  therein,  mercury 
is  clearly  related  to  zinc  and  cadmium;  and  in 
the  solubility  of  its  oxide  in  molten  potash,  the 
relationship  of  mercury  more  especially  to  zinc 
and  beryllium  is  rendered  evident.  An  element 
has  yet  to  be  discovered  which  shall  have  an 
atomic  weight  equal  to  about  158,  and  which 
shall  form  a  link  between  cadmium  and  zinc  on 
one  side  and  mercury  on  the  other. 

Putting  together  all  we  have  learned  of  the 
elements  and  the  compounds  of  the  elements  in 
Group  II.,  we  see  that  the  group  contains  certain 
sub-groups  or  families,  but  that  the  special 
characteristics  of  these  families  are  balanced  by 
the  strength  of  the  group-character  which  im- 
presses itself  on  all  the  members  of  the  group. 

Group    VI.    comprises    the    following    ele- 
ments : — 
Even  series 

24  6  8  10  12 

0  =  16  Cr  =  52  Mo  =  96  —  W  =  184  U  =  240 
Odd  series 

35  7          9  11 

S  =  32   Se  =  79    Te  =  125  — 

We  have  here  two  families  :  the  even  series 
members  0,  Or,  Mo,  W,  and  U;  and  the  odd 
series  members  S,  Se,  and  Te.  But  in  many 
respects  the  first  member  of  the  even  series 
family,  oxygen,  more  resembles  the  odd  series 
family  than  it  resembles  the  other  members  of 
its  own  family.  There  is  a  distinct  line  of  sepa- 
ration between  oxygen  on  one  side  and  Cr,  Mo, 
W,  and  U  on  the  other  side.  The  four  members 
of  the  even  series  family  Cr  .  .  .  .  U  may  be 
divided  into  two  sub-families,  Cr  and  Mo,  and 
W  and  U  ;  but  there  are  well-marked  analogies 
between  Cr  and  U  on  the  one  hand,  and  between 
Mo  and  W  on  the  other  hand.  Finally,  some  of 
the  members  of  the  even  series  family,  besides 
oxygen,  show  very  distinct  relations  to  members 
of  the  odd  series  family ;  e.g.  Cr  and  S,  and  U 
and  Te,  are  more  or  less  closely  related. 

Let  us  consider  these  relationships  very 
briefly.  The  compositions  of  the  binary  com- 
pounds of  0,  S,  Se,  and  Te,  emphasise  the  rela- 
tions between  the  four  elements :  we  have  MET,, 
MC12,  MK2,  MCa,  M(C«H2n+1)2,  &c.,  where  M  =  O, 
S,  Se,  or  Te.  The  properties  of  these  compounds 
are  also  very  similar.  No  hydrides  of  the  other 
even  series  members  (Cr  .  .  .  .  U)  are  known,  the 
best-marked  chlorides  of  these  elements  are  not 
MC12,  nor  do  these  elements  form  compounds 
with  K,  Ca,  or  the  radicles  CMH2M+l.  There  is  a 
less-marked  gap  between  the  physical  properties 
of  0  on  one  hand,  and  S,  Se,  and  Te  on  the 
other,  than  between  the  former  element  and  Cr, 
Mo,  W,  and  U:  thus,  the  melting-points  of  S, 
Se,  and  Te  all  He  under  550°,  whereas  Cr,  Mo, 
and  W,  are  scarcely  fusible  at  the  highest  at- 
tainable temperatures,  and  U  melts  only  at  a 
full  red  heat.  The  specific  gravities  also  of  S 
and  Se  are  less  than  5,  whereas  the  values  of 
this  quantity  for  Cr  ....  U  vary  from  6'7  (Cr) 
to  19  (W).  The  specific  gravity  of  Te  is  about 
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6-2.  The  elements  S,  Se,  and  Te,  are  distinctly 
non-metallic  and  negative;  their  oxides  are  acid- 
forming  ;  these  elements  do  not  replace  the  hy- 
drogen of  acids  with  formation  of  salts;  in  these 
respects  they  approach  closely  to  oxygen,  which 
is  the  typical  non-metallic  acid-forming  element. 
Tellurium,  however,  is  to  some  extent  separated 
from  selenion  and  sulphur  ;  it  is  a  white,  brittle 
solid;  its  haloid  compounds  are  much  more 
stable  than  those  of  S  or  Se  ;  its  oxides  are  not 
strongly  acid-forming ;  the  acids  H2Te03  and 
H2Te04  are  easily  separated  into  water  and 
anhydride,  they  are  only  slightly  soluble  in 
water,  and  are  feeble  acids  (this  statement  may 
be  made  although  the  relative  affinities  of  these 
acids  have  not  yet  been  determined).  Thomsen's 
measurements  of  the  relative  affinities  of  sul- 
phuric and  selenic  acids  (H2S04  and  H2Se04), 
and  the  confirmation  of  these  results  by  Ostwald's 
study  of  the  electrical  conductivities  of  aqueous 
solutions  of  these  acids  with  varying  masses  of 
water  (v.  AFFINITY,  vol.  i.  pp.  75,  81,  83),  show 
that  these  two  acids  are  most  closely  related  in 
their  powers  of  combining  with  bases.  The  heat 
of  formation  of  aqueous  solutions  of  the  oxides 
M03,  however,  point  to  a  closer  relation  between 
Se  and  Te  on  one  hand,  than  between  either  of 
these  elements  and  S  on  the  other  hand :  thus, 

1 142,410  when  M  =  S 
[M,  O3,  Aq]  =  I    76,660     „     M  =  Se 

(   98,380     „     M  =  Te. 

Notwithstanding  these  resemblances  we  must 
admit  that  oxygen  is  distinctly  cut  off  from  the 
other  members  of  the  group,  whether  they  be 
even  series,  or  odd  series,  elements.  Thus  the 
thermal  values  of  the  formation  of  hydrides  re- 
veal a  great  gap  between  0  and  S  :  [H2,  0] 
=  68,360,  but  [H2,  S]  =  4,740  (unfortunately 
values  for  [H2,  Se]  and  [H2,  Te]  have  not  yet 
been  determined).  Oxygen,  like  beryllium  in 
Group  II.,  is  a  so-called  '  typical '  element ;  the 
relations  of  this  element  to  the  odd  series  family 
of  its  group— S,  Se,  and  Te— are  not  unlike  the 
relations  of  the  typical  Be  to  the  members  of  its 
group  which  belong  to  odd  series — Mg,  Zn,  Cd. 
Oxygen  is  distinctly  cut  off  from  the  even  family 
Cr  .  .  .  .~U  by  its  physical  properties;  by  the 
composition  of  compounds  with  the  same  ele- 
ments, e.gr.OCl?,  02Cl,CrCl3,  MOC15,  WClfi,  UC14; 
by  the  properties  of  many  of  these  compounds, 
e.g.  OC12  boils  at  -18°,  MOC15  and  WC15  melt 
between  200°  and  300°,  the  heat  of  formation  of 
OC12  has  a  large  negative  value,  the  heats  of 
formation  of  chlorides  of  the  other  elements 
have  not  been  determined,  but  from  established 
analogies  there  can  be  no  doubt  that  the  numbers 
representing  these  heats  of  formation  have  large 
positive  values  ;  further  the  elements  Cr,  Mo, 
W,  U,  act  both  as  acid-forming  and  salt-forming 
elements,  whereas  oxygen  is  in  the  most  marked 
way  the  typical  acid-forming  element. 

The  even  family  Cr  .  .  .  .  U  may  be  broadly 
divided  into  two  sub-families,  Cr  and  Mo,  and 
W  and  U.  Thus  the  specific  gravities  of  Cr  and 
Mo  are,  respectively,  6-7  and  8-5,  of  W  and  U  19 
and  18-5  ;  the  specific  volumes  (i.e.  S.G.  of  solid 
+  atomic  weight)  are  7'7  and  11-3,  and  9'7  and 
12-9.  Some  of  the  oxides  of  chromium,  e.g. 
Cr203,  are  distinctly  salt -forming,  but  CrO3  is  the 
anhydride  of  a  well-marked  acid,  H2CrO4,  from 
which  is  derived  a  large  series  of  well-marked 


salts,  for  the  most  part  isomorphous  with  simi- 
lar sulphates  and  manganates.  The  oxides  of 
Mo  can  scarcely  be  classed  as  salt-forming, 
although  Mo02  is  said  to  dissolve  in  acids  with- 
out evolution  of  oxygen  ;  Mo03  is  the  anhydride 
of  an  acid  H2Mo04;  two  classes  of  chromium 
]  salts  exist,  chromous  salts  represented  by 
CrS047H20,  and  the  more  stable  chromic  salts 
i  represented  by  Cr23S04,  Cr26N03,  &c. ;  hydrated 
j  oxides  of  the  composition  MO#H/),  both  of  Cr 
!  and  Mo,  seem  to  exist,  but  they  are  easily  oxi- 
dised to  compounds  of  the  form  M2O3ccH20. 
The  relations  of  W  to  U  are  similar  to  those  of 
Mo  to  Cr;  few,  if  any,  distinct  salts  are  known 
obtained  by  the  replacement  of  the  hydrogen  of 
acids  by  W,  but  U  forms  two  well-marked  series 
of  salts,  represented  by  US04  and  U02S04  re- 
spectively ;  the  oxides  W0:i  and  U03  are  both 
anhydrides  of  acids  H2W(U)04.  The  oxide  W02 
resembles  Mo02  in  that  it  dissolves  in  acids 
without  evolution  of  oxygen;  W03  and  MoO3 
also  form  double  compounds  with  various  anhy- 
drides, e.g.  with  P205,  S03,  &c.  The  salt-form- 
ing character  of  the  oxides  of  the  family  Cr, 
Mo,  W,  U,  decreases  from  Cr  to  Mo,  and  again 
increases  from  W  to  U,  but  at  the  same  time 
the  extremes  of  the  family  (Cr  and  U)  produce 
more  distinctly  marked  acid-forming  oxides 
(M03)  than  either  of  the  means  (Mo  and  W). 
Finally,  the  highest  members  of  the  odd  and 
even  series  of  Group  VI.,  Te  and  U,  are,  on  the 
whole,  more  positive  (although  U  produces  a 
well-marked  acid-forming  oxide)  than  the  other 
members  of  either  family  ;  and  the  first  member 
of  the  even  family,  viz.  Cr  (excepting  oxygen, 
which  belongs  both  to  the  odd  and  the  even 
families),  shows  fairly  marked  analogies  with 
the  first  member  of  the  odd  family,  viz.  S. 

Summing  up  the  characteristics  of  Group  VI., 
and  comparing  them  with  those  of  Group  II.,  we 
see  that  the  former  group,  as  a  whole,  is  non- 
metallic  ;  its  members  are  comparatively  nega- 
tive, and  their  best-marked  oxides,  as  a  class, 
are  acid-forming  ;  but  we  find  in  it  two  families, 
one  of  which,  Cr  .  .  .  U,  is  more  metallic  and 
salt-forming,  arid  the  other,  S  .  .  .  Te,  is  more 
non-metallic  and  acid-forming.  Similarly  we 
find  in  Group  II.  two  families,  one  more  dis- 
tinctly metallic  than  the  other ;  but,  on  the  other 
hand,  the  whole  character  of  Group  II.  is  me- 
tallic, and  the  oxides  of  the  members  of  the 
group  are  salt-forming.  In  each  group  we  have 
found  a  '  typical '  element :  in  Group  VI.  oxygen, 
in  Group  II.  beryllium ;  the  properties  of  this 
element  to  some  extent  summarise  the  properties 
of  all  the  members  of  the  group.  The  difference 
between  the  value  of  the  atomic  weight  of  oxygen 
and  that  of  the  next  even  series  member  of 
Group  VI.,  viz.  Cr,  is  36 ;  the  difference  between 
the  atomic  weight  of  beryllium  and  that  of  the 
next  even  series  member  of  Group  II.,  viz.  Ca, 
is  31 ;  the  mean  difference  between  any  two  con- 
secutive even  or  odd  members  of  either  group  ia 
about  45 ;  oxygen  perhaps  rather  rfiore  closely 
approaches  the  properties  of  the  odd  family  of 
its  group  than  beryllium  approaches  the  pro- 
perties of  the  family  of  Group  II.  the  members 
of  which  belong  to  odd  series. 

Let  us  now  turn  for  a  moment  to  those  groups 
in  which  the  family-character  preponderates  over 
the  group-character,  Groups  I.  and  VII.,  and  to 
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those  in  which  the  group-character  is  much  more 
marked  than  the  family-character,  Groups  III., 
IV.,  and  V. 
Group  I. 
Even  Series — 

2468 
Li  =  7    K  =  39    Eb  =  85    Cs  =  133 

Odd  Series— 

3  5  7          9          11 

Na  =  23  Cu  =  63  Ag  =  108  -       Au  =  197 

The  very  marked  similarity  between  Li,  Na, 
K,  Eb,  and  Cs,  both  as  regards  the  metals  them- 
selves and  their  compounds,  quite  overshadows 
the  much  more  feebly  marked  similarities  which 
exist  between  Cu,  Ag,  and  Au.  But  the  thermal 
values  of  the  reactions  between  lithium  and 
water,  between  Li  and  0,  Li  and  Cl,  or  Li  and 
Br  in  presence  of  water,  &c.,  the  comparative 
insolubility  of  LiOH,  Li2C03,  Li:jP04,  the  non- 
formation  of  an  alum  containing  Li,  the  non- 
formation  of  double  salts  containing  LiCl,  the 
comparatively  less  ready  oxidation  of  Li,  and 
some  other  properties,  show  that  lithium  is  to 
some  extent  separated  from  the  metals  Na  .  .  .  Cs. 
The  properties  of  those  salts  of  copper  of 
which  the  chloride  Cu2Cl2  is  a  representative, 
exhibit  some  analogies  with  those  of  the  com- 
pounds of  lithium.  Silver  approaches  the  even 
family  of  Group  I.  in  the  composition  of  all  its 
well-marked  salts,  in  the  distinct  alkalinity  of 
its  oxide,  and  in  the  fact  that  silver  sulphate 
forms  an  alum.  Although  gold  is  distinctly 
marked  off  from  the  other  members  of  the  group, 
yet  in  the  softness  of  the  metal,  in  the  facts 
that  compounds  of  the  form  M20  are  known, 
that  the  auric  haloid  compounds  very  easily 
form  double  salts  with  the  haloid  compounds  of 
Na  .  .  .  Cs,  that  Au20  and  Au2S  are  sol.  in 
water,  and  in  a  few  other  respects,  this  metal 
exhibits  some  analogies  with  the  even  family 
of  the  group  and  with  sodium. 

Group  VII. 
Even  Series — 

2  4 

F  =  19      Mn  =  55 
Odd  Series — 

357 
Cl  =  35-5        Br  =  80          1  =  127 

Here  the  family-character  of  the  odd  series 
members  impresses  itself  on  the  whole  group ; 
fluorine  exhibits  definite  relations  to  the  odd 
family,  but  the  two  facts  that  it  forms  no  com- 
pounds with  oxygen,  and  that  its  compounds 
with  hydrogen  and  the  alkali  metals  exhibit  the 
greatest  readiness  to  form  double  salts,  suffice 
to  cut  it  off  to  some  extent  from  Cl,  Br,  and 
I.  The  heat  of  neutralisation  of  HF  is  consider- 
ably larger  than  the  heat  of  neutralisation  of 
HC1  or  HBr ;  [HMAq,  NaOHAq]  =  13,740  when 
M  =  C1  or  Br,  but  -16,250  when  M=F,  but 
the  relative  affinity  of  HF  is  very  small ;  it  is 
approximately  equal  to  5  when  that  of  HC1  = 100, 
and  that  of  HBr  =  95  or  so.  The  thermal  values 
of  some  similar  reactions  of  Cl,  Br,  and  I,  show 
that  these  elements  are  not  so  closely  related  to 
each  other  as  a  consideration  of  the  outstanding  ] 
chemical  properties  of  their  compounds  would 
lead  one  to  suppose  ;  thus,  [H,  Cl]  =  22,000  ; 
[H,  Br]  -  8,010 ;  [H,  I]  =  -  6,040  (absorbed).  The  | 

VOL.  II. 


differences  between  the  properties  of  perchloric 
and  periodic  acids  also  emphasise  the  differences 
between  chlorine  and  iodine.  The  isomor- 
phism of  permanganates  and  perchlorates,  the 
markedly  acid-forming  character  of  Mn02,  and 
the  existence  of  permanganic  acid,  establish  a 
connection,  feeble  though  it  be,  between  man- 
ganese and  the  other  members  of  Group  VII. 
In  studying  the  relations  of  the  members  of  this 
group  it  should  not  be  forgotten  that  no  repre- 
sentative of  series  6,  8,  9/10,  11,  12  or  13,  is  at 
present  known. 


Group  III. 

Even  Series— 

24 
B  =  ll     Sc  =  * 

Odd  Series  — 

3  5 

Al  =  27     Ga  = 


68  10 

Y-89     La-139  Yb  =  173 

79  11 

In  =  114    -  TU204 


The  group-character  is  here  impressed  on 
all  the  elements  ;  Al  and  Ga  form  a  family  to 
which  In  is  allied  and  Tl  shows  analogies  in  one 
class  of  compounds  ;  Sc  is  not  without  analogies 
to  Al  and  Ga,  it  is  also  distinctly  related  to  B  ; 
of  the  other  metals  too  little  is  known  to  enable 
us  clearly  to  see  their  analogies.  The  last  mem- 
ber of  the  group,  thallium,  astonishes  us  by  the 
marked  way  in  which  in  the  thallous  salts 
(TLO,  T1,SO4,  &c.)  it  approaches  the  even  series 
members  of  Group  I.,  viz.  Li  ...  Cs.  The 
typical  element,  boron,  while  showing  analogies 
with  all  the  other  members  of  the  group,  and 
with  other  elements,  e.g.  with  C  and  Si,  is  yet 
different  from  any  of  them  ;  it  is  a  good  repre- 
sentative of  the  want  of  family  likeness  between 
the  even  series  members  or  the  odd  series  mem- 
bers of  this  group,  and  at  the  same  time  of  the 
distinctly  group  character  which  is  impressed  on 
all  the  elements  in  the  group. 

Group  IV. 

Even  Series  — 

2  4  6  8  10         12 

C-12    Ti-28    Zr  =  90    Ce  =  140    —   Th  =  232 

Odd  Series  — 

3  5  7  9  11 

Si  =  28    Ge  =  72  Sn  =  118        —       Pb  =  207 

Here  again  the  even  series  members  do  not 
form  a  family  marked  off  from  the  odd  series 
members.  Certain  minor  families  are,  it  is  true, 
to  be  found  in  the  group,  but  on  the  whole  the 
group-character  much  preponderates.  Carbon 
stands  by  itself  ;  it  is  marked  off  from  all  other 
elements  by  the  immense  number  and  com- 
plexity of  the  compounds  which  it  forms  with 
H,  O,  N,  S,  and  the  halogens.  Most  nearly  re- 
lated to  carbon  we  have  the  first  odd  series 
member  of  the  group,  silicon  ;  the  silico-organic 
compounds,  the  existence  of  allotropic  varieties 
of  silicon,  the  relations  between  the  specific  heat 
of  silicon  and  temperature,  the  thermal  values 
of  similar  reactions  of  carbon  and  silicon,  ex- 
hibit the  analogy  between  these  elements  (v. 
CAKBON  GKOUP  OF  ELEMENTS).  The  physical 
properties  of  Ti  and  Zr,  the  stability,  and  acid- 
forming  character,  of  their  oxides  M(X,  the 
volatility  of  their  chlorides  MCI,,  the  iso- 
morphism of  some  titanates  and  zirconates  with 
silicates,  these  points  emphasise  the  connections 
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between  Ti,  Zr,  Si,  and  C.  But  the  formation 
of  the  sulphate  Ti(S04)2,  of  various  salts  of 
zirconium,  e.g.  Zr(S04)2,  Zr(N03)4,  &c.,  show  that 
these  elements  incline  also  towards  Ce  and  Th 
which  follow  them  in  the  even  series,  and  to- 
wards Sn  and  Pb  which  belong  to  odd  series  of 
the  same  group.  Cerium  forms  salts  analogous 
to  those  of  zirconium,  e.g.  Ce(S04)2,  but  its  most 
marked  compounds  are  represented  by  the  per- 
oxide Ce02.  Thorium  again  approaches  more 
closely  to  Ti  and  Zr  than  Ce  does  ;  the  existence 
of  Th02,  Th(S04)2,  K2ThF6,  ThF4,  marks  this 
analogy.  Tin  and  lead  resemble  each  other 
physically  more  than  they  resemble  other 
members  of  the  group  ;  they  exhibit  the  group- 
character  in  their  oxides  MO  and  M02,  in  their 
chlorides  (or  ethides)  MC14,  in  their  salts  K2MO?  ; 
tin  further  exhibits  this  character  in  its  stannic 
salts  Sn(S04)2,  Sn(N03)4,  &c.  ;  but  each  of  these 
elements  produces  compounds  which  have  no 
analogies  among  those  of  the  other  members  of 
the  group. 


Group  V. 

Even  Series  — 

24 
N  =  14  V  =  51 

Odd  Series— 

35 
P  =  31  As  = 


10 


11 

i  =  208 


The  group-character  is  so  impressed  upon  the 
whole  of  these  elements  that  we  may  almost  say 
there  are  no  families  ;  and  yet  the  group  falls 
into  two  subdivisions,  each  of  which  nearly  re- 
peats the  characteristics  of  the  other.  From  N 
to  Ta  we  pass  from  a  most  markedly  non- 
metallic,  acid-forming,  element  to  an  element 
which,  on  the  whole,  is  more  metallic  than 
non-metallic  ;  from  P  to  Bi  we  repeat  the  same 
gradation,  only  here  the  starting-point  is  an 
element  rather  less  negative  in  its  functions  than 
nitrogen,  and  the  last  member  of  the  series  is 
decidedly  more  positive  than  tantalum.  The 
less  prominently  acid  -forming  character  of 
phosphorus  as  compared  with  that  of  nitrogen 
is  exhibited;  among  other  ways,  by  the  relative 
affinities  of  nitric  and  phosphoric  acids  ;  the 
former  being  taken  as  100,  the  latter  is  approxi- 
mately equal  to  20.  The  balance  of  metallic  and 
non-metallic  properties  in  tantalum  is  well 
shown  by  the  action  of  acids  on  aqueous  solu- 
tions of  potassium  tantalate.  Acids  whose  rela- 
tive affinity  is  large,  e.g.  sulphuric  or  hydro- 
chloric acids  (affinity  =-  (approx.)  70  and  100), 
decompose  this  salt  and  pp.  tantalic  acid 
(H./TaO.,)  in  combination  with  a  portion  of  the 
acid  used  ;  acids  with  a  smaller  affinity,  e.g. 
sulphurous  acid  (affinity  not  determined,  but, 
from  Ostwald's  electrical  experiments,  it  must 
be  considerably  less  than  H2S04),  completely 
pp.  pure  tantalic  acid;  acids  with  yet  smaller 
affinities,  e.g.  H3PO4  (affinity  about  20),  pp.  po- 
tassium tantalate  ;  and,  lastly,  acids  with  very 
small  affinities,  e.g.  acetic  or  succinic  acid  (affi- 
nities 6  and  7  respectively),  cause  no  pp.  when 
added  to  solutions  of  potassium  tantalate.  That 
the  last  member  of  the  odd  series  family,  viz. 
bismuth,  is  more  metallic  than  the  last  member 
of  the  even  series  family,  viz.  tantalum,  is 
shown  by  the  fact  that  in  all  its  well-established 


compounds  bismuth  is  positive  to  the  other  ele- 
ments with  which  it  is  combined,  and  that  if 
hydrated  bismuthic  oxide,  Bi203«H20,  acts  as 
an  acid  it  forms  salts  which  can  scarcely  be 
obtained  in  definite  form,  and  which  are  cer- 
tainly at  least  partly  decomposed  by  the  action 
of  hot  water. 

We  have  thus  endeavoured  to  draw  the  out- 
lines of  a  scheme  of  classification  of  the  elements 
and  their  compounds  based  on  the  comparison 
of  those  which  are  similar  in  physical  and 
chemical  properties,  and  by  similar  chemical 
properties  we  have  implied  similarity  of  function 
and  similarity  of  composition.  It  yet  remains, 
however,  to  examine  somewhat  more  closely  into 
the  composition  of  the  compounds  classified, 
with  the  view  of  finding  whether  anything  can 
be  learnt  of  the  structure  of  these  bodies  in  the 
sense  which  is  given  to  the  word  structure  by 
the  molecular  and  atomic  theory.  The  composi- 
tions of  the  highest  oxides,  and  of  some  of  the 
other  compounds  of  the  elements,  appear  to  vary 
periodically  with  variations  in  the  atomic  weights 
of  the  elements.  If  E  represent  the  mass  of  an 
element  expressed  by  its  atomic  weight,  and  if 
X  represent  the  masses  of  F,  Cl,  Br,  or  I,  ex- 
pressed by  the  respective  atomic  weights  of  these 
elements,  or  the  masses  of  the  groups  OH,  N03, 
C103,  &c.,  expressed  by  these  formulae,  or  the 
masses  of  the  elements  or  groups  of  elements 
expressed  by  halves  of  the  formulae  0,  S,  S04, 
Cr04,  &c.,  then  we  may  say  that  the  compositions 
of  the  oxides 

BA  KO,  BA,  B02,  K205, 
are  expressed  by  the  symbols 

EX,  EX2,  EX3,  EX4,  EX5. 

We  may  also  say  that  the  compositions  of  the 
salts 

E2S04;  E(N03)2;  E(N03)3,  EOC1,  E2(S04)3, 

EON03;  EOC13, 
are  expressed  by  the  symbols 

EX ;  EX2;  EX3,  EX3,  EX3,  EX3;  EX5. 
In  this  way  it  becomes  possible  to  give  general 
expressions  for  the  forms  of  the  highest  stable 
oxides  characteristic  of  each  group,  and  also  for 
the  forms  of  the  highest  well-marked  salts  of  the 
elements  of  each  group.  It  is  generally  found 
that  the  greater  the  value  of  X  in  the  oxide- 
form  the  smaller  is  the  value  of  X  in  the  salt- 
form.  The  following  symbols  are  given  by 
Brauner  (Sitz.  W.  \_Malh.-naturwiss.  Classe],  84, 
1165)  :— 


Groups  . 

Oxide  forms 
Salt  forms 

Groups  . 

Oxide  forms 
Salt  forms 


I.  II.  III.  IV. 

EX  EX2  EX3  EX4 

EX7  EX6  EX5  EX4 

V.  VI.  VII.  VIII. 
BX5 


EX      EX       EX 


EXS 
E..X 


The  characteristic  oxides  of  most  of  the  ele- 
ments belonging  to  Group  I.,  Li  ....  Au,  are 
represented  by  the  general  symbol  B20  ;  putting 

X  =  -,  the  ratio  of  metal  to  0  in  these  oxides 

is  expressed  by  the  symbol  EX.  Similarly  the 
composition  of  the  characteristic  oxides  of  the 
elements  of  Group  II.,  Be  ....  Hg,  is  repre- 
sented by  EO  ;  but,  as  O  =  X2,  the  symbol  EX2 
expresses  the  same  composition  as  the  symbol 
EO.  The  salt-forms,  EX7  ....  EX,  are  inter- 
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preted  in  the  same  way  as  the  oxide-forms. 
Thus  Na  forms  a  hydrated  hydroxide  of  the 
composition Na.OH.3H(OH) ;  now,  if  X  =  H  =  OH, 
this  compound  belongs  to  the  general  form  KX7; 
similarly,  the  salt  S,C1,  (Group  VI.)  belongs  to 
the  general  form  EX.  These  symbols  must  be 
interpreted  only  in  a  wide  and  general  way. 
For  instance,  the  highest  oxide  of  a  metal  of 
Group  I.  is  K204,  and  this  belongs  to  the  form 
BX4,  but  the  most  characteristic  oxides  (M20) 
of  the  majority  of  the  metals  of  this  group 
belong  to  the  form  KX  ;  the  most  characteristic 
oxide  of  copper,  however,  is  CuO,  and  of  gold  is 
Au2O3 ;  these  oxides  belong,  respectively,  to  the 
forms  KX2  and  KX3.  But  Cu  and  Au  are  classed 
both  in  Groups  I.  and  VIII. ;  the  oxide  form  of 
Group  VIII.  is  EXS,  and  the  salt  form  is  B2X ; 
but  no  well-marked  oxide  or  salt  of  either  Cu  or 
Au  belongs  to  either  of  these  forms.  So  again, 


Group  V.  has  assigned  to  it  the  oxide  form  EX, 
and  the  salt  form  EX3 ;  the  oxides  N,05  .... 
Bi205  certainly  belong  to  the  form  EX.;  the 
salts  N02(OH),  PO,(OH),  Ac.,  belong  to  the  form 
EX3;  but  the  salts  PO(OH)3,  Sb203(OH),,  etc., 
belong  to  the  form  EX3,  and  the  salt  Bi20  H(OH) 
to  the  form  EX6.  The  symbols  given  must  then 
be  interpreted  as  representing  the  limits  between 
which  the  compositions  of  most  of  the  com- 
pounds  of  each  group  vary;  that  with  the 
greater  value  of  X  represents  the  composition 
of  the  highest  compounds,  and  that  with  the 
smaller  value  of  X  represents  the  composition 
of  the  lowest  compounds  of  the  elements  in 
any  specified  group.  The  expressions  '  salt- 
forms  '  and  '  oxide-forms  '  are  not  to  be  recom- 
mended ;  it  would  be  better  to  summarise  the 
facts  of.  composition  in  some  such  way  as 
this  :— 


I. 

EX7  to  EX 


Limiting  forms  between  which  the  composition  of  compounds  varies. 

Groups. 

II.  III.  IV.  V.  VI.  VII. 

EX6  to  EX2    EX5  to  EX3    EX4    EX5  to  EX3    EX6  to  EX2    BX7  to  EX 


VIII. 
KX8  to  E2X 


In  Groups  I.  to  III.  the  lower  form  usually 
represents  the  composition  of  what  may  be  called 
the  typical  group  oxides ;  in  Groups  V.  to  VIII. 
the  higher  form  usually  represents  the  composi- 
tion of  the  typical  group  oxides.  The  '  typical 
group  oxides  '  are  not  always  the  most  stable 
oxides;  e.g.  Bi205(EX5)  is  less  stable  than 
Bi203(BX3)  (Group  V.),  PbO.,(BX4)  is  less  stable 
than  PbO(EX,)  (Group  IV.)".  Sometimes  these 
'  typical  group  oxides  '  are  scarcely  known  to 
exist ;  e.g.  no  oxide  of  the  form  EX7  has  certainly 
been  obtained  where  E  is  an  element  of  Group 
VII. ;  but  the  composition  of  the  highest,  and 
speaking  broadly  the  most  stable,  acids  (?  acids 
with  largest  affinities)  of  this  group  of  acid- 
forming  elements  is  represented  by  the  symbol 
HM04  (where  M  =  C1,  I,  or  Mn),  and  the  hypo- 
thetical anhydrides  of  these  acids  have  the  com- 
position M203,  that  is,  are  represented  by  the 
symbol  EX7.  Of  the  11  elements  which  ought 
to  find  places  in  Group  VII.,  only  5  are  actually 
known ;  when  the  remaining  6  have  been  pre- 
pared and  their  compounds  examined  some  of 
them  may  be  found  to  form  oxides  belonging  to 


the  form  EX7.  Concerning  Group  VIII.,  it  is 
difficult  to  say  which  oxides  of  the  members  of 
this  group  are  to  be  taken  as  the  typical  group 
oxides ;  for  Ni,  Co,  and  Cu,  one  would  be  inclined 
to  adopt  the  oxides  MO(EX2),  for  Fe  and  Au  the 
oxides  M203(EX3),  for  silver  the  oxide  AgoO (EX), 
and  for  Os  and  Eu  the  oxides  M04(EXsj.  The 
compositions  of  these  vary  between  the  limiting 
forms  EX8  and  EX ;  there  is  probably  a  sub- 
oxide  of  silver  (Ag40)  belonging  to  the  form 
E2X. 

When  we  deal  with  compounds  other  than 
oxides,  the  application  of  the  limiting  forms  be- 
comes yet  more  difficult.  If  the  term  salt  be 
taken  to  mean  (1)  acids,  in  the  cases  of  markedly 
negative  elements,  or  (2)  metallic  derivatives  of 
acids,  in  the  cases  of  markedly  positive  elements, 
then  the  characteristic  salts  of  the  elements  of 
Group  I.  are  represented  by  Li2S04,  and  they 
belong  to  the  form  EX  ;  the  characteristic  salts 
of  Group  II.  are  represented  by  BeS04,  and  they 
belong  to  the  form  EX2.  Tabulating  in  this  way 
the  characteristic  salts  and  their  general  symbols 
for  the  groups,  we  have  the  following  result : — 


Groups 
Salt  . 
Form  . 


Group 

Salt 
Form 


Group 

Salt 

Form 


I. 

Li2S04 
EX 

Group 

Salt 

Form 


Group 

Salt 

Form 


II. 

BeS04 
EX2 


III. 

A123SO,,  B(OH)3 
EX3 

V. 


IV. 

CC14,  Sn(S04)2 
EX4 


N02(OH),  Bi3N03\       ,  /PO(OH)S,  SbCl5 
EX3  J          \          RX5 


VII. 
and 


VIII. 


and 


/PtClS02(OH),  PtPCl5,  Pt022H(OH) 


{OsO(OK)H(OH)} 
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If  the  term  salt  is  used  to  include  all  com- 
pounds of  a  given  element,  whether  these  be 
classed  as  double  salts,  basic  salts,  hydroxides, 
<fec.,  &c.,  then  it  is  easy  to  find  representatives 
of  most  forms,  intermediate  between  the  limiting 
group  forms,  for  the  members  of  any  group. 
For  instance,  salts  higher  than  EX  and  up  to 
EX.  belonging  to  Group  I.  are  represented  by 
KI3  (EXS),  KAuCl4  and  KAuBr4  (EX5),  and 
Na(OH).3H(OH)  (EX7) ;  salts  of  the  form  EX5 
belonging  to  Group  III.  are  represented  by  BOC13, 
A1KC14,  and  A1KI4 ;  salts  belonging  to  Group  II., 
of  the  form  EX4,  are  represented  by  MgNaF3  and 
BeKF3,  and  of  the  form  EX6  by  BeK2F4,  ZnK2F4, 
and  BaO.,H(OH).  It  has  been  sought  to  trace 
special  relations  between  the  forms  of  hydrides 
and  hydrated  oxides  in  each  group  ;  thus,  Men- 
delejeff  gives  the  following  symbols  :  — 


them  and  other  groups,  or  single  atoms.  The 
way  was  thus  prepared  for  regarding  all  chemical 
phenomena  as  essentially  the  results  of  mutual 
actions  and  reactions  between  elements  or  com- 
pounds, and  for  the  conception  of  chemistry  as 
the  study,  not  so  much  of  this  kind  of  homo- 
geneous matter,  or  that,  as  of  the  connections 
between  the  changes  of  composition  and  the 
changes  of  properties  which  these  kinds  of  mat- 
ters exhibit  when  they  mutually  act  and  react 
under  defined  conditions.  The  conception  of 
radicles  went  hand  in  hand  with  that  of  types. 
The  meaning  of  a  typical  classification  of  ele- 
ments and  compounds  has  been  illustrated  in 
the  present  article  (v.  also  EADICLES  and  TYPES). 
The  most  complete  outcome  of  this  method  is 
the  classification  based  upon  the  periodic  law  ; 
and  the  use  of  typical  forms  to  express  the  corn- 


Groups 

f Hydride  form  .        . 
\Example  . 
c  Hydrated  oxide  form 

I  Example         •        • 

Groups 

f  Hydride  form  .        . 
\  Example 

f  Hydrated  oxide  form 
\Example 


I. 

EH7 

EH704 
NaOH.SHOH 


IV. 

EH4 

CH4 

EH404 

Si(OH)4 


V. 

EH3 

PH3 

EH3O4 

PO(OH)S 


II. 
EH6 

BHB04 
Ca(OH)22HOH 

VI. 
EH2 
OH2 
EH204 
S02(OH)2 


III. 


EH504 

A1A6H.O 

2 


VII. 
EH 
OIH 

EH04 
C103(OH) 


The  limiting  forms  of  compounds  which  the 
periodic  law  supplies  as  an  aid  in  classifying 
elements  and  compounds  are  undoubtedly  useful 
if  employed  with  caution.  The  search  for  such 
limiting  forms  has  always  been  carried  on  in 
chemistry.  Dalton  and  Berzelius  made  it  the 
main  business  of  their  lives,  as  chemists,  to  seek 
for  formula  which  should  express  the  maximum 
numbers  of  atoms  of  each  element  capable  of 
combining  together.  Berzelius  developed  his  all- 
embracing  system  of  dualism  on  the  conception 
that  every  compound  is  built  up  of  two  parts, 
themselves  either  simple  or  complex,  one  of 
which  is  electrically  positive  towards  the  other 
(v.  DUALISM).  This  conception  at  once  led  to 
that  of  radicles,  or  groups  of  atoms  which  re- 
main so  closely  united  throughout  various 
chemical  changes  that  the  functions  performed 
by  them  in  these  changes  are,  to  all  intents, 
the  functions  of  single  atoms.  The  conception 
of  the  radicle  brought  with  it  into  chemistry  a 
mode  of  reasoning  which  has  been  of  much  im- 
portance in  the  advances  made  within  recent 
years.  The  group  of  atoms  named  a  radicle  was 
not  known,  as  a  rule,  except  as  it  manifested 
itself  in  the  reactions  of  compounds  supposed  to 
be  formed  by  the  union  of  the  radicle  with  other 
radicles  or  with  elements.  The  arguments  for 
or  against  an  explanation  of  a  chemical  occur- 
rence wherein  radicles  were  regarded  as  taking 
j;avt  were  necessarily  based  on  experimental 
evidence  which  failed  to  bring  into  court  the 
actual  complex  of  atoms  asserted  to  be  an  essen- 
tial part  of  the  mechanism  of  the  change.  Che- 
mists became  accustomed  to  think  of  certain 
collocations  of  atoms  as  necessary  factors  in  this 
or  that  operation;  but  they  attributed  actual 
existence  to  these  atomic  groups  only  when 
mutual  action  and  reaction  was  occurring  between 


positions  of  oxides,  and  other  compounds,  of  each 
group  of  elements,  is  one  of  the  points  wherein 
the  periodic  law  emphasises  the  continuity  of 
chemical  science. 

The  great  objection  to  the  use  of  these  typi- 
cal or  limiting  forms  seems  to  be  that  they  are 
based  too  exclusively  on  the  notion  of  showing 
the  composition  of  compounds,  and  that  their 
employment  tends  to  hide  the  importance  of 
combining  the  study  of  composition  with  that  of 
properties.  The  purely  empirical  compositions 
of  the  salts  KAuCl4  and  NaOH.3H,0  are  cer- 
tainly represented  by  the  symbols  EX.  and  EX7, 
as  illustrations  of  the  existence  of  which  forms 
in  Group  I.  the  salts  in  question  are  brought 
forward ;  but  a  comparison  of  the  properties  of 
these  salts  with  those  of  such  compounds  as 
Au203  and  Na.,0  at  once  shows  that  there  is  a 
great  difference  between  the  two  classes  of  com- 
pounds. The  mere  fact  that  platinum  forms  a 
compound  which,  by  the  dexterous  use  of  symbols, 
may  be  represented  as  belonging  to  the  type  EX8, 
can  be  of  little  assistance  in  developing  a  ra- 
tional scheme  of  classification.  One  of  the  pla- 
tinum compounds  of  this  type  is  PtClSO^OH)  ; 
why  should  not  this  compound  be  used  to  prove 
that  sulphur  forms  compounds  of  the  type  EX8, 
or  that  chlorine  forms  compounds  of  the  type 
EX9  ?  Why  is  the  compound  BeK2F4  (i.e. 
BeF,.2KF)  to  be  adduced  as  an  example  of  the 
existence  of  compounds  of  the  form  EXB  in 
Group  II.,  and  not  as  an  example  of  the  existence 
of  compounds  of  the  form  EX3  in  Group  I.,  or 
of  the  form  EX  in  Group  VII.  ?  If  empirical 
composition  is  everything,  it  is  only  necessary  to 
write  this  double  fluoride  as  K,BeF4,  to  prove  that 
it  belongs  to  the  (E2X2X4  that  is)  EX3  form  of  Group 
I. ;  or  as  F4BeK.,,  to  prove  that  it  is  an  example 
of  the  (E4X,X.,  that  is)  EX  form  in  Group  VII. 
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The  history  of  the  classifications  which  at 
different  times  have  been  founded  on  the  notion 
of  types  conclusively  proves  that  unless  attention 
is  constantly  paid  to  the  functions,  as  well  as  to 
the  compositions,  of  the  bodies  classified,  the 
systems  do  little  to  further  chemical  advance, 
and  the  conception  on  which  they  are  founded 
is  shorn  of  most  of  its  value  as  a  science-pro- 
ducing idea.  It  is  most  certainly  true  that  the 
classification  presented  by  the  periodic  law  is 
based  on  the  study  at  once  of  the  compositions 
and  the  functions  of  the  bodies  classified  ;  it  is 
this,  indeed,  which  gives  the  method  so  marked 
an  advantage  over  all  others;  but  just  because 
of  this  fact  should  we  be  ever  on  our  guard 
against  placing  too  much  trust  in  any  single  part 
of  the  method,  unless  that  part  is  used  in  con- 
junction with  the  other  parts,  all  of  which 
together  constitute  the  complete  method. 

The  forms  assigned  to  many  salts,  especially 
to  the  double  and  basic  salts,  almost  wholly  de- 
pend on  the  values  given  to  the  different  ele- 
mentary atoms.  Why  do  we  begin  by  asserting 

thatX  =  F,Cl,  Br,  I,  N03,  C103,  ?2*,   ?2«f   P, 

232 

&c.  ?  How  is  the  equivalency  assumed  to  exist 
between  these  atoms  and  groups  of  atoms  actually 
proved  to  exist  ?  In  writing  the  equations 


F=Cl 


=  N03  =-    =      *,    and    in    applying 
2        2 


these  to  the  study  of  typical  forms  of  salts,  we  are 
making  many  far-reaching  assumptions.  The 
chief  assumptions  are  two.  In  the  first  place, 
the  molecular  theory  is  carried  over  from  gases 
and  applied  without  modification  to  liquids  and 
solids.  In  the  second  place  the  tentative  hypo- 
theses which  chemists  have  framed  to  help  them 
to  group  together  what  they  have  learned  from 
the  study  of  gaseous  compounds  regarding  the 
equivalency  of  atoms  are  applied  to  solid  and 
liquid  compounds.  Both  assumptions  are  made 
without  acknowledging  the  great  differences  be- 
tween the  phenomena  on  which  a  theory  of  the 
structure  of  liquids  and  solids  must  rest,  and 
the  phenomena  from  which  the  prevailing  theory 
of  the  structure  of  gases  has  been  developed. 
The  very  word  molecule  is  defined  only  in  terms 
of  gaseous  phenomena.  It  is  the  study  of 
gaseous  phenomena  that  has  obliged  chemists 
to  recognise  two  orders  of  small  particles,  the 
molecule  and  the  atom  ;  and  it  is  from  the  study 
of  the  mutual  actions  of  gases  that  a  working 
hypothesis  of  the  structure  of  molecules  has  been 
developed.  In  the  article  ATOMIC  AND  MOLECU- 
LAR WEIGHTS  (vol.  i.  p.  349),  an  attempt  has  been 
made  to  show  that  the  reacting  chemical  unit  of 
a  compound  should  at  present  be  regarded  as  a 
collocation  of  atoms,  which,  under  definite  con- 
ditions, takes  part  in  chemical  changes  as  an 
individual  existence.  Admitting  the  existence 
of  such  collocations  of  atoms,  it  follows  almost 
necessarily  from  e  very-day  chemical  facts  that  the 
groups  have  definite  configurations,  which  remain 
unchanged  throughout  considerable  changes  of 
conditions  ;  for  all  the  facts  of  chemical  change 
force  us  to  regard  most  chemical  properties  as 
dependent  on  the  relative  arrangement,  as  well 
as  on  the  nature  and  number,  of  the  atoms  which 
form  the  reacting  units  of  compounds.  There 
are  few,  if  any,  properties  of  bodies  which,  like 


weight,  are  the  sums  of  the  properties  of  the 
atoms,  and,  like  the  volumes  occupied  by  gaseous 
compounds  on  the  other  hand,  are  dependent 
only  on  the  state  of  combination  of  the  atoms. 
But  while  we  admit  that  the  chemical  proper- 
ties of  liquid  and  solid  compounds  are  partly 
conditioned  by  the  configuration  of  the  atoms 
which  constitute  their  reacting  units,  we  cannot 
admit,  on  present  evidence,  that  these  configu- 
rations do  not  undergo  considerable  changes 
under  the  influence  of  other  kinds  of  matter, 
or  of  physical  agencies.  We  rather  assert  that 
what  we  know  of  these  collocations  of  atoms 
(and  what  we  know  is  as  nothing  compared 
with  what  we  do  not  know)  favours  the  view 
that  their  structure  is  easily  changed,  and  that 
in  this  respect  they  present  gradations  from 
those  which  are  so  chemically  mobile  as  scarcely 
to  be  recognised  as  definite  chemical  individuals, 
to  those  which  are  so  chemically  stable  as 
almost  to  merit  the  name  of  molecules.  If  then 
we  refuse  to  speculate  regarding  the  structure 
of  the  atomic  groups  which  seem  to  form  the 
reacting  units  of  liquid  and  solid  compounds ; 
and  if,  as  a  consequence  of  this,  we  also  refuse 
to  admit  the  validity  of  any  arrangement  of  the 
atoms  of  solid  and  liquid  compounds  in  order  of 
strict  equivalency — for  equivalency  means  equal 
value  in  exchange,  and  the  chemical  equiva- 
lency of  atoms  can  only  be  known  when  we 
know  the  functions  performed  by  the  various 
atoms  in  molecules  of  similar  structure-  can 
we  hope  to  learn  anything  definite  regarding 
the  equivalencies  of  the  atoms  which  constitute 
the  molecules  of  gaseous  compounds  ? 

The  subject  of  the  equivalency  of  atoms  goes 
hand  in  hand  with  that  of  the  structure  of 
molecules.  The  subject  is  too  large  to  be  dis- 
cussed in  an  article  on  classification  ;  but  it  is 
necessary  to  sketch  the  outlines  of  it  as  sharply  as 
possible.  All  gaseous  molecules  formed  by  the 
union  of  atoms  of  hydrogen,  fluorine,  chlorine, 
bromine,  and  iodine  are  formed  of  two  atoms  ; 
the  molecules  in  question  are  these :  H2,  C12, 
Br2,  I2,  HF,  HC1,  HBr,  HI  (at  very  high"  tem- 
peratures the  molecule  of  iodine  is  mon- 
atomic). 

Those  atoms  which  combine  each  with  a 
single  other  atom  to  form  a  gaseous  molecule 
are  called  monovalent  atoms ;  the  standard 
monovalent  atoms  are  H,  F,  01,  Br,  and  I.  If  the 
!  gaseous  molecules  formed  by  the  union  of  atoms 
j  of  H,  F,  Cl,  Br,  or  I,  with  other  atoms  are  tabu- 
lated, and  the  other  atoms  are  then  arranged  in 
classes  according  as  they  are  each  found  to 
combine  with  one,  two,  &c.  atoms  of  H,  F,  Cl, 
Br,  or  I,  the  following  arrangement  results  (v. 
next  page).  The  atoms  in  column  I.  are  mono- 
valent ;  the  atoms  in  column  II.  are  called  diva- 
lent, those  in  column  III.  trivalent,  and  so  on. 
Atoms  whose  valencies  are  greater  than  one  may 
be  classed  together  as  polyvalent.  Of  the  39 
elements  (exclusive  of  the  6  standard  mono- 
valent atoms)  in  these  six  columns,  at  least  five 
1  occur  each  in  two  columns,  viz.  Hg,  In,  P,  Sn, 
1  W  (In  probably  occurs  in  three  columns) ;  the 
atoms  of  Ga,  Cr,  and  Fe  are  probably  also  both 
divalent  and  trivalent. 

The  valency  or  equivalency  (or  quantivalence) 

I  of  an  elementary  atom  may  be  defined  as  the 

number  which  expresses  the  maximum  number  of 
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Monovalent  atoms  H,  F,  Cl,  Br,  I. 
Atoms  which  produce  compound  gaseous  molecules  by  union  each  with 


I. 

one  monovalent 
atom 

II. 

two  monovalent 
atoms 

III. 

three  monovalent 
atoms 

IV. 

four  monovalent 
atoms 

V. 

five  monovalent 
atoms 

VI. 

six   monovalent 
atoms 

K,Rb,Cs,Hg, 
Ag,  Tl,  (?In). 

0,  S,  Se,  Te, 
Be,    Cd,  Zn, 
Hg,  Sn,  Pb, 
Mn,  In,  (?Ga, 
Or,  Fe). 

B,   N,  P,  As, 
Sb,  Bi,  In,  Cr, 
Fe,  Al,  Ga. 

C,  Si,  Ti,  Ge, 
Zr,    V,     Sn, 
Th,  U. 

P,  Nb,  Ta,  Mo, 
W. 

W. 

monovalent  atoms  (i.e.  atoms  o/H,  F,  01,  Br,  or  I) 
with  which  the  given  atom  is  found  to  combine  to 
form  a  gaseous  molecule.  When  bismuth  com- 
bines with  chlorine  to  form  bismuthous  chloride, 
one  atom  of  the  metal  combines  with  three 
atoms  of  the  halogen,  and  the  molecule  BiCla  is 
produced.  When  hydrogen  combines  with 
chlorine  to  form  hydrochloric  acid,  one  atom  of 
hydrogen  combines  with  one  atom  of  the  halo- 
gen and  the  molecule  HC1  is  produced.  As  a 
single  atom  of  Bi  combines  with  three  times  as 
many  atoms  of  chlorine  as  an  atom  of  hydrogen 
combines  with,  an  atom  of  bismuth  is  said 
to  be  equivalent  to  three  atoms  of  hydrogen. 
In  the  molecule  formed  by  the  union  of  atoms 
of  H  and  Cl,  viz.  HC1,  there  must  be  direct  mu- 
tual action  and  reaction  between  the  two  atoms  ; 
in  the  molecule  formed  by  the  union  of  atoms 
of  Bi  and  Cl,  viz.  BiCl3,  there  may  or  may  not 
be  direct  mutual  action  between  the  Bi  atom 
and  each  of  the  Cl  atoms.  But  the  atom  of 
chlorine  is  monovalent  (i.e.  combines  with  a 
single  other  atom  to  form  a  molecule),  by  defi- 
nition, and  by  reason  of  the  facts  on  which  the 
definition  is  based;  the  hypothesis  most  in 
keeping  with  the  monovalency  of  the  chlorine 
atom  is  that  each  atom  of  chlorine  in  the  mole- 
cule BiCl3  directly  acts  on,  and  is  acted  on  by, 
the  atom  of  bismuth.  Similarly,  because  of  the 
existence  of  the  molecule  SbCl3,  the  atom  of  Sb  is 
said  to  be  equivalent  to  three  atoms  of  hydrogen ; 
and,  further,  one  atom  of  Sb  is  said  to  be  equi- 
valent to  one  atom  of  Bi.  The  conception  of 
equivalency  is  here  evidently  that  of  equal  value 
in  exchange.  One  atom  of  Bi  can  be  exchanged 
for  one  atom  of  Sb  ;  one  atom  of  0  can  be  ex- 
changed for  one  atom  of  Se  ;  one  atom  of  C  can 
be  exchanged  for  one  atom  of  Si ;  one  atom  of 
Mo  can  be  exchanged  for  one  atom  of  W ;  and 
in  each  case  the  other  parts  of  the  molecules 
between  which  the  exchange  is  effected  remain 
unchanged.  (The  molecules  in  question  are : 
BiCl3  and  SbCl3 ;  OH2  and  SeH2 ;  CC14  and  SiCl4 ; 
MoCl5  and  WC1,,.)  The  molecules  concerned  in 
the  various  transactions  may  be  said,  without 
putting  too  great  a  strain  on  the  words,  to  have 
similar  structures.  But  the  notion  of  equivalency 
is  carried  further  ;  an  atom  of  N  cannot  be  ex- 
changed for  an  atom  of  In,  but  the  molecules 
NH3  and  InCl3  exist ;  assuming  that  3  atoms 
of  Cl  are  strictly  equivalent  to  3  atoms  of  H, 
it  follows  that  an  atom  of  N  is  equivalent  to  an 
atom  of  In.  An  atom  of  S  cannot  be  exchanged 
for  an  atom  of  0  in  the  molecule  OC12 ;  but  the 
molecule  SH^  exists,  therefore,  on  the  assump- 
tion that  H2  is  strictly  equivalent  to  C12 ;  it  fol- 
lows that  S  is  equivalent  to  0.  This  conclusion 
is  upheld  by  the  direct  exchange  of  S  for  O  in 
the  molecules  SHj  and  OH.J.  The  conception  of 


equivalency  is  evidently  stretched  a  little  beyond 
its  strict  meaning  when  we  say  for  instance 
that,  because  of  the  existence  of  the  molecules 
OH2  and  TiCl4,  an  atom  of  Ti  is  equivalent  to  two 
atoms  of  0.  But  notwithstanding  this,  the 
definition  of  the  valency  of  an  atom  which  has 
been  given  may  be  applied  to  considerations 
regarding  the  structure  of  molecules.  So  far  as 
data  go,  we  seem  justified  in  widening  the  de- 
finition of  the  valency  of  an  atom,  and  in  assert- 
ing that  this  number  expresses  the  maximum 
number  of  other  atoms,  be  they  monovalent  or 
polyvalent,  with  which  the  given  atom  combines 
to  form  a  gaseous  molecule.  Underlying  the 
word  combines  is  the  conception  of  direct  inter- 
action in  the  molecule.  It  is  not  necessary  to 
venture  on  any  hypothesis  as  to  the  states  of 
motion  of  the  atoms  which  form  the  molecule,  or 
as  to  the  nature  of  the  mutual  actions  which 
occur  between  them ;  it  is  only  necessary  to 
distinguish  direct  from  indirect  action. 

The  prevailing  notions  regarding  the  structure 
of  molecules  are  based  on  that  of  the  valencies 
of  atoms  ;  and  this  carries  with  it  the  conception 
of  each  atom  being  able  to  act  on,  and  be  acted 
on  by,  a  limited  number  of  other  atoms.  These 
conceptions  are  indicated  more  or  less  clearly 
in  the  ordinary  notation.  Thus  the  so-called 

H3=C-C=H2 
structural  formulas  (1)  and 

OH 

(2)  H3=C— 0-C=H3  imply,  that  each  carbon 
atom  in  either  molecule  acts  directly  on,  and  is 
directly  acted  upon  by,  4  other  atoms  (the  C  atom 
is  tetravalent),  that  each  oxygen  atom  acts 
directly  on,  and  is  directly  acted  on  by,  2  other 
atoms  (the  0  atom  is  divalent),  and  that  each 
hydrogen  atom  acts  directly  on,  and  is  directly 
acted  on  by,  a  single  other  atom  (  the  H  atom  is 
monovalent).  But  the  distribution  of  the  inter- 
atomic reactions  is  represented  as  being  different 
in  each  molecule.  In  the  first,  5  atoms  of  H 
are  represented  as  in  direct  union  with  (i.e.  as 
directly  interacting  with)  atoms  of  carbon ;  the 
sixth  atom  of  H  is  represented  as  in  indirect 
union  (through  an  atom  of  0)  with  a  carbon 
atom ;  the  atom  of  0  is  represented  as  in  direct 
union  with  one  carbon  and  one  hydrogen  atom. 
In  the  second  molecule,  all  the  H  atoms  are  re- 
presented as  in  direct  union  with  C  atoms,  and 
there  is  also  direct  action  and  reaction  between 
the  atom  of  0  and  each  C  atom.  These  for- 
mulas are  arrived  at  after  a  careful  study  of  the 
reactions  of  the  compounds ;  they  summarise 
these  properties  in  the  language  of  a  special 
outcome  of  the  molecular  and  atomic  theory. 
It  would  be  out  of  place  to  pursue  the  subject  of 
structural  formulae  here  (v.  FORMULAE);  these 
formulas  are  supposed  to  rest  on  the  fundamental 
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Conception  of  the  valency  of  the  atom  of  each 
element.  This  conception  at  once  limits  the 
number  of  atoms  with  which  any  specified  atom 
can  be  directly  combined  in  gaseous  molecules  ; 
and  it  enables  us  to  bring  together  under  cer- 
tain fairly  definite  expressions  (which  are,  how- 
ever, very  easily  misunderstood)  regarding  the 
composition  of  compounds,  as  composition  is 
viewed  by  the  molecular  theory,  many  facts  re- 
garding the  functions  of  compounds  gained  by  the 
careful  study  of  the  behaviour  of  these  compounds 
under  different  conditions  (v.  EQUIVALENCY). 

We  have  already  somewhat  fully  discussed 
the  meaning  to  be  given  to  the  term  acid;  we 
have  learnt  that  those  compounds  which  contain 
replaceable  hydrogen  also  contain  negative  ele- 
ments. Many  gaseous  acids  are  known ;  the 
application  to  these  of  the  conception  of  struc- 
ture which  springs  from  that  of  the  equivalency 
of  atoms  leads  to  the  view  that  in  the  molecule 
of  an  acid  there  is  always  direct  mutual  action 
between  those  atoms  of  hydrogen  whose  function 
is  shortly  expressed  by  the  qualifying  term  re- 
placeable, and  one  or  more  negative  atoms  or 
groups  of  atoms.  Thus,  in  the  molecules  HC1, 
HBr,  HI,  HE,  H(CN),  there  must  be  mutual 
action  and  reaction  between  the  positive  H  atom 
and  the  negative  Cl,  Br,  I,  or  F  atom,  or  the 
negative  group  of  atoms  (CN).  Again,  the  reac- 
tions of  the  molecule  C2H402  oblige  us  to  admit 
that  direct  mutual  action  occurs  between  the 
atom  of  replaceable  hydrogen  and  an  atom  of 
the  negative  element  oxygen,  and  that  the  three 
atoms  of  hydrogen  which  do  not  act  as  acidic 
hydrogen  are  in  direct  union  with  carbon  atoms 

only:(H3=C-C<gH). 

A  system  of  classification  of  compounds  may 
be  developed  on  the  lines  of  the  structure  of  the 
molecules  of  these  compounds.  If  this  classifi- 
cation is  to  be  of  much  permanent  value  it  must 
be  limited  to  compounds  to  which  the  funda- 
mental conceptions  of  the  system  can  be  ap- 
plied. We  have  tried  to  show  that  this  is 
equivalent  to  saying  that  the  system  must  at 
present  be  limited  to  gaseous  compounds.  But 
the  vast  majority  of  chemical  compounds,  other 
than  those  of  carbon,  have  not  been  gasified, 
and  most  of  them  appear  to  be  incapable  of 
existing  in  the  gaseous  state.  Hence  a  system 
founded  on  the  conception  of  molecular  struc- 
ture cannot  be  strictly  applied  at  present  to  the 
bodies  which  come  within  the  province  of  in- 
organic chemistry.  Some  of  the  subsidiary  con- 
ceptions gained  as  the  applications  of  the  sys- 
tem to  carbon  compounds  are  developed  may, 
however,  be  used  as  aids  in  classifying  non- 
gasifiable  bodies,  provided  always  care  be  taken 
not  to  overstep  the  limits  imposed  by  the  condi- 
tions of  the  inquiry.  Thus,  arguing  from  the 
similarities  of  properties  exhibited  by  acids  as  a 
class,  and  from  what  the  hypothesis  of  molecular 
structure  helps  us  to  understand  of  the  connec- 
tions between  the  functions  of  particular  atoms 
and  the  arrangement  of  all  the  atoms  in  the 
molecules  of  gaseous  acids,  we  may  conclude  that, 
in  the  collocations  of  atoms  which  (by  hypothesis) 
form  the  reacting  units  of  non-gasifiable  acids, 
there  is  more  direct  mutual  action  between  the 
atoms  of  replaceable  hydrogen  and  some  nega- 
tive atoms  or  groups  of  atoms,  than  between  those 


atoms  of  replaceable  hydrogen  and  the  more 
positive  atoms  of  the  reacting  atomic  complexes. 
Again,  when  we  have  learned  from  the  study  of 
the  gaseous  compounds  of  phosphorus  that  an 
atom  of  this  element  appears  to  be  capable  of 
directly  acting  on,  and  being  acted  on  by,  not 
more  than  five  other  atoms  in  a  molecule,  we 
may  conclude  that  in  the  collocations  of  atoms 
which  (by  hypothesis)  form  the  reacting  units  of 
the  non-gasifiable  compounds  of  phosphorus, 
each  atom  of  this  element  is  probably  in  direct 
union  with  not  more  than  five  other  atoms. 
This  tentative  conclusion  may  then  be  applied  to 
the  development  of  limiting  forms  for  phosphorus 
compounds ;  the  compositions  of  these  com- 
pounds may  be  represented  so  that  they  shall 
all  come  under  the  limiting  form  KX5.  But  it  is 
easy  to  forget  the  limits  within  which  such 
a  method  as  this  is  of  any  real  help.  It  is  easy 
to  forget  that  the  notion  of  the  equivalency  of 
atoms,  on  which  such  a  conclusion  as  that  just 
reached  regardingthe  limiting  forms  of  phosphorus 
compounds  is  really  based,  is  a  notion  which,  some- 
whatvague  in  itself,  becomesvaguer  the  moment  an 
attempt  is  made  to  apply  it  to  discussions  about 
solid  and  liquid  bodies,  for  which  only  the  outlines 
of  a  molecular  theory  have  yet  been  drawn. 

A  system  of  classification,  even  of  gaseous 
compounds,  cannot  be  reared  on  the  conception 
of  atomic  valency  pure  and  simple.  If  one 
atom  can  directly  interact  with,  say,  four  other 
atoms,  the  existence  of  a  vast  number  of  mole- 
cules built  up  by  the  union  of  this  atom  with 
those  of  two  or  three  other  elements  becomes 
possible.  Why  do  not  all  these  molecules  exist  ? 
Because,  replies  the  hypothesis  of  molecular 
structure,  the  properties,  and  hence  the  possible 
existence,  of  a  molecule,  depend  not  only  on 
the  nature,  number,  and  actual  valencies,  of 
the  constituent  atoms,  but  also  on  the  manner 
in  which  the  mutual  interatomic  reactions  are 
distributed  in  the  molecule.  Besides  the  valen- 
cies of  the  atoms,  it  is  necessary  to  consider  the 
distributions  of  the  interactions  of  these  atoms. 
But  how  can  we  frame  a  working  hypothesis  re- 
garding the  distributions  of  the  interatomic 
reactions  which  shall  help  us  to  understand  the 
structure  of  the  collocations  of  atoms  with  which 
it  seems  we  have  to  deal  in  liquid  and  solid 
compounds  ?  These  interatomic  actions  may  be 
distributed  now  in  this  way,  now  in  that;  the 
effect  of  this  or  that  reagent  may  be  to  cause 
changes  in  the  distributions  of  these  reactions. 
We  have  as  yet  no  solid  basis  of  facts,  or  even 
of  intelligible  hypothesis,  on  which  to  build. 
Compounds  of  about  forty-six  elements  (exclud- 
ing carbon)  have  been  gasified ;  as  a  rule,  not 
more  than  six  or  eight  compounds  of  each  ele- 
ment are  known  in  the  gaseous  state ;  about  sixty 
of  these  compounds  are  available  as  data  on 
which  to  base  arguments  regarding  the  valencies 
of  perhaps  forty-five  elementary  atoms.  Sup- 
posing, then,  that  a  system  of  classification  of 
compounds  is  to  be  based  on  the  valencies  of  the 
atoms  in  the  molecules  of  these  compounds,  the 
system  must  be  restricted  to  150  or  200  com- 
pounds, formed  by  the  combinations  of  about 
forty-five  elements. 

As  regards  the  connections  between  atomic 
valencies  and  atomic  weights,  it  appears  that  the 
valencies  of  the  elementary  atoms  in  certain 
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series  of  elements  vary  from  a  minimum  value 
for  the  first  member  of  the  series  to  a  maximum 
for  the  middle  member,  and  back  again  to  the 
minimum  value  for  the  last  member  of  the  series. 
Thus  take  series  2— Li,  Be,  B,  C,  N,  0,  F— the 
following  are  the  valencies  of  the  atoms  of  the 
members  of  this  series  so  far  as  these  valencies 
have  been  established  on  reasonably  satisfactory 
data  (the  valency  is  in  each  case  represented  by 
a  Eoman  numeral  placed  above  the  symbol  of 
the  element) : — 

Groups. 

I.     II.      III.     IV.     V.     VI.     VII. 
Series  2— Li1    Be"    B111      CIV    N111     On      F1 

It  is  possible  that  the  valencies  of  the  elemen- 
tary atoms  vary  periodically  with  variations  in  the 
atomic  weights  of  the  elements.  Should  it  be 
established  that  this  is  so,  we  shall  have  another 
illustration  of  the  wide  application  and  useful- 
ness of  the  periodic  law.  But  the  classification 
which  is  founded  on  the  periodic  law  rests  on  this 
generalisation  as  a  whole,  and  not  on  any  single 
property  of  either  elements  or  compounds.  The 
periodic  law  insists  on  the  paramount  importance 
of  the  comparative  study  of  all  the  properties  of 
elements  and  compounds ;  element  must  be  com- 
pared with  element,  compound  with  compound. 
Thus,  and  thus  alone,  can  we  hope  to  gain  a  final 
system  of  chemical  classification.  Thus,  and 
thus  alone,  can  we  expect  to  trace  the  fundamen- 
tal relations  which  undoubtedly  exist  between 
the  properties  and  the  composition,  and  between 
the  changes  of  properties  and  changes  of  com- 
position, of  homogeneous  kinds  of  matter.  On 
the  basis  of  the  periodic  law  a  scheme  of  classi- 
fication of  the  chemical  elements  and  compounds 
may  be  raised,  which  exhibits  (1)  the  composi- 
tion of  the  compounds  in  so  far  as  this  can  be 
shown  in  the  present  state  of  chemical  know- 
ledge ;  (2)  the  functions  of  the  compounds,  that 
is  to  say  the  reactions  in  which  they  take  part ; 
and  (3)  the  connections  between  the  compositions 
and  the  functions  of  the  compounds  ;  and  in  thus 
classifying  the  compounds  of  the  different  ele- 
ments the  method  at  the  same  time  classifies  the 
elements  themselves.  M.  M.  P.  M. 

In  connection  with  the  subject-matter  of  this 
article  the  following  articles  should  be  read  :— 
ATOMIC  AND  MOLECULAR  WEIGHTS  ;  CHEMICAL 
CHANGE  ;  EQUILIBRIUM,  CHEMICAL  ;  EQUIVALENCY  ; 
FORMULAE  ;  MOLECULAR  STRUCTURE  OF  MATTER, 
THEORIES  REGARDING  J  PERIODIC  LAW ;  PHYSICAL 

METHODS  OF  INQUIRY  USED  IN  CHEMISTRY.    Further 

details  of  the  properties  of  the  various  families  of 
elements  and  their  chief  compounds  are  given  in 
the  following  articles : — ALKALINE  EARTHS,  METALS 
or  THE  (Ca  Sr  Ba) ;  ALKALIS,  METALS  OF  THE  (Li 
Na  K  Eb  Cs,  NH4— Tl) ;  BORON  ;  CARBON  GROUP  OF 
ELEMENTS  (C  Si — Ti  Zr  Sn  Ce  Pb  Th) ;  CHROMIUM 
GROUP  (Cr  Mo  W  U) ;  COPPER  GROUP  (Cu  Ag,  Au)  ; 
EARTHS,  METALS  OF  THE  (Al  Ga  In,  Sc  Y  La  Yb — 
Tl) ;  HALOGENS,  THE  (F  Cl  Br  I,  CN— Mn)  ;  HY- 
DROGEN ;  IRON  GROUP  (Fe  Ni  Co — Mn) ;  LEAD  ; 
MAGNESIUM  GROUP  (Be,  Mg  Zn  Cd,  Hg) ;  NITROGEN 
GROUP  (N  P  As  V  Nb  Sb  Di  Er  Bi) ;  NOBLE  METALS 
(Au,  Kh  Eu  Pd,  Os  Ir  Pt) ;  OXYGEN  GROUP  (0  S 
He  Te— Cr  Mo  W  U) ;  TIN;  TITANIUM  GROUP 
(Ti  Zr  Ce  Th). 

The  following  memoirs  and  books  may  be  con- 
sulted by  those  who  wish  to  trace  the  develop- 


ment of  the  various  schemes  of  chemical  classi- 
fication which  have  from  time  to  time  prevailed 
in  the  science  : — 

LAVOISIER  (Compound  radicles),  Traite"  61&- 
mentaire  de  Chimie  (edit.  1789),  1,  197,  209. 

DUMAS  and  BOULLAY  (Compound  ethers),  A. 
Ch.  27,  15  (1828). 

WOHLER  and  LIEBIG  (Benzoyl  compounds), 
A.  3,  249  (1832). 

BERZELIUS  (Eadicle  of  the  benzoic  compounds) , 
A.  3,  282. 

BERZELIUS  (Eadicles  of  alcohol  and  its  deri- 
vatives), J.  1833.  189  ;  P.  28,  617. 

LIEBIG  (Ethyl),  Handworterb.  d.  Chemie  (lte 
Auflage),  article  '  ^Ether  ' ;  A  9,  1. 

LIEBIG  (Acetyl,  constitution  of  acetic  acid, 
&c.),  A.  14,  133. 

DUMAS  (Substitution),  A.  Ch.  56,  143  (3835)  ; 
Trait^  de  Chimie  appliqu&e  aux  Arts,  5,  99. 

LAURENT  (Nucleus  theory),  A.  Ch.  61,  125 
(1836). 

GERHARDT  (Conjugated  compounds),  ibid.  72, 
184  (1838). 

DUMAS  (Substitution),  C.  E.  10,  149. 

GERHARDT  (Atomic  weights  of  oxygen,  carbon, 
&c.),  A.  Ch.  [3]  7,  129  ;  8,  238 ;  Precis  de  Chimie 
organique  (1844),  1,  47). 

GERHARDT  (Homology),  Precis,  2,  489. 

LAURENT  (Law  of  even  numbers  of  atoms  ; 
nature  of  the  elements  in  the  free  state  ;  monads 
and  dyads),  A.  Ch.  [3]  18,  266  (1846) ;  Chemical 
Method,  46-96,  et  passim. 

WURTZ  (Compound  ammonias),  C.  E.  28, 233, 
323  (1849) ;  29,  169 ;  C.  J.  3,  90. 

HOFMANN  (Compound  ammonias),  T.  1850. 93 ; 
C.  J.  3,  279. 

WILLIAMSON  (Mixed  ethers,  etherification), 
C.  J.  4,  106,  229  (1851). 

WILLIAMSON  (Constitution  of  salts),  C.  J.  9, 
850  (1851). 

GERHARDT  and  CHANCEL  (Constitution  of  or- 
ganic compounds),  Compt.  chim.  (1851)  7,  65. 

GERHARDT  (Basicity  of  acids),  Compt.  chim. 
(1851)  7,  129. 

GERHARDT  (Anhydrous  organic  acids  ;  classi- 
fication by  types),  C.  R.  34,  755,  902  (1852)  ; 
C.  J.  5,  127,  226  ;  more  fully  A.  Ch.  [3]  37, 285  ; 
Dumas's  Eeport,  C.  R.  36,  505. 

BERTHELOT  (Synthesis  of  fats  ;  nature  of  gly- 
cerine), A.  Ch.  61,  216  (1853-54). 

ODLING  (Constitution  of  salts ;  polyatomic 
radicles),  C.  J.  7,  1  (1854). 

WURTZ  (Theory  of  glycerine-compounds; 
polyatomic  radicles),  A.  Ch.  [3]  43,  493  (1855). 

WURTZ  (Mixed  radicles),  ibid.  44,  275. 

GERHARDT  and  CHIOZZA  (Amides),  ibid.  46, 
129  (1855-56). 

H.  L.  BUFF  (Polyatomic  radicles),  Pr.  8,  188 
(1856). 

WURTZ  (Dihydric  alcohols),  A.  100, 110;  more 
fully,  A.  Ch.  [3]  55,  400  (1856-59). 

KEKULE  (Mixed  types,  radicles,  &c.),  A.  104, 
129  (1857). 

KEKULE  (Ditto ;  tetravalent  character  of  car- 
bon atom),  ibid.  106,  129  (1858). 

COUPER  (Valency  of  carbon  and  oxygen), 
A.  Ch.  [3]  53,  504  (1858) ;  A.  110,  46  (here  fol- 
lowed by  critique  by  Buttlerow,  1859). 

KOLBE  (Constitution  of  lactic  acid),  A. 
109,  257  (1859) ;  same  subject,  ibid.  113,  223 
(1800). 


COBALT. 


917 


FOSTER  (Nature  of  radicles  and  types),  B.  A. 

IS")!),  1. 

WUBTZ  (Basicity  of  acids),  A.  Ch.  [3]  51, 342 
(1859). 

CAHOUBS  (Combining  capacity  of  the  elements ; 
limits  of  combination),  A.  Ch.  [3]  58,  5  (1860). 

FRANKLAND  (same  subject),  C.  J.  13,  177 
(I860). 

WUBTZ  (Constitution  of  lactic  acid),  A.  Ch. 
[3]  69,  161  (1860). 

CAHOUBS  (same  subject),  A.  Ch.  [3]  62,  257 
(1861). 

BUTTLEBOW  (Valencies  of  the  elements),  Z.  4, 
549  (1861). 

ERLENMEYEB  (same  subject),  ibid.  5, 18  (1862). 

KOLBE  (Classification  of  organic  bodies),  A. 
113,  293  (1860);  Critical  Eemarks  by  Wurtz, 
R&p.  Chim.  Pure,  2,  354. 

LOSSEN  (Critical  discussion  of  valency),  A. 
204,  265  (1883). 

LEHMANN  (Physical  isomerism),  Z.  K.  1,  97. 

MENDELEJEFF  (Periodic law),  C.  N.  40  and  41. 
Papers  on  the  applications  of  the  periodic  law 
are  numerous  ;  v.  especially  Carnelley,  P.  M .  [5] 
8,  315  ;  18,  1 ;  20,  259,  &c. 

LAURENT,  Methode  de  Chimie,  1854 ;  Caven- 
dish Society's  translation,  1855. 

GERHARDT,  Traite  de  Chimie  organ^q^^,e,4:\ols. 
1853-56  ;  especially  1,  121-142  ;  4,  561-808. 

KEKULE,  Lehrbuch  der  organischen  Chemie, 
vol.  1  (1859-61). 

ODLING,  Manual  of  Chemistry,  pt.  1  (1861). 

BLOMSTRAND,  Die  Chemie  des  Jetztzeit  (1869). 

L.  MEYER,  Die  modernen  Theorien  der  Chemie 
[4th  ed.  1883 ;  English  ed.  1888]. 

OSTWALD,  Lehrbuch  der  allgemeinen  Chemie. 
(1885-87). 

PATTISON  MUIR,  Treatise  on  the  Principles  of 
Chemistry  (1884  ;  2nd  edit.  1889). 

THOMSEN,  Thermochemische  Untersuchungen 
[4  vols.  1882-86J.  Condensed  accounts  of  the 
bearings  of  thermochemical  investigation  on  che- 
mical classification  will  be  found  in  Jahn's  Die 
Orundsatze  der  Thermochemie  (1882),  and  in 
Pattison  Muir's  Elements  of  Thermal  Chemistry 
(1885). 

CLOVES,  OIL  OF.  Contains  eugenol 
C10H]202,  and  a  terpene  C15H24  (254°  cor.) ;  V.D. 
7-7  (Ettling,  A.  9,  68 ;  Briining,  A.  104,  205  ; 
Williams,  A.  107,  242 ;  Church,  C.  J.  28,  113). 
The  terpene  is  converted  by  Br  into  C15H22 
(250°-260°) (Beckett  a.  Wright,  C.  J.  29,  1). 

CNICIN  C42H56015  (?).  Occurs  in  the  leaves 
of  Centaurea  benedicta  or  Cnicus  benedictus  and 
bitter  plants  of  the  order  Composite  sub-order 
Cynarocephalce  (Morin,  J.  Chim.  Med.  3,  105 ; 
Scribe,  C.  R.  15,  803).  Silky  needles,  with 
bitter  taste  ;  v.  sol.  alcohol,  v.  si.  sol.  ether  ;  si. 
sol.  hot  water.  Dextro-rotatory,  [a]  =  131° 
(Bouchardat).  Its  solution  is  rendered  turbid 
by  long  boiling.  H2S04  forms  a  blood-red  solu- 
tion. Cone.  HClAq  becomes  green,  and  deposits 
a  resin  on  warming. 

COAL  TAB.  The  oily  product  of  the  distil- 
lation of  coal  contains  benzene,  toluene,  o-,  ra-, 
and^-,xylene,  naphthalene,  anthracene,  phenol, 
o-,  m-,  and  p-,  cresol,  and  ammonia.  The  minor 
constituents  are  water,  hydrogen,  nitrogen,  car- 
bonic oxide,  COS,  cyanogen,  CS2,  H2S,  HCN, 
C02,  methane,  ethylene,  acetylene,  propylene, 
allylene,  butylene,  crotonylene,  amylene,  hexyl- 


ene,  hexinene,  ennane,  decane,  styrene,  mesi- 
tylene,  ^-cumene,  terpenes,  naphthalene  dihy- 
dride,  methyl-naphthalene,  di-methyl-naphthal- 
ene,  diphenyl,  acenaphthene,  fluorene,  phenan- 
threne,  fluoranthene,  ^-phenanthrene,  methyl- 
anthracene,  pyrene,  chrysene,  picene,  acetic 
acid,  acetonitrile,  thiophene,  methyl-thiophene, 
di-methyl-thiophene,  phenyl  thiocarbimide, 
pyrocreosols,  carbazole,  phenyl-naphthyl-carb- 
azole  (phenylene-naphthylene-imide),  xylenol, 
benzoic  acid,  (o)-  and  ()8)-naphthol,  pyridine, 
pyrrole,  methyl-pyridine,  di-methyl-pyridine, 
tri-methyl-pyridine,  aniline,  quinoline,  methyl- 
quinoline,  parvoline,  coridine,  rubidine,  viridine, 
lepidine,  cryptidine,  and  acridinp  (cf.  Schultz, 
Die  Chemie  des  Steinkohlentheers).  Many  of 
the  hydrocarbons  present  in  coal  tar  are  probably 
formed  from  phenols  by  splitting  off  water,  and 
reduction  (Schulze,  A.  227,  152).  Others  are 
formed  by  the  action  of  heat  on  simpler  hydro- 
carbons. Thus  marsh  gas  is  converted  by 
passage  through  a  red-hot  tube  into  benzene, 
propylene,  and  naphthalene ;  ethane  gives  C2H4 
and  hydrogen  ;  ethylene  gives  ethane  and  acetyl- 
ene ;  acetylene  gives  hydrogen,  ethane,  ethylene, 
benzene,  styrene,  and  naphthalene;  benzene 
gives  diphenyl  and  hydrogen;  while  a  mixture 
of  benzene  and  ethylene  gives  anthracene  (Ber- 
thelot,  A.  142,  254  ;  Schultz,  A.  174,  203  ;  203, 
118).  Most  of  the  bases  are  probably  formed 
either  by  the  action  of  ammonia  on  the  phenols, 
or  by  the  condensation  of  bases  so  formed  with 
themselves,  with  other  bases,  with  phenols,  or 
with  unsaturated  hydrocarbons. 

COBALT  Co.  At.  w.  58-8.  Mol.  w.  unknown 
as  element  has  not  been  gasified,  [c.  1500°] 
(Pictet,  C.  R.  88,  1317).  S.G.  8-5-8-7  (v.  Play- 
fair  a.  Joule,  C.  S.  Mem.  3,  57).  S.G.  8-96 
(Eammelsberg,  P.  78,  93).  S.H.  -107  (Regnault, 
A.  Ch.  [3]  63,  5).  V,  =  V0  (1  +  3  x  -00001236), 
£  =  40°  (Fizeau,  C.  R.  68,  1125).  E.G.  at  0° 
(Hg  at  0°=  1)  9-685  (Matthiesen  a.  Vogt,  P.  M. 
[4]  26,  242).  T.C.  (Ag  =  100)  17'2  (Barrett,  /. 
1873.  131).  S.V.S.  c.  6-84.  H.C.  [Co2,03,3H20] 
=  149,380(1%.  3,  306). 

Occurrence. — The  metal  is  found  in  small 
quantities  (1  p.c.)  in  some  meteorites.  Chiefly 
as  smaltine,  CoAs2  in  which  Co  is  more  or  less 
replaced  by  Ni  and  Fe ;  and  cobalt-glance,  CoAsS 
with  Co  partially  replaced  by  Fe  and  Ni,  Co 
compounds  also  occur  as  oxide,  sulphate, 
arsenate,  &c.,  chiefly  with  compounds  of  Ni,  Fe, 
and  Mn.  Compounds  of  Co  were  used  for  pro- 
ducing blue  glasses  in  ancient  times.  '  Srnalt ' 
was  prepared  in  Saxony  in  the  16th  century. 
Cobalt  was  first  recognised  as  an  element  by 
Brandt  in  1735.  The  name  is  said  to  be  derived 
from  '  Kobold '  ( =  sprite  or  goblin)  a  term  applied 
by  miners  in  the  middle  ages  to  minerals  which 
were  employed  in  the  arts,  but  from  which  no 
useful  metal  could  be  extracted. 

Formation. — The  ore  is  roasted  to  partly  re- 
move arsenic  and  sulphur ;  the  residue  is  dis- 
solved in  HClAq  with  a  little  HN03 ;  Fe  is  ppd. 
by  Ca02H2 ;  Cu,  Bi,  &c.  are  ppd.  by  B^S ;  ad- 
dition of  bleaching  powder  then  pps.  Go2Os.o;H20 ; 
this  is  heated,  and  the  Co304  formed  is  reduced 
by  heating  with  charcoal. 

Preparation. — 1.  The  chief  impurities  to  be 
removed  are  As  and  other  metals  ppd.  by 
H2S,  Fe,  and  Ni.  The  roasted  ore  freed  from 
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gangue  may  be  fused  with  nitre,  treated  with 
water  to  dissolve  K  arsenate,  the  residue  dis- 
solved in  aqua  regia,  evaporated,  diluted,  satu- 
rated with  H2S,  and  filtered;  the  filtrate  may 
then  be  mixed"  with  so  much  of  a  ferric  salt  that 
a  brown  pp.  (ferric  arsenite  and  Fe20,;H6)  forms 
on  partial  neutralisation,  K2C03Aq  is  then  added 
so  long  as  the  pp.  is  brown,  and  until  a  few  drops 
of  the  filtrate  give  a  reddish  pp.  (showing  ppn. 
of  Ni)  with  alkali ;  almost  every  trace  of  As  is 
thus  removed;  the  filtrate  may  be  acidulated 
with  HC1  and  reppd.  by  H2S.  To  the  filtrate 
(which  should  be  only  slightly  acid)  solution  of 
bleaching  powder  or  NaCIO  is  added,  so  long  as 
the  pp.  is  black  (Co304),  a  reddish-brown  colour 
indicates  ppn.  of  Ni  oxides ;  the  pp.  is  washed, 
and  dissolved  in  nitric  acid,  the  liquid  is  con- 
centrated and  neutralised  by  XOH,  mixed  with 
KNO.Aq,  strongly  acidified  by  acetic  acid,  and 
allowed  to  stand  for  a  few  days ;  the  pp.  of 
K-Co  nitrite  is  washed,  dried,  and  strongly 
heated ;  K  is  removed  by  washing  with  water ; 
the  residual  Co  oxide  is  dissolved  in  oxalic  acid, 
and  the  Co  oxalate  is  reduced  by  strongly  heat- 
ing in  a  closed  crucible  (Hermbstadt,  /.  pr.  31, 
105;  Patera,  J.  pr.  67,  14).— 2.  The  oxide,  pre- 
pared as  described  in  1,  is  reduced  in  a  stream 
of  H  at  temp,  above  320°  (Miiller,  P.  136,  51).— 
3.  The  oxide  is  dissolved  in  HClAq  and  the  solu- 
tion is  evaporated  to  crystallisation,  the  crystals 
of  CoCU.GH.p  are  dried  and  heated  in  a  stream 
of  Cl ;  and  the  CoCl2  thus  obtained  is  reduced 
by  heating  in  H  (Peligot,  C.  B.  19,  670).— 4.  A 
solution  of  the  oxide  is  saturated  with  NH4 
oxalate,  and  the  liquid  is  warmed,  a  little  solid 
NH4  oxalate  is  dissolved  in  the  hot  liquid  which 
is  then  electrolysed,  using  a  Pt  basin  as  negative, 
and  a  piece  of  Pt  foil  as  positive,  electrode 
(Classen  a.  Von  Eeis,  B.  14,  1622). 

Properties. — Steel-grey,  lustrous,  crystalline 
plates  ;  nearly  white  when  polished  ;  hard  ; 
somewhat  malleable ;  very  ductile  at  red  heat 
and  upwards;  slightly  magnetic,  even  at  full 
red  heat  (Pouillet).  The  compact  metal  does 
not  oxidise  in  air  at  ordinary  temperatures,  but 
when  heated  it  forms  Co304 ;  the  finely  divided 
metal  obtained  by  reducing  the  oxide  or  chloride 
in  H  at  moderate  temperatures  is  pyrophoric. 
Combines  directly  with  Cl.  Oxidised  superfi- 
cially by  H202Aq.  Decomposes  steam  at  red  heat, 
and  NH3  to  N  and  H.  Dissolves  in  mineral 
acids  forming  cobaltous  salts.  Cobalt  wire 
heated  till  superficially  oxidised,  and  at  once 
plunged  into  fuming  nitric  acid,  does  not  dis- 
solve;  it  shows  'passivity'  (Nickles,  C.  .R.  38, 
284)  due  either  to  the  formation  of  a  protecting 
layer  of  N  oxides,  or  to  a  layer  of  cobalt  oxide 
(cf.  passivity  of  iron,  under  IRON).  Co  in  thin 
leaves  is  said  to  absorb  H  much  as  Pd  does 
(Bottcher,  J.  1874.  295). 

Cobalt  is  distinctly  metallic  in  its  chemical 
behaviour ;  CoO  forms  a  series  of  well-marked 
normal  salts,  many  basic  salts  are  also  known  ; 
Co203  dissolves  in  acids  probably  forming  salts, 
but  these  are  very  soon  decomposed  to  cobaltous 
salts  ;  double  cobaltic  salts  are,  however,  stable, 
e.g.  Co(N08),.3KN02(v.  also  COBALTAMINES)  .  When 
CoO  is  added  to  molten  KOH,  the  compound 
(Co305)3.K,0  is  said  to  be  produced,  in  which  Co 
forms  part  of  the  acid  radicle  (v.  COBALTATES). 
The  sulphides  of  Co  show  no  acidic  character. 


The  atomic  weight  of  Co  has  been  deter- 
mined (1)  from  analyses  of  the  sulphate  and 
chloride  (Marignac,  Ar.  Sc.  1,  373)  ;  (2)  by  reduc- 
tion of  CoO  in  H  (Russell,  C.  J.  [2]  1,  51); 

(3)  by  reduction  of  NH4-Co  cyanide  and  phenyl- 
ammonium  cobalt  cyanide  (Weselsky,  B.  2,  592) ; 

(4)  by  reduction  (by  heat)   of  strychnine-  and 
brucine-cobalt  cyanide  (Lee,  C.  N.  24,  234) ;  (5) 
by  reducing  CoO  in  H  (Zimmerrnann,  A.  232, 
324).     Determinations  of  the  S.H.  have  shown 
that  58-8  and  not  a  multiple  of  this  number  is 
to  be  adopted.     This  result  has  been  confirmed 
by  the  isomorphism  of  several  Co  salts  with  the 
corresponding  salts  of  Ni  and  Fe. 

Cobalt  is  very  closely  related  in  its  chemical 
properties  to  Ni,  it  is  classed  with  this  metal  and 
Fe,  and  it  also  shows  analogies  with  Mn ;  v.  IRON 

GROUP    OP   ELEMENTS. 

Reactions  and  Combinations. —  1.  With  steam 
at  red  heat  forms  CoO  and  H. — 2.  Strongly 
heated  in  air  burns  to  Co304. — 3.  Decomposes 
ammonia  at  red  heat  to  N  and  H. — 4.  Dissolves 
in  mineral  acids  with  formation  of  salts ;  with 
H2S04  evolves  S02,  and  with  HN03  gives  N 
oxides.  Thomsen  (Th.  3,  306)  gives  these 
thermal  data;  [Co,H2S04Aq] - 19,710  giving 
CoS04  +  H?:  [Co,H2CPAq]  =  16,190.— 5. Combines 
with  chlorine,  bromine,  and  iodine,  by  heating 
in  contact  with  these  elements,  forming  CoCl2, 
CoBr2,  and  CoI2,  respectively.  [Co,Cl2]  =  76,480  ; 
[Co,Cl2,Aq]  =  94,820  ;  [Co,Br'-,Aq]  =  72,940  ; 

[Co,P,Aq]  =  42,520  (Th.S,  306).— 6. Heated  with 
sulphur  forms  CoS  and  Co4S3. — 7.  Combines 
with  selenion  to  form  CoSe,  by  heating  the  two 
elements  together  (v.  COBALT,  SELENIDE  OF). — 
8.  Combines  with  arsenic  (v.  COBALT,  ARSENIDES 
OF). — 9  Absorbs  (?  combines  with)  small  quan- 
tities of  carbon  when  strongly  heated  with  it, 
forming  a  hard  grey  mass  resembling  steel. — 
10.  Forms  alloys  with  several  metals,  especially 
Sb,  Bi,  Au,  Fe,  Pb,  Pt,  Ag,  Sn,  and  Zn ;  little  is 
known  of  these  bodies. 

Detection  and  estimation. — Co  compounds 
give  a  clear  blue  colour  with  a  bead  of  borax  or 
microcosmic  salt  in  both  blowpipe  flames.  Black 
CoS  is  ppd.  by  alkaline  sulphides,  but  not  by 
H2S  in  acid  solutions.  Ammonia  pps.  blue  basic 
salts,  soluble  in  excess  to  a  reddish  liquid  which 
absorbs  0  from  the  air  and  becomes  brownish  ; 
KOHAq  pps.  part  of  the  Co  as  hydrated  oxide 
from  this  solution.  Traces  of  Co  are  detected 
by  adding  excess  of  NH3Aq,  and  thenK3FeCy6Aq, 
when  a  dark  yellowish  red  colour  is  produced 
(Skey,  C.  N.  15,  111)  ;  or  by  adding  excess  of 
KCNAq  followed  by  NH4  sulphide,  when  a  blood- 
red  colour  is  formed  which  slowly  disappears 
(Tattersall,  C.  N.  39,  66  ;  Papasogli,  B.  12,  297). 
Co  may  be  estimated  by  ppn.  as  oxalate,  which 
is  then  decomposed  by  heat  to  metal.  The  Co 
may  be  separated  from  Ni  by  evaporating  an 
acid  solution  to  a  small  bulk,  adding  slight 
excess  of  KOHAq,  acidifying  with  acetic  acid, 
adding  excess  of  a  cone,  solution  of  KN02 
strongly  acidified  by  acetic  acid,  allowing  to 
stand  for  24  hours  in  a  warm  place,  and  washing 
the  ppd.  Co2(N02)6.6KN0.2  with  solution  of  1 
part  K  acetate  in  9  parts  H20.  The  pp.  is  dis- 
solved in  HClAq ;  liquid  is  evaporated  until  very 
cone,  and  all  free  acid  is  removed,  K2C204Aq  is 
added  drop  by  drop  until  the  pp.  which  forms  is 
dissolved,  a  little  water  is  added,  the  liquid  is 


COBALT. 


heated  to  boiling,  and  rather  more  than  an 
equal  volume  of  80  p.c.  acetic  acid  is  added  very 
slowly ;  after  standing  6  hours  at  about  50°  the 
ppd.  Co  oxalate  is  filtered  off,  washed  with  a 
mixture  of  equal  volumes  of  cone,  acetic  acid, 
alcohol,  and  water,  and  dried ;  it  is  heated  in  a 
closed  crucible,  then  strongly  in  the  air  (to 
oxidise  C),  and  the  oxide  is  reduced  by  strongly 
heating  in  H.  After  weighing,  the  Co  should 
be  washed  in  hot  water  and  again  heated 
in  H  (Classen,  Fr.  18,  189).  Classen  recom- 
mends the  electrolytic  estimation  of  Co  by 
depositing  the  metal  from  a  solution  in  excess 
of  warm  K2C204Aq  (v.  Classen's  Quantitative 
Analyse  durch  Electrolyse,  Berlin,  1886.  A 
description  of  the  apparatus  will  be  found  in 
Dittmar's  Exercises  in  Quantitative  Chemical 
Analysis,  Glasgow,  1887).  Wolff  (Fr.  18,  38) 
proposes  to  determine  minute  quantities  of  Co 
by  a  spectroscopic  method  based  on  the  absorp- 
tion-spectrum of  very  dilute  solutions  of  Co  to 
which  excess  of  NH3Aq  and  a  little  NH4SCy 
have  been  added. 

Technical  applications. — By  adding  a  fraction 
of  a  per  cent,  of  Mg  to  Co  an  easily  worked 
metal  is  obtained,  which  is  very  compact  and 
lustrous,  and  resists  the  action  of  the  air  (Fleit- 
mann,  B.  12,  454 ;  Biedermann's  Chem.-tcchn. 
Jahrber.  1884-5.  25).  Many  metals  may  be 
covered  with  a  thin  deposit  of  Co  by  electrolysing 
a  fairly  cone,  solution  of  CoCl2.NH4Cl  (Bottcher, 
W.  J.  1876.  219 ;  Gaiffe,  O.  R.  87,  100)  (v.  CO- 
BALT COLOURING  MATTERS,  p.  229.) 

References. — Besides  those  in  the  text  the 
following  are  of  importance  :  (1)  Kegarding  the 
metallurgy  and  preparation  of  Co ;  Manhes  (B. 
17,  622),  Wohler  (P.  6,  227),  Liebig  (P.  18,  164), 
Langier  (A.  Ch.  9,  267),  Stromeyer  (A.  96,  218). 
(2)  Eegarding  the  properties  of  Co ;  Deville  (D. 
P.  J.  140,  428),  Barrett  (J.  1873.  131).  (3)  Re- 
garding technical  applications  of  Co;  Wiggin 
(W.  J.  1881.  69 ;  v.  also  W.  J.  1883.  149).  (4) 
Eegarding  separation  and  estimation  of  Co; 
Fischer  (P.  74,  115),  Braun  (Fr.  7,  313),  Liebig 
(A.  65,  244  ;  87,  128),  Fleischer  (J.  pr.  1870,  2, 
48),  Donath  (B.  12,  1868). 

Cobalt,  alloys  of.  Little  is  known  of  these 
bodies ;  Co  seems  to  form  alloys  with  Sb,  Bi, 
Au,  Fe,  Pb,  Pt,  Ag,  Sn,  and  Zn. 

Cobalt,  ammonia  compounds  of  v.  COBALT- 
AMINES,  p.  222. 

Cobalt,  antimonate  of.  Co(Sb03)2.ccH,0 
(Heffter,  P.  86,  418  ;  cf.  vol.  i.  p.  285). 

Cobalt,  arsenates  of.  CoH4(As04)2  and 
Co3(As04)2.8H20 ;  v.  vol.  i.  p.  308. 

Cobalt,  arsenides  of.  .Co  and  As  are  said  to 
form  a  grey-black,  porous,  mass,  when  heated 
together  in  the  ratio  of  2  parts  Co  to  3  parts  As. 
The  mineral  smaltine  is  more  or  less  pure  Co 
arsenide,  CoAs2 :  and  shutterudite  is  nearly  pure 
CoAs3. 

Cobalt,  arseuite  of.  Co3Hd(As03)4.H20;  v. 
vol.  i.  p.  306. 

Cobalt,  borate  of.    Probably 
2CoB20,.Co02H2.3H20  (H.  Rose,  P.  88,  299). 

Cobalt,  bromide  of.  CoBr.,.  Mol.  w.  unknown. 
[Co,Br2,Aq]  =  72,940  (Th.  3,  306).  A  green,  deli- 
quescent, lustrous  solid ;  prepared  either  by 
heating  Co  in  Br  vapour  (Ramrnelsberg,  P.  55, 
244) ;  or  by  warming  Co  in  contact  with  Br  and 
H20,  evaporating  over  H2S04,  drying  the  crystals 


of  CoBr2.6H20,  and  heating  to  c.  130°  (Hartley, 
C.  J.  [2]  12,  214).  The  crystals  of  CoBr2.6H20 
melt  at  100°,  giving  the  purple-grey  hydrate 
OoBr£2H^O  (Hartley).  CoBr2  absorbs  NH3  form- 
ing  CoBr2.6NH3,  from  which  all  NH3  can  be 
removed  by  heat  (v.  COBALTAMINES).  CoBr2Aq 
and  PtBr4Aq  evaporated  yield  carmine,  rhom- 
bohedral,  very  deliquescent,  crystals  of 
CoBr2.PtBr4.12H20  ;  S.G.  2-763  (Topsoe,  /.  1868. 
275). 

Cobalt  bromide,  hydrated;  v.  COBALT,  BKOMIDE 
OF. 

Cobalt,  carbides  of.  Co  absorbs  C  when 
heated  with  charcoal,  forming  a  hard,  grey,  steel- 
like  solid.  It  is  not  known  whether  definite  car- 
bides are  formed  or  not. 

Cobalt,  chloride  of,  CoCl2.  Mol.  w.  unknown. 
[Co,CP]  =  76,480;  [CoCP.Aq]  =  18,340  (Th.  3, 
306).  Absorption-spectrum,  v.  Russell,  Pr.  32, 
258. 

Preparation.— 1.  CoO,  or  CoC03,  is  dissolved 
in  dilute  HClAq,  the  solution  is  evaporated  until 
a  blue-green  solid  separates,  which  is  sublimed 
in  a  stream  of  dry  Cl  or  dry  HC1.— 2.  Finely  di- 
vided Co  or  CoS  is  heated  in  a  stream  of  Cl.— 
3.  CoCl2.6H.20,  obtained  by  crystallising  solution 
of  CoO  in  HClAq,  is  heated  to  120° ;  traces  of 
oxy chloride  are  always  formed  thus  (Potilitzin. 
B.  17,  276). 

Properties  and  Reactions.— Blue  crystalline 
scales  :  easily  soluble  in  water  forming  reddish 
liquid,  also  in  absolute  alcohol.  CoCLjAq  of  dif- 
ferent S.G.  contains  as  follows  (Franz,  J.  pr.  [2] 


S.G.  CoCla  p.o.  S.G. 

1-0496          5  1-2245 

1-0997        10  1-3002 

1-1579        15  1-3613 


CoClj  p.o. 
20 
25 
saturated  at  17-5°. 


A  saturated  alcoholic  solution  contains  23-6  p.c. 
CoCl2,  appears  blue  by  reflected  light  and  almost 
black  by  transmitted  light,  becomes  colourless 
when  diluted  so  that  one  part  CoCl2  is  contained 
in  10,000  parts  of  solution,  but  blue  colourreturns 
on  warming  ;  S.G.  of  this  solution  is  1-0107.  Ad- 
dition of  water  to  the  blue  alcoholic  solution  pro- 
duces violet  and  then  red  colour ;  a  method  of 
determining  water  in  alcohol  or  in  organic  com- 
pounds miscible  with  alcohol  has  been  founded 
on  this  reaction  (Winkler,  J.  pr.  91,  209).  An 
aqueous  solution  of  CoCl2  becomes  blue  on  addi- 
tion of  cone.  HClAq,  H2S04,  or  other  dehydrating 
agent ;  also  on  heating,  the  temperature  of  change 
being  the  lower  the  more  cone,  is  the  solution,  thus 
a  50  p.c.  solution  changes  colour  at  60°-100°,  a  25 
p.c.  solution  at  85°-135°,  and  a  10  p.c.  solution 
at  180°-207°  (Tichborne,  J.  1872.  27).  Addition 
of  HC1  to  cone.  CoCl2Aq  pps.  crystals  containing 
from  1  to  1|  H20  (Ditte,  A.  Ch,  [5]  22,  551). 
The  change  of  colour  of  solution  of  CoCl2  from 
blue  to  red  is  accompanied  by  hydration  (Poti- 
litzin, B.  17,  276) ;  it  is  not  an  isomeric  change 
as  supposed  by  Bersch  (W.  A.  B.  56,  724). 

Cojnbinations. — 1.  With  water  to  form  va- 
rious hydrates  (v.  Potilitzin,  B.  17,  276).  The 
hexahydrate,  CoCl2.6H2O,  separates  by  care- 
fully evaporating  a  red  solution  of  CoO  or  CoC03 
in  HClAq;  dark  red  monoclinic  crystals;  S.G. 
=  1-84 ;  lose  water  at  30°-35°,  and  at  45°-50°  form 
the  dihydrate ;  slowly  lose  water  over  H2S04 
forming  the  dihydrate  ;  [CoCl-,6H:OJ  -  21,190 ; 
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[CoCl2.6H-0,Aq]  =*  -  2850  (Th.  3,  306).  The  di- 
hydrate,  Co(Jl,.2H/),  forms  a  rose-red  finely 
crystalline  powder ;  prepared  as  described  above  ; 
absorbs  water  from  the  air  forming  the  hexahy- 
drate.  The  monohydrate,  CoCl,.H,0,  is  ob- 
tained by  heating  the  dihydrate  to  c.  100°,  or  by 
slowly  evaporating  a  solution  in  absolute  alcohol 
of  the  hexa-  or  di-hydrate,  the  temperature  being 
gradually  raised  to  95°.  Lustrous,  violet-blue, 
crystalline  needles  :  dehydrated  at  110°-120°.  — 
2.  With  ammonia  toform  the  compounds  M.6NH3, 
M.4NH3,  and  M.2NH3  where  M  =  CoCl,  (v.  Co- 
BALTAMINES).  —  3.  With  ammonium  chloride  to 
form  CoCl2.NH4C1.6H20 ;  prepared  by  evapo- 
rating a  mixture  of  solution  of  CoO  in  2  parts 
HClAq  and  NH3  in  1  part  HClAq  (Hantz,  A. 
66,  284) ;  not  obtained  from  mixed  solutions 
of  CoCl2  and  NH4C1  (Merrick,  J.  1876.  251) ; 
forms  ruby-red,  deliquescent  crystals.  —  4. 
With  aniline,  paratoluidine,  and  xylidine.  The 
aniline  compounds  are  CoCl2.(C6H5.NH2)2  and 
CcCl,(CtiH5.NH2)2.2C2H60  ;  the  former,  lustrous 
blue  crystals,  is  obtained  by  dissolving  CoCl2 
in  hot  aniline  and  crystallising  from  abso- 
lute alcohol ;  the  latter,  rose-red  leaflets,  by 
adding  aniline  to  an  alcoholic  solution  of 
CoCl2;  at  100°  alcohol  is  completely  removed. 
The  toluidine  and  xylidine  compounds,  ob- 
tained similarly  to  the  aniline  compound, 
are  blue  needles:  CoCl2.(CtiH4.CH3.NH2)2  and 
CoCL,(C6H3(CH3)2.NH2)2  (Lippmann  a.  Vortmann, 
B.  11,  1069 ;  12,  79).— 5.  With  cadmium  chlo- 
ride, gold  chloride,  and  zinc  chloride  to  form 
CoCl2.2CdCl2.12H20,  CoCl2.2AuCl3.8H20,  and 
CoCl2.ZnCl2.6H20,  respectively  ;  by  evaporating 
mixed  solutions  of  the  constituent  chlorides. — 
6.  With  cobaltous  oxide;  when  dilute  NH3Aq 
is  added  drop  by  drop  to  boiling  CoCl2Aq  a  blue 
pp.  is  formed,  which  turns  peach-red ;  this  pp. 
when  dried  probably  has  the  composition 
2CoCl2.6Co0.7H20  (Habermann,  M.  5,  442). 

Cobalt  chloride,  hydrated ;  v.  COBALT,  CHLO- 
RIDE OF  ;  Combinations,  No.  1. 

Cobalt,  chromates  of ;  v.  CHROMATES. 

Cobalt,  cyanides  of,  also  Cobalto-  and  Cobalti- 
cyanides ;  v.  CYANIDES. 

Cobalt,  fluoride  of,  CoF2.2H>0.  Mol.  w.  un- 
known. Eose-red  crystals  ;  by  dissolving  CoO  in 
excess  of  HFAq  ;  soluble  in  Aq  containing  HF, 
or  in  a  little  cold  water ;  decomposed  by  much 
hot  water  to  oxyfluoride  Co2OF2.H20  (Berze- 
lius).  Combines  with  potassium  fluoride,  sodium 
fluoride,  and  ammonium  fluoride,  to  form  double 
salts;  CoF2.KF.H,O,  CoF2.NaF.H2O,  and 
CoF2.2NH4F.2H20  (Berzelius ;  Wagner,  B.  19, 
807). 

Cobalt,  haloid  compounds  of. — These  com- 
pounds all  belong  to  the  form  CoX2;  X  =  F,  Cl, 
Br,  or  I.  None  has  been  gasified,  and  therefore 
the  molecular  weight  of  none  is  known  with  cer- 
tainty. These  compounds  are  greenish-blue 
solids;  all  form  hydrates,  which  are  reddish. 
All  are  soluble  in  water,  and  all  seem  to  form 
double  compounds  with  alkali  haloid  compounds. 
A  very  few  oxyhaloid  compounds  have  been  pre- 
pared. 

Cobalt,  hydrated  oxides  of ;  v.  COBALT,  OXIDES 

AND  HYDROXIDES  OF. 

Cobalt,  hydroxides  of ;  v.  COBALT,  OXIDES  AND 

HYDROXIDES  OF. 


Cobalt,  iodide  of,  CoI2.  Mol.  w.  unknown.  A 
black,  graphite-like,  solid  ;  obtained  by  digesting 
Co  with  water  and  iodine,  filtering,  evaporating 
the  red  liquid  till  it  gets  thickish,  cooling  over 
H.,S04,  and  heating  the  crystals  to  130°  (Hartley, 
C.  J.  [2]  12,  502).  The  liquid  prepared  as  described 
yields  green  crystals  of  CoI2.2H20  ;  these  are  ex- 
ceedingly deliquescent.  When  the  same  solution 
is  kept  at  16°  or  so  for  some  days  red  crystals  of 
CoI2.6H0O  separate  (Hartley ;  Erdmann,  J".  pr. 
1,  354  ;  Eammelsberg,  P.  48,  155).  CoI2  com- 
bines with  NH3  to  form  CoI2.4NH3  (Kammels- 
berg,  P.  55,  245). 

Cobalt,  oxides  and  hydroxides  of. — Cobalt 
forms  three  well-marked  oxides :  CoO,  Co30,, 
and  Co203 ;  four  other  oxides  are  known,  which 
are  usually  regarded  as  compounds  of  the  first 
and  third  of  these,  viz.  Co.03.2CoO,  Co203.3CoO, 
Co203.4CoO,  and  Co203.6CoO.  The  monoxide 
CoO  is  distinctly  basic  ;  the  sesquioxide  Co203 
dissolves  in  acids,  probably  with  formation  of 
salts,  but  very  few  salts  corresponding  to  this 
oxide  have  been  obtained  as  they  are  very  easily 
reduced  to  salts  of  CoO ;  the  other  oxides  do  not 
form  corresponding  salts.  The  monoxide  is 
stable  when  heated  to  a  moderate  temperature, 
but  at  full  redness  it  is  oxidised  to  Co304 ;  Co203 
is  deoxidised  by  heating  strongly  with  formation 
of  Co304.  Several  hydrates  of  the  various  oxides 
are  known. 

I.  COBALTOUS  OXIDE  CoO.     (Cobalt  monoxide, 
cobalt  oxide.}     Mol.  w.  unknown.     A  greenish- 
brown  powder,  slightly  hygroscopic.     S.G.  5-59 
to  5-75  (Playfair  a.  Joule,  C.  S.  Mem.  3,  57). 
Prepared  by  heating  CoC03  or  Co(OH)2  (q.  v.)  in 
complete  absence  of  air  (Beetz,  P.  61,  473)  ;  or 
by  heating  CoCl2  in  steam  (Schwarzenberg,  A. 
97,  211) ;  or  by  heating  Co304  in  a  stream  of  C02 
(Russell,  C.  J".  16,  51).     CoO  is  unchanged  in  air, 
but  when  strongly  heated  it  is  oxidised  to  Co304 ; 
it  is  reduced  to  Co  by  heating  in  H  or  CO,  or  with 
C ;  it  is  quickly  changed  to  CoS  by  heating  in 
H2S. 

COBALTOUS  HYDROXIDE  Co(OH)2.  (Cobalt  hy- 
drate. Hydrated  cobaltous  oxide.)  [Co,0,H20] 
=  63,400  (Th.  3,  306).  Obtained  by  adding 
potash  to  solution  of  a  cobaltous  salt  in  absence 
of  air ;  the  pp.  is  a  blue  basic  salt,  which  slowly 
changes  to  the  rose-red  hydrate  ;  the  change  is 
quickened  by  heating  (Wiiikelblech,  A.  13,  148, 
253  ;  Beetz,  P.  61,  473).  If  potash  is  added  to 
a  boiling  solution  the  pp.  contains  alkali  and 
some  basic  salt  (Fremy,  A.  80,  277  ;  83,  227, 
289).  A  rose-red  powder ;  absorbs  0  from  air 
turning  brown ;  heated  in  absence  of  air  gives 
CoO.  Cobaltous  oxide  and  hydroxide  dissolve 
in  acids  forming  stable  cobaltous  salts  (v.  COBALT, 
SALTS  OF,  p.  221).  [CoO-H2,H2S04Aq]  =  24,670; 
[CoO -H2,H2Cl2Aq]  =  21,140  (Th.  3,  307). 

II.  COBALTIC  OXIDE  Co203.  (Cobalt  sesquioxide. 
Cobalt  peroxide.)     Mol.  w.  unknown.     A  steel- 
grey,  lustrous  solid.     Heated  in  air  gives  Co304. 
Dissolves  in  cone,  acids,  but  very  few  salts  have 
been  obtained  corresponding  to  the  oxide  ;  solu- 
tion in  cone,  cold  acetic  acid  gives  brown  pp.  of 
Co203.3H20  with  an  alkali ;  some  double  salts 
are  known,  e.g.  Co2(N02)b..6KN02  (v.  COBALT,  SALTS 
OF,  p.  221).     Prepared"  by  gently -heated  Co2N03 
so  long  as  reddish  vapours  are  evolved,  powder- 
ing finely  and  again  gently  heating  ;  or  by  heat- 
ing Co203.3H20  to  600°-700°. 
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COBALTIC  HYDROXIDES.  The  compound 
Co2(OH)6  or  Co203.3H20  is  obtained  by  expos- 
ing a  solution  of  a  cobaltous  salt,  with  excess  of 
NH3Aq  added,  to  the  air  until  brown,  and  ppg. 
by  KOHAq;  or  by  ppg.  a  cobaltous  salt  solu- 
tion by  a  hypochlorite  in  presence  of  alkali ;  or 
by  passing  Cl  into,  or  adding  BrAq  to,  Co(OH)2 
or  CoC03  suspended  in  water ;  the  pp.  is  dried 
by  pressing  between  paper.  A  dark-brown  powder 
[Co-,03,3H-0]  -- 149,380  ;  [2CoO^H*,0,H20]  = 
22,580  (Th.  3,  306).  By  drying  at  100°,  or  by 
prolonged  exposure  over  H2S04,  the  hydrate 
Co203.2H,0  [?CoaO(OH)J  is  obtained.  The 
same  hydrate  is  formed  as  a  black  lustrous 
deposit  on  the  positive  pole,  when  a  slightly 
alkaline  solution  of  cobaltous-potassium  tartrate 
is  electrolysed,  using  Pt  electrodes  (Wernicke,  P. 
141,  119) ;  S.G.  as  thus  obtained -2-483.  The 
hydrate  3Co203.2H20  is  obtained  by  heating 
CoCl2  and  Co2(NH3)IOCl,  in  the  ratio  2:1  mols., 
with  water  in  a  open  vessel  (Mills,  P.M.  [4]  35, 
257). 

The  cobaltic  hydrates  lose  water  when  gently 
heated,  giving  Co203 ;  when  strongly  heated  they 
yield  Co304.  They  dissolve  in  cold  cone,  acids, 
forming  brown  solutions ;  these  solutions  are 
decomposed  on  warming  and  thus  give  cobalt- 
ous salts ;  the  solution  in  cone,  acetic  acid  is 
fairly  stable  ;  potash  pps.  Co203.3H.,0  from 
this  solution.  Freshly  ppd.  Co2O3.3H20  dis- 
solves in  neutral  (NH4).,S03Aq  forming  "a  solu- 
tion of  Co203.10NH3.6S02  (Geuther,  A.  128, 
157). 

III.  COBALTO-COBALTIC   OXIDE    Co304.       (Black 

oxide  of  Cobalt.}  Mol.  w.  unknown.  Obtained 
by  strongly  heating  in  air,  or  in  0,  CoO,  Co(OH),, 
Co203  or  any  of  its  hydrates,  CoC03,  Co(N03)2,  or 
CoC204.  A  black  amorphous  powder  which  slowly 
absorbs  water  from  the  air.  S.G.  5-833-G-296 
(Eammelsberg,  J.  2,  282).  Obtained  as  lustrous, 
metal-like,  greyish-black  microscopic  octahedra, 
by  strongly  heating  a  mixture  of  CoCl2  and 
NH4C1  in  a  stream  of  air  or  0,  or  a  mixture  of 
CoC204  and  NH4C1  in  0,  and  treating  the  residue 
with  hot  cone.  HClAq.  The  crystals  are  unacted 
on  by  many  cone,  acids,  but  dissolve  slowly  in 
cone.  H2S04  (Schwarzenberg,  A.  97,  211) ;  they 
are  non-magnetic. 

HYDRATES  OF  COBALTO-COBALTIC  OXIDE.  Three 
have  been  described.  Co304.2H20,  obtained  by 
exposing  to  ordinary  air  Co304  prepared  by  heat- 
ing CoC03;  Co304.3H20,  obtained  by  boiling  a 
solution  of  roseo-cobaltic  sulphate  (Genth  a. 
Gibbs,  Am.  8.  23, 257) ;  Co304.7H,0,  obtained  by 
allowing  Co(OH)2  ppd.  by  adding  excess  of 
alkali  to  a  cobaltous  solution  to  stand  in  the  air 
(Fremy). 

IV.  OTHER    COBALTO-COBALTIC    OXIDES,      (i.) 
CoJD^CoO  ;  a  black  powder,  obtained  by  heat- 
ing dried  CoC03  to  100°- 150°  in  a  closed  crucible, 
or  by  heating  luteo-  or  purpureo-cobalt  chloride 
with  30  40  parts  water  to  70°-100°  in  a  sealed 
tube  (Mills,  P.  M.  [4]  35,  257).    (ii.)  Co203.3CoO  ; 
obtained   by   heating   purpureo-cobalt"  chloride 
with  2  mols.  CoCl2  and  some  water  to  100°  in  a 
sealed  tube  (Mills,  I.e.).     (in.)    Co.,03.4CoO ;  a 
black  powder,  unchanged  by  boiling"  with  HN03 
or  H2S04,  obtained  by  strongly  heating  cobalt- 
ous   salts   in   air.     (iv.)  Co203.6CoO ;    obtained 
with  GH,0  by  adding  NH3Aq  to  Co(NO3)2Aq  and 
allowing  to  stand  in  air  till  pp.  is  yellow. 


Cobalt,  oxyhaloid  compounds  of.     Very  few 

j  of    these     compounds     have     been     prepared. 

2CoCl?.6Co0.7H20,    v.    COBALT,    CHLORIDE   OF; 

Combinations,  No.  6.   CoF^CoO-H-jO,  v.  COBALT, 

FLUORIDE    OF. 

Cobalt,  oxysulpbide  of,  Co2OS.  (  =  CoO.CoS). 
Dark-grey  powder  ;  by  heating  CoS04  in  H. 
Dilute  acids  dissolve  CoO;  cone,  acids  also 
evolve  H2S  ;  heated,  gives  CoO  and  S02. 

Cobalt,  phosphide  of,  CosP2.  Black  powder  ; 
obtained  by  ppg.  CoCl.Aq  by  Na^PO.Aq  and 
heating  the  ppd.  phosphate  in  a  stream  of  H ; 
also  by  heating  CoCl2  in  PH3.  Insoluble  in 
cone.  HClAq;  easily  soluble  in  HN03Aq.  Co 
and  P  combine,  by  heating  Co  with  a  mixture  of 
P205  and  charcoal. 

Cobalt,  salts  of.  Compounds  obtained  by 
replacing  the  H  of  acids  by  Co.  Many  of  these 
salts  are  known ;  most  of  them  belong  to  the 
class  of  cobaltous  salts  CoX2  where  X  =  01,  NO3, 
§°.4>  |P04,  &c. ;  a  few  double  cobaltic  salts  CoX3 

are  known.  The  Co  salts  are  generally  obtained 
by  dissolving  CoO  or  CoO.H20  in  acids,  or  by 
double  decomposition  from"  other  Co  salts. 
Cobaltous  haloid  salts,  sulphate,  nitrate,  and 
some  others,  are  soluble  in  water ;  the  carbonate 
and  phosphate,  &c.,  are  insoluble.  Co  forms 
many  basic  salts.  Aqueous  solutions  of  cobaltous 
salts  are  generally  pink ;  when  very  cone,  they 
usually  become  blue  to  blue-green  ;  this  colour- 
change  is  accompanied  by  dehydration  and 
rehydration  (cf.  COBALT,  CHLORIDE  OF  ;  Properties 
and  Reactions).  For  some  account  of  the  resem- 
blances between  Fe,  Ni,  and  Co  v.  IRON  GROUP  OF 
METALS.  Cobaltous  salts  closely  resemble  Ni 
salts ;  many  of  them  are  also  very  similar  to, 
and  isomorphous  with,  ferrous  salts.  Cobaltic 
hydrate  Co.,O3.3H20  dissolves  in  cone,  cold  acids 
probably  forming  cobaltic  salts  ;  on  warming, 
these  solutions  are  generally  quickly  decom- 
posed with  production  of  cobaltous  salts ;  a 
solution  in  acetic  acid  is  fairly  stable.  When 
KN02  is  added  to  an  acetic  acid  solution  of  a 
cobaltous  salt  a  pp.  of  the  double  cobaltic 
salt  Co(NO,):J.3KNO2  is  obtained.  As  no  com- 
pound of  Co  has  been  gasified  the  formulae  of 
the  Co  salts  are  not  necessarily  molecular.  The 
chief  salts  are  the  carbonates,  nitrates,  pJios- 
phates,  and  sulphates  ;  chlorate,  bromate, 
iodate,  nitrite,  phosphite,  sulphite,  and  a  few 
others,  are  also  known  (v.  CARBONATES,  NI- 
TRATES, &c.).  A  great  many  double  com- 
pounds of  Co  salts  with  ammonia  are  known 

V.  COBALTAMINES,  p.  222). 

Cobalt,  selenide  of.  CoSe.  Co  and  Se  com- 
bine when  heated  together,  forming  a  metal-like, 
lustrous,  greyish  mass,  which  is  fusible  at  red 
heat  (Berzelius).  The  compound  CoSe  is  ob- 
tained by  passing  vapour  of  Se  over  hot  Co  in 
an  atmosphere  of  H;  S.G.  7'65  ;  when  melted 
under  borax  it  forms  a  yellow,  crystalline,  metal- 
like  solid  (Little,  A.  112,  211). 

Cobalt,  sulphides  of.  Co  and  S  combine 
directly  in  different  proportions.  Sulphides  are 
also  formed  by  adding  alkali  sulphides  to  co- 
baltous salts,  and  by  passing  ELS  into  an  acetic 
acid  solution  of  Co/).,,  orCoO,  and"  in  various  other 
ways.  The  following  sulphides  are  known  : 
Co4S3,  CoS,  Co3S4,  Co2S3,  CoS2;  these  are  the 
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simplest  formulas  that  can  be  given,  but  they 
are  not  necessarily  molecular.  The  sulphides 
of  Co  are  basic  ;  CoS  combines  with  As2S3  and 

I.  COBALTOUS  SULPHIDE  CoS.  (Cobalt  mono- 
sulphide.)  Occurs  native  as  Syepoorite.  Prepared 
by  heating  Co  with  S,  or  CoO  with  S,  or  CoS04 
with  BaS  and  excess  of  NaCl ;  forms  bronze- 
coloured,  lustrous    needles,    soluble    in  acids. 
Also  obtained  as  a  black  amorphous  powder  by 
adding  NH4  sulphide  to  an  aqueous  solution  of 
a  cobaltous  salt,  or  by  passing  H2S  into  a  dilute 
acetic  acid  solution  of  CoO,  or  into  water  hold- 
ing Co(OH)2  in  suspension ;    the  black  pp.  is 
soluble  in  dilute  mineral  acids,  but  not  in  acetic 
acid ;  insoluble  in  alkali  sulphides  ;  when  moist 
it  oxidises    rapidly  in    air  to    CoS04.      Non- 
magnetic  (Hjordtdahl,    G.  R.   65,   75).     Com- 
pounds   of    CoS  with    As  and    Sb   sulphides, 
M2S3.2CoS,  are  obtained  by  adding  Co  solutions 
to  Na  thio-arsenite,  <fec. 

II.  COBALTIC   SULPHIDE  Co2S3.    (Cobalt  ses- 
quisulphide.)    Occurs  native  as  Cobalt-pyrites  in 
octahedra.  Prepared  by  heating  CoS  or  Co(OH)2 
in  a  stream  of  H2S,  or  by  strongly  heating  a 
mixture  of  CoO,  S,  and  KOH,  and  washing  with 
water ;  forms  a  graphite-like  crystalline  powder. 
Also  obtained  as  an  amorphous  black  pp.  by 
passing  H2S  into  a  solution  of  Co203  in  acetic 
acid,  or  by  adding  NH4  sulphide  to  the  solution 
of  a  roseo-  or  purpureo-cobalt  salt.    Insoluble  in 
KCNAq,  thus  differing  from  NiS. 

III.  COBALT  DISULPHIDE   CoS2.   (Cobalt  per- 
sulphide.)    Cobalt-glance  is  approximately  pure 
CoS2.CoAs2.    Obtained  by  moderately  heating  a 
mixture  of  1  part  dry  CoO  with  3  parts  S,  or  of 
1  part  CoC03  with  1|  parts  S,  until  excess  of  S 
has  been  removed  (Setterberg,  P.  7, 40).  A  black 
lustrous  powder  ;  heated  in  absence  of  air  to  red- 
ness forms  CoS ;  unacted  on  by  acids  except 
cone.  HN03  and  aqua  regia. 

IV.  COBALTO-COBALTIC        SULPHIDE          Co3S4. 

Occurs  native  as  Linnceite.  Formed,  as  a 
greenish-black  powder,  by  heating  CoCLjAq  with 
K  poly  sulphide  solution  to  160°  (Senarmont, 
A.  Ch.  [3]  30,  137). 

V.  The  sulphide  Co4S3  is  said  to  be  obtained 
by  heating  CoS04  to  whiteness  in  a   carbon 
crucible,  or  by  strongly  heating  Co  with  S,  or 
CoO  with  H2S  (Hjortdahl,  G.  R.  65, 75).    A  grey 
metal-like,  lustrous  mass,  soluble  in  hot  HClAq 
with  evolution  of  H2S. 

Cobalt,  sulphocyanide  of,  Co(SCy)2;  v.  SUL- 
PHOCYANIDES,  under  CYANIDES. 

Cobalt,  borotungstate  of;  V.BOBOTUNG STATES, 
under  TUNGSTEN.  M.  M.  P.  M. 

COBALTAMINES.  (Cobaltammonium  com- 
pounds. Cobalt-ammonia  compounds.  Ammo- 
nio-cobalt  salts.  Ammoniacal  cobalt  bases.) 
Compounds  of  ammonia,  cobalt,  and  negative 
radicles,  formed  either  by  combination  of  NH3 
with  cobaltous  salts  in  absence  of  air,  or  by  re- 
actions between  cobaltous  salts  and  ammonia  in 
presence  of  air. 

Bergmann  noticed  the  solubility  of  cobalt 
salts  in  ammonia.  Tassaert  (A.  Ch.  [1]  28,  95, 
[1799])  noted  that  colour-changes  occur  when 
these  solutions  stand  in  the  air.  Thenard  (A.  Ch 
[1]  42,  211  [1803])  and  Proust  (A.  Ch.  [1]  60,  264 
[1806])  explained  these  changes  as  caused  by 
absorption  of  oxygen  from  the  air.  Quantitative 


measurements  of  the  changes  in  question  were 
made  by  L.  Gmelin  (S.  36,  236),  Pfaff  (S.  35,  486), 
Dingier  (B.  J.  10,  139),  Hess  (P.  26,  547),  and 
Winkelblech  (A.  13,  259).  Beetz  (P.  61,  489  ; 
B.  J.  25,  169)  and  H.  Eose  (P.  20,  147)  carried 
further  the  investigation  of  the  compounds  pro- 
duced. In  1850-60  Gibbs  (P.  Am.  A. ;  v.  post] 
began  his  investigations  of  the  compounds  formed 
when  ammoniacal  solutions  of  cobalt  salts  are 
exposed  to  air ;  these  researches  form  the  basis 
of  our  knowledge  of  the  subject.  The  chemists 
who  have  chiefly  contributed  to  the  elucidation 
of  the  subject  of  ammonio-cobalt  salts,  besides 
Gibbs,  are  Fremy,  Claudet,  Genth,  Braun,  Mills, 
Vortmann,  F.  Rose,  and  Jorgensen  (references 
will  be  given  to  original  memoirs  by  these 
and  other  chemists  under  the  individual  com- 
pounds). 

Some  cobaltous  salts  combine  with  ammonia 
in  absence  of  air,  forming  salts  which  crystallise 
from  ammoniacal  solutions  but  are  decomposed 
by  water ;  these  ammonio-cobaltous  salts,  or 
cobalto -amines,  generally  belong  to  the  form 
M.6NH3  where  M  =  a  cobaltous  compound,  e.g. 
CoCLj  or  CoS04.  Many  cobaltous  salts  in  solu- 
tion react  with  ammonia  in  presence  of  air  to 
form  compounds  of  the  type  Co2X6.o;NH3  where 
X  =  an  acidic  radicle.  These  ammonio-cobaltic- 
salts,  or  cobalti- amines,  may  be  classified,  pri- 
marily, according  to  the  value  of  x  in  the  general 
formula  Co2X6.o;NH3,  and  secondarily  according 
to  the  nature  and  relation  to  the  rest  of  the  salt 
of  the  acidic  radicle  X. 

Recent  researches  have  shown  that  when 
ammonia  is  added  to  a  cobaltous  salt  solution  in 
presence  of  air,  the  cobaltous  compound  probably 
oxidises,  and  at  the  same  time  combines  with 
ammonia,  and  that  the  various  ammonio-cobaltic 
compounds  subsequently  produced  are  derived 
from  these  oxidised  compounds  by  removal  of 
oxygen  and  ammonia,  followed  in  some  cases  by 
recombination  with  more  ammonia.  The  final 
production  of  this  or  that  ammonio-  compound 
seems  to  depend  chiefly  on  the  relative  masses 
of  the  cobaltous  salt  and  ammonia  or  ammonium 
compound  originally  present. 

The  cobaltamines  form  compounds  with  many 
acids  and  with  metallic  salts.  The  mutual  rela- 
tions of  the  various  classes  of  cobaltamines,  and 
the  constitution  of  each  class,  are  not  yet 
thoroughly  elucidated.  The  following  classifica- 
tion is  a  fairly  satisfactory  scheme  of  arrange- 
ment, and  is  generally  adopted  : — 

I.  COBALTO-AMINES  or  AMMONIO-CO- 
BALTOUS SALTS.    Formed  by  the  reaction  of 
cobaltous   salts   in  solution  with   ammonia  in 
absence  of  air.     These  compounds  belong  to  the 
form  M.a;NH3  where  M  =  a  cobaltous  compound 
and  x  is  generally  =  6. 

II.  OX  Y-COB  ALT  AMINES  or  AMMONIO- 
OXYCOBALTIC  SALTS.   Formed  by  prolonged 
oxidation  of  ammoniacal  solutions  of  cobalt  salts 
by  a  stream  of  air.     Most  of  these  compounds 
may  be  represented    as   belonging  to   one   or 
other  of  the  series  Co.,(NH3)10R4.OH.O.OH  and 
Co2(NH3)10R5.O.OH,  where  R  =  an  acidic  radicle 

01,  Br,  I,  ^  §P04,  cfec. 

III.  COBALTI- AMINES  or  AMMONIO-CO- 
BALTIC SALTS.     Formed  by  exposing  ammo- 


COBALTAMINES. 


223 


niacal  solutions  of  cobaltous  salts  to  the  air,  and 
adding  an  acid  or  a  salt.  These  compounds  may 
be  divided  into  four  main  series  :  — 

(i.)  HEXAMINES  or  HEXAMMONIO-COBALTIC  SALTS  ; 
Co,(NH3)aB'6  e.g.  Co2(NH,)6(S04),.6H2O.  These 
salts  are  also  called  dichrocobaltic  salts. 

(ii.)  OCTAMINES  Or  OCTAMMONIO-COBALTIC  SALTS  ', 

Co2(NH3)8BiH  e.g.  Co,(NH3)HCl6.2H,0. 

(iii.)  DECAMINES  or  DECAMMONIO  -  COBALTIO 
SALTS;  Co^NH^B^  e.g.  Co2(NH3)10(OH)6. 

(iv.)    DODECAMINES  Or  DODECAMMONIO-COBALTIC 

SALTS  ;  Co2(NH3)12B*a  e.g.  Co2(NH3)12(C03)3.7H20. 
The  fourth  series  is  also  called  the  series  of 
luteo  -  cobaltamines  or  luteo  -  ammonio  -  cobaltic 
salts. 

The  octamines  and  decamines  are  generally 
divided  each  into  three  divisions  :  — 

OCTAMINES. 

(a)  Praseo-cobaltic  salts-,  normal  salts, 
e.g.  Co2(NH3)8(S0.1)3.4H20. 

(b)  Fusco-cobaltic  salts  ;  basic  salts,  e.g. 
Co,(NH3)8014(OH)2.2H,0. 

(c)  Croceo-cobaltic    salts,    also    called 
nitramines  of  the  octamine  series  ;  derived  from 
praseo-salts   by   replacing  |  of    B  by  N02  e.g. 
Co,(NH3)sSO.,(N02)4. 

DECAMINES. 
(a)  Roseo-cobaltic  salts-, 


(b)  Purpureo-cobaltic  salts; 
C°2(NHS),.C16. 


,-, 
contain. 


(c)  Xantho-cobaltic  salts,  also  called 
nitramines  of  the  decamine  series  ;  derived  from 
purpureo-  or  roseo-salts  by  replacing  |  of  B  by 
N02  e.g.  Co2(NH3)1(,Cl4(N02)2.2H20. 

Many  cobaltamines  of  different  classes  com- 
bine with  acids  and  with  metallic  salts  to  form 
double  compounds. 

The  empirical  formulae  given  to  the  cobalt- 
amines  do  not  sufficiently  represent  the  proper- 
ties of  these  compounds.  It  is  sometimes  neces- 
sary to  distinguish  between  the  functions  of 
different  radicles  in-  the  same  compound  ;  and 
isomerism  is  exhibited  by  some  of  these  bodies. 
Thus,  in  the  octamine  series,  two  octamine  chlo- 
rides exist,  Co2(NH3)8ClG.2H20  ;  one  is  green,  it 
loses  all  its  water  at  100°,  its  aqueous  solution 
is  easily  decomposed  giving  a  pp.  of  Co.X)3.3H20  ; 
when  the  solution  of  this  salt  is  treated  with 
fairly  cone.  HClAq  a  violet  salt  crystallises  out, 
having  the  same  composition  as  the  green  salt  ; 
this  violet  salt  does  not  begin  to  lose  water  at 
120°,  it  is  considerably  more  stable  than  the  green 
salt.  These  two  salts  are  representatives  of  two 
subdivisions  of  the  division  praseo-salts  ;  the 
subdivisions  are  known  as  octamine-praseo-salts 
and  octamine-purpureo-salts  respectively.  Again, 
in  the  decamine  series;  the  chloride  Co2(NH3)1(,Cl6 
is  a  violet-red  solid  which  dissolves  in  water, 
and  when  digested  with  dilute  HClAq  yields  a 
red  dichroi'c  powder  having  the  composition 
Co2(NH3),0Cl6.21I.;0  ;  this  salt  is  very  unstable, 
it  is  changed  to  the  violet-red  compound  on 
warming  or  on  solution  in  water  ;  a  solution  of 
this  salt  is  not  ppd.  by  Na4P207Aq,  while  a  solu- 
tion of  the  violet-red  salt  is  ppd.  by  this  reagent. 
These  two  salts  are  representatives  of  two  divi- 
sions of  the  PECAMINE  SERIES,  viz.  the  purpureo- 


and  roseo-decamines.  Some  of  the  purpureo- 
salts  crystallise  with  a-H.,0,  e.g. 
Co2(NH3)IO(S04)3.H20  ;  but  such  salts  lose  water 
without  undergoing  essential  change,  hence  the 
water  is  water  of  crystallisation,  whereas  in  the 
roseo-  salts  the  water  seems  to  be  rather  water  of 
constitution.  Again,  there  is  a  compound  of  the 
purpureo  -  division  of  the  decamine  series, 
Co2(NH3)10(S04),(N03)2,  which  is  isomeric  with 
another  compound  of  the  same  division,  and 
both  are  isomeric  with  a  roseo-salt  of  the  deca- 
mine series.  So  also  in  one  of  the  series  of  oxy- 
cobaltamines,  viz.  the  series  Co2(NH3) ^B^O.OH, 
|  of  the  radicle  B  are  more  firmly  held"  to  the 
rest  of  the  salt  than  the  remaining  one-fifth. 

It  is  generally  possible  to  give  formula  to 
each  series,  or  division,  which  shall  more  or  less 
satisfactorily  represent  the  typical  reactions  of 
the  compounds  as  connected  with  the  arrange- 
ment of  the  different  radicles,  and  ammonia, 
relatively  to  the  cobalt  atoms  ;  but,  considering 
the  present  state  of  knowledge  of  the  constitu- 
tion of  complex  mineral  compounds,  such  for- 
mulae have  little  permanent  value. 

In  this  article  accounts  will  be  given  of  the 
leading  properties  of  each  class,  series,  and  divi- 
sion, of  the  ammonio-cobalt  compounds,  and 
descriptions  will  be  added  of  the  methods  of 
preparation  of  one  or  two  of  the  best-known 
members  of  each  group;  the  less-known  com- 
pounds will  merely  be  recorded.  For  details 
concerning  individual  compounds  other  than 
those  described,  reference  must  be  made  to  the 
original  memoirs.  (A  good  account  of  the 
cobaltamines  will  be  found  in  the  article  '  Ko- 
balt '  in  Ladenburg's  Ilandworterbuch  der  Che- 
mie,  5,  601  et  scq.) 

Class  I.— COBALTO-AMINES  or  AMMO- 
NIO-COBALTOUS SALTS,  M.zNH3 ;  M- co- 
baltous salt,  x  generally  =  6.  These  salts  were 
first  examined  by  H.  Bose  (P.  20,  147).  They 
|  are  produced  by  combination  of  NH3  with  dry 
cobaltous  salts,  or  adding  cone.  NH3Aq  to  cone, 
solutions  of  cobaltous  salts  in  absence  of  air ; 
they  are  decomposed  by  heat  with  loss  of  NH.t ; 
their  aqueous  solutions  also  undergo  decomposi- 
tion, especially  on  warming. 

Ammonio-cobaltous  chloride  CoCl2.6NH3 ; 
obtained  by  adding  cone.  NH3Aq  to  cone.  CoCl^Aq 
until  the  blue  pp.  which  forms  is  dissolved,  in 
absence  of  air,  and  allowing  to  crystallise.  Bed 
octahedra ;  unchanged  in  a  closed  vessel ;  in 
the  air,  or  over  H,S04,  or  by  warming  with  Aq, 
NH3  is  separated.  Soluble,  without  change,  in 
dilute  NH3Aq,  scarcely  sol.  in  cone.  NH3Aq,  insol. 
alcohol.  The  compound  CoCl2.4NH3  is  formed 
when  NH3  is  absorbed  by  dry  CoCL, ;  and 
CoCL,.2NH3  is  produced  by  heating  CoClr6NH3 
to  120°  (H.  Bose,  P.  20,  147). 

Ammonio-cobaltous  nitrate 
Co(N03)2.6NH3.2H20 ;  obtained  similarly  to  the 
chloride.      Bed  crystals,   which    quickly    turn 
brown  ;  decomposed  by  water  with  removal  of 
NH3  (Fremy,  A.  Ch.  [3]  35,  257). 

Ammonio-cobaltous  sulphate  CoS04.6NH3 ; 
obtained  by  adding  alcohol  to  an  ammoniacal 
solution  of  CoS04  (Fremy),  or  by  combination  of 
dry  CoS04  with  NH3  (Bose). 

The  compounds  CoBr2.6NH3,  CoL.6NH3,  and 
CoI2.4NH3  are  also  known  (Bammelsberg,  P.  55, 
245;  48,  155). 


224 


COBALTAMINES. 


Class  II.-OXY-COBALTAMINES  or  AM- 
]\[ONIO-OXYCOBALTIC  SALTS,  or  OXYCO- 
BALTIAC  SALTS,  Co2(NH3)10KVOH-O.OH,  and 
Co^NH^oBVO.OH,  where  E1  =  monovalent 
acidic  radicle.  These  salts  are  obtained  by  the 
combined  action  of  NH3  and  air  on  cobaltous 
salts ;  when  a  stream  of  air  is  passed  into  an 
ammoniacal  solution  of  a  cobaltous  salt,  the 
colour  of  the  liquid  changes  to  brown,  and  if  the 
solution  is  sufficiently  cone,  the  oxycobaltamine 
frequently  separates  ;  in  some  cases  the  salt  is 
obtained  by  adding  a  salt  or  an  acid  to  the  solu- 
tion obtained  as  described.  The  oxycobaltamines 
generally  partially  decompose  when  heated  alone 
or  in  NH3Aq,  giving  off  oxygen  and  forming 
salts  of  the  octamine  (fusco-)  series,  which,  by 
combination  with  NH3,  form  salts  of  decamine 
and  dodecamine  series.  The  oxycobaltamines 
are  decomposed  by  warm  water  with  ppn.  of 
Co.2O3.3H20  or  a  basic  cobaltous  salt  and 
evolution  of  oxygen.  Dilute  acids  partially 
decompose  the  oxycobaltamines  of  the  form 
Co,(NH3)loB4.OH.O.OH  with  production  of  green 
salts  and  separation  of  water.  The  green  salts 
thus  formed  are  regarded  by  Vortmann  (M. 
6,  404)  as  anhydro-oxycobaltamines ;  e.g.  oxy- 
cobaltamine chloride  Co2(NH3)]0Cl4.OH.O.OH 
with  conc.HClAq  gives  anhydro-oxycobaltamine 
chloride  Co2(NH3)10Cl4.C1.0.0H,  thus 

Co2(NH.,)10Cl4.OH.O.OH  +  HC1 
=  Co2(NH3)10Cl4.C1.0.0H  +  H,0.  The  oxycobalt- 
amines were  formerly  represented  as  containing 
the  group  Co202;  and  the  anhydro-oxycobalt- 
amines were  regarded  as  acid  salts  derived  from 
the  oxycobaltamines  (Maquenne,  C.  B.  96,  344) : 
the  change  from  the  chloride  to  the  anhydro- 
chloride,  for  instance,  was  formulated  thus : — 

Co.202(NH,)10Cl4.H20  +  HC1 
=  Co202(NH3)10Cl4.ClH  +  H20.  But  Vortmann's 
observation  that  solutions  of  the  oxycobaltamines 
reduce  KMn04Aq  and  K2Cr207Aq  points  to  the 
presence  of  the  group  O.OH  ;  and  the  formation 
of  octamine  salts  with  evolution  of  ammonia  and 
oxygen  by  heating  ammoniacal  solutions  of  oxy- 
cobaltamines confirms  this  supposition ;  thus 

Co2(NH3)lft(N03)4.OH.O.OH.H,0 
=  Co2(NH3)8(N03)4(OH)2  +  2NH3  +  H20  +  O. 

Whether  the  green  salts  obtained  by  the  reaction 
of  acids  with  the  oxycobaltamines  are  regarded 
as  acid  salts  of  the  oxycobaltamines  (Maqv.enne), 
or  as  anhydro-oxycobaltamines  (Vortmann), 
in  either  case  J  of  the  acid  radicle  is  repre- 
sented as  related  to  the  rest  of  the  salt  dif- 
ferently from  the  other  four-fifths ;  thus  the 
nitrate  is  either  Co2(NH3)10(N03)4.N03.O.OH  or 
Co202(NH3)1(l.(N03)4.N03H.  If  Vortmann's 
formula  for  the  oxycobaltamines  is  adopted,  it  is 
better  to  regard  the  green  salts  as  anhydro-oxy- 
cobaltamines. One-fifth  of  the  acid  radicle  is 
regarded  by  Vortmann  as  directly  associated  with 
the  Co  atom.  The  existence  of  acid  salts  of  the 
oxyc.baltamines,  differing  in  properties  from  the  \ 
anhydro-oxycobaltamines,  and  very  probably 
belonging  to  the  same  type  as  the  oxycobalt- 
amines (e.g.  Co2(NH3)10(N03)4.OH.O.OH.HN03), 
tends  to  show  that  the  green  salts  are  better 
regarded  as  anhydro-oxycobaltamines  than  as 
acid  salts  of  oxycobaltamines. 

Series  I.  OXY-COBALTIAC  SALTS,  or  AM.MONIO- 
OXY-COBALTIC  SALTS,  Co_,(NHt)10PJ  ,.OH.O.OH. 


Oxy-cobaltamine  iodide 

Co2(NH3)10I4.OH.O.OH  (Vortmann,  M.  6,  404) ; 
obtained  by  adding  cold  cone.  KIAqto  an  oxidised 
ammoniacal  solution  of  CoCl2.  Green  needles  ; 
unchanged  in  air;  decomposed  by  much  H2O 
with  evolution  of  0.  Dilute  acids  separate  I  and 
evolve  0 ;  hot  cone.  HN03  forms  luteo-cobalt 
nitrate  Co2(NH3)12(N03)6. 

Oxy-cobaltamine  chloride 
Co.2(NH3)]0Cl4.OH.O.OH  (Vortmann,  M.  6,  404) ; 
obtained  by  dissolving  crystals  of  CoCl2  in  2| 
parts  NH3Aq  S.G.  -912,  with  gentle  warming, 
passing  air  into  the  cold  solution  until  the  pp.  of 
CoCl2.o;NH3,  which  forms,  redissolves,  saturating 
with  NH4C1,  and  adding  alcohol ;  ppn.  is  aided 
by  rubbing  with  a  glass  rod.  Greenish-brown 
powder  ;  very  unstable,  easily  giving  off  0,  and 
then  passing  into  fusco-cobalt  chloride 
Co.2(NH3)8.Cl4(OH)2  (cf.  Fremy,  A.  Ch.  [3]  35, 
257). 

Oxy-cobaltamine  nitrate 

Co2(NH,))0(NO,)4.OH.O.OH  (Fremy,  Z.c.;  Vort- 
mann, I.e. ;  Gibbs,  P.  Am.  A.  10  [1875]  1;  11, 
1) ;  obtained  by  leading  air  into  saturated 
Co2N03Aq,  to  which  saturated  NH4N03Aq,  and 
5  parts  of  NH3Aq  S.G.  -938,  have  been  added. 
Dark  brown  prismatic  crystals.  Very  unstable  ; 
loses  water  and  a  little  NH3  in  dry  air ;  when 
heated  appears  to  form  fusco-cobalt  nitrate 
Co2(NH3)8(N03)4(OH)2. 

Oxy-cobaltamine  sulphate 

Co2(NH3)10(S04)2.OH.O.OH  (Fremy  ;  Vortmann) ; 
obtained  similarly  to,  but  more  easily  than,  the 
nitrate.  Dark  brown  crystals ;  more  stable  than 
the  nitrate ;  heated  to  110°-120°  it  loses  H20, 
NH3,  and  0,  and  forms  fusco-cobalt  sulphate 
Co2(NH3)8(S04)2(OH)2. 

Oxy-cobaltamine    acid    nitrate,    sulphate, 
sulphato-chloride,  &c.     These  salts  are  obtained 
by  dissolving  the  nitrate  or  sulphate  in  cone. 
HN03  or  H2S04  respectively,  or  by  dissolving 
the  sulphate  or  nitrate  in  cone.  HClAq.     Their 
compositions   are    expressed    by  the    formulas 
Co2(NH3)10(N03)4.OH.O.OH.HNOs, 
Co2(NH3)10  S04)2.OH.O.OH.2H2S04, 
Co2(NH3)10(S04)Cl2.OH.O.OH.4HCl, 
Co2(NH3)10(NO,)2Cl2.OH.O.OH.4HCl, 
and      Co2(NH3)JO(S04)(N03)2.OH.O.OH.4HN03. 
These  salts  are  all  very  easily  decomposed  by 
heat,   giving  green  salts,  the  change  probably 
consisting  in  removal  of  the  excess  of  acid. 

Series   II.     ANHYDRO-OXYCOBALTIAC  SALTS, 
or  ANHYDRO-OXY-COBALTAMINES, 
Co2(NH3))0E^4.K1.O.OH  (Vortmann,  M.  6,  404). 

"Anhydro-oxy-cobaltamine  chloride 
Co,(NHs)10Cl4.C1.0.0H.H20  ;  obtained  by  digest- 
ing freshly  prepared  oxy-cobaltamine  chloride  in 
cold  cone.  HClAq  until  the  colour  is  green,  and 
crystallising  from  warm  dilute  HClAq.  Small 
green  needles ;  stable  in  air ;  loses  NH3  and 
H20  on  warming ;  e.  sol.  water,  the  solution 
rapidly  decomposes ;  when  a  solution  in  HClAq 
is  boiled,  purpureo-chloride,  Co2(NH3)]0Cla,  is 
formed  ;  heated  with  NH3Aq,  purpureo-chloride 
is  formed,  along  with  luteo-chloride 
Co.,(NH3)12Cl6.  Forms  double  salts  with 
2PtCl4.5H20,  and  3HgCl2. 

Anbydro-oxy-cobaltamine  nitrate 
Co,(NH3)10(N03)4N03.O.OH.H20  ;     obtained    by 
adding  oxy-cobaltamine  nitrate  to  a  mixture  of 
equal  vols.  cone.  HNOa  and  II80,  digesting  in  the 
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cold  and  then  warming  until  all  is  dissolved ; 
on  cooling  a  blue-green  finely  crystalline  pp. 
forms.  SI.  sol.  water,  solution  rapidly  decom- 
poses; solution  in  dilute  acids  may  be  boiled 
without  change. 

The  other  important  salts  of  the  anhydro-oxy- 
cobaltamine  series  are  the  following  :  — 
Sulphate  (Co2(NH3)10.O.OH)2(S04)5.8H20. 
Bichromate  (Co2(NH3)10.O.OH)2(Cr207)3.8H20, 
Chloronitrates 

Co2(NH3),0(N03)2Cl2.C1.0.0H.H,0,  and 
Co2(NH3)10(N03)4C1.0.0H.H20. 

Acid  sulphates 

(Co2(NH3)10.O.OH)2(S04)5.zH2S04.nH20  ;  x  =  1 
and  2,  and  n  =  2  and  3. 

Acid  nitrato-sulphate 
Co2(NH3)10(SOJ2(N03).O.OH.H.,S04.H20. 

Class  III.— COB ALT.I- AMINES,  or  AMMO- 
NIO-COBALTIC  SALTS  Co2(NH3)a:RI6 ;  x  =  G, 
8,  10,  12.  This  class  comprises  by  far  the 
greater  number  of  the  ammonio-cobalt  salts. 
It  is  divided  into  four  series,  and  some  of  these 
are  again  subdivided.  The  series  are : 
(i.)  Hexamines  Co2(NH3)6R6. 
(ii.)  Octamines  Co2(NH3)sE6. 
(iii.)  Decamines  Co2(NH3)10E(J. 
(iv.)  Dodecamines  Co2(NH3)12R6- 
Series  I.  HEXAMINES,  or  HEXAMMONIO- 
COBALTIC  SALTS  Co2(NH3)6KI6.  Also  called 
dichro-cobaltic  salts.  These  salts  are  very  un- 
stable ;  they  are  readily  decomposed  by  potash. 
Hexamine  chloride  Co2(NH3)6Cl6.H20  (Di- 
chrocobaltic-chloride).  Octamine  cobalt  car- 
bonate, Co2(NH3)s(C03)3,  is  obtained  by  dissolv- 
ing CoC03  in  NH3Aq  in  presence  of  (NH4)2C03, 
exposing  to  air  for  some  time,  evaporating  on 
water-bath  to  a  small  volume,  adding  (NH4),C03 
and  evaporating  again ;  this  salt  is  dissolved 
in  NH3Aq,  (NH4)2C03  is  added,  and  the  solution 
is  evaporated  to  dryness  on  the  water-bath; 
evaporation  after  addition  of  a  little  water  and 
(NH4)2C03  is  repeated  two  or  three  times  ;  the 
crude  carbonate  thus  obtained  is  treated  with 
dilute  HClAq ;  the  turbid  liquid  is  heated  nearly 
to  boiling,  and  then  quickly  cooled,  when  the 
hexamine  chloride  separates  as  small  green 
crystals  (Vortmann,  B.  10,  1451;  15, 1890).  Crys- 
tallises from  neutral  solution  in  green  crystals, 
appearing  almost  black  when  large ;  crystallises 
from  acidified  solution  in  red-brown  tables. 
Dichroism  is  best  seen  by  evaporating  a  drop  of 
solution  of  salt  on  an  object-glass,  and  examin- 
ing under  microscope.  Water  is  not  completely 
removed  at  120°.  Fairly  soluble  in  water ;  on 
warming  solution  becomes  violet,  and  contains 
octamine  purpureo-chloride  Co2(NH3)9Cl(i.2H20 
which  may  be  ppd.  by  HC1 ;  solution  in  HClAq 
on  warming  gives  pp.  of  decamine  purpureo- 
chloride  Co2(NH3),0Clti.  Forms  a  double  salt 
with  HgClo. 

The  chief  salts  of  the  hexamine  series, 
besides  the  chloride,  are  the  following  : 
M  =  Co.,(NH3)6. 

Basic  carbonate  M.(OH),(CO,),.3H.,0. 
Nitrates  M.(N03)6.8H.,0-  and" 
M.(N03)3(OH)3.2H.,0. 

Sulphate  M.(S04)3.6H20. 
Nitrite  M.(N02)6  (Erdmann,  J.  pr.  97,  405). 
Series  II.       OCTAMINES,    or    OCTAMMOXIO- 
COBALTIC  SALTS  Coo(NH3)sKI(j.     The  salts  of  this 
VOL.  II. 


series  are  arranged  in  three  divisions,  the  praseo-, 
the  fusco-,  and  the  croceo-  cobaltic  salts. 
Division  I.  Praseo-cobaltic  salts. 
Praseo-cobaltic  chloride  Co2(NH3)8Cl6.2H20 
(Vortmann,  B.  10,  1451;  15,  1890;  F.  Rose, 
Untersuchungen  Uber  ammoniakalische  Kobalt- 
verbindungen  [Heidelberg,  1871]).  This  salt 
exists  in  two  modifications  generally  known 
as  praseo-cobaltic  chloride  and  octamlne-pur- 
pureo-cobalt  chloride,  respectively.  Praseo- 
chloride  forms  green  lustrous  crystals;  e.  sol. 
water,  the  solution  readily  decomposes,  turning 
violet,  and  HC1  then  pps.  decamine-purpureo- 
chloride  Co,(NH3)10Cl(J.2H20  ;  dried  at  .  100° 
this  salt  becomes  anhydrous.  Octamine  - 
purpureo-chloride  forms  deep  violet  octa- 
hedra ;  does  not  lose  any  H20  at  120°. 

The  praseo-salt  is  generally  found  in  the 
mother-liquor  when  any  cobalt  salt  is  exposed 
to  air  in  presence  of  ammonia,  and  the  solution 
is  ppd.  by  HC1 ;  it  is  separated  from  such  liquid 
by  addition  of  NH4C1.  The  pp.  is  separated 
from  admixed  decamine-purpureo-chloride  by 
washing  with  alcohol,  drying,  dissolving  in  cone. 
H2SO4,  and  carefully  ppg.  by  HClAq  added  drop 
by  drop ;  it  is  then  dissolved  in  ice-cold  water, 
and  at  once  ppd.  by  a  little  HClAq. 

The  purpureo-saltis  obtained  by  oxidis- 
ing an  ammoniacal  cobalt  chloride  solution  in 
the  air,  evaporating  to  a  small  bulk  after  addi- 
tion of  (NH4)2C03,  filtering  from  ppd.  luteo- 
chloride  (Co2(NH3)12Cl6)  and  allowing  to  stand. 

When  a  praseo -chloride  solution  is  warmed 
with  fairly  dilute  HClAq,  a  violet  liquid  is  ob- 
tained, from  which  octamine-purpureo-chloride 
separates  on  cooling.  When  cone.  H2S04  is 
added  to  an  aqueous  solution  of  the  purpureo- 
chloride  crystals  of  the  praseo-salt  gradually 
separate. 

Praseo-chloride  forms  two  double  salts 
with  HgCl2,  viz.,  M.HgCl2  and  M.2HgCl2.  Pur- 
pureo-chloride forms  the  double  salts 
M.6HgCl2.2H2O  and  MJEgG^O;  where  M  = 
Co2(NH3)8Cl6.  When  a  solution  of  octamine 
carbonate,  formed  as  described  under  hexamine 
chloride  (v.  supra),  is  ppd.  by  cold  HClAq,  small 
red  crystals  are  obtained  ;  these  have  the  com- 
position Co2(NH3)8Clti.2H,0.2H.,0 ;  at  120°  the 
crystals  lose  2H.,0,  becoming  octamine  pur- 
pureo-chloride. This  salt  is  usually  known  as 
octamine  roseo-cobalt  chloride;  it  forms 
a  double  salt  Co2(NH3)8Clti.2H,0.6H-Cl2.3H20. 

The  two  salts,  praseo-cobalt  chloride  and 
octamine-purpureo-chloride,  are  isomeric  ;  in 
the  second  the  two  molecules  of  water  are  more 
firmly  held  to  the  rest  of  the  salt  than  in  the 
praseo-  compound.  The  roseo-chloride  differs 
from  the  two  others  by  containing  two  molecules 
of  water  loosely  held  to  the  rest  of  the  salt. 
Each  of  these  salts  is  the  representative  of  a 
subdivision  of  praseo-cobaltic  salts ;  the 
praseo-salts  proper,  the  octamine  purpureo-salts, 
and  the  octamine  roseo-salts.  The  chief  salts 
in  these  subdivisions  are  the  following  : — 
M  =  Co.,(NH3)8. 

Praseo-cobalt  chromato-chloride 
M.Cl4.Cr207.H,0. 

Praseo-cobalt  nitrato -chloride 
M.C14.(N03)2.2H20. 

Octamine  purpureo-cobalt  chromate 
M.(Cr04)3.2H.,0.2H20. 
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Octamine-purpureo-cobalt  sulphate 
M.(S04)3.2H20.2H20. 

Octamine  roseo-cobalt  sulphate 
M.(S04)3.2H20.4H,0. 

Octamine  cobalt  carbonates  M^CO 
and  M.(C03)3.H2C03.2H2O. 

Octamine  cobalt  sulphato-carbonate 
M.(C03)2S04.3H20. 

Octamine  cobalt  nitrate  M.(N03)6.2H20. 

Division  II.  Fusco-cobaltic  salts 
(Fremy,  A.  Ch.  [3]  35,  257).  These  compounds, 
which  are  basic  salts  of  the  octamine  series,  are 
obtained  from  the  brown  liquids  formed  by 
allowing  arnmoniacal  cobalt  solutions  to  stand 
for  a  long  time  in  air ;  they  are  also  formed  by 
decomposing  oxy-cobaltamines  by  water.  They 
are  non-crystallisable  ;  alcohol,  or  passage  of  an 
ammonia-stream,  pps.  them  from  their  solutions. 
Boiled  with  water,  especially  if  alkali  is  present, 
they  are  decomposed  with  separation  of 
Co,03.3H.,0.  The  chief  salts  are  the  following  : 
M  =  Co,(NH3)8(OH)2. 

Fusco-cobalt  chloride  M.C14.2H20. 

Fusco-cobalt  nitrate  M.(N03)4.2H20. 

Fusco-cobalt  sulphate  M.(S04)2.2H20. 

Division  III.  Croceo-cobaltic  salts. 
These  compounds,  which  are  tetra-nitro-deriva- 
tives  of  the  praseo-salts,  are  produced  by  the 
action  of  ammonia  and  nitrous  acid  (or  ammo- 
nium or  potassium  nitrite)  on  solution  of 
Co2N03  or  CoS04 ;  dark-coloured  solutions  are 
thus  formed,  from  which  thecroceo-salts  separate 
in  yellow  crystals  mixed  with  Co(OH)2. 

Croceo-cobaltic  sulphate 

Co2(NH,)8(N02)4.S04.  Prepared  by  adding  NH3Aq 
and  (NH4)N02  to  CoS04Aq,  and  recrystallising 
from  hot  dilute  H2S04Aq.  Yellow  lustrous 
tables ;  large  wine-red  crystals  from  dilute  solu- 
tions. SI.  sol.  hot  or  cold  water.  The  other 
important  croceo-salts  are  represented  by  the 
following  formula,  where  M  =  Co2(NH3)8(N02)4: 
Chloride  M.C12 ;  forms  double  salts  M.Cl2.PtCl4 
and  M.Cl2.2AuCl3 ;  Bromide  M.Br2 ;  Chromate 
M.CrO4;  Dichromate  M.Cr207;  Nitrate  M.(N03)2; 
Periodide  M.I2.I4. 

Series  III.  DECAMINES,  or  DECAMMONIO- 
COBALTIC  SALTS,  C02(NH3)10KV  This  series 
contains  very  many  compounds ;  these  com- 


the  roseo-salts;  they  are  changed  to  the  latter 
by  long-continued  warming  in  presence  of  water, 
by  long-continued  digestion  with  dilute  acids  at 
the  ordinary  temperature,  or  generally  by  pro- 
cesses which  result  in  hydration,  but  not  merely 
by  solution  in  water  and  crystallisation.  The 
xantho-salts  bear  a  somewhat  similar  relation 
to  the  purpureo-salts  that  the  croceo-compounds 
of  the  octamine  series  bear  to  the  praseo-com- 
pounds  of  the  same  series  ;  the  xantho-salts  are 
dinitro-derivatives  of  the  purpureo-salts,  the 
croceo-salts  are  tetra-nitro-derivatives  of  the 
praseo-salts. 

Division  I.  Boseo-cobaltic  salts. 
These  salts  are  obtained  as  products  of  the  de- 
composition of  the  oxy-cobaltamines,  from 
aqueous  solutions  of  which  they  are  ppd.  by 
acids  in  the  cold.  They  are  obtained  from  pur- 
pureo-salts by  long-continued  digestion  with 
dilute  acids,  or,  more  readily,  by  treating  these 
salts  with  alkalis,  e.g.  dilute  solution  of  NH3  or 
NaOH,  Ag20  and  water,  or  BaC03— and  subse- 
quent saturation  with  acids.  The  roseo-salts 
form  red  to  peach-coloured  crystals,  which  ex- 
hibit dichroism  ;  they  are  fairly  easily  soluble  in 
water;  their  arnmoniacal  solutions  are  decom- 
posed on  boiling  with  ppn.  of  Co2O3.3H.X). 
These  salts  lose  water  by  treatment  with  cone, 
acids,  and  form  purpureo-salts.  Koseo-salts  in 
solution  give  a  pp.  of  roseo-pyrophosphate  on 
addition  of  sodium  pyrophosphate ;  potassium 
ferrocyanide  also  gives  a  pp.  with  these  salts ; 
these  reactions  serve  to  distinguish  roseo-  from 
purpureo-salts  (Jorgensen,  J.  pr.  [2]  31,  49). 
The  roseo-salts  show  many  analogies — e.g.  in 
crystalline  form,  methods  of  formation,  and 
general  reactions — with  the  dodecammonio-  (or 
luteo-)  salts  Co2(NH3)12KI6.  Jorgensen  (J.  pr. 
[2]  31,  49)  regards  the  roseo-decamines  as  luteo- 
salts  in  which  2NH3  is  replaced  by  2H2O.  Koseo- 
chloride,  nitrate,  oxalate,  &c.,  in  aqueous  solutions 
react  with  BaCLjAq  and  Ba(N03)2Aq  to  give  only 
roseo-salts.  Koseo-chloride  is  soluble  in  4-8  pts. 
water  at  10°,  while  purpureo-chloride  requires 
287  pts.  water  for  solution  at  10°.  Aqueous  so- 
lutions of  the  two  chlorides  often  give  different 
compounds  by  reacting  with  the  same  re-agents, 
e.g.: 


With  PtCl4,  roseo-chloride  gives;  M.Cltt.2PtCl4.5H20  ;      aud  purpureo-chloride  gives  M.Cl6.2PtCl4. 
„    AuCls          „  „       M.Cl6.2AuCls.2H20;       „  „  „  M.Cl.2AuCl. 


(NH4)2C204,, 


M.(C204)3,6H20  ; 

M=  Co2(NH,)10. 


M.CL(C204) 


pounds  are  well-marked  and  stable  bodies,  fre- 
quently obtained  from  cobaltamines  by  decom- 
posing these  by  acids.  The  series  is  arranged  in 
three  divisions:  the  roseo-,  the  purpureo-, 
and  the  xantho-salts.  The  following  are 
typical  representatives  of  these  divisions  :  rosco- 
cobaltic  chloride  Co2(NH3),0Cl6(H20)2  ;  purpureo- 
cobaltic  chloride  Co2(NH3)10Cl6 ;  xantho-cobaltic 
chloride  Co2(NH3)]0(N02)2Cl4.  The  roseo-  and 
purpureo-salts  differ  in  the  quantities  of  water 
they  contain,  the  purpureo-salts  are  generally 
anhydrous,  the  roseo-salts  usually  contain  2H20 ; 
inasmuch  as  these  salts  form  very  distinct  com- 
pounds with  different  properties,  it  seems  neces- 
sary to  conclude  that  the  2H20  of  the  roseo-salts 
is  not  water  of  crystallisation,  but  forms  an  inte- 
gral part  of  the  molecule  of  each  of  these  salts. 
The  purpureo-salts  are  less  soluble  in  water  than 


Roseo-cobaltic  chloride  Co2(NH3)10(H.)0).,Cla 
(Jorgensen,  J.  pr.  [2]  18,  209;  31,  49;  Gibbs  a. 
Genth,  Researches  on  the  Ammonia-cobalt  bases 
[Washington,  1856]  ;  Mills,  P.  M.  [4]  35,  245 ; 
Geuther,  LeJirbuch  der  Chcmie,  442).  Obtained 
from  an  ammoniacal  solution  of  CoCl2  by  oxidis- 
ing in  air,  or  by  KMn04Aq  (Mills),  and  ppg. 
by  HC1,  avoiding  rise  of  temperature  ;  also  by 
digesting  purpureo-chloride  (q.  v.)  with  dilute 
HClAq,  or  by  dissolving  the  same  salt  in  NH.}Aq 
and  ppg.  by  HC1  in  the  cold  (Jorgensen,  I.e. ; 
Geuther,  I.e.).  A  red,  dichro'ic  powder,  appearing 
crystalline  under  the  microscope.  Loses  2H  0 
at  100°,  giving  purpureo-chloride.  Soluble  in 
4-8  pts.  water  at  10°.  Very  unstable,  easily  going 
to  purpureo-chloride.  Forms  a  gold  salt,  M.2AuCl3, 
by  reaction  with  AnCl3NaCl :  forms  three  Pt  salts  ; 
M.rtClr2H,0,  M.2PtCl4,H,0,  and  M.3PtCl2.6H2O 
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(Jorgensen,  I.e.) :  forms  two  Hg  salts  ;  M.2HgCL 
and  M.6HgCL.2H2O  (Jorgensen,  I.e.). 
[M=  C02(NH3)10(OH2)2C10.] 

Gibbs  (I.e.)  describes  a  yellow  form  of  roseo- 
chloride  obtained  by  decomposing  the  yellow 
form  of  roseo-sulphate  (q.  v.)  by  BaCL^q;  this 
form  does  not  yield  purpureo-chloride  by  reaction 
with  HClAq. 

Roseo-cobaltic  sulphate 

Co,(NH3)10(H20)2(S04)3.3H20  (Fremy,  A.  Ch.  [3] 
35,  257  ;  Gibbs  a.  Genth,  Researches  on  the  Am- 
monia-cobalt bases  [Washington,  1856] ;  Gibbs, 
P.  Am.  A.  10,  1 ;  11,  1 ;  Braun,  A.  138,  109  ; 
142,  50;  Jorgensen,  /.  pr.  [2]  31,  49  ;  35,417). 
Obtained  by  adding  the  proper  quantity  of 
H2S04Aq  to  a  solution  of  roseo-carbonate,  and 
evaporating  over  H2SO4,  or  ppg.  by  alcohol ;  the 
roseo-carbonate  solution  is  prepared  by  decom- 
posing purpureo-chloride  or  bromide  by  Ag.,C03 
(Genth,  A.  80,  275 ;  Claudet,  P.  M.  [4]  2,  253 ; 
Jorgensen,  J.  pr.  [2]  18,  209  ;  19,  49).  Eoseo- 
sulphate  forms  reddish  crystals ;  soluble  in 
94-0  pts.  water  at  17°,  and  in  58  pts.  water 
at  27°.  Two  other  forms  of  the  sulphate  are 
described  by  Gibbs  a.  Genth  (P.  Am.  A.  10,  1 ; 
11,  1) ;  they  differ  chiefly  in  solubility  from 
the  ordinary  form.  An  acid  roseo-sulphate 
Co2(NH3)10(OH)2(S04)3.2H2S04.H20  is  described 
by  Fremy  (I.e.)  (v.  also  Jorgensen,  I.e.}.  The 
normal  sulphate  forms  a  gold  and  also  a  Pt  salt : 
M.(SO4)2Cl.,.2AuCl3  and  M.(S04)2Cl2.PtCl4  (Jor- 
gensen, Z.C.")  [M-  Co2(NH3)10(OH2)2].  ^ 

The  chief  salts  of  the  roseo-  division  besides 
the  chloride  and  sulphate  are  represented  by  the 
following  formulas,  where  M  =  Co.2(NH3)10(H20)2: — 
Dichromate,  M.(Cr2O7)3.3H20  (Gibbs).  Bromide, 
M.Brtf  forming  Pt  salts  with  2PtBr4.2H2O,  and 
3PtBr4.4H.,0  (Jorgensen).  Iodide,  M.I6  (Jorgen- 
sen). Nitrate,  M.(N03)6  (Gibbs;  Jorgensen); 
forming  a  Pt  salt,  M(N03).,Cl4.2PtCl4.2H.,0. 
Nitrato-sulphate,  M.(N03)2(SO.,)2  (J.).  Oxalate, 
M.(C.,04)3.4H20.  Sulphato-oxalate, 
M.(C.~04).,(S04).S04.2H20  (Gibbs  a.  Genth). 
Orthophosphates,  M.(P04)2.H3P04.4H20 ; 
M.(OH)2(PO4H)2.2H20  (J.).  Pyrophosphates, 
M,.(P207)3.12H,0;  M.(P207H)2  (J.) ;  also 
M.(P207Na),.23H.,0  (Gibbs,  Braun,  Porumbaru, 
C.  B.  91/933;  93,  342).  Bromo- sulphate, 
M.Br,(S04),;  forms  a  gold  salt  M.Br2(SO,)2.2AuBr3 
(J.).  lodosulphate,  M.I2(S04)2(Krok,  ActaUnivers. 
Lund,  1870).  Sulphite,  M.(S03).,.3H2O  (Gibbs) ; 
forming  a  double  salt  M.(S03)3.Co2(S03)3.9H,0 
(Kiinzel,  J.  pr.  72,  209 ;  Geuther,  I.e.). 

Division  II.  Purpureo-cobaltic  salts. 
Co,(NH:t)]0BV  These  salts  are  the  most  stable 
of  all  the  cobaltamines.  They  are  formed  from 
the  roseo-salts  by  heating  with  cone,  acids,  or 
sometimes  by  continued  digestion  with  cone, 
acids  in  the  cold ;  also  by  the  action  of  acids  on 
fusco-  and  xantho-cobaltic  salts.  The  purpureo- 
salts  are  generally  anhydrous  ;  they  are  less 
soluble  in  water  than  the  roseo-salts,  into  which 
salts  they  are  changed  by  prolonged  digestion 
with  dilute  acids.  Solutions  of  purpureo-salts 
are  decomposed  by  boiling  with  alkalis,  giving 
pps.  of  Co203.3H2O.  These  salts  probably  con- 
tain two  acidic  radicles  more  closely  asso- 
ciated with  the  rest  of  the  salt  than  the  other 
four  radicles ;  e.g.  they  form  xantho-salts 
Co.,(NH3)10(NO.,).,EI4;  again,  chloro-purpureo-sul- 
phate  Co2(NH3))0Cl,(S04)4  does  not  give  HC1 


with  cone.  H2S04,  nor  is  it  ppd.  by  AgNO.Aq 
even  on  warming  (Jorgensen).  It  is  convenient 
to  consider  the  purpureo-salts  in  four  main  sec- 
tions: ihechloropurpureo-salts  Co2(NH3)10CL,.Ei4, 
the  bromopurpureo-salts  Co2(NH3)10Br.(.KI4,  the 
nitrato-purpureo-salts  Co2(NH3)IO(N03)2:KI4,  and 
the  sulphato-purpureo-salts  Co2(NH3)10(S04).BI4. 
Chloro-purpureo-cobaltic  chloride 


Co^NH^CVCl,  (Mills,  P.  M.  [4]  35,  245; 
Porumbaru,  C.  B.  91,  933  ;  93,  342  ;  Genth,  A. 
80,  275;  Claudet,  P.  M.  [4]  2,  253;  Terreil, 
C.  B.  62,  139;  Braun,  A.  138,  109;  142,  50). 
This  salt  is  formed  when  an  ammoniacal  solu- 
tion of  CoCl2  is  allowed  to  oxidise  in  the  air; 
boiling  with  excess  of  HClAq  pps.  the  salt  as  a 
carmine-red  powder.  The  reaction  of  HClAq  or 
NH,ClAq  with  very  many  cobaltamines  pro- 
duces this  salt.  Instead  of  oxidising  CoCl2  in 
NH3Aq  in  air,  which  process  takes  a  long  time 
to  accomplish,  it  is  advisable  to  use  KMn04Aq 
(Terreil),  bleaching  powder  (Mills),  or  ozonised 
turpentine  or  indigo-blue  (Braun).  Chloro- 
purpureo-chloride  is  a  carmine-red  crystalline 
powder;  in  larger  crystals  it  appears  carmine  - 
red  to  black;  these  crystals  are  tetragonal 
pyramids,  isomorphous  with  roseo  -  chloride  ; 
they  are  dichroic  ;  S.G.  22  1-802  ;  sol.  287  pts. 
water  at  10-2°,  255  pts.  at  11-5°,  and  244  pts.  at 
15*5°  (F.  Eose)  ;  insol.  alcohol  according  to 
Fremy  (A.  Ch.  [3]  35,  257).  An  aqueous  or 
alkaline,  but  not  an  acid,  solution,  pps. 
Co,03.3H20  on  boiling.  Heated  in  air  CoCl. 
and  Co  are  obtained  ;  at  a  higher  temperature 
with  free  access  of  air  Co304  is  produced.  Many 
double  salts  of  chloropurpureo  -  chloride  are 
known,  e.g.  M.Cl4.2PtCl4  ;  M.Cl4.2AuCls  ; 
M.Cl4.6HgCl2  ;  M(SiF6)2  [M  =  Co2(NHJ)10Cl2]. 

The  other  chief  salts  of  the  chloropurpureo- 
section  of  purpureo-cobaltic  salts  are  the  fol- 
lowing :  — 

M  =  Co2(NH3)10Cl2. 

Bromwf  e,M.Br4;  doublesalts,  M.Br4.2PtBr  , 
(M.Br4)2.9HgBr2. 

Iodide,  M.I4;  double  salts,  M.I4.4HgI,, 
M.I4.2HgI2. 

Carbonates,  M.(C03)2.9H,0  ;  M.(C03)2.H20. 

Chromate,  M.  (Cr04)2(  Jorgensen,  J.pr.  [2]  18, 
209). 

Dichromate,  M.(Cr207)2  (Jorgensen). 

Nitrate,  M.(N03)4  (J.). 

Oxalate,  M.(C204)2  (J.). 

Pyrophosphates,  M.(P207).o;H20  ; 
M.(P2O7).H4P207  (J.)  ;  double  salts, 
M.(2PO,H.5Mo03),  M.(2P04NH4.5Mo03)  (J.). 

Sulphates,  M.(S04)2.4H20;  M.(SOJ.,; 
M2.(S04).(HS04)6  (J.). 

Dithionate,  M.(S.,06)2  (J.). 

Thiosulphate,  M.(S203)2  (J.). 

Tartrate,  M.(C4HA)4.5H,0  (J-)- 

Bromo-purpureo-cohaltic  bromide 
Co,(NH3)10Br,Br4  (Jorgensen,.  J.pr.  [2]  19,  49). 
Obtained  by  oxidising  ammoniacal  CoBr.^Aq  and 
heating  with  HBrAq  ;  or  by  heating  roseo- 
sulphate  with  cone.  HBrAq,  and  in  other  ways. 
Blue-violet,  dichroic,  microscopic  octahedra  ; 
from  solutions  in  very  dilute  HBrAq  separates 
as  large  black  octahedra.  S.G.  ^  -  2-483.  Less 
sol.  water  than  the  chloride  ;  1  pt.  dissolves  in 
530  water  at  16°;  insol.  HBrAq,  KBrAq,  and 
alcohol,  but  si.  sol.  in  warm  water  acidulated 
with  HBr,  long  digestion  with  this  liquid  pro- 
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duces  roseo-bromide ;  decomposed  to  bromo- 
purpureo-chloride  by  digestion  with  excess  of 
AgCl ;  Ag.20  or  Ag2C03  produces  solutions  of  roseo- 
hydroxide  and  carbonate  respectively.  Forms 
double  salts,  e.g.  M.Br4.6HgBr2 ;  M.(SLF8), ; 
M.Br4.2PtBr4  [M  =  Co.2(NH3)10Br?]. 

The  following  are  the  chief  salts  of  the 
bromopurpureo-  section  of  purpureo-cobaltic 
compounds  : 

M  =  Co,(NH3)10Br2. 

Chloride,M.Cl4;  double  salts,  M.Cl4.2PtCl4, 
M.Cl4.6HgCl2  (J.). 

Chromate,  M.(Cr04)2  (J.). 

Nitrate,  M.(N03)4  (J.). 

Oxalate,  M.(C204)2  (J.). 

Sulphate,  M.(S04)2  (J.). 

Dithionate,  M.(S206),  (J.). 

Nitrato-purpureo-cobaltic  nitrate 
Co,,(NH3)10(N03)2.(NO:j)4  (Genth,  A.  80,  275; 
Fremy,  A.  Ch.  [3]  35,  257  ;  Gibbs,  Researches, 
&G.;  also  P.  Am.  A.  10,  1 ;  11,  1).  Obtained  by 
dissolving  CoC03  in  the  minimum  of  warm 
dilute  HN03Aq,  adding  twice  the  volume  of 
cone.  NH3Aq,  boiling  with  addition  of  127  pts.  I 
for  every  59  pts.  Co  used,  filtering  after  I  is  all 
dissolved  (from  ppd.  luteo-salt),  and  warming 
the  filtrate  with  HN03Aq,  whereby  I  is  changed 
to  HI03  and  the  nitrato-salt  separates  out  (Jor- 
gensen,  J.  pr.  [2]  23,  227).  Bed  powder  with 
shade  of  violet ;  1  pt.  dissolves  in  273  pts.  water 
at  10° ;  decomposed  by  boiling  with  water,  giving 
Co.,O3.3H20.  The  nitrato-salts  are  more  easily 
changed  by  hot  water  to  roseo-salts  than  are 
the  chloro-  and  bromo-purpureo  salts.  Basic 
nitrates  are  known;  Co2(NH,)IO(OH),(N03)4.6H20 
(Gibbs);  and  Co.,(NH3)10(OH)(N03)5  (Kiinzel, 
J.pr.  72,  209). 

The  following  nitrato -compounds   form  the 
mere  important  members  of  the  section  : 
M  =  Co2(NH3)IO(N03)2. 

Chloride,  M.C14;  d  o  u b  1  e  s  a  1 1  s,  M.Cl4.2PtCl4, 
M.Cl4.2HgCl2  (J.). 

Bromide,  M.Br4  (J.). 

Chromate,  M.(Cr04)2. 

Dichromate,  M.(Cr2O7)2.2H.,0  (J.). 

Gxalate,  M.(C204)2  (J.). 

Sulphate,  M.(S04),.2H.,0  (J.). 

Dithionate,  M.(S206)2.2H00  (J.). 

Diamine-cobalt  nitrite  M.2[Co2(NH3)4(NO,)J 
(J.). 

Sulphato-purpureo-cobaltic  sulphate 
Co,(NH3)10(S04).(S04),.H20  (Gibbs,  P.  Am.  A. 
10,  1 ;  11,  1 ;  Jorgensen,  J.  pr.  [2]  31,  262). 
Obtained  by  adding  alcohol  to  an  oxidised 
ammcniacal  solution  of  CoS04  (Gibbs),  or  to  a 
2^p.c.  aqueous  solution  of  the  acid  sulphate 
Co2(NH3)10(S04).(S04[S04H]2).4H20  (J.).  Violet- 
red,  microscopic,  dichro'ic  needles  ;  v.  sol. 
water,  from  which  solution  roseo  -  sulphate 
separates  on  evaporation.  Forms  a  Pt  salt, 
Co,(NH3)10(S04).S04.Cl2.PtCl4.2H20.  The  chief 
sulphato-salts  are  the  following  : 
M  =  Co2(NH3)10(S04). 

Bromide,  M.(SO,)Br2  (J.). 

Nitrate,  M.(S04)(N03),  (J.) 
A  few  other  purpureo-cobaltic  salts  are  known 
besides  those  belonging  to  the   four   sections 
already  described ;  the  chief  are 

Purpureo-cobaltic  iodide, 
Co2(NH3)10I2.I4  (J.,  /.  pr.  [2]  31,  262). 

Purpureo-cobaltic  chromate  and  di- 


chr ornate,  Co,(NH3)10(OH)  (CrOA,,  and 
Co2(NH3)10(CrA):i.H,0  (Gibbs). 

Division  III.  Xantho-cobaltic  salts. 
These  salts  are  derived  from  the  purpureo- 
compouuds  by  replacing  one-third  of  the  acidic 
radicle  by  the  group  NO2 ;  they  may  be  called 
nitro-purpureo-  salts,  Co2(NH-3))0K4.(N02)2.  These 
salts  are  produced  by  the  action  of  nitrous  acid 
or  nitrites  on  ammoniacal  solutions  of  cobaltous 
salts,  or  on  neutral  or  acid  solutions  of  purpureo- 
or  roseo-cobaltic  salts.  The  xantho-salts  are 
yellow  or  brownish  yellow ;  they  are  more  soluble 
in  water,  and  more  easily  decomposed  by  water, 
than  the  other  salts  of  the  decamine  series.  By 
reacting  with  mineral  acids  they  form  purpureo- 
salts.  The  following  are  the  chief  xantho- 
salts  : — 

(Gibbs  a.  Genth,  Researches  on  the  Ammonia- 
cobalt  bases  [Washington,  1856]). 
M  =  Co2(NH3)1()(N02)2. 

Chloride,  M.C14 ;  double  salts, 
M.Cl4.2AuCl3.2H20 ;  M.Cl^PtCl^H./)  ; 
M.Cl4.4HgCl.,.2H20. 

Iodide,  M.I4. 

Chromate,  M.(Cr04)2.2H20. 

Dichromaic,  M.(Cr.,0-)2. 

Oxalate,  M.(C204),.~ 

Sulphate,  M^SO,)",. 

lodo-sulphate,  M.I,(S04). 

Nitrate,  M.(N03)4." 

Chloro-nitrate,  M.C1.,(NO.,)2 ;  double  salts, 
M.Cl.,(N03)2.2AuCl3 ;  M.CL(NO,).,.PtCl4. 

Bromo-nitrate,  M.Br.,(N03)2." 

Nitrite,  M.(N02)4.4H.,0  ;  double  salt, 
M.(N02)4.2(Co.(N02)3). 

Series   IV.      DODECAMINES,    or    DODECAM- 

MONIO-COBALTIC    SALTS,  Or   LuTEO-COBALTIC    SALTS, 

Co^NH^^R1,..  These  salts  are  formed,  along 
with  other  cobaltamines,  by  the  oxidation  of 
ammoniacal  solutions  of  cobaltous  compounds, 
especially  in  presence  of  much  salammoniac ; 
they  are  also  produced  by  treating  fusco-cobaltic 
salts  with  dilute  acids,  and  by  boiling  roseo-  or 
purpureo-cobaltic  salts  with  ammonia.  The 
luteo-salts  are  yellow  to  bronze-yellow  in  colour ; 
easily  crystallisable ;  generally  more  soluble  in 
water  than  the  corresponding  roseo-salts.  Acid 
solutions  of  these  salts  are  stable  ;  aqueous  and 
alkaline  solutions  are  decomposed  on  boiling 
with  ppn.  of  Co203.3H20.  Those  luteo-salts 
which  contain  water  of  crystallisation  effloresce 
in  air  or  over  H.,S04  in  vacuo.  The  luteo-salts 
are  closely  analogous  to  the  roseo-salts  of  the 
decamine  series,  Co,(NH3)10(OH2)2E(i;  the  crys- 
talline forms  of  many  luteo-  and  roseo-salts  are 
the  same ;  the  solubilities  are  similar ;  both 
series  of  salts  give  similar  pps.  with  K4Fe(CN)uAq 
and  Na4P2O7Aq ;  haloid  salts  of  both  series  are 
decomposed  by  Ag  salts  giving  up  the  whole  of 
their  halogen.  Ammonia  reacts  differently  with 
the  two  series ;  the  roseo-salts  are  dissolved 
with  formation  of  basic  compounds,  while  the 
luteo-salts  are  unchanged.  Jorgensen  ( J.  pr.  [2] 
31,  49)  regards  the  luteo-salts  as  roseo-  com- 
pounds in  which  2H2O  has  oeen  replaced  by 
2NH3. 

Liiteo-cobaltic  chloride  Co2(NH3)I,,ClB  (Mills, 
P.  M.  [4]  35,  245 ;  Genth,  A.  80,  275  ;  Braun, 
A.  138,  109  ;  142,  50;  Jorgensen,  J.  pr.  [2]  35, 
417).  Obtained  by  heating  an  ammoniacal 
solution  of  CoCl2  in  presence  of  NH4C1  and  an 
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oxidiser  such  as  Pb02,  Mn02,  or  KMn04 ;  also  by 
digesting  purpureo-chloride  with  NH3Aq  to 
50°-60°  in  a  closed  tube,  and  in  other  ways. 
Bed-yellow,  dichroic,  monoclinic  crystals  ;  S.G. 
1-7016  at  20°  ;  when  dry  it  is  unchanged  in 
air  at  130° ;  soluble  in  16'8  parts  water  at  11-4° 
(F.  Rose) ;  crystallises  from  hot  water  on  cooling; 
aqueous  solution  is  ppd.  by  alkali  chlorides, 
mineral  acids  and  alcohol ;  unchanged  by  heat- 
ing with  cone.  HClAq  at  100°  in  a  closed  tube  ; 
slowly  decomposed  by  heating  with  NH3Aq, 
more  rapidly  by  KOHAq.  Forms  various  double 
salts  of  which  the  chief  are  :— M.2AuCl3 
(Jorgensen),  M.2PtClrH.,O,  M.PtCl4.2H20, 
M.3PtCl,.6H.,0,  M.3PtCl~.4H.,0,  M.2HgCl.,, 
M.6HgCl.,.2H.p,  M.3SnCl2.10H26  (J.;  also  Braun) 
[M  =  Co2(NH3),,Cl6]. 

Luteo-cobaltic  sulphate 

Co,(NH3)12(S04)3.5H20.  Obtained  by  passing  air 
for  some  days  into  an  ammoniacal  solution  of 
CoS04  and  CoCl,  mixed  with  NH4C1,  treating  the 
yellow  pp.  of  luteo-chloride  and  sulphate  which 
forms  with  hot  water,  adding  Ag2S04  and  a  few 
drops  of  H2S04Aq  to  the  solution,  and  crystal- 
lising by  evaporation  (Gibbs  a.  Genth,  Researches, 
&c.).  Also  by  rubbing  together  luteo-chloride 
and  Ag20  with  water,  filtering,  acidulating  the 
filtrate  with  H.,S04,  and  evaporating  (Jorgensen, 
J.  pr.  [2]  35,  417).  Yellow,  rhombic,  dichroic, 
crystals ;  slightly  soluble  in  cold,  more  -soluble 
in  hot,  water  ;  loses  4H20  over  H2S04 ;  aqueous 
solution  is  only  slowly  decomposed  on  boiling ; 
not  ppd.  by  acids  from  aqueous  solution.  Forms 
double  salts  with  sulphates  of  Ce  and  La; 
M.3LaS04.H20,  M.3CeS04.H20,  M.Ce.,(S04)3.H2O 
(Wing,  Am.  S.  49,  363).  [M  =  Co2(NH3)12(S04)3]. 

The  chief  luteo-salts  besides  the  chloride  and 
sulphate  are  the  following  :— M  =  Co2(NH3)12. 

Carbonate,  M.(C03)3.7H,0  (Gibbs  a.  Genth, 
Researches,  &c.). 

Chromates,  M.(Cr04)3.5H,0  (G.  a.  G.). 

Bichromate,  M.(Cr207)3.ft'H20. 

Bromide*  M.Br6 ;  double  salt, 
M.Br6.2PtBr4.2H20  (Jorgensen). 

Iodide,  M.I6  (J. ;  G.  a.  G.).        ' 

Nitrate,  M.(N03)6 ;    double  salt, 
M.(N03)2.Cl4.2PtCl4.2H20  (J.;  also  Fremy.ACfc. 
[3]  35,  257). 

Nitrato-sulphate,  M.(N03)2.(S04)2  (J.). 

Oxalate,  M.(CV01MH?0;"  double  salt, 
M.(C,04),.Cl2.2AuCl3.4H2O  (G.  a.  G.). 

Phosphates,    M.(P04~).,.8H2O    (J.) ; 
M.(P04H)3.4H20  (J.)  ;   M~.(P20-Na)2.23H20  (J.) ; 
M.(P207)3.20H20;  M.(P207H)2  (J.). 

Chloro-sulphate,  M.(S04)2.CI, ;  double 
salts,  M.(S04),.CL,.2AuCls,  M."(S6,)2.Cl2.2HgCl, 
(J.;  G.  a.  G.;  Schiff,  A.  123,  1;  121,  124; 
Krok,  Acta  Univ.  Lund,  1870). 

Bromo-sulphate,  M.(S04)2Br2  (J.) ;  double 
salt,  M.(S04)2.Br2.2AuCl3. 

lodo-sulphate,  M.(SO4)2I2  (Krok). 

Double  salts  of  nitrite,  sulphite,  and  di- 
thionate,  M.(N02)6.Co2(NO2)6  (Sadtler,  Am. 
S.  49,  198) ;  M.(S03)3.Co2(S03)3.2H20  (Geuther, 
A.  128,  158 ;  Kiinzel,  J.  pr.  72,  209) ; 
M.(SO,)s.2Co2(S08)s.15H.,O  (Geuther,  Kiinzel) ; 
2[M.(S26j,.(OH)2].Co,(S~0,),.(OH),  (G.;  also  K.). 


COB  ALT  AMINES  NOT  INCLUDED  IN  ANY 

OF  THE  FOBEGOING  CLASSES. 
Erdmann's  salt  Co2(NH3)4(N02)8K2  (Erd- 
mann,  J.  pr.  97,  405).  Brown,  lustrous,  prisms, 
separating  from  a  solution  of  CoCl2  in  presence 
of  much  NH4C1  on  addition  of  KN02.  Solutions 
of  this  salt  give  pps.  of  analogous  compositions 
with  solutions  of  many  metallic  salts,  e.g.  of 
Pb,  Hg,  Ag,  Tl  (Gibbs,  P.  Am.  A.  10,  1 ;  11,  1). 

Melano-cobaltic  chloride 

Co2(NH3)6.NH2Cl.Cl4  (F.  Bose;  Vortmann,  B.  10, 
1451 ;  15,  1890).  Greyish  violet,  very  hygro- 
scopic, crystals;  obtained  by  oxidising  an  am- 
moniacal solution  of  a  cobaltous  salt,  adding 
HClAq,  filtering  after  an  hour  or  so  from  pur- 
pureo-chloride, and  dropping  the  filtrate  into  an 
equal  volume  of  ice-cold  fuming  HClAq.  This 
compound  forms  double  salts,  and  derivatives, 
especially  M.Cl4.PtCl4,  M.(OH)2.CL.PtCl4, 
M.(OH)2.Cl.,.3HgCl2.H,0  (Vortmann). 
[M  =  Co2(NH3)6.NH2Cl.]. 

Ammonio-cobaltic  oxychloride 
Co3(NH3)203Cl2.5H20  (Fremy,  A.  Ch.  [3]  35, 257). 
Black  crystals  ;  obtained  by  exposing  ammo- 
niacal CoCLAq  to  the  air  for  some  months, 
boiling  with  NH3Aq,  filtering  from  purpureo- 
chloride,  and  boiling  again.  M.  M.  P.  M. 

COBALTATES.    When    CoO,    Co(OH),,    or 
CoC03  is  dropped  into  6-8  parts  molten  po'tash, 
a  blue  colour  is    formed  which  after  a  time 
changes  to  brown ;  if  fusion  is  continued  until 
dark-coloured    crystals    begin     to     form,     the 
mass  is  then  allowed  to  cool  and  treated  with 
|  water,  thin,    black,   lustrous,   six-sided  tablets 
I  remain.     These  crystals  have  the  composition 
j  (Co305)3.K20.a;H20 ;  according  to  Schwarzenberg 
I  x  =  3,  or  if  the  crystals  are  dried  at  200°  x=l 
(A.  97,  212;    also  Mayer,  A.  101,  266).     Von 
Pebal  (A.  100,  257)  says  that  all  water  is  re- 
moved at   300°.     The    crystals    of  potassium 
cobaltate  arc  insoluble  in  water;  they  are  de- 
composed at  a  little  over  200°,  water  then  dis- 
solves out  K20  and  Co304  remains.     Mayer  (I.e.) 
says   that   long-continued  washing  or  boiling 
with  water  removes  potash  from  the  original 
crystals,  and  that  dilute  HClAq  removes   Co 
(cf.  also  Bussell,  Pr.  32,  258).      M.  M.  P.  M. 

COBALTI-CYANIDES  and  COBALTO-CYAN- 
IDES  v.  CYANIDES. 

COBALT  COLOURING  MATTERS.  Addi- 
tion of  a  Co  salt  to  potash  glass  produces  a  deep 
blue  colour.  Boasted  Co  ore  is  fused  with 
pearl-ash  and  quartz-sand,  the  molten  mass  is 
poured  into  water,  and  then  finely  powdered  ;  it 
is  used  as  a  colouring  matter  under  the  name 
of  Smalt.  Smalt  is  essentially  a  double  silicate 
of  Co  and  K  approaching  the  composition 
CoO.K20(Si02)6.  Cobalt-ultramarine  or  The- 
\  nard's  blue,  and  Cceruleum,  are  essentially  salts 
of  Co  chiefly  phosphates  and  arsenates.  Cobalt- 
green  or  Rinman's  green  contains  Co  and  Zn 
oxides,  and  sometimes  a  little  As203 ;  it  is  pre- 
pared by  evaporating  mixed  solutions  of  Co  and 
Zn  salts  and  strongly  heating  the  residue.  (For 
details  of  these  colouring  matters  v.  DICTIONARY 
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COBRA  POISON  (A.  Pedler,  Pr.  27,  17; 
Blyth,  Analyst,  i.  204  ;  Warden,  C.  N.  54,  197). 
Two-thirds  of  the  organic  matter  in  the  poison 
of  Naja  tripudians  is  of  albuminous  character, 
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being  ppd.  by  alcohol,  the  poisonous  substance 
is  soluble  in  alcohol.  NH3  is  not  an  antidote, 
but  HC1  retards  the  physiological  action,  while 
HC1  and  platinic  chloride  form  a  salt, 
(C17H25N407,HCl)2PtCl4(?),whichisnotpoisonous. 
AuCl3  and  KMnO4  mixed  with  the  poison  before 
injection  prevent  death;  but  after  the  poison 
has  been  injected,  the  subsequent  injection  of 
these  liquids  will  not  prevent  death  (T.  L.  Brun- 
ton  a.  Sir  J.  Fayrer,  Pr.  27,  465).  A  poisonous 
crystalline  substance  may  be  obtained  by  dia- 
lysing  the  poison. 

COCAINE  C17H21N04.  Benzoyl-methyl- 
ecgonine.  [98°] .  S.  "-14  at  12°. 

Occurrence.  —  In  the  leaves  of  Erythroxylon 
Coca  of  South  America  (Niemann,  Ar.  Ph.  [2] 
103,  120,  291 ;  A.  114,  213).  These  leaves  are 
chewed  by  the  inhabitants. 

Formation. --In  small  quantity  by  heating 
together  ecgonine,  benzoic  anhydride  and 
methyl-iodide  at  100°  for  10  hours  (Merck,  B. 
18,  2952). 

Preparations. — 1.  Coca  leaves  are  digested 
with  ether;  the  ether  is  evaporated  and  the 
residue  extracted  with  boiling  water  ;  the  solu- 
tion is  mixed  with  magnesia  and  evaporated  and 
the  cocaine  extracted  by  amyl  alcohol  (Tru- 
pheme,  C.  C.  1881,  447).— 2.  The  leaves  are 
extracted  with  alcohol,  colouring  matter  is  ppd. 
by  lime,  and  the  filtrate  evaporated  to  a  small 
bulk  and  mixed  with  water.  The  alkaloid  is 
then  ppd.  by  K2CO3  and  dissolved  in  ether  and 
decolorised  by  animal  charcoal  (Schull,  Ph.  [3] 
10,  408). 

Properties. — Small  monoclinic  prisms  ;  a:b:c 
=  1-186:1:1-223;  0  =  73°  50'  (Tscherniak,  Site. 
W.  48,  i.  34) ;  v.  si.  sol.  water,  v.  sol.  hot  alcohol 
and  ether.  Cone.  H2SO.,  dissolves  it  without 
colour.  It  produces  insensibility  to  pain  in  the 
tongue,  eye,  or  other  part  touched  by  it.  Taken 
internally  it  acts  somewhat  like  opium  (Ken- 
nedy, Ph.  [3]  10,  65 ;  J.  Grasset,  C.  E.  99,  983, 
1122  ;  100,  364  ;  Eichard,  C.  E.  100, 1409  ;  Laf- 
font,  C.  E.  105, 1278 ;  Sighicelli,  C.  C.  1887,1150). 
An  injection  of  cocaine  acts  as  a  cerebro-spinal 
stimulant  or  anti-narcotic  (Mosso,  Ar.  Ph.  [3]  26, 
179).  Solutions  of  salts  of  cocaine  are  ppd.  by 
KOH,NH3,  and  Na2C03 ;  the  pp.  is  soluble  only 
in  a  large  excess  of  KOH.  but  insol.  NH3.  Am- 
monium carbonate  gives  a  pp.  sol.  excess.  Picric 
acid,  tannin  and  HC1,  potassio-mercuric  iodide, 
iodine  solution,  SnCL,,  AuCla,  and  PtCl4  also  give 
pps.  By  heating  with  cone.  HC1  cocaine  is  split 
up  into  ecgonine  CHH,5N03,  methyl  alcohol,  and 
benzoic  acid  (Lossen,  A.  133,  351).  Cocaine, 
freshly  ppd.  by  NH3  and  left  under  water,  slowly 
decomposes  forming  MeOH  and  benzoyl-ecgonine 
(Paul,  Ph.  [3]  18,  783).  The  specific  rotation  in 
chloroform  solution  at  20°  is  given  by  the 
formula  :  [o]D  =  -  (15-827  +  -00585  q),  where 
q  =  weight  of  chloroform  in  100  pts.  by  weight  of 
the  solution,  and  the  tube  is  100  mm,  long.  If 
q  =  0  then  [a] „=  -15-827. 

Salts.— B'HCl:  the  melting-point  varies 
in  different  preparations  between  [181°]  and 
[185°].  For  its  medicinal  employment  its  abso- 
lute purity  is  essential,  and  this  is  best  deter- 
mined by  taking  its  specific  rotation.  In  dilute 
alcoholic  solution  at  20°,  with  a  tube  100 
mm.  long,  the  specific  rotation  is  given  by 
the  formulae  :  [a]D= —(52-18  + -1588  q),  and 


[o]D  =  -  (67-982  -  -15827  c),  where  q  =  weight  of 
dilute  alcohol  of  S.G.  ™L  -9353  (mixture  of  6  pts. 
by  weight  of  absol.  alcohol  to  9  pts.  by  weight  of 
water)  in  100  pts.  by  weight  of  the  solution,  and 
c  =  weight  of  cocaine  hydrochloride  in  100  pts. 
by  vol.  of  the  solution.  When  q  =  0,  then 
[a]n  =  52-2  ;  when  q  =  100,  then  [a]D  =  68-0  (An- 
trick,  B.  20,  310).— B'^PtCl,,.— B'HAuCl4.— 
B'H2C2O4 :  feathery  crystals. 

Amorphous  cocaine.  An  amorphous  alka- 
loid accompanies  cocaine  in  coca-leaves.  It  is 
v.  sol.  alcohol  and  ether.  Its  hydrochloride  is 
amorphous,  and  its  solution  partially  decom- 
poses on  evaporation,  becoming  acid  (Paul,  Ph. 
[3]  18,  784).  According  to  Hesse  (Ph.  [3]  18, 
71)  this  base  is  isomeric  with  cocaine  (cf.  Stock- 
man, Ph.  [3]  17,  861 ;  Howard,  Ph.  [3]  18,  71 ; 
Bender,  C.  C.  1885,  490.  V.  also  ECGONINE). 

COCATANNIC  ACID  C14H1808.  [189°].  Occurs 
in  coca  leaves  (Warden,  Ph.  [3]  18, 985).  Gives 
a  red  colour  with  KOH.  FeS04  and  Fe2Cl6  give 
a  dark-green  colour.  Pb(OAc)2  gives  a  rose-red 
pp.  It  reduces  alkaline  silver  solution,  but  not 
Fehling's  solution.  Potash-fusion  gives  butyric 
and  traces  of  benzoic  acids. 

COCCERIC  ACID  C31H62O3.  [93°].  Formed, 
together  with  cocceryl  alcohol,  by  saponification 
of  coccerin,  the  wax  of  cochineal.  White  crys- 
talline powder.  Sol.  hot  alcohol,  ether,  benzene, 
&c.,  si.  sol.  the  cold  solvents.  On  oxidation 
with  Cr03  and  acetic  acid  it  gives  pentadecoic 
acid,  the  same  product  as  from  cocceryl  alcohol 
(Liebermann  a.  Bergami,  B.  20,  964).— A'2Ca 
and  A'2Ba  :  flocculent  pps. 

Ethyl  ether  A'Et.  [c.  70°]  (Liebermann, 
B.  18,  1980). 

COCCERIN  C30H60(O.C31HfilO,)2.  Cocceryl  coc- 
cerate.  [106°].  Occurs  in  cochineal  in  quantity 
varying  from  1  p.c.  to  4  p.c.  and  is  obtained  by 
extraction  with  benzene.  The  cocoons  of  the 
cochineal  insect  consist  of  coccerin  to  the  extent 
of  |  of  their  weight  (Liebermann,  B.  19,  328). 
Thin  glistening  plates.  SI.  sol.  all  cold  sol- 
vents, nearly  insol.  alcohol  and  ether.  On 
saponification  with  alcoholic  KOH  it  gives  coc- 
ceryl alcohol  CsoHtio(OH)2  and  cocceric  acid 
C31H6.,03  (Liebermann,  B.  18,  1975). 

COCCERYL  ALCOHOL  C30H;W(OH)?.  [101°- 
104°].  Formed,  together  with  cocceric  acid,  by 
saponification  of  coccerin,  the  wax  of  cochineal 
(Liebermann,  B.  18,  1975).  White  crystalline 
powder.  On  oxidation  with  Cr03  and  acetic  acid 
it  gives  pentadecoic  acid  C,5H30O2  and  probably 
also  an  acid  C30H6003. 

Acetyl  derivative  C.JOHti0(OAc)2 :  [50°]; 
crystalline  solid ;  v.  sol.  ether,  warm  alcohol, 
and  acetic  acid ;  v.  si.  sol.  acetone. 

Benzoyl  derivative  C30H60(OBz)2 :  [62°]; 
crystalline  solid ;  v.  sol.  ether,  warm  alcohol, 
and  acetic  acid,  v.  si.  sol.  acetone  (Liebermann 
a.  Bergami,  B.  20,  959). 

COCCININ  v.  CABMINIC  ACID. 

COCCOGNIN  C^H^Og.  A  crystalline  sub- 
stance  occurring  in  the  seeds  of  Daphne  Meze- 
reum.  SI.  sol.  water,  v.  sol.  alcohol  and  ether. 
|  May  be  sublimed,  when  it  emits  an  odour  like 
coumarin.  Boiling  dilute  H.,SO,  forms  no  glu- 
cose from  it  (Casselmann,  Z.  "[2]  6,  681). 

COCCULIN  C,,,H26010.  Occurs  in  cocculus 
indicus.  Found  in  small  quantities  in  the  pre- 
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paration  of  picrotoxin  (q.  v.),  from  which  it  can 
be  separated  by  means  of  absolute  alcohol,  and 
recrystallised  from  hot  water  acidulated  with 
HC1.  Cone.  H2S04  colours  it  pale  yellow,  dis- 
appearing on  stirring  (Lowenhardt,  A.  222,  353). 

COCETHYLINE  ClsH,,NOr  [109°].  Ob- 
tained by  heating  benzoyl-ecgonine  with  ethyl 
iodide  for  8  hours  at  100°.  Splendid  glistening 
prisms.  Has  an  anaesthetic  action.  PtCl4  gives 
with  very  dilute  solutions  of  the  hydrochloride  a 
yellow  pp.  of  the  platino-chloride  B'12H2Cl2PtCl4, 
which  crystallises  from  a  large  quantity  of  hot 
water  in  glittering  yellow  rhombic  plates.  AuCl3 
gives  a  very  sparingly  soluble  yellow  pp.  HgCl2 
forms  a  white  pp.,  v.  sol.  hot  water  (Merck,  B. 
18,  2954). 

COCHLEAEIA  OIL.  The  essential  oil  of 
scurvy-grass  (Cochlearia  officinalis)  is  isobutyl 
thiocarbimide  (Hofmann,  B.  7,  508). 

COCOA  NUT  OIL  or  cocoa  butter.  The  fol- 
lowing acids  have  been  described  as  present  in 
the  product  of  saponification  of  this  fatty  oil : 
hexoic,  octoic,  decoic,  lauric  C12H.2,02,  an  iso- 
meride  of  lauric  [58°],  tridecoic  C,3H2fi02,  myris- 
tic,  palmitic,  stearic,  oleic,  and  arachic  acids. 
Kingzett  (C.  J.  33,  38)  also  found  an  acid 
C64H12802  [72°]  (Bromeis,  A.  35,  86 ;  Fehling,  A. 
53,  399  ;  Goergey,  A.  66,  290;  Oudemans,  J.  pr. 
81,  367  ;  CaiT  Kobinson,  Tr.  E.  28,  277  ;  Traub, 
Ar.  Ph.  [3]  21,  19). 

CODAMINE  C20H25N04.  [126°]  (from  benz- 
ene) ;  [121°]  (from  alcohol  or  ether).  An  alkaloid 
occurring  in  the  aqueous  extract  of  opium  (Hesse, 
A.  153,  56;  Suppl.  8,  280).  Six-sided  prisms 
(from  ether) ;  m.  sol.  boiling  water,  v.  sol.  benz- 
ene, alcohol,  chloroform,  and  ether.  Cone.  HN03 
gives  a  green  solution.  Fe2Cl6Aq  gives  a  green 
colour.  Cone.  H,S04  gives  a  blue  colour,  changing 
to  green,  and  to  dark  violet  on  warming.  NH3 
and  KOH  give  pps.  sol.  excess.— B'2H.,PtCL  2aq. 
B'HI  Haq. 

CODEINE  C18H.,,N03.  Methyl-morphine. 
Codeia.  [150°].  S.G.  1-32.  S.  1-26  at  15°, 
5-88  at  100°.  [a]D=-134°  (in  alcohol).  S. 
(amyl  alcohol)  15-68 ;  S.  (benzene)  9-60  (Kubly, 
J.  1866,  823). 

Synthesis. — By  gently  heating  morphine 
(1  rnol.)  with  NaOH  (1  mol.)  and  Mel  (1  mol.) 
dissolved  in  alcohol  (Grimaux,  C.  R.  92,  1140, 
1228  ;  Hesse,  A.  222,  210).  The  yield  is  small, 
but  by  doubling  the  quantity  of  Mel  a  good  yield 
of  codeine  methylo-iodide  may  be  obtained. 
The  codeine  so  prepared  is  lasvorotatory ;  [o]D  = 
-130°. 

Preparation. — Aqueous  extract  of  opium  is 
freed  from  meconic  acid  by  ppg.  with  CaCl2, 
and  the  filtrate  evaporated  to  crystallisation. 
The  mixed  hydrochlorides  of  morphine  and 
codeine  are  dissolved  in  water  and  ppd.  by  am- 
monia ;  morphine  is  ppd.  but  codeine  remains 
in  solution.  On  evaporating  the  filtrate  codeine 
hydrochloride  crystallises  out  (Eobiquet,  A.  Ch. 
[2]  51,  259;  A.  5,  106;  Gregory,  A.  7,  263; 
Anderson,  A.  77,  341;  Ed.  Phil.  Trans.  20, 
57  ;  c/.  Couerbe,  A.  Ch.  [2]  59,  158 ;  Eegnault, 
A.  Ch.  [2]  68,  136;  Gerhard t,  Rev.  Sclent.  10, 
203;  Winckler,  R&p.  Pharm.  44,  459;  Merck, 
A.  11,  279  ;  Plugge,  Ar.  Ph.  [3]  25,  343). 

Properties. — Trimetric  crystals  (containing 
aq).  From  CS2  it  separates  in  anhydrous  tri- 
metric  crystals  a:b:c  =  -930:1:-509  (Arzruni,  Z.  K. 


1, 302).  Lfevorotatory  ;  [o]j  (in  alcohol)  =  - 136° ; 
(in  CHC13)=  -112°  (Hesse,  A.  176,  191;  cf. 
Grimbert,  J.  Ph.  [5]  16,  295).  The  rotatory 
power  is  much  affected  by  the  presence  and 
amount  of  acid  in  solution  (Hesse  ;  Tykoci- 
mer,  R.  T.  C.  1,  144).  It  is  a  strong  base, 
reddens  litmus,  and  pps.  salts  of  Pb,  Fe,  Cu, 
<fec.  Sol.  ether.  Codeine  is  insoluble  in  aque- 
ous KOH  and  hardly  more  soluble  in  aqueous 
NH3  than  in  pure  water.  Its  physiological  ac- 
tion resembles  that  of  morphine. 

Colour  reactions. — 1.  H2S04  forms  a  greenish 
solution  which,  after  a  week,  becomes  indigo 
blue.— 2.  Fe2Cl6  gives  no  colour.— 3.  HjS04  and 
Fe2Cl8  gives  an  intense  blue  (Lindo,  C.  N.  37, 
158). — 4.  Chloride  of  iodine  gives  a  yellowish 
pp.  in  solutions  of  salts  of  codeine.— 5.  K2CrO4 
gives  the  chromate.  — 6.  K4FeCy6  gives  no  pp. 
(Plugge,  Ar.  Ph.  [3]  25,  793). 

Reactions. — 1.  HotH2S04  decomposes  it,  and 
after  diluting,  Na2C03  pps. '  amorphous  codeine  ' 
as  a  grey  powder  [100°],  v.  sol.  alcohol,  but  ppd. 
therefrom  by  ether.— 2.  Heating  with  KOH  gives 
off  trimethylamine.— 3.  Heating  with  a  large 
excess  of  cone.  HClAq  forms  '  chlorocodide ' 
C1SH20C1N02,  apomorphine,  and  MeCl.— 4.  HBr 
gives  '  bromocodide  '  ClsH20BrN02,  '  deoxy-co- 
deine  '  C18H21N02  (sol.  ether),  and  '"bromo-tetra- 
codeine  '  C72H83BrN4012  (insol.  ether)  (Matthies- 
sen  a.  Wright,  Pr.  17,  460 ;  18,  83  ;  Wright,  Pr. 

19,  371,  504).— 5.  HI  and  P  at  100°  to  130° 
forms  some  amorphous  substances  (Wright,  Pr. 

20,  8).— 6.    Codeine    (1    pt.)    evaporated   with 
HP03  (3  pts.)  and  water  (5  pts.)  is  partly  con- 
verted into   dicodeine   C3(JH42N206  and  tetraco- 
deine  C72H34N4O12  (Matthiessen  a.  Wright,  Pr. 
18,  87).— 7.   Alkaline  KMn04  expels  half   the 
nitrogen  as  NH,  (Wanklyn  a.  Gamgee,  C.J.  21, 
25).— 8.  PC15  forms  two  bases  C18H20C1NO2  and 
C,8H1;)C12N02   (v.  Gerichten,   A.   210,   107).— 9. 
Cyanogen,  passed  into  a  cone,  alcoholic  solution 
of  codeine,  forms  crystals  of  C18H21N03Cy2. 

Salts. — B'HCl  2aq;  radiate  groups  of  prisms. 
S.  5  at  15-5°  [a]j=-108°.— B'2H2PtCl64aq: 
light  yellow  powder,  gradually  becoming  crys- 
talline.—B'HI  aq :  long  thin  needles.  S.  1-3.— 
B'HI3 :  red  crystals  with  violet  reflex.— B'HI5. — 
B'HN03 :  small  prisms,  v.  sol.  hot  water. — 
B'2H,C204  3aq :  prisms  or  scales.  S.  3-3  at  15-5°  ; 
200  at  100°.— B'H3P04  l|aq  :  scales  or  prisms.— 
B',H2S04  5aq :  trimetric  »risms.  S.  3*3  in  the 
cold  [a]j  =  - 101°  at  20°.-*B'H,S.,O3  oaq :  prisms. 
S.  5-5.— B'HSCy  |aq.  [100°].  Kadiating 
needles.  Chloro-acetate  B'C.,C1H3O2  [154°].— 
Di-chloro-acetate  B'C2CLH,02  [15(5°].— 
Tri-chloro-acetate  BUCl,H02.  [93°].— 
Chloro-crotonate  B'C4H,C1O2.  [171°].— 
Tri-chloro-butyrate  B'C4H,C1,02  [173°].— 
Di-bromo-pyruvate  B'C3H,,Br.,03  [70°] 
(Daccomo,  J.  1884,  1385). 

Acetyl  derivative  ClsH20AcN03.  [135°]. 
From  codeine  and  Ac.,0  (Wright,  C.  J.  27,  1031 ; 
Hesse,  A.  222,  212).— B'HCl  2aq.— B'^PtClg. 

Propionyl  derivative 
CISH^0(C.,H30)N03.  From  codeine  and  pro- 
pioflic  anhydride.  V.  sol.  alcohol,  ether,  and 
benzene.  Cone.  H.,S04  gives  a  blue  colour. 
Forms  well-crystallised  salts.  —  B'HCl  2aq.  — 
B'2H,PtCl.j. — B'HI  aq. — B'H.,C.,04  3aq  (Hesse,  A. 
222,  212).° 

Butyryl   derivative    C1HH,0(C4H70)NO3. 
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Amorphous  (Beckett  a.  Wright,  C.  J.  28,  15).  — 
B'HCl  3aq.—  BgH^tC^. 

Benzoyl    derivative    C18H20(C7H.O)N03. 
Crystallises  from  ether.—  B'HCl  aq.—  B'2H2PtCl6. 

Succinoxyl  derivative 
C18H20N03(CO.CH,.CH2.C02H)  5aq.     Formed  by 
heating  codeine  (Ipt.)  with  succinicacid  (2  pts.) 
at   180°   (Beckett  a.   Wright,    C.   J.   28,   689). 
Insol.  water,  ether,  and  benzene.  —  B'HCl  aq.  — 


Camphoryl  derivative 
CI8H.,0N03(C10H1503).    From   codeine   and  cam- 
phoric acid  at  180°.     Crystalline.—  B'HCl  3aq.— 
B'2H,PtCl6. 

Me  thylo  -iodide  C18H2,N03MeI.  Prepared 
from  codeine  and  methyl  iodide,  or  from  mor- 
phine, methyl  iodide  and  sodium  in  presence  of 
alcohol.  Fine  needles  when  hydrated  :  hard 
voluminous  crystals  when  anhydrous.  With 
moist  silver  oxide  yields  a  hydroxyl  derivative 
converted  by  dehydration  into  methyl  codeine 
(q.  v.)  (Grimaux,  A.  Ch.  [5]  27,  276  ;  C.  E.  93, 
591).  By  successive  treatment  with  Ac20  and 
AgOAc  it  is  converted  into  C17H1403  [131°]  which 
crystallises  from  alcohol  in  needles  (Fischer,  B. 
19,  794). 

Ethylo-iodide  C18H2,N03EtI.  Formed  by 
heating  codeine  with  EtI  and  alcohol  at  100° 
(How,  C.  J.  6,  125).  Crystalline  mass,  v.  sol. 
water.  Not  decomposed  by  KOH  but  converted 
by  Ag2O  into  a  very  alkaline  hydroxide.  The 
hydroxide  changes,  when  its  alkaline  solution  is 
evaporated,  into  ethyl-  codeine.  Acetyl  deri- 
vative C^H^AcNOgEtl^aq:  crystals,  v.  si. 
sol.  cold  alcohol  (Beckett  a.  Wright,  C.  J.  28, 
318).  Gives  rise  to  Ci8H20AcN03EtCl  and 
(C.gH^AcNO.EtCl^PtCl,.  Butyryl  deriva- 
tive C18H20(C4H70)N03EtI^aq. 

Chloride  C,8H20C1NO2.  Codeyl  chloride. 
[147°].  Formed  by  treating  codeine  with  PC15 
mixed  with  POC13.  Colourless  leaflets  ;  insol. 
water,  sol.  alcohol  and  ether  (v.  Gerichten,  A. 
210,  105).—  B'aH^tCl,. 

Chloro-codide  CI8H20C1N02.  Formed  by 
prolonged  heating  of  codeine  (1  pt.)  with  cone. 
HC1  (12  pts.)  at  100°  (Matthiessen  a.  Wright,  Pr. 
17,460  ;  18,  83  ;  A.  Suppl.  7,  364).  Amorphous  ; 
v.  sol.  alcohol  and  ether.  Water  at  140°  gives 
IIC1  and  codeine.  Cone.  HC1  at  140°  gives 
MeCl  and  apomorphine.  —  B'HCl  :  amorphous.  — 


Bromo-codide  C18H20BrN02.  From  codeine 
and  HBrAq  (S.G.  1-5)  at  100°  (Wright,  Pr.  19, 
371).  Unstable.—  B'HBr  :  gummy. 

Chloro-codeine  C18H20ClN03liaq.  [170°]. 
From  codeine,  KC103,  and  HC1.  Crystalline 
powder  :  si.  sol.  ether  and  hot  water,  v.  e.  sol. 
NHAq.  -B'2H  SO,  4aq  :  prisms.—  B'2H2PtCl6, 

Chloride'  C18H19C12N02.  Chloro  -  codeyl 
chloride.  [196°].  Formed  by  heating  codeine 
(1  mol.)  with  PC15  (2£  mols.)  and  POC13  at  70° 
(v.  Gerichten,  A.  210,  105).  Trimetric  prisms; 
insol.  water,  v.  sol.  alcohol,  ether,  and  benzene. 
Its  hydrochloride  crystallises  in  grouped 
needles.—  B'2H2PtCl6. 

Bromo-codeine  C18H,0BrNO3.  [162°].  From 
codeine  and  bromine-water.  Needles  (containing 
f  aq  or  1^  aq).  V.  si.  sol.  water,  v.  e.  sol. 
NH3Aq.-B'2H2PtCl6.-B'HBraq  :  prisms. 

Ethylo-hydrate   B'EtOH.      Decomposes 


on  evaporation  of  its  aqueous  solution  forming 
bromo-ethyl-codeine  (B.  15,  1485). 

Chloride  C18HI9BrClN02.  [131°].  From 
bromo-codeine  and  PC15.  Prisms;  sol.  alcohol 
and  ether. 

Tri-bromo-codeme  C,8H18Br3N02.  From 
bromo-codeine  and  bromine- water  (Anderson). 
Amorphous  powder.— B'23HBr.—B'2H2PtCl6. 

Di-iodo-codeine  C,8H19I2N03  (?).  From 
codeine  hydrochloride  and  IC1.  Crystals  (from 
alcohol).  Insol.  water.— B^H.PtCl.j  aq. 

Nitre-codeine  C18H20(NO2)N03.  From  codeine 
and  hot  dilute  HN03  (S.G.  1-06).  Silky  laminae 
(from  alcohol).  SI.  sol.  boiling  water  (Ander- 
son).—B'2H2PtCl64aq.—B'2H2S042aq  (at  100°)  : 
radiating  needles. 

Dicodeine  (C18H21N03)2  2aq.  Formed  by  heat- 
ing codeine  with  dilute  H2S04,  with  P205,  or  with 
oxalic  acid  (Anderson,  Ed.  Phil.  Trans.  20  [1]  57  ; 
Armstrong,  C.  J.  24,  56  ;  Wright,  C.  J.  25,  506 ; 
28,  312,  696).  Amorphous  powder.  Insol.  water, 
sol.  alcohol  and  ether.  Immediately  ppd.  from 
its  salts  by  Na2C03  (codeine  comes  down  only 
after  some  time).  Fe2Cl6  gives  no  colour. 
HN03  gives  a  pale  orange  tint.  Hot  cone.  HC1 
converts  it  into  C7.,Hs3ClN4OnH4Cl4.  HI  and 
phosphorus  at  120°  form  C136H153IN8020H8I8  (?). 

Salt.— B"H,Cl26aq. 

Acetyl  derivative  (C18H20AcN03)2.  From 
dicodeine  and  Ac20  (Beckett  a.  Wright,  C.  J.  28, 
15).  Amorphous;  v.  sol.  ether.— B"H2C12  5aq  : 
crystalline.— B"H2PtCl6. 

Tricodeine  (C18H2]N03)3.  A  product  of  the 
action  of  H2S04  or  of  ZnCl2  on  codeine  (Wright, 
C.  J.  25,  507  ;  27,  101 ;  Pr.  20,  203).  Amor- 
phous. Sol.  alcohol  and  ether.  Its  hydro- 
chloride  is  amorphous  and  extremely  deliques- 
cent. Cone.  HC1  converts  it  on  heating  into 
apocodeine.  Fe2Clc  gives  no  colour  at  first,  but 
afterwards  a  reddish -purple.  HN03  gives  a  blood- 
red  colour.  Na2C03  immediately  pps.  it  from 
solutions  of  its  salts  (difference  from  codeine). 
Hot  concentrated  hydrochloric  acid  forms 
C108H114N60I2H6C16. 

Tetracodeine  (C18H2]N03)4.  From  codeine 
and  P205.  Formed  also  by  boiling  codeine  with 
benzene  and  NaOEt  (Wright,  C.  J.  27,  107  ;  28, 
324).  Amorphous ;  sol.  alcohol ;  insol.  ether. 
Its  hydrochloride  is  amorphous  and  deliquescent. 
Fe2Cl6  gives  immediately  a  reddish-purple  colour. 
HN03  gives  a  blood-red  colour.  K2Cr2O7  and 
H2S04  gives  an  evanescent  red  colour  (this  re- 
action is  given  also  by  tricodeine,  but  no  colour 
is  got  with  codeine  or  dicodeine).  Na2C03  im- 
mediately pps.  tetracodeine  from  its  salts. 
Boiling  aqueous  HC1  has  no  action.  Boiling 
HI  and  phosphorus  form  C^H^LN.O.^H^  (?). 

Acetyl  derivative  (C18H20AcN03)4.  From 
tetracodeine  and  Ac20  at  120°.  Amorphous. — 
B",H2PtCl6. 

"Bromo-tetracodeine  C72H83BrN4012.  From 
codeine  and  HBr.  HC1  forms  C72HS3C1N40]2H4C14. 
Hydric  bromide  forms  bromo-tetramor- 
phineC68H75BrN4012. 

Salt.—  C72HH3BrN  ,0 ,  ,H4Br4. 

Deoxycodeine  C,8H2,N02.  From  codeine  and 
HBr.  Insol.  water,  sol.  alcohol  and  ether. 
Turns  brown  in  air. — B'HBr  :  small  crystals. 

Apocodeine  C18H,9N02.  Formed  by  heating 
codeine  hydrochloride  with  a  cone,  solution  of 
ZnCl2  for  15  minutes  (Matthiessen  a.  Burnside, 
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Pr.  19,  71).  Gummy  mass  ;  insol.  water,  sol. 
alcohol  and  ether.  Gives  a  blood-red  colour 
with  HN03.  —  B'HCl  :  amorphous.  Acts  as  a 
mild  emetic. 

Methyl-codeine  C19H23N03.  Di-methyl- 
morphine.  [119°].  Prepared  by  evaporating  the 
product  of  the  action  of  silver  oxide,  or  of  KOH, 
on  codeine  methylo-iodide.  The  substance  sepa- 
rates out  as  an  oil,  which  solidifies  on  desiccation. 
Hard,  brilliant  lamime.  It  appears  to  possess 
all  the  properties  of  a  tertiary  base  and  to  be 
formed  by  the  dehydration  of  methyl  codeine 
hydroxide.  With  sulphuric  acid  it  gives  a 
br™vn  Colouration,  turning  violet  on  addition  of 
water  (Grimaux,^.  Ch.  [5]  27,  283). 

Ethyl-codeine  C,8H20EtN03.  Formed  by 
evaporation  of  a  solution  of  codeine  ethylo- 
hydroxide. 

Methylo-iodideClsfl.,0EtN03M.eI.'Rea,&ily 
formed  by  the  union  of  Mel  with  ethyl-codeine. 

Methylo  -hydroxide  B'MeOH.  Formed 
by  the  action  of  moist  Ag20  on  the  methylo- 
iodide.  On  heating  to  130°  it  decomposes  into 
methyl-ethyl-propyl-amine  and  a  body  C15H1002 
(Gerichten  a.  Schrotter,  B.  15,  1486).  The 
compound  C)5H1002  [65°]  is  converted  into 
phenanthrene  by  distillation  with  zinc-dust. 
According  to  Grimaux  (C.  R.  93,  591),  a  crystal- 
line tertiary  base  (?  methyl-ethyl-codeine)  [132°] 
is  formed  by  heating  ethyl-codeine  methylo- 
iodide  with  moist  Ag20  or  KOH. 

Bromo-ethyl-codeiine  C18HlflEtBrN03.  Long 
white  needles.  Sol.  acids  and  strong  NH3. 
Tertiary  base.  Formed  by  evaporation  of  a 
solution  of  the  ethylo-hydrate  of  bromo-codeme. 

Ethylo-hydrate'B'MeOIl.  Formed  by  the 
action  of  moist  Ag20  on  the  methylo-iodide.  On 
evaporating  the  solution  to  dryness  it  decom- 
poses into  methyl-ethyl-propyl-amine  and  a 
body  C15H9Br02  (Gerichten  a.  Schrotter,  B.  15, 
1485).  This  compound  C15H9Br02  [122°]  is 
converted  by  Cr03  into  a  substance  which  is 
apparently  a  quinone. 

DICODETHINE  v.  .E%/Zene-MOBPHiNE. 

CODETHYLENE  v. 

tCERULEIN  C20H806  i.e. 
0 


Formation.  —  1.  By  heating  gallem  with  con- 
centrated sulphuric  acid  at  190°-200°,  an  olive- 
brown  solution  is  formed,  from  which  the  coeru- 
lem  is  precipitated  by  water.  —  2.  By  oxidation 
of  coerulin. 

Properties.  —  Dark-blue,  metallic  glistening 
crystals,  si.  sol.  water,  alcohol  and  ether. 
When  heated  with  zinc-dust  phenyl-anthracene 
is  produced. 

Triacetyl  derivative  C20H703(OAc)3, 
red  needles,  sol.  alcohol,  acetone  and  chloro- 
form, readily  decomposed  with  separation  of 
ccerulein  (Buchka,  A.  209,  272). 

C(ERULINC,0H1207i.e. 


°-  Formed  by  the 
action  of  concentrated  sulphuric  acid  on  gallin  ; 
formed  also  by  reduction  of  coerulein  with  am- 
monia and  zinc-dust  (Baeyer,  B.  4,  556,  663)  :  the 
solution  is  acidified  and  agitated  with  ether,  on 


'  evaporation  of  which  coarulin  is  left  as  a  red 
substance,  sol.  alcohol,  ether  and  acetic  acid 
with  golden-green  fluorescence.  It  is  readily 
oxidised  to  coarulein. 

Tetra-acetyl  derivative 
C20Hs02(OAc)4.  [256°].  Cannot  be  prepared 
directly  from  coerulin,  but  indirectly  from  cceru- 
lein, acetic  anhydride  and  zinc -dust;  yellow 
needles  sol.  alcohol,  chloroform  and  benzene, 
converted  on  oxidation  into  tri-acetyl-coerule'in. 

Constitution. — Coerulin  bears  to  gallin  (q.  v.) 
the  same  relation  that  phenol-phthalidin  bears 
to  phenol-phthalin,  as  shown  by  its  analogous 
method  of  formation  (Buchka,  A.  209,  274). 

CCERULIGNOL  CIOH1402i.e.  CqH10(OMe)(OH). 
Blue-oil.  (241°  cor.).  S.G.  i*  i-06.  Obtained 
first  by  Eeichenbach  among  the  higher  boiling 
portions  of  beech-tar  oil,  and  characterised  by 
giving  a  blue  colouration  with  baryta  water.  Is 
best  separated  by  boiling  the  oil  for  some  time 
with  acetic  acid  just  strong  enough  to  dissolve 
it.  On  pouring  the  solution  into  water  the 
compound  separates  out.  Colourless  oil,  of  crea- 
sote-like  odour,  m.  sol.  hot  water,  alcohol,  ether 
and  acetic  acid.  From  its  reaction  with  nitro- 
benzene and  strong  sulphuric  acid  it  appears  to 
be  a  homologue  of  pyrocatechin,  probably  of 
guaiacol  (Pastrovich,  M..  4, 188).  It  gives  a  blue 
colouration  with  baryta  water  or  bleaching  pow- 
der ;  with  ferric  chloride  in  alcoholic  solution, 
a  green,  but  in  aqueous  solution,  a  carmine-red 
colouration.  Heated  with  hydrochloric  acid  it 
forms  a  substance  C9HI202  i.e.  C9H10(OH)2 
,  crystallising  in  prisms  [56°].  On  melting  it 
evolves  methyl  chloride. 

Acetyl  derivative  C10H,,Ac02  (265°); 
viscid,  colourless  oil,  once  obtained  in  fan- 
shaped  crystals. 

Nitro-derivative  CIOH)3N0202  [124°], 
obtained  together  with  oxalic  acid,  the  principal 
product,  by  the  action  of  nitric  acid  (S.G.  1-12) 
on  coerulignol.  Light  yellow  crystals,  sol.  water 
and  alcohol. 

CffiBULIGNONE  C16H]606  i.e.  O.C6H2(OMe)2 

O.C6H2(OMe)2 

Tetramethyl-ether  of  tetra-oxy-diphenylene- 
quinone.  Cedriret.  One  of  the  products  ob- 
tained by  Keichenbach  from  beechwood  tar 
(J.pr.  1,  1).  The  crude  acetic  acid  prepared 
from  wood  is  treated  with  K2Cr207  which  oxi- 
dises the  di-methyl -ether  of  pyrogallol  that  is 
present  (Liebermann,  B.  5,  746;  6,  381 ;  A.  169, 
231;  Hofmann,  B.  11,  335).  It  is  purified  by 
solution  in  phenol  and  ppn.  by  alcohol  or  ether. 
Small  dark  steel-blue  needles.  Insol.  ordinary 
solvents  ;  cannot  be  distilled.  Dissolves  in  cone. 
HJ304  with  blue  colour,  but  is  decomposed 
thereby  with  elimination  of  one  or  two  methyl 
groups.  Heated  with  aqueous  KOH  it  forms  a 
green  solution,  quickly  becoming  yellow.  Potash- 
fusion  gives  an  intense  but  fugitive  violet  colour. 
Eeducing  agents  convert  it  into  hydrocosrulignone 
C,6H]806  [190°]  which  is  the  tetra-methyl-ether 

Of  HEXA-OXY-DIPHENYL  (q.  V.). 

Coerulignone  of  the  ethyl  series 
CBH2(OEl)2.0 

|  .        Greenish -golden       glistening 
C6H2(OEt)2.0 

prisms.  Prepared  by  the  oxidation  of  diethyl- 
pyrogallol  with  chromic  acid  in  acetic  acid. 
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May  be  reduced  to  the  hydro  -  derivative 
CBH,(OEt),(OH).CtiH,(OEt),(OH)  [176°]  which 
crystallises  in  long  white  needles  (Hofmann,  B. 
11,  801). 

Di-bromo-hydrocoerulignone     v.    HEXA-OXY- 

DIPHENYL. 

COFFEE  v.  CAFFEINE  and  CAFFEOL. 
COLCHICINE  C.,,H.5N06  i.e. 
C15H9(OMe)3(NHAc)"(C62Me)    (?).     Methyl  ether 
of  colchice'in  [145°].     Occurs  in  all  parts  of  the 
meadow-saffron  (Colchicum  autumnale),   espe- 
cially in  the  seeds  (Pelletier  a.  Caventou,  A.  Gh. 
[2]  14,  69  ;  Geiger  a.  Hesse,  A.  7,  274  ;  Hiibsch- 
mann,  Ar.  Ph.  [2]   92,  330  ;   Aschoff,  Ar.  Ph.  \ 
[2]  89,  4 ;    Bley,  Ar.  Ph.  [2]  89,  18 ;   Hiibler,  | 
C.  C.  1865,   536 ;    Fliickiger,  Ph.   [3]    7,   372 ;  ! 
Hertel,  C.  C.  1881,  501 ;  Ph.  [3]  12,  498  ;  Kosen-  ! 
wasser,  Ph.  [3]  8,  507;  Houdes,  C.B.  98,  1442  ;  ' 
Zeisel,  C.  R.  98, 1587  ;  M.  4,  162 ;  7,  557  ;  9,  1). 
Preparation. — The  whole  seeds  are  extracted 
with  hot  90  p.c.  alcohol,  and  the  residue  digested 
with  water.   The  aqueous  solution  is  shaken  with 
CHC13.     On  evaporation  the  chloroform  leaves 
a  syrupy  residue,  which  after  some  days  begins 
to   crystallise.      It  is  recrystallised  repeatedly 
from  alcohol  and  chloroform,  and  finally  from 
water  (Zeisel). 

Properties. — Yellowish-whito  powder.  Sol. 
water  and  alcohol,  insol.  ether ;  darkens  when 
exposed  to  the  light.  It  is  lasvorotatory.  Mineral 
acids  colour  the  solution  yellow.  Weak  alkalis 
also  give  a  yellow  colour ;  concentrated  acids 
yield  a  yellow  resinous  pp.  Cone.  HN03  gives  a 
violet  colour.  Cone.  H2S04  with  a  trace  of  nitrate 
gives  a  yellow  green.  Br  water  a  yellow  pp. 
Iodine  in  KI  a  brown  pp.  Fe2Cl6  no  colour  ex- 
cept on  warming,  when  a  green  colour  is  pro- 
duced. HgCl2  in  neutral  solutions  gives  a  slight 
turbidity,  when  acid  a  yellow  pp.  AuCl.,  yellow 
needles,  CdI2,  potassium  bismuth  iodide,  potas-  ' 
sium  mercuric  chloride,  phosphotungstic  and  j 
phosphomolybdic  acids,  and  chrornates  give 
yellow pps.  Tannic  acid  in  acid  and  neutral  solu- 
tion a  white  pp.  It  forms  an  addition  compound 
with  CHC13  of  the  formula  GfeHttNOr2CHGll 
with  evolution  of  heat.  Yellow  needles  decom- 
posed by  water.  Phenol  gives  a  milkiness,  and 
finally  a  yellow  resin.  Colchicine  acts  as  a 
diuretic,  purgative,  and  irritant  poison  (Mairet 
a.  Combemale,  C.  R.  104,  439,  515). 

Salts. — Colchicine  is  a  weak  base,  most  of 
its  salts  being  decomposed  by  water.    The  auro- 
chloride  B'HAuCl4  is  stable. 
Colchicein  C.,,H.,3NOe  i.e. 

OllP,(OMe),(NHAc)(OO>H).     Tri-methyl-acetyl- 
cokhicinic  acid  [c.  166°]. 

Preparation. — By  warming  an  aqueous  solu- 
tion of  pure  Colchicine  with  2  p.c.  H2S04  or  1  p.c. 
HC1.  Separates  in  white  needles.  There  are 
also  formed  methyl  alcohol,  an  acid  substance, 
and  a  new  or  possibly  two  new  bases. 

Properties.— Shining  white  needles  (contain- 
ing |aq);  becomes  anhydrous  at  140°-150°. 
Lsevorotatory.  V.  e.  sol.  alcohol  and  chloroform, 
insol.  ether  and  benzene.  Sol.  mineral  acids  giv- 
ing a  yellow  solution,  in  the  case  of  HC1  with  rise 
of  temperature.  Alkalis  also  dissolve  it,  yield- 
ing yellow  solutions.  Cone.  H,SO,  and  HN03 
behave  with  it  as  with  Colchicine.  Br  water,  phos- 
phomolybdic acid  and  aqueous  phenol  yield  slight 
pps.  in  the  aqueous  solution,  but  not  other  re- 


agents. In  HC1  solution  it  behaves  like  colchi- 
cine  with  most  reagents.  From  cone.  HC1  solu- 
tion AuCl3  ppts.  an  orange-gold  compound,  which 
can  be  subsequently  crystallised  in  needles.  Lead 
and  copper  acetates  give  pps.  HC1  converts  it 
into  the  hydrochloricle  of  tri-methyl-colchicinic 
acid  C19H21N05HC1  which  forms  a  Pt  salt 
(C19H2!N05HCl)2PtCl4  2aq.  The  dimethyl-col- 
chicinic  acid  and  colchicinic  acid  are  also  pro- 
duced. 

S alts.— B'HAuCl,.— (C^NO^Cu  5aq 
(Zeisel,  M.  7,  585  ;  9,  8). 

Amide  of  colchice'in 

C21H24N205  i.e.  C15H!)(OMe)3(NHAc)(CONH2)  (?). 
Formed  when  colchicine  and  alcoholic  NH3  are 
heated  together  in  a  sealed  tube.  After  evapo- 
rating the  alcohol  a  yellow  crystalline  mass  is 
left,  which  is  recrystallised  from  alcohol.  Two 
kinds  of  crystals  separate.  Those  which  effloresce 
contain  ^  mol.  alcohol. 

Properties. — Heated  with  NaHO  it  forms  col- 
chicein  andNH3.  It  behaves  as  a  base,  being  sol. 
HC1,  insol.  water.  Fe2Cl6  gives  a  brown  coloura- 
tion, and  in  HC1  solution  KNO2  gives  a  violet 
colour,  and  the  alkaloidal  reagents  give  pre- 
cipitates. Cone.  H,S04  dissolves  it,  giving  a 
yellow-red  colouration  (Zeisel,  M.  9,  26). 

COLCHICINIC  ACID  C16HI5N05  i.e. 
C)5HS1(OH)3(NH2)(C02H)(?). 

Preparation. — The  hydrochloride  remains  in 
the  mother-liquor  after  separating  the  dimethyl  - 
and  trimethyl-derivatives  formed  from  colchicem 
by  heating  with  HC1.  After  drying  at  109°  the 
colchicinic  acid  is  obtained  as  a  yellow  powder. 

Properties. — HC1  solution  is  ppd.  by  Br  water, 
KI,  HgCl2,  PtCl4,  AuCl3,  Cdlo,  and  by  the  usual 
alkaloidal  reagents.  Phenol  gives  no  pp.  Cone. 
H2S04  gives  a  brown  colouration  ;  if  a  nitrate  be 
present,  and  then  excess  of  NH3  added,  a  red 
colour  is  produced.  Fe2Cl6  gives  a  red-brown 
colouration  (Zeisel,  M.  9,  22). 

Dimethyl-derivative  ClsHi9N05.  [142°]. 
The  hydrochloride  is  formed  with  the  trimethyl- 
derivative.  It  crystallises  from  hot  water  as 
B'HCl  aq,  from  which  the  free  acid  is  obtained 
in  yellow  microscopic  prisms  by  the  addition  of 
weak  NaHO.  These  prisms  contain  4|aq.  A 
solution  gives  the  usual  alkaloid  reactions  (Zeisel, 
M.  9,  17). 

Trimethyl  derivative  C,9H.,,N05  i.e. 
C15H,,(OMe)3(NH2)(C02H)  ?  [150°].  From  the 
hydrochloride  formed  from  colchicei'n  (q.v.). 
Microscopic  prisms  (containing  2aq).  It  forms 
a  Pt  salt  (B'HCl)2PtCl4  2aq. 

COLEIN  C10H1005  (?)  A  brittle  red  resin, 
which  may  be  extracted  by  acidulated  alcohol 
from  the  leaves  of  Coleus  Verschaffeltii  (Church, 
C.  J.  31,  253). 

COLLAGEN  v.  PKOTEIDS,  Appendix  C. 

COLLIDINE    v.    TKI-METHYL-PYBIDINE    and 

METH  YL-ETH  YL-P  YEIDINE . 

COLLINIC  ACID  obtained  by  Frohde  (J.  pr. 
80,  344)  by  oxidising  gelatin  with  Cr03  is  BENZOIC 
ACID. 

COLLODION  v.  CELLULOSE. 

COLLOIDS.  Name  given  by  Graham  to  those 
substances  which  do  not  diffuse  through  porous 
membranes.  Colloids  are  contrasted  with  Crys- 
talloids. V.  DIFFUSION,  and  PHYSICAL  METHODS, 

COLLOTURINE  v.  LOTURINE. 
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COLOCYNTHIN  C56HS1023  (?)  S.  (cold)  5  ;  (hot) 
6-3.  The  bitter  principle  occurring  in  the  pulp 
of  the  fruit  of  Citrullus  Colocynthis  (Vauquelin, 
J.  Phijs.  84,  338  ;  Braconnot,  J.  Ph.  10,  415  ;  Her- 
berger,  Buchncr's  Repert.  35,  368  ;  Bastick,  Ph. 
10,  239  ;  Walz,  Ar.  Ph.  [2]  96,  141  ;  99,  338  ;  Le- 
bourdais,  A.  Ch.  [3]  24,  58  ;  Henke,  Ar.  Ph.  [3] 
21,  200). 

Preparation.  —  The  fruit  is  extracted  with 
alcohol,  the  alcohol  is  evaporated,  and  the  resi- 
due taken  up  by  cold  water;  lead  acetate  is  added, 
and  in  the  nitrate,  after  removing  the  excess  of 
lead  by  H2S04,  the  colocynthin  is  ppd.  by  tannin. 
The  compound  with  tannin  is  then  decomposed 
by  lead  carbonate. 

Properties.  —  Yellowish  prisms  or  powder.  Sol. 
water  and  alcohol,  insol.  ether,  CS2,  benzene, 
chloroform,  and  ligroin.  Cone.  H2S04  gives  a  red 
colouration.  It  easily  reduces  Fehling's  solution. 
Boiling  aqueous  HC1  gives  a  dark  green  greasy 
pp.,  and  the  solution  still  reduces  Fehling's 
solution.  According  to  Walz,  colocynthin  is  split 
up  by  boiling  dilute  H2S04  into  glucose  (2  rnols.) 
and  a  resin  colocynthem  C44H64013. 

COLOMBIN  v.  COLUMBIN. 

COLOPHENE.  This  name  is  applied  by  Arm- 
strong and  Tilden  to  the  viscid  yellow  oil  left 
after  distilling  all  that  is  volatile  in  steam  from 
the  crude  product  of  the  action  of  H2S04  on  the 
terpenes.  It  is  probably  a  mixture  of  polymer- 
ides  of  these  hydrocarbons  (C.  J.  35,  748).  De- 
ville  (A.  Ch.  [2]  75,  66  ;  [3]  27,  85)  applied  the 
name  to  the  portion  of  the  product  of  the  action 
of  H2S04  on  French  turpentine  that  boils  a  little 
above  300°.  This  might  be  called  dicamphene, 
C20H32.  A  similar  product  occurs  among  the 
products  of  the  distillation  of  colophony,  but  it 
differs  from  Deville's  colophene  in  forming  a 
grease  when  rubbed  with  slaked  lime..  V.  also 
TEKPENES. 

COLOPHONY  v.  TERPENES  and  TURPENTINE. 

COLUMBIC  ACID  C21H2205aq?  An  acid 
which  may  be  extracted  by  lime-water  from  Co- 
lumbo  root  (Bodecker,  A.  69,  47).  Amorphous, 
nearly  insol.  water,  v.  sol.  alcohol,  si.  sol.  cold 
ether.—  Pb2A'4Pb(OH)2aq  ?. 

COLUMBIN  C21H,207.  [182°].  S.  (alcohol) 
3  at  78°.  Occurs  in  the  Columbo  root  (from  Me- 
nispermum  palmatin,  together  with  berberin  and 
a  substance  [220°]  which  crystallises  from  HO  Ac 
in  prisms.  Prepared  by  extracting  the  root  with 
ether.  On  evaporation  a  crystalline  residue,  to- 
gether with  a  fatty  substance,  separates  out  ;  the 
latter  is  removed  by  washing  with  ether,  and  the 
former  crystallised  from  alcohol  (Wittstock,  P. 
19,  298;  Liebig,  P.  21,  30  ;  Kose,  P.  19,  441; 
Bodecker,  A.  69,  39  ;  Paterno  and  Oglialoro,  G. 
9,  66  ;  Alessandri,  Ph.  [3]  12,  995).  Tastes  very 
bitter.  V.  si.  sol.  cold  water,  alcohol,  and  ether. 

COMANIC  ACID  C5H302.C02H  i.e. 


Preparation.  —  1.  Comenic  acid  (q.  v.)  is 
treated  with  PC15  and  the  di-chloro-comanic 
acid  produced  is  reduced  by  HI  (b.p.  127°)  (Ost, 
J.pr.  [2]  29,  62).—  2.  Chelidonic  acid  is  heated 
in  vacuo  at  230°  (Haitinger  a.  Lieben,  M.  6, 
279). 

Properties.  —  Oblique  prisms.  SI.  sol.  water. 
Gives  no  colour  with  Fe2Cl6. 


Reactions.— I.  Decomposed  by  excess  of 
baryta  with  precipitation  of  the  salt  of  an  acid 
which  gives  a  brown  colour  with  Fe2Cl6.  On 
warming  the  pp.  with  excess  of  baryta  it  changes 
to  baric  oxalate,  acetone  being  evolved  (compare 
chelidonic  acid).— 2.  Heated  by  itself  it  splits 
up  into  C02  and  C5H4O2,  pyrocomane,  a  neutral 
substance,  insol.  water,  [32°]  (c.  213°). — 
3.  Warmed  with  cone.  NH3  it  reacts  thus  (com- 
pare the  behaviour  of  comenic  and  of  oxy- 
comenic  acids) :  C6H404  +  NH,  -  C(iH)N03  +  H20. 
The  product  is  oxy-pyridine  carboxylic  ()8-oxy- 
picolinic)  acid  C5H3N(OH)(C02H).— 4.  When 
comanic  acid  (10  g.),  hydroxylamine  hydro- 
chloride  (6  g.),  Na2CO3  (4-5  g.)  and  water  (100  g.) 
are  warmed  together,  the  sparingly  soluble 
oximido-  acid  separates  C5H30(NOH).CO.,H. 
Crystallised  from  water,  it  forms  crystals  which 
decompose  at  200°.  With  fuming  HC1  at  200° 
this  forms  C5H5NO2,  a  crystalline  body  that  is 
very  soluble  in  water.  The  oximido-  acid 
is  reduced  by  Zn  and  HC1  to  oxy-pyridine 
carboxylic  acid.  From  this  it  would  appear 
that  the  oximido-  acid  is  di-oxy-pyridine  car- 
boxylic (di-oxy-picolinic)  acid  (H.  Ost,  J.  pr. 
[2]  29,  378). — 5.  Ethylamine  converts  comanio 
acid  into  oxy-ethyl-pyridine-carboxylic  (oxy- 
ethyl-picolinic)  acid,  C5H2N(OH)(C02H)Et.  This 
acid  splits  up  at  160°  into  C02  and  (?)  oxy-ethyl- 
pyridine. 

Salts . — BaA'2  aq  :  v.  sol.  water. — BaA'2  3aq. 
AgA'. 

Ethyl  ether  EtA'.  [103°].  Prisms ;  not 
acted  upon  by  AcCl. 

Chloro-comanic  acid  C6H3C104.  [247°]. 
Formed,  together  with  the  following,  from  co- 
menic acid  by  successive  treatment  with  PC15 
and  water.  Needles. 

Di-chloro-comanic  acid  C6H2C12O4.  [217°]. 
Needles  (from  alcohol).  HI  converts  it  into 
comanic  acid. 

COMBINATION,  CHEMICAL,  LAWS  OF.— 
Chemistry  concerns  itself  with  the  changes  of 
composition  and  properties  which  certain  defi- 
nite kinds  of  matter  undergo.  Those  kinds  of 
matter  which  are  studied  in  chemistry  are 
divided  into  two  classes,  elements  and  com- 
pounds. Elements  are  those  kinds  of  matter 
which  undergo  chemical  change  only  by  com- 
bining with  other  elements  or  compounds.  Com- 
pounds may  combine  with  other  compounds  or 
with  elements,  or  they  may  be  separated  into 
two  or  more  elements  or  compounds  each  unlike 
the  others,  and  each  weighing  less  than  the  ori- 
ginal quantity  of  the  compound  used. 

The  expression  '  homogeneous  bodies '  has 
sometimes  been  employed  to  denote  elements 
and  compounds,  and  to  distinguish  these  from 
mixtures  which  palpably  consist  of  unlike 
portions. 

The  law  of  the  conservation  of  matter  holds 
good  in  all  chemical,  as  in  all  physical,  changes. 
This  law  may  be  stated  as  follows  as  regards  chemi- 
cal occurrences  : — When  homogeneous  bodies  in- 
teract to  produce  new  bodies,  tlie  sum  of  the 
masses  of  the  bodies  produced  is  equal  to  the  sum 
of  the  masses  of  those  which  have  interacted  to 
produce  tJiem. 

The  proof  of  this  law  is  found  in  the  whole 
body  of  chemical  and  physical  science.  A  few 
numbers  are  here  given,  taken  from  the  re- 
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searches  of  Stas,  which  were  conducted  with 
very  great  care  and  accuracy. 

(1)  Silver  iodide  is  the  sole  product  of  the 
combination  of  iodine  and  silver ;  if  the  law  of 
the  conservation  of  mass  holds  good,  the  mass 
of  silver  iodide  formed  should  be  exactly  equal 
to  the  sum  of  the  masses  of  silver  and  iodine 
used. 


Iodine 


Silver    Sum  of  Silver 
used        and  Iodine. 


Silver 
iodide 


Differences. 


32-4665     27-6223  60-0888  60-086       --0028 

46-8282     39-8405  86-6687  86-6653     --0034 

44-7599     38-0795  82-8394  82-8375     --0019 

160-2752  136-3548  296-6300  296-624 

96-7964    82-3631  179-1595  179-159 

The  mass  of  silver  iodide  formed  was  in  every 
case  slightly  less  than  the  sum  of  the  masses  of 
silver  and  iodine  used  ;  but  this  is  accounted  for 
by  the  fact  that  it  is  impossible  to  collect  abso- 
lutely the  whole  of  the  silver  iodide  formed.  The 
differences  amount  to  about  ^^  of  the  total 
weight,  and  fall  within  the  limits  of  necessary 
experimental  errors. 

(2)  In  another  series  of  experiments  Stas 
heated  silver  iodate,  and  so  decomposed  it  into 
silver  iodide  and  oxygen ;  the  differences  between 
the  mass  of  iodate  used  and  the  sum  of  the 
masses  of  iodide  and  oxygen  obtained  amounted 
to  about  yg~^  of  the  total  weight.  Here  are  a 
few  of  the  results : — 

SS          gSS          °^en          Sum         Difference 

98-2681    81-5880    16-6815     98-2695    +'0014 

156-7859  130-1755    26-6085   156-7840    --0019. 

Homogeneous  bodies  interact  to  produce,  new 
homogeneous  bodies  in  certain  definite  and  fixed 
ratios ;  there  is  a  constant  ratio  betioeen  the 
masses  of  the  interacting  bodies,  and  also  be- 
tween the  mass  of  each  interacting  body  and  the 
mass  of  the  product,  or  of  each  of  theproducts,  of 
the  change. 

The  validity  of  this  statement  is  assumed  in 
all  chemical  investigations.  Stas  carried  out  a 
series  of  elaborate  researches  in  order  to  deter- 
mine whether  the  statement  is  or  is  not  abso- 
lutely accurate.  The  following  numbers  taken 
from  Stas'  memoirs  are  illustrations  of  his 
results. 

(1)  Potassium  chloride  was  caused  to  react 
with  nitric  acid  to  form  potassium  nitrate ;  the 
masses  of  potassium  chloride  and  of  potassium 
nitrate  were  determined. 


-•0060 
-•0005 

Potassium 
bromide 

Silver 

Potassium  bro- 
mide reacting 
with  100  parts  of 

Difference 
from 

silver 

mean 

n  every 

asses  of 
itcd  for 

9-20526 

8-34305 

110-332 

-•008 

it  sJbso* 

20-12315 

18-23665 

110-343 

+  •003 

3d.  The 

15-8310 

14-3451 

110-357 

+  •017 

le  total 
cessary 

11-0613 
16-3032 

10-0253 
14-77495 

110-334 
110-335 

-•006 
-•005 

Mean  110-340 

ts   Stas 

Potassium 
chloride 
taken 

Potassium 
nitrate 
formed 

Potassium  nitrate 
from  100  parts 
of  chloride 

Difference 
from 
mean 

50-7165 

68-6938 

135-643 

-•002 

80-2610 

108-8665 

135-638 

-•007 

72-1022 

99-8050 

135-647 

+  •002 

50-2175 

68-1200 

135-649 

+  •004 

48-9274 

63-3675 

135-645 

•000 

69-8836 

94-7900 

135-640 

-•005 

14-2578 

19-3415 

135-655 

+  •010 

Mean  135-645 

The  divergences  from  the  mean  are  very  small 
and  are  wholly  accounted  for  by  necessary  ex- 
perimental errors. 

(2)  A  solution  of  silver  was  added  to  a  solu- 
tion of  potassium  bromide  until  the  whole  of 
the  bromine  was  precipitated  as  silver  bromide, 
and  from  the  results  was  calculated  the  mass  of 
potassium  bromide  which  reacted  with  100  parts 
by  weight  of  silver.  The  numbers  obtained 
established  the  absolute  identity  of  the  ratio  of 
silver  to  potassium  bromide  in  every  experiment. 
Thus  five  experiments  gave  the  following  re- 
sults :  — 


The  relations  between  the  masses  of  interacting 
homogeneous  bodies  are  expressed  in  the  three 
laws  of  chemical  combination,  usually  known  as 
the  law  of  fixity  of  composition,  or  the  law  of 
constant  proportions ;  the  law  of  multiple  pro- 
portions ;  and  the  law  of  reciprocal  proportions, 
or  the  law  of  combining  weights.  These  laws 
may  be  stated  in  various  forms  of  words  ;  the 
following  are  fairly  satisfactory. 

Law  of  constant  proportions.  The  masses  of 
the  constituent  elements  of  every  compound  stand 
in  an  unalterable  ratio  to  each  other,  and  also  to 
the  mass  of  the  compound  formed. 

Law  of  multiple  proportions.  When  two  ele- 
ments combine  to  form  more  than  one  compound, 
the  masses  of  one  of  the  elements  which  combine 
with  a  constant  mass  of  the  other  element  bear  a 
simple  relation  to  each  other. 

Law  of  reciprocal  proportions;  or  law  of  com- 
bining weights.  The  masses  of  different  elements 
which  severally  combine  with  one  and  the  same 
mass  of  another  element  are  also  the  masses  of 
these  different  elements  which  combine  with  each 
other,  or  they  bear  a  simple  relation  to  these 
masses. 

When  gaseous  homogeneous  bodies  react  to 
produce  new  gaseous  bodies,  the  relations  be- 
tween the  volumes  of  the  interacting  bodies  and 
the  volume  of  the  product,  or  the  volumes  of  the 
products,  are  expressed  in  the  law  of  volumes  or 
the  law  of  Gay-Lussac. 

Law  of  volumes.  WJien  gaseous  elements  or 
compounds  interact,  the  volumes  of  the  interact- 
ing bodies  bear  a  simple  relation  to  each  other, 
and  also  to  the  volumes  of  the  gaseous  products 
of  the  reaction. 

The  law  of  constant  proportions  asserts  the 
absolute  invariability  of  the  composition  of  every 
chemical  compound.  This  law  was  finally  gained 
as  one  result  of  the  long  controversy  waged  be- 
tween Berthollet  and  Proust  throughout  the  years 
1801  to  1808.  Many  of  the  older  chemists  re- 
garded every  chemical  compound  as  of  fixed 
composition ;  the  investigations  of  Bergmann 
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and  Lavoisier,  for  instance,  implicitly  assumed 
the  validity  of  this  law  of  .fixity  of  composition. 
Indeed,  even  so  far  back  as  the  middle  of  the 
17th  century  Van  Helmont  spoke  of  the  satura- 
tion-point which  is  reached  when  a  definite 
quantity  of  an  acid  is  added  to  a  specified  quan- 
tity of  a  base.  The  experiments  of  Kichter  in 
the  last  years  of  the  18th  century  rendered  it 
probable  that  the  masses  of  two  acids,  which 
severally  neutralise  one  and  the  same  mass  of  a 
given  base,  bear  a  constant  ratio  to  each  other 
independently  of  the  nature  of  the  base  with 
which  they  react. 

Berthollet,  in  his  Essai  de  statique  chimique, 
published  in  1803,  stated  the  fundamental  law 
of  chemical  action,  to  the  effect  that  the  amount 
of  a  chemical  change  is  dependent  on  the  affi- 
nities and  the  masses  of  the  reacting  bodies. 
One  of  the  conclusions  which  he  drew  from  this 
generalisation  was,  that  the  composition  of  the 
products  of  a  chemical  reaction  may  vary  within 
certain  limits,  which  are  determined  by  the  re- 
lative masses  of  the  interacting  bodies,  and  by 
the  physical  states  of  these  bodies,  and  of  those 
produced  in  the  change.  Proust  opposed  this 
notion  of  variability  of  composition.  He  analysed 
with  great  care  many  series  of  compounds,  chiefly 
metallic  oxides  and  sulphides,  and  as  a  final  re- 
sult he  established  the  law  of  fixity  of  composi- 
tion, or  of  constant  proportion,  on  a  firm  basis  of 
experimentally  determined  facts. 

Proust  admitted  that  two  elements  might 
combine  in  more  than  one  ratio.  Indeed  he 
analysed  various  pairs  of  oxides  and  sulphides 
of  the  same  metal ;  for  instance,  he  gave  the 
following  analyses  of  oxides  of  copper  and  of 
tin:— 

Copper  oxides  Tin  oxides 

(1)       (2)  (1)         (2) 

Copper  -86-2      80        Tin        =87      78-4 
Oxygen  =  13-8      20        Oxygen  =  13      21-6 

Proust  contented  himself  with  stating  the 
results  of  his  analyses  of  compounds  in  percent- 
ages of  the  constituent  elements.  Had  he  calcu- 
lated the  masses  of  oxygen  which  were  com- 
bined with  the  same  mass  of  copper,  or  the  same 
mass  of  tin,  he  might  perhaps  have  forestalled 
Daltoii  and  announced  the  law  of  multiple  pro- 
portions. For  Proust's  analyses  quoted  above,  if 
thus  treated,  give  these  results  : — 

Copper  oxides  Tin  oxides 

(1)       (2)  (1)       (2) 

Copper  =86-2     86-2        Tin        =87        87 
Oxygen  =  13*8     21-5        Oxygen  =  13        24 

Dalton  analysed  two  compounds  of  carbon 
and  hydrogen,  and  found  that  the  ratio  of  carbon 
to  hydrogen  in  one  compound  was  twice  that  of 
carbon  to  hydrogen  in  the  other  ;  in  other  words, 
he  found  that  a  fixed  mass  of  hydrogen  com- 
bined with  a  definite  mass  of  carbon  to  form  one 
compound,  and  with  twice  that  mass  of  carbon 
to  form  another  compound.  Dalton  did  not 
conduct  the  experiments  which  led  to  this  result 
solely  with  the  view  of  finding  the  quantitative 
laws  of  chemical  combination,  but  rather  with 
the  object  of  rendering  clear  the  atomic  concep- 
tion of  chemical  change  which  at  this  time  was 
occupying  his  attention.  While  determining 
the  composition  of  series  of  compounds,  he  had 


always  in  his  mind  the  conception  of  chemical 
combination  as  consisting  in  the  union  of  ex- 
tremely minute  portions  of  the  combining  bodies. 
These  minute  portions,  or  atoms,  of  an  element, 
he  pictured  to  himself  as  chemically  indivisible, 
and  as  all  of  the  same  mass  ;  hence,  he  argued, 
if  two  elements  combine  to  form  more  than  one 
compound,  the  masses  of  one  of  these  elements 
which  combine  with  a  fixed  mass  of  the  other 
element  must  bear  a  very  simple  relation  to  each 
other,  one  must  be  a  whole  multiple  of  the  other, 
because  portions  of  atoms  cannot  combine,  and  all 
the  atoms  of  the  same  element  have  the  same  mass. 
The  law  of  multiple  proportions  was  a  neces- 
sary consequence  of  the  Daltonian  atomic  theory.. 
As  a  matter  of  fact,  the  law  was  deduced  from 
experimental  data  by  reasoning  directed  by  the 
mechanical  conceptions  of  this  theory  (v.  ATOMIC 

|  AND  MOLECULAR  WEIGHTS,  Vol.  I.  pp.  336-7).     Dal- 

j  ton's  analyses  were  not  very  accurate.  There  can 
,  be  little  doubt  that  it  was  not  the  analytical  results 
which  led  him  to  the  discovery  of  the  law  of 
|  multiple  proportions,  but  that  the  law  was  ten- 
tatively deduced  from  the  atomic  conception  ha 
j  had  formed  of  chemical  processes,  and  was  thon 
|  confirmed  by  the  results  of  his  analyses  of  com- 
pounds. 

The  announcement  of  the  law  of  multiple 

proportions  at  once  threw  a  flood  of  light  on  the 

empirical  data  already  amassed  regarding  chemi- 

j  cal  composition ;  and  it  also  led  to  more  careful 

|  analyses  of  numerous   compounds,  by  showing 

!  the  importance  of  these  analyses,  and  by  inter- 

i  preting  their  results  in  terms  capable  of  general 

application. 

After  the  publication  of  Dalton's  New  System 
of  Chemical  Philosophy  in  1808,  chemists  every- 
where busied  themselves  with  making  accurate 
analyses  of  compounds.  Some  chemists  accepted 
the  atomic  theory  of  Dalton,  others  preferred  to 
speak  of  combining  proportions,  or  equivalents, 
rather  than  of  atoms,  of  elements  ;  but  whether 
accepting  or  rejecting  his  theory,  all  were  influ- 
enced by  Dalton's  teaching.  The  development 
of  the  atomic  theory  and  the  verification  of  the 
laws  of  chemical  combination  are  indissolubly 
bound  together. 

If  the  atomic  theory  were  granted,  not  only 
the  law  of  multiple  proportions,  but  also  that  of 
reciprocal  proportions,  followed  as  a  necessary 
consequence.  For  the  masses  of  two  or  more 
elements  which  combine  with  each  other  must 
be  the  masses,  or  whole  multiples,  or  sub- 
multiples,  of  the  masses,  of  those  elements  which 
severally  combine  with  a  fixed  mass  of  some 
other  specified  element ;  because  combination 
occurs  between  atoms,  and  atoms  are  chemically 
i  indivisible,  and  all  the  atoms  of  any  element  are 
of  the  same  mass. 

The  outcome  of  the  researches  of  Berzelius 
I  and  his  followers  into  the  composition  of  com- 
pounds was  to  establish  the  laws  of  chemical 
combination  on  a  firm  basis  ;  but  so  intimately 
were  those  investigations  connected  with  the 
j  development  of  the  atomic  theory,  and  with  the 
controversies  which  attended  that  development, 
that  many  chemists  who  demurred  to  the  theory 
were  inclined  to  deny  the  absolute  validity  of  the 
laws  as  expressions  of  fact,  and  to  think  that 
these  laws  must  stand  or  fall  with  the  theory 
which  had  first  given  them  importance. 
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The  results  of  the  laborious  researches  of 
Stas  '  have  shown  that  the  laws  of  chemical  com- 
bination by  mass  are  perfectly  accurate  state- 
ments of  facts  which  hold  good  in  all  chemical 
processes. 

Some  of  the  results  obtained  by  Stas  have 
been  already  given  (p.  236).  The  following 
analyses  of  silver  chloride,  and  of  ammonium 
chloride,  prepared  by  different  methods,  serve  to 
show  that  the  composition  of  each  of  these  two 
compounds  at  any  rate  is  absolutely  fixed : — 

Grams  of  silver 
Method  of  chloride  obtained 

preparation  of  silver  chloride        from  100  of  silver 

1.  Ag  burnt  in  Cl  gas     .         .         132-842 

2.  Ag  dissolved  in  HN03Aq, 

and  ppd.  by  HC1  gas      .        132-847 

3.  Ag  dissolved  in  HN03Aq, 

and  ppd.  by  HClAq        .         132-848 

4.  Ag  dissolved  in  HN03Aq, 

and  ppd.  by  NH4ClAq    .         132-842 

The  ammonium  chloride  analysed  was  pre- 
pared in  four  different  ways  : — 

(1)  Commercial  salammoniac  was  dissolved 
in  water  and  boiled  with  nitric  acid  to  destroy 
organic  matter ;  the  liquid  was  decomposed  by 
pure  lime ;  the  ammonia  produced  was  led  into 
water  and  then  neutralised  by  hydrochloric  acid ; 
the  ammonium  chloride  was  sublimed  in  a  stream 
of  ammonia. 

(2)  Commercial  sulphate  of  ammonia  was 
heated  with  sulphuric  acid,  then   boiled  with 
nitric  acid  ;  the  solution  was  treated  in  the  same 
way  as  described  in  (1). 

(3)  A  solution  of  potassium  nitrite  was  mixed 
with  potash,  zinc-dust  was  added,  and  the  liquid 
warmed;  the  nitrite  was  thus  reduced  to   am- 
monia,  which  was  led  into   water,   and  then 
neutralised  by  hydrochloric  acid,  the  ammonium 
ch'o  ide  was  sublimed  in  an  ammonia-stream. 

(4)  A  part  of  the  ammonium  chloride  pre- 
pared in  (3)  was  sublimed  in  vacua. 

Weighed  quantities  of  the  different  prepara- 
tions were  dissolved  in  water,  and  the  quantity 
of  silver  required  for  the  precipitation  of  all  the 
chlorine  was  very  accurately  determined ;  ex- 
periments were  conducted  at  different  tempera- 
tures. A  selection  is  given  from  the  results  : — 


Grams 

NH4C1  de- 

Grams 

Silver 

composed 

used 

used 

by  100 

grams 

silver 

Speci- 

j at    20° 

11-79643 

23-7843 

49-598 

men  (1) 

(  at  100° 

39-62130 

79-88613 

49-5974 

19\ 

(  at    20° 

11-80844 

23-8086 

49-597 

»  MJ 

j  at  100° 

13-40631 

27-0277 

49-602 

/o\ 

fat    20° 

6-25216    12-60716 

49-593 

»    (6) 

\at    20° 

10-71756    21-6093 

49-597 

(A\ 

/  at    20° 

13-5129      27-2429 

49-598 

'»      V*/ 

I.  at    20° 

6-2250 

12-5523 

49-592 

Mean 

49-5968 

1  RecJierches  sur  les  rapports  reciproques  des  poids  ato- 
///  i<i  in-*  [I860],  Nouvellcs  recherches  sur  les  lots  des  proportions 
i  It: in iii ues,  sur  les  poids  (ilomi'jues  et  leurs  rapports  mutuels 
[18661.  A  German  translation  of  both  memoirs  was  pub- 
IMicd  in  1867,  with  the  title  UntersuchunyenuberdieGesetze 
drr  chfmischm  Pi-oportionen,  iiber  die  Atomgewichten  imd 
ihre  yrgoneWffen  VerMltnisse. 


One  of  the  forms  in  which  the  law  of  reci- 
procal proportions  may  be  stated  is  as  follows  : 
The  elements  combine  in  the  ratios  of  their  com- 
bining weights,  or  in  ratios  which  bear  a  simple 
relation  to  these.  By  the  combining  weight  of 
an  element  is  here  understood  the  smallest  mass 
of  that  element  which  combines  with  unit  mass 
of  a  standard  element  (v.  COMBINING  WEIGHTS  OF 
ELEMENTS).  Suppose  the  standard  element  were 
oxygen;  then  if  the  combining  weight  of  an 
element  were  determined  from  analyses  of  dif- 
ferent compounds  of  that  element,  all  of  which 
compounds  contained  oxygen,  the  law  asserts 
either  that  the  same  value  for  the  combining 
weight  should  be  deduced  from  all  the  analyses, 
or  that  the  different  values  found  should  bear  a 
simple  relation  to  each  other.  Stas  proved  the 
absolute  accuracy  of  the  law  as  regards  silver, 
by  determining  the  mass  of  this  element  com- 
bined with  16  parts  by  weight  of  oxygen  in 
various  compounds.  The  compounds  chosen 
were,  silver  iodate,  bromate,  chlorate,  and  sul- 
phate. Stas  reduced  these  compounds  to  silver 
iodide,  bromide,  chloride,  and  sulphide,  respec- 
tively, and  then  determined  the  amount  of  silver 
in  these  salts. 

The  following  values  were  obtained  for  the 
mass  of  silver  combined  with  iodine,  &c.,  and  16 
parts  by  weight  of  oxygen :  (1)  From  analyses 
of  iodide  prepared  by  reducing  iodate  107  928  ; 
(2)  from  analyses  of  bromide  prepared  by  re- 
ducing bromate  107-921;  (3)  from  analyses  of 
chlorate  prepared  by  reducing  chloride  107-937  ; 
(4)  from  analyses  of  sulphide  prepared  by  re- 
ducing sulphate  107*920.  Stas  further  reduced 
potassium  chlorate  to  chloride  and  then  deter- 
mined the  mass  of  silver  needed  to  precipitate 
the  chlorine  which  was  combined  with  16  parts 
of  oxygen  in  the  original  chlorate  ;  he  thus  in- 
directly obtained  a  value  for  the  combining  weight 
of  silver,  meaning  thereby  the  mass  of  this 
element  which  combines  with  that  mass  of 
chlorine  which  enters  into  union  with  16  parts 
by  weight  of  oxygen ;  the  number  found  was 
107-930.  Another  method  which  Stas  used  for 
testing  the  accuracy  of  the  law  of  reciprocal  pro- 
portions consisted  in  finding  the  ratio  of  the 
masses  in  which  two  elements  united  to  form  a 
binary  compound,  and  also  the  ratio  of  the 
masses  in  which  the  same  pair  of  elements  were 
united  in  a  compound  formed  by  the  addition  of 
a  third  element  to  the  first  binary  compound. 
Stas  determined  the  ratio  of  silver  to  iodine  in 
silver  iodide  and  iodate,  of  silver  to  chlorine  in 
silver  chloride  and  chlorate,  and  of  silver  to 
bromine  in  silver  bromide  and  bromate.  The 
results  proved  the  absolute  accuracy  of  the  law. 

There  can  be  no  doubt  as  to  the  accuracy  of 
the  laws  of  chemical  combination  by  weight. 
These  laws  are  perfectly  accurate  statements  of 
facts,  and  they  hold  good  in  every  chemical 
change. 

The  law  of  combination  of  gaseous  elements 
and  compounds  by  volume,  enunciated  by  Gay- 
Lussac,  has  not  yet  been  subjected  to  so  rigorous 
an  examination  as  that  which  the  laws  of  com- 
bination by  weight  have  undergone. 

The  ratio  of  the  volumes  in  which  hydrogen 
and  oxygen  combine  to  form  water  was  deter- 
mined by  Lavoisier,  in  1783,  to  be  1-01:1.  Other 
chemists  stated  the  ratio  to  be  approximately 
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2:1.  In  1805  Gay-Lussac  and  Humboldt  an- 
nounced that  the  ratio  was  exactly  2:1,  and  in 
1808  Gay-Lussac  made  the  generalisation,  which 
he  based  on  numerous  experiments,  that  the 
volumes  of  gaseous  elements  or  compounds 
which  combine  to  form  gaseous  products  can  be 
expressed  by  small  whole  numbers,  and  that  the 
volume  of  the  gaseous  product  of  such  combina- 
tions is  either  the  sum  of  the  volumes  of  the  con- 
stituents or  it  bears  a  very  simple  relation  (\,  ±, 
|,  &c.)  to  this  sum.  Gay-Lussac's  experiments 
showed,  for  instance,  that  1  volume  of  nitrogen 
combines  with  3  volumes  of  hydrogen  to  form 
2  volumes  of  ammonia,  and  with  2  volumes  of 
oxygen  to  form  2  volumes  of  nitrogen  dioxide, 
Ac. 

Investigations  have  recently  been  made  by 
Scott  regarding  the  volumetric  ratio  in  which 
hydrogen  and  oxygen  combine  to  form  water. 
The  results  (v.  Scott,  Pr.  1887.  398 ;  B.A.  1887. 
608 ;  N.  37,  439)  do  not  finally  settle  the  ratio 
but  they  all  tend  to  show  that  it  is  slightly  less 
than  2:1,  the  most  probable  value  being  1-997:1. 

The  laws  of  chemical  combination  are  all 
included  in  the  two  statements  : 

1.  The  elements  combine  in  the  ratios 
of    their  combining  weights,    or    in 
ratios  which  bear  a  simple  relation  to 
these. 

2.  The  gaseous  elements  combine  in  the 
ratios  of  their  combining  volumes,  or 
in  ratios  which  bear  a  simple  relation 
to  these. 

By  combining  weight  is  here  meant  the 
smallest  mass  of  an  element  which  combines 
with  unit  mass  of  some  specified  element  taken 
as  a  standard;  and  by  combining  volume  is 
meant  the  smallest  volume  of  a  gaseous  element 
which  combines  with  unit  volume  of  some 
specified  gaseous  element  taken  as  a  standard. 

The  first  statement  has  been  amply  verified 
by  accurate  experiments  ;  the  second  does  not 
yet  stand  on  so  firm  an  experimental  basis. 

In  connexion  with  this  article  v.  the  articles 
ATOMIC  AND  MOLECULAB  WEIGHTS  ;  COMBINING 
WEIGHTS  OF  ELEMENTS;  COMPOSITION,  CHEMICAL; 
EQUIVALENTS  ;  FORMULA.  M.  M.  P.  M. 

COMBINING  WEIGHTS  OF  THE  ELE- 
MENTS.— The  laws  of  chemical  combination  by 
mass  are  expressed  in  the  statement,  the  elements 
combine  in  the  ratios  of  their  combining  weights, 
or  in  ratios  which  bear  a  simple  relation  to  these. 
The  term  combining  weight  is  here  taken  to 
mean  the  smallest  mass  of  an  element  which 
combines  with  unit  mass  of  a  standard  element. 
Hydrogen  is  adopted  as  the  standard  element ; 
hence  the  practical  definition  of  combining 
weight,  as  here  understood,  is  the  smallest 
mass  of  an  element  that  combines  with  1  part 
by  weight  of  hydrogen.  But  many  elements  do 
not  combine  with  hydrogen ;  it  is  therefore  often 
necessary  to  make  use  of  some  element  other 
than  hydrogen  as  a  standard. 

All  the  elements  except" fluorine  and  bromine 
form  oxides,  and  most  of  the  elements  combine 
with  chlorine.  These  two  elements,  oxygen  and 
chlorine,  are  therefore  frequently  used  as  stan- 
dards of  reference  in  determinations  of  combining 
weights. 

Oxygen  combines  with  hydrogen  in  two 
ratios  (by  weight),  8:1  and  16:1;  but  chlorine 


and  hydrogen  combine  only  in  the  ratio  35'5:1 
(these  values  are  given  in  round  numbers).  In 
accordance  with  the  definition  given  above,  the 
combining  weight  of  oxygen  is  said  to  be  8,  and 
the  combining  weight  of  chlorine  to  be  35-5. 
The  combining  weight  of  an  element  may  then 
be  taken  to  be  the  smallest  mass  of  it  which 
combines  with  1  part  by  weight  of  hydrogen,  or 
8  parts  by  weight  of  oxygen,  or  35-5  parts  by 
weight  of  chlorine. 

The  same  value  is  found  for  the  combining 
weights  of  some  elements  which  form  both 
oxides  and  chlorides,  whether  the  value  is  deter- 
mined from  analyses  of  the  compounds  with 
oxygen  or  with  chlorine.  Sodium  and  silicon 
are  cases  in  point.  But  in  some  cases,  one  value 
is  found  for  the  combining  weight  of  an  element 
from  analyses  of  its  oxide,  and  another  value 
from  analyses  of  its  chloride.  Thus  i|*  is  the 
smallest  mass  of  iodine  that  combines  with  35-5 
parts  by  weight  of  chlorine,  but  if--  parts  by 
weight  of  iodine  combine  with  8  parts  of  oxygen, 
'  and  if  the  combining  weight  of  iodine  is  deduced 
:  solely  from  analyses  of  its  hydride,  the  value 
j  found  is  127.  So  also,  the  smallest  mass  of 
nitrogen  that  combines  with  1  part  by  weight  of 
hydrogen  is  4-66,  but  a  compound  of  nitrogen 
and  oxygen  is  known  which  is  composed  of 
2-8  parts  of  nitrogen  in  union  with  8  parts  of 
oxygen. 

Different  values,  then,  are  frequently  ob- 
tained for  the  combining  weight  of  an  element 
according  as  the  combining  weight  is  determined 
in  reference  to  hydrogen,  chlorine,  or  oxygen,  as 
the  standard  element.  But  the  different  values 
always  bear  a  simple  relation  to  each  other. 
The  following  table  presents  the  values  found 
for  the  combining  weights  of  a  few  elements ; 
the  ratios  of  the  numbers  are  stated  in  the  last 
column.  Bound  numbers  are  given  : — 


Combining  weights 
referred  to 

Ratio  of 
values 

^-—  —  • 

O  =  8  ' 

01  =  35-5 

Nitrogen    . 

.    4~6 

2-8 

4-6 

5:3:5 

Potassium  . 

.    — 

9-75 

39 

1:4 

Copper 

.  63-2 

31-6 

31-6 

2:1:1 

Arsenic  .     . 

.  25 

15 

25 

5:3:5 

If,  then,  we  define  combining  weight  solely 
in  terms  of  hydrogen  as  unity,  we  can  determine 
the  combining  weights  only  of  a  minority  of  the 
elements  ;  if  we  admit  the  employment  of  oxy- 
gen and  chlorine  as  standards  of  reference,  we 
frequently  arrive  at  different  values  for  the  com- 
bining weight  of  the  same  element.  One  primary 
object  in  determining  combining  weights  is  to 
find  a  basis  for  a  system  which  shall  represent 
the  composition  of  compounds  in  formulas,  by 
showing  the  number  of  combining  weights  of 
each  element  which  are  combined  to  form  that 
quantity  of  a  specified  compound  which  is  repre- 
sented by  its  formula.  In  order  to  frame  a  satis- 
factory system  of  notation,  some  compromise 
must  be  come  to  as  to  the  meaning  to  be  given  to 
the  term  combining  weight.  The  difficulty  may 
be  partly  overcome  by  adopting  as  the  com- 
bining weight  of  an  element  the  least  common 
multiple  of  the  numbers  which  express  the 
masses  of  the  element  that  severally  combine 
with  1  part  by  weight  of  hydrogen,  8  parts  of 
oxygen,  and  35'5  parts  of  chlorine.  For  instance, 
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in  the  case  of  nitrogen,  the  L.C.M.  of  2'8  and 
4-66  is  14 ;  and  in  the  case  of  arsenic,  the  L.C.M. 
of  25  and  15  is  75. 

The  values  thus  obtained  are  usually  adopted 
when  it  is  desired  to  frame  a  fairly  satisfactory 
definition  for  the  term  combining  weight.  These 
values  are  either  the  same  as  the  atomic  weights 
of  the  elements,  or  the  latter  are  whole  multiples 
of  the  former  numbers.  If  a  satisfactory  and 
consistent  system  of  notation  is  to  be  based  on 
the  combining  weights  of  the  elements,  it  is  better 
to  adopt  for  the  combining  weights  values  which 
are  always  identical  with  the  atomic  weights. 
The  term  combining  weight  of  an  element  must 
then  be  taken  to  mean  either  the  smallest  whole 
number,  or  a  whole  multiple  of  the  smallest  whole 
number,  divisible  without  remainder  by  each  of 
the  numbers  that  express  the  masses  of  the 
element  which  combine  with  1  part  by  weight  of 
hydrogen,  8  parts  of  oxygen,  and  35-5  parts  of 
chlorine,  respectively.  The  following  table  ex- 
hibits the  smallest  masses  of  each  element  that 
combine  with  1  part  by  weight  of  hydrogen,  8 
parts  of  oxygen,  and  35-5  parts  of  chlorine ;  it 
also  shows  the  L.C.M.  of  these  numbers,  and 
the  last  column  contains  the  whole  number  by 
which  each  L.C.M.  must  be  multiplied  in 
order  to  get  the  value  used  as  the  combining 
weight  of  the  specified  element  in  the  ordinary 
chemical  notation,  which  value  is  identical  with 
the  atomic  weight  of  the  element.  (The  values 
in  the  table  in  the  next  column  are  given  in 
round  numbers.) 

The  combining  weight  of  an  element  is  some- 
times said  to  be  the  smallest  mass  of  that  element 
which  enters  into  chemical  combination  with 
other  elements,  the  smallest  mass  of  hydrogen 
which  combines  chemically  being  taken  as  unity. 
But  in  order  to  give  an  exact  meaning  to  the 
phrase,  '  smallest  relative  mass  of  an  element 
which  enters  into  chemical  combination  with 
other  elements,'  it  is  necessary  to  add,  '  to  form 
a  chemically  reacting  unit  of  a  compound,'  or 
some  such  expression  as  this.  Now,  the  only 
conception  of  'the  chemically  reacting  unit  of  a 
compound '  which  has  been  put  into  an  exact 
form  capable  of  presentment  in  quantitative 
terms  and  of  general  application  is  that  which 
arises  from  the  application  of  the  molecular  and 
atomic  theory  to  chemical  occurrences ;  it  is  in- 
deed the  conception  of  the  molecule.  The  defi- 
nition of  combining  weight  as  '  the  smallest  rela- 
tive mass  of  an  element  which  enters  into 
chemical  combination  with  other  elements  '  is 
essentially  an  atomic  and  molecular  definition, 
although  it  is  not  couched  in  atomic  and  mole- 
cular language.  For  many  years  attempts  were 
made  to  base  a  system  of  representing  the  com- 
position of  compounds  on  the  combining  weights 
of  the  elements  without  the  help  of  the  concep- 
tions of  atom  and  molecule.  That  mass  of  an 
element  which  combined  with  1  part  by  weight 
of  hydrogen,  or  8  parts  of  oxygen,  was  sometimes 
taken  as  the  combining  weight  of  the  element, 
and  sometimes  a  multiple  of  this  mass  was  pro- 
posed. But  it  was  only  when  the  atomic  and 
molecular  theory  led  the  way  that  a  satisfactory 
and  consistent  scheme  of  representing  chemical 
composition  was  gained.  The  atomic  weight  of 
an  element  is  always  equal  to,  or  is  a  whole  mul- 
tiple of,  the  least  common  multiple  of  the  num- 


Element 

Sn 
eleme 

i  
1  part 
by  wt 
of  H 

tallest  m£ 
nt  that  c 
with 
»_  

35-5 

parts  of 
01 

iss  of 
ombines 

\ 
8  parts 
of  0 

L.C.M. 
of  these 
numbers 

L.C.M. 
=  at. 
wt.  x  n 

n 

Aluminium 

— 

9 

9 

9 

3 

Antimony 

40 

24 

24 

120 

1 

Arsenic 

25 

25 

15 

75 

1 

Barium 

— 

68-5 

34-25 

68-5 

2 

Beryllium 

— 

4-5 

4-5 

4-5 

2 

Bismuth 



69-33 

41-6 

208 

1 

Boron  . 

— 

3-66 

3-66 

3-66 

3 

Bromine 

80 

80 



80 

1 

Cadmium 



56 

28 

56 

1 

Caesium 



133 

133 

133 

1 

Calcium 



20 

20 

20 

2 

Carbon 

3 

3 

3 

3 

4 

Cerium 



35 

35 

35 

4 

Chlorine 

35-5 

— 

8-875 

35-5 

1 

Chromium 



17'4 

17-4 

17-4 

3 

Cobalt  . 



29-5 

19-66 

59 

1 

Copper 
Didymium 

63-2 

31-6 

48 

31-6 

28-8 

63-2 
144 

1 

1 

Erbium 



55-33 

55-33 

55-33 

3 

Fluorine 

19 

19 



19 

1 

Gallium 

23-3 

23-3 

23-3 

3 

Germanium 



18-05 

18-05 

18-05 

4 

Gold     . 



65-66 

65-66 

65-66 

3 

Hydrogen 



1 

1 

1 

1 

Indium 



37-8 

37-8 

37-8 

3 

Iodine. 

127 

42-33 

25-4 

127 

1 

Iridium 

48-15 

32-1 

96-3 

2 

Iron 



18-66 

18-66 

18-66 

3 

Lanthanum 



46-66 

46-66 

46-66 

3 

Lead     . 



103-5 

51-75 

103-5 

2 

Lithium 



7 

7 

7 

1 

Magnesium 



12 

12 

12 

2 

Manganese 

— 

27-5 

13-75 

52 

1 

Mercury 



100 

200 

200 

1 

Molybdenum 

— 

19-2 

16 

96 

1 

Nickel  . 

__ 

29-3 

29-3 

29-3 

2 

Niobium 



18-8 

18-8 

18-8 

5 

Nitrogen 

4-66 

4-66 

2-8 

14 

1 

Osmium 



47-75 

23-775 

47-75 

4 

Oxygen 

8 

8 

— 

8 

2 

Palladium 

— 

26-5 

26-5 

26-5 

4 

Phosphorus 

10-33 

6-2 

6-2 

31 

1 

Platinum 

— 

48-5 

48-5 

48-5 

4 

Potassium 



39 

39 

33 

1 

Rhodium 

— 

26 

17-33 

101 

1 

Rubidium 



85-4 

85-4 

85-4 

1 

Ruthenium 



26-15 

26-15 

26-15 

4 

Scandium 

_ 

14-66 

14-66 

14-66 

3 

Selenion 

39-5 

19-75 

13-33 

80 

1 

Silicon  . 

7 

7 

7 

7 

4 

Silver   . 



108 

108 

108 

1 

Sodium 



23 

23 

23 

1 

Strontium 



43-5 

43-5 

43-5 

2 

Sulphur 

16 

8 

5-33 

16 

2 

Tantalum 



36-4 

36-4 

36-4 

5 

Tellurium 

62-5 

31-25 

20-83 

62-5 

2 

Terbium 

49-33 

49-33 

49-33 

3 

Thallium 



68 

68 

68 

3 

Thorium 



58 

58 

58 

4 

Tin       . 

— 

29-5 

29-5 

29-5 

4 

Titanium 

— 

12 

12 

12 

4 

Tungsten 

— 

30-66 

30-66 

30-66 

6 

Uranium 



48 

60 

240 

1 

Vanadium 



12-8 

10-24 

51-2 

1 

Ytterbium 

— 

57-66 

57-66 

57-66 

3 

Yttrium 

_ 

29-66 

29-66 

29-66 

3 

Zinc      . 

— 

32-5 

32-5 

32-5 

2 

Zirconium 

— 

22-5 

22-5 

22-5 

4 

bers  that  express  the  smallest  masses  of  the 
element  which  combine  with  1  part  by  weight  of 
hydrogen,  8  parts  of  oxygen,  and  35%5  parts  of 
chlorine,  respectively  ;  the  principles  which  guide 
chemists  in  their  choice  of  the  multiple  are  set 
forth  in  the  article  ATOMIC  AND  MOLECULAR 
WEIGHTS.  If  accurate  values  are  to  be  found  for 
the  atomic  weights  of  the  elements,  it  is  evident 
that  the  combining  weights  must  be  determined 
with  the  greatest  care. 
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The  exact  definition  to  be  given  to  the  term 
combining  weight  is  not  a  matter  of  paramount 
importance,  for  it  is  evident  that  whether  we  call 
the  combining  weight  of  an  element  the  smallest 
mass  of  it  which  combines  with  1  part  by  weight 
of  hydrogen,  or  8  parts  of  oxygen,  or  35-5  parts 
of  chlorine,  or  whether  we  say  that  the  combin- 
ing weight  is  the  L.C.M.  of  these  numbers,  or 
whether  we  take  the  expression  to  mean  a  whole 
multiple  of  this  L.C.M.,  in  any  case  the  law 
holds  good  that  the  elements  combine  in  the 
ratios  of  their  combining  weights  or  in  ratios 
which  bear  a  simple  relation  to  these.  What  is 
required  to  be  determined  with  the  greatest  care 
and  accuracy  is  the  ratio  between  the  combining 
masses  of  every  element  and  hydrogen,  oxygen, 
chlorine,  or  other  standard  element ;  because  this 
ratio,  taken  in  conjunction  with  the  definitions 
of  atom  and  molecule,  determines  the  value  of 
the  atomic  weight  of  the  element,  and  on  this 
value  depend  many  of  the  chemical  properties  of 
the  element.  In  connexion  with  this  article  v. 
the  arts.  ATOMIC  AND  MOLECULAR  WEIGHTS  ;  COM- 
BINATION, CHEMICAL,  LAWS  OF  J  FORMULA  ;  NOTA- 
TION. M.  M.  P.  M. 

COMBUSTION.— Any  manifestation  of  chemi- 
cal energy  attended  by  combination  and  accom- 
panied by  production  of  much  heat  is,  strictly 
speaking,  an  instance  of  combustion.  As  com- 
monly used,  however,  the  term  carries  with  it 
the  idea  of  incandescence ;  that  is,  the  reacting 
bodies  are  not  merely  incalescent,  but  have 
their  temperature  raised  to  a  point  at  which  they 
emit  light,  or  become  self-luminous.  This  defi- 
nition includes  that  of  inflammation,  which  is, 
however,  best  restricted  to  instances  of  combus- 
tion in  which  the  incandescent  substances  are 
gaseous.  Such  cases  of  combustion  will  be  con- 
sidered under  FLAME. 

All  phenomena  of  burning  are  instances  of 
combustion,  and  in  the  great  majority  of  cases 
they  consist  in  the  union  of  the  oxygen  of  the 
air  with  the  substance  which  is  being  burnt, 
the  visible  signs  of  combustion,  i.e.,  the  heat  and 
light,  being  the  result  immediate  or  proximate 
of  the  chemical  energy  so  expended. 

It  has  been  frequently  observed  that  primi- 
tive communities  regard  as  sacred  all  things  that 
contribute  to  their  existence  or  promote  their 
well-being,  and  hence  it  is  intelligible  that  a 
phenomenon  so  mysterious  in  its  origin  and 
process  as  fire,  and  at  the  same  time  so  neces- 
sary to  the  welfare  of  mankind,  should  have 
been  looked  upon  from  the  earliest  times  with 
particular  reverence  and  awe.  The  evidence  of 
fire  worship  is  to  be  found  probably  in  every 
religion.  And  it  would  be  easy  to  show  on 
strictly  evolutionary  principles  how  the  idea  of 
sanctity  associated  with  the  phenomenon  of 
burning  ramified  and  became  interwoven  into 
theories  of  the  origin  of  life,  of  generation,  and 
the  nature  of  the  soul  and  mind,  and  how  it 
passed  into  the  art  of  healing,  and  thence  into 
the  sciences  which  have  sprung  out  of,  or  have 
been  grafted  on  to,  that  art.  The  idea,  but  little 
shorn  of  its  transcendental  and  spiritual  attri- 
butes, is  to  be  found  in  the  earliest  theories  of 
chemistry.  Fire  plays  such  an  important  part 
in  the  operations  of  chemistry,  the  changes 
which  it  induces  are  so  profound  and  extraordi- 
nary, burning  and  the  evolution  of  heat  by  in- 
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trinsic  agencies  are  so  constantly  witnessed  as 
the  result  of  chemical  operations,  that  it  is 
hardly  surprising  that  the  earlier  chemists 
should  have  regarded  combustion  as  the  essen- 
tial phenomenon  of  chemistry.  A  theory  of 
combustion  was  to  them  also  a  theory  of 
chemistry.  Minds  so  sharply  contrasted  as 
those  of  Bacon  and  Boyle  clearly  apprehended  the 
importance  of  a  comprehensive  theory  of  com- 
bustion from  this  point  of  view,  but  Bacon  made 
no  attempt  to  construct  such  a  theory,  and  Boyle, 
in  spite  of  his  habitual  caution,  went  singularly 
wrong  in  his  efforts  to  explain  the  essential 
nature  of  fire  and  the  phenomena  we  now  recog- 
nise as  due  to  oxidation.  John  Joachim  Becher 
(1635-1682)  has  the  credit  of  having  first  at- 
tempted to  group  all  the  facts  of  chemistry  then 
known  in  such  manner  that  they  could  be  de- 
duced from  one  general  or  universal  principle. 
George  Ernest  Stahl  (1660-1734)  eagerly  adopted 
Becher's  fundamental  idea,  and  amplified  and 
worked  it  into  a  comprehensive  system,  capable 
of  wide  generalisation  and  fruitful  of  fresh  lines 
of  investigation.  The  theory  of  Becher  and 
Stahl  was  essentially  one  of  combustion.  As  it 
has  exercised  a  very  powerful  influence  on  the 
development  of  chemistry,  it  may  be  desirable  to 
sketch  its  main  features  with  some  degree  of 
detail. 

The  theory  as  elaborated  by  Stahl  is  to  be 
found  in  his  Fundamenta  Chymice,  published  in 
1720,  when  its  author  was  resident  at  Berlin  as 
physician  to  the  King  of  Prussia.  It  is  not  im- 
probable that  it  was  taught  publicly  at  Halle 
between  1694  and  1716  when  Stahl  was  Pro- 
fessor of  Medicine  at  that  University.  Stahl  de- 
fines chemistry  as  the  art  of  resolving  com- 
pounds into  their  constituents,  and  of  recom- 
bining  these  constituents  to  again  form  the 
original  or  other  compounds.  According  to 
Becher  and  Stahl,  all  combustible  bodies  are 
compounds,  and  in  the  act  of  burning  they  part 
with  a  constituent  which  is  common  to  them  all. 
This  common  principle  was  termed  by  Stahl 
phlogiston  (^Koyun6s  =  burnt).  Bodies  are  com- 
bustible in  proportion  as  they  contain  phlogiston ; 
phosphorus,  sulphur,  charcoal,  alcohol,  sugar, 
the  oils,  resin,  &c.,  are  pre-eminently  endowed 
with  it.  The  metals  also  contain  it,  but  in  vary- 
ing amount.  When  certain  of  the  metals  are 
strongly  heated  they  are  gradually  converted 
into  an  earthy  powder,  termed  a  calx.  The 
change  which  the  metal  had  undergone  was  con- 
sidered by  Stahl  as  akin  to  ordinary  combustion, 
and  metals  were  regarded  as  compounds  of  calces, 
which  were  recognised  as  intrinsically  dissimilar 
bodies,  in  union  with  the  common  principle, 
phlogiston,  which  was  dissipated  by  the  action 
of  heat  upon  the  metal.  The  re-conversion  of 
the  calx  into  the  metal  by  processes  which  we 
now  term  reduction,  that  is  by  the  action  at  a 
sufficiently  high  temperature  of  bodies  like  char- 
coal, coal,  or  by  combustible  gases,  &c.,  was  ex- 
plained by  Stahl  as  being  due  to  the  union  of 
the  phlogiston  of  the  charcoal,  &c.,  with  the 
calx  of  the  metal.  It  was  noticed  that  many 
substances  like  phosphorus  and  sulphur  on  being 
burnt  formed  acids  which  when  treated  with 
a  highly  phlogisticated  body  such  as  charcoal 
gave  rise  to  the  original  substances.  _  Thus, 
phosphoric  acid  on  being  heated  to  a  high  teni- 
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perature  with  charcoal  formed  phosphorus  again. 
Hence  phosphorus  was  considered  to  be  a  com- 
pound of  phosphoric  acid  and  phlogiston ;  in 
the  act  of  burning  the  phlogiston  was  disen- 
gaged and  the  acid  left ;  on  restoring  phlogiston 
to  the  acid  the  phosphorus  was  regenerated. 
Stahl  sought  to  demonstrate  the  identity  of  the 
combustible  principle  in  all  substances  by  point- 
ing to  the  fact  that  the  calx  of  lead,  for  example, 
could  be  converted  into  the  metal  by  the  em- 
ployment of  phlogisticated  bodies  of  such  widely 
different  properties  as  charcoal,  sulphur,  flour, 
sugar,  iron,  &c.  As  only  one  substance,  viz., 
lead,  was  formed  by  the  action  of  each  of  these 
bodies,  it  seemed  to  follow  that  they  must  all 
contain  a  common  principle.  In  the  same  way 
it  was  pointed  out  that  phosphoric  acid  could 
be  changed  into  phosphorus  by  the  action  of  a 
great  variety  of  combustible  bodies,  such  as 
lamp-black,  resin,  sugar,  or  even  the  metals. 
Of  course  it  was  known  that  many  substances 
existed  which  were  incombustible  and  were  not 
sensibly  changed  by  the  action  of  fire,  as,  for 
example,  lime,  clay,  rocks,  &c. ;  such  bodies  were 
regarded  as  dephlogisticated  by  the  action  of  pre- 
vious heat,  or  as  being  incapable  of  combining 
with  phlogiston.  As  the  doctrine  of  phlogiston 
extended,  the  ideas  of  the  phlogistic  school  re- 
specting its  essential  nature  became  more  and 
more  vague.  There  seems  to  be  no  doubt,  how- 
ever, that  Stahl  and  his  immediate  followers, 
Neumann,  Pott,  and  Margraaf,  in  Germany,  and 
Keaumur,  Duhamel,  and  Macquer,  in  France,  re- 
garded phlogiston  as  a  definite  substance  pos- 
sessing all  the  essential  attributes  of  matter. 
Stahl  himself  appears  to  have  considered  that 
phlogiston,  when  isolated,  would  turn  out  to  be 
a  solid  earthy  body  insoluble  in  water  like  char- 
coal, sulphur,  phosphorus,  bitumen,  and  the 
metals.  Indeed,  as  so  many  highly  phlogisticated 
bodies  were  insoluble,  in  water,  while  their  de- 
phlogisticated constituents,  e.g.,  phosphoric  and 
sulphuric  acids,  were  readily  soluble,  the  pro- 
perty of  solubility  came  to  be  regarded  as  depen- 
dent on  or  related  to  the  presence  or  relative 
amount  of  phlogiston.  Its  presence  or  absence 
in  fact  affected  all  the  properties  of  bodies,  and 
caused  all  the  changes  they  were  capable  of  ex- 
periencing, as,  for  example,  their  relative  sta- 
bility, their  capacity  for  union  with  other  bodies, 
their  acid  or  caustic  characters,  their  colour, 
odour,  and  taste,  and  even  their  physiological 
and  therapeutic  activity.  Many  other  natural 
phenomena,  such  as  fermentation  and  decay, 
the  growth  of  plants,  and  the  processes  of  animal 
life,  were  also  capable  of  explanation  by  the  aid 
of  the  same  general  principle. 

The  doctrine  of  phlogiston  was  of  incalcu- 
lable service  to  chemistry.  Indeed,  it  is  not  too 
much  to  say  that  Stahl's  generalisation  first 
raised  chemistry  to  the  dignity  of  a  science.  It 
not  only  served  to  present  a  simple  and  intelli- 
gible explanation  of  a  mass  of  hitherto  uncon- 
nected facts,  but  it  pre-eminently  fulfilled  the 
function  of  every  fruitful  hypothesis  by  stimu- 
lating fresh;  inquiry  and  suggesting  new  lines  of 
thought.  '  Men  like  Black  and  Cavendish,  whom 
we  commonly  reckon  as  phlogistians,  were,  how- 
ever, not  unmindful  of  its  weaknesses,  and  Black 
certainly  recognised  its  inadequacy  to  explain 
facts  which  he  knew  to  be  incontrovertible,  such, 


for  example,  as  the  results  obtained  by  Boyle  on 
the  calcination  of  metals.  Boyle  himself  was 
doubtless  aware  of  the  doctrine  in  the  form  in 
which  it  was  presented  in  Becher's  Physica 
Subterranea,  but  it  had  probably  no  influence 
on  his  labours.  Indeed  he  failed  to  perceive 
that  much  of  his  work  was  in  direct  opposition 
to  Becher's  teaching.  His  experiments  on  the 
calcination  of  lead  and  tin  were  interpreted  by 
him  as  proving  the  materiality  of  heat,  and  it 
was  reserved  for  Lavoisier  and  the  so-called  anti- 
phlogistic school  of  French  chemists  to  point 
out  their  real  significance. 

The  doctrine  of  phlogiston  was  paramount 
in  chemistry  for  upwards  of  half  a  century :  the 
discovery  of  nitrogen  by  Eutherford  in  1772,  and 
I  of  oxygen  by  Priestley  in  1774,  and  the  fuller 
recognition  of  the  functions  of  these  bodies  in 
the  air,  by  paving  the  way  towards  a  clearer 
apprehension  of  the  nature  of  combustion, 
brought  about  the  downfall  of  Stahl's  generalisa- 
tion. Geber,  upwards  of  ten  centuries  ago,  had 
supplied  chemistry  with  facts  respecting  the 
nature  of  calcination  which  the  long  subsequent 
labours  of  Sulzbach,  Cardan,  Bey,  and  Boyle  had 
confirmed  and  strengthened.  Hooke,  in  the 
Micrographia,  and  Mayow,  in  his  Opera  Omnia 
Medicophysica,  pointed  out  that  combustion  con- 
sists in  the  union  of  something  with  the  body 
which  is  being  burnt,  and  Mayow,  both  by  ex- 
periment and  inference,  demonstrated  in  the 
clearest  way  the  analogy  between  respiration 
and  combustion,  and  showed  that  in  both  pro- 
cesses one  constituent  only  of  the  air  is  con- 
cerned ;  he  distinctly  stated  that  not  only  is  there 
increase  of  weight  attending  the  calcination  of 
metals  but  that  this  increase  is  due  to  the  ab- 
sorption of  the  same  spiritus  from  the  air  that 
is  necessary  to  respiration  and  combustion. 
Mayow's  experiments  are  so  precise,  and  his 
facts  so  incontestable,  that,  as  Chevreul  has  said, 
one  is  surprised  that  the  truth  was  not  fully  re- 
cognised until  a  century  after  his  researches. 
This  recognition  was  forced  upon  the  world  by 
the  experimental  labours  and  writings  of  La- 
voisier and  his  immediate  followers  in  France. 
By  repeating  and  extending  the  observations  of 
Mayow,  Black,  Eutherford,  and  Priestley,  La- 
voisier proved  that  respiration,  combustion,  and 
calcination  are  essentially  identical  processes,  in 
that  they  are  primarily  due  to  the  action  of  oxy- 
gen— Priestley's  dephlogisticated  air — on  the 
|  body  undergoing  change,  and  that  the  heat  which 
j  is  manifested  is  the  result  of  the  chemical  change 
of  which  all  these  processes  are  examples.  La- 
voisier's experiments  were  so  well  devised  and 
so  admirably  executed,  his  reasoning  was  so 
perspicuous  and  his  proofs  so  irrefragable,  that 
his  conclusions  seemed  irresistible  so  far  as  the 
theory  of  combustion  was  concerned. 

As  Lavoisier's  explanation  of  the  true  nature 
of  combustion  effected  a  complete  revolution  in 
the  theory  of  chemistry,  it  may  be  desirable  to 
trace  the  steps  by  which  he  was  led  to  formu- 
late it. 

Lavoisier  published  in  all  some  sixty  me- 
moirs, about  half  of  which  were  concerned  with 
the  subject  of  combustion  and  of  matters  which 
immediately  grew  out  of  it.  These  appeared 
in  different  memoirs  of  the  Academy  between 
1771  and  1788.  It  appears  from  his  collected 
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memoirs,  published  after  his  death  in  1794, 
that  his  earliest  experiments  on  the  cause  of 
the  augmentation  of  weight  which  bodies  ex- 
perience during  combustion  and  calcination 
were  made  in  1772. 

In  a  memoir  published  in  1774  Lavoisier  de- 
scribed a  repetition  of  Boyle's  experiments  on 
the  calcination  of  tin,  in  which  he  showed  that 
during  the  formation  of  the  calx  a  portion  of  the 
air  disappears,  and  that  the  tin  increases  in 
weight  in  amount  equal  to  the  loss  of  weight 
experienced  by  the  air.  Hence  he  concluded  that 
a  portion  of  air  had  united  with  the  tin,  and  that 
the  calx  of  tin  is  composed  of  tin  and  air. 

There  is  nothing  in  this  memoir  nor  in  the 
note  of  1772  to  indicate  that  Lavoisier  had  any 
idea  of  the  compound  nature  of  air.  Still  it  is 
evident  that  he  had  advanced  beyond  the  posi- 
tion of  Boyle  and  Key.  Boyle  inferred  that  his 
experiments  proved  the  materiality  of  heat,  while 
Bey  appears  to  have  imagined  that  the  absorbed 
air  was  merely  entangled  with  the  metal. 

In  the  autumn  of  1774  Priestley  exhibited  to 
Lavoisier  his  method  of  making  oxygen  gas  from 
the  calx  of  mercury.  In  the  following  year  ap- 
peared Lavoisier's  memoir  On  the  nature  of  the 
principle  which  combines  with  the  metals  during 
their  calcination  and  which  augments  their 
weight.  Starting  from  the  fact  that  many  of 
the  metallic  calces  can  be  reduced  by  charcoal 
with  the  production  of  a  gas  which  is  identical 
with  that  produced  by  burning  charcoal  in  the 
air,  Lavoisier  concluded  that  carbonic  acid  gas 
contains  an  elastic  principle  which  is  common 
to  the  air  and  the  metallic  calx.  In  the  case  of 
the  calx  of  mercury  he  could  obtain  this  elastic 
principle  by  heat  alone.  The  gas  so  obtained 
was  identical  with  Priestley's  dephlogisticated 
air.  Lavoisier  surmised  that  this  gas,  which  he, 
like  Priestley,  found  to  be  pre-eminently  a  sup- 
porter of  combustion  and  respiration,  was  pro- 
bably contained  in  nitre,  inasmuch  as  this  salt 
when  heated  with  charcoal  forms  large  quantities 
of  carbonic  acid  gas.  Mayow,  on  other  grounds, 
had  already  made  the  same  supposition.  This 
memoir  was  followed  in  1777  by  that  On  the 
combustion  of  phosphorus  and  the  nature  of 
the  acid  which  results  from  that  combustion,  in 
which  Lavoisier  first  distinctly  recognised  that 
the  air  was  composed  of  two  distinct  substances, 
one  of  which  was  absorbed  by  the  burning  phos- 
phorus to  the  extent  of  one-fifth  of  the  original 
volume  of  air,  while  the  other,  originally  termed 
by  him  mouffette  atmosphe'rique,  was  incapable 
of  supporting  combustion  or  animal  life,  and  was 
not  absorbable  by  metals  when  heated,  and  hence 
was  not  concerned  in  the  process  of  calcination. 
In  the  same  year  he  published  a  paper  On  the 
combustion  of  candles  in  atmospherical  air,  and 
in  air  eminently  respirable,  in  which  he  demon- 
strates that  the  mouffette  atmospherique,  or  azote 
as  it  is  now  called,  plays  no  part  in  the  burning 
of  the  candle,  but  that  the  combustion  is  entirely 
due  to  the  dephlogisticated  air  or  oxygen.  Al- 
though Lavoisier's  theory  of  combustion  and  of 
calcination  was  now  practically  complete,  and 
was  fully  developed  by  him  in  his  memoir  On 
combustion  in  general  in  1778,  it  made  com- 
paratively little  impression  even  in  France,  and 
gained  no  converts  of  note  until  1785,  when  Ber- 
thollet  and  Fourcroy  gave  in  their  adhesion  to 


the  new  doctrine.  The  death-blow  to  phlogiston 
really  came  from  the  discovery  of  the  compound 
nature  of  water.  It  was  only  after  Cavendish's 
experiments  on  the  combustion  of  hydrogen  that 
Lavoisier  was  able  to  combat  the  generally  re- 
ceived opinion  as  to  the  nature  of  the  process  of 
solution  of  metals  in  acids.  It  was  observed 
that  when  certain  metals  were  dissolved  in  acids, 
hydrogen  was  evolved,  and  the  metals  were  con- 
verted into  calces  which  could  be  again  trans- 
formed into  the  metals  by  heating  in  hydrogen. 
These  facts  were  accounted  for  by  the  Stahlian 
hypothesis  on  the  assumption  that  the  gas 
evolved  on  the  solution  of  the  metal  was  actually 
phlogiston,  and  that  on  heating  the  calx  with 
the  gas  the  phlogiston  again  combined  with  it 
to  regenerate  the  metal.  In  1783  Lavoisier  was 
informed  by  Blagden,  who  at  that  time  acted  as 
Cavendish's  assistant,  of  the  experiments  of  the 
latter,  made  in  1781,  on  the  production  of  water 
by  the  combustion  of  hydrogen.  The  importance 
of  the  discovery  of  the  true  chemical  nature  of 
water  was  at  once  perceived  by  Lavoisier.  He 
and  Laplace  repeated  Cavendish's  experiment  in 
presence  of  Le  Koi  and  Blagden,  and  found  that 
water  was  composed  of  1  vol.  of  oxygen  and 
1'91  vol.  of  hydrogen.  Further  evidence  of  the 
compound  nature  of  water  was  obtained  by 
passing  steam  over  red-hot  iron  contained  in  a 
porcelain  tube,  when  free  hydrogen  was  formed 
together  with  a  calx  of  iron.  Lavoisier  was  now 
able  to  explain  the  origin  of  the  hydrogen  in 
the  act  of  solution  of  a  metal  in  a  dilute  acid, 
on  the  assumption  that  in  the  process  water  was 
decomposed,  and  that  the  oxygen  united  with  the 
metal  to  form  the  calx,  while  the  hydrogen 
escaped  in  the  free  state.  This  view  is  further 
developed  in  the  memoir  On  the  solution  of  the 
metals  in  acids,  published  in  1785.  Finally,  in 
an  elaborate  paper  On  Phlogiston,  Lavoisier  con- 
nects together  his  various  observations,  elaborates 
his  own  theory  of  combustion,  and  confutes  the 
phlogistic  hypothesis. 

Whatever  may  be  thought  of  Lavoisier's 
claims  to  be  considered  the  discoverer  of  oxy- 
gen, and  of  the  true  nature  of  air  and  water, 
there  can  be  no  question  as  to  his  merit  in  being 
the  first  to  recognise  the  relation  of  these  dis- 
coveries to  the  theory  of  combustion.  As  far 
back  as  1772  he  seems  to  have  been  fully  per- 
suaded of  the  insufficiency  of  the  Stahlian  hypo- 
thesis, and  for  upwards  of  a  dozen  years  he 
laboured,  practically  alone,  to  demonstrate  its 
insufficiency.  His  triumph  was  complete  in 
1785,  and  La  Chimie  Fran^aise,  as  the  new 
doctrine  was  termed  by  Fourcroy,  was  embraced 
in  France  with  all  the  fervour  of  revolution. 
Nor  did  national  prejudice  long  delay  its  adop- 
tion in  Germany  and  Great  Britain.  The  Berlin 
Academy  pronounced  against  phlogiston  in  1792. 
Black  early  became  a  convert,  but  both  Caven- 
dish and  Priestley,  in  spite  of  the  fact  that  their 
discoveries  had  contributed  so  largely  to  its 
downfall,  remained  faithful  to  Stahl's  doctrine 
to  the  end — an  exemplification  of  the  truth  of 
Priestley's  words  that '  We  may  take  a  maxim 
so  strongly  for  granted,  that  the  plainest  evidence 
of  sense  will  not  entirely  change,  and  often 
hardly  modify,  our  persuasions ;  and  the  more 
ingenious  a  man  is,  the  more  effectually  he  is 
entangled  in  his  errors,  his  ingenuity  only  help- 
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ing  him  to  deceive  himself  by  evading  the  force 
of  truth.' 

T.  E.  T. 

In  connexion  with  Combustion  v.  OXIDATION 
and  DEOXIDATION. 

COMENAMIC  ACID  v.  DI-OXY-PYKIDINE  CAR- 
BOXYLIC ACID. 

OXY-COMENAMIC  ACID  v.  TKI-OXY-PYEIDINE 

CABBOXYLIC   ACID. 

COMENIC  ACID  C6Ht05.  S.  above  6  at  100°. 
Got  by  boiling  meconic  acid  C7H407  with  HC1, 
C02  coming  off.  Purified  by  crystallising  the 
difficultly  soluble  ammonium  salt  from  water 
(How,  A.  80,  65 ;  Ed.  Phil  Trans.  20  [2]  225  ; 
cf.  Eobiquet,  A.  Ch.  [2]  51, 326  ;  53, 428  ;  Liebig, 
A.  7,  237;  26,  116;  Stenhouse,  P.  M.  [3]  25, 
196).  Comenic  acid  is  thrown  down  as  a  white 
powder  when  HC1  is  added  to  a  solution  of  its 
ammonium  salt. 

Properties. — Prisms,  laminse,  or  granules ; 
sol.  boiling  water,  insol.  alcohol.  At  260°  it 
splits  up  into  C02  and  pyromeconic  acid.  Fe2Cl6 
gives  a  red  colour.  Does  not  react  with  hy- 
droxylamine  (Odernheimer,  B.  17,  2081). 

Reactions. — 1.  Sodium-amalgam,  reduces  it 
to  syrupy  hydrocomenic  acid  C6H805,  which 
forms  a  salt  Ag,C6H605  (v.Korff,  A.  138,  191).— 

2.  If  comenic  acid  is  boiled  with  PC15  (4  equiva- 
lents) and  POC13  until  no  more  HC1  comes  off, 
and  the  liquid  distilled  till  the  thermometer 
reaches  150°,  an  oil  remains  in  the  retort  which 
is   converted  by  boiling  water  into  di-chloro- 
comanic  acid,  C5HC1202.CO,H  (yield,  20  p.c.).  It 
crystallises    from    alcohol    in  needles,    [217°]. 
Some    chloro-comanic    acid,     C5H2C102.C02H, 
[247°]  is  formed  at  the  same  tune.    Both  acids 
are  reduced  by  boiling  cone.  HI  to  comanic  acid, 
C5H.,02.C02H   (q.v.).      When  comanic    acid  is 
boiled  with  aqueous  NH3  it  is  converted  into 
(jS)-oxy-picolinic  (oxy-pyridine  carboxylic)  acid. 

3.  Heated  with  PC15  at  280°  it  gives  C5C18  or 
'perchloro-mecylene,'    and    hexachloro-ethane. 
Perchloro-mecylene     crystallises     from     alco- 
hol   in  compact    oblique  prisms,    melting    at 
[39°]  (Ost,  /.  pr.  [2]  27,  294).-4.  Ethylamine 
gives     di-oxy-ethyl-pyridine     carboxylic     acid, 
C5HEtN(OH)2C02H.— 5.  Aniline  gives  similarly 
di-oxy-phenyl-pyridine  carboxylic  acid  (H.  Ost, 
J.pr.  [2]  29,  380). 

Salts.  —  NH4HA"  aq :  four-sided  prisms  ; 
reddens  litmus.  V.  sol.  boiling  water. — K2A" : 
si.  sol.  water. — KHA" :  short  square  needles; 
reddens  litmus.  —  NaHA" :  four-sided  prisms 
(from  hot  water).  -BaA" aq  (at  121°).— BaA"  5aq : 
insol.  boiling  water. — BaH2A"2  6aq :  sol.  water. — 
CaA"aq  (at  121°).— CaA"6|aq:  prisms,  insol. 
water.— CaA"3|aq.— CaH2A"27aq :  crystals,  v. 
sol.  hot  water.  —  MgA"5£aq:  crystalline 
grains.  —  MgH2A"2  8aq.  —  CuA"  aq  (at  100°).— 
Fe(OH)H2A"2  2aq  (at  100°).— PbA"aq.— AgHA": 
granular  pp. — Ag2A" :  thick  yellow  pp. 

Ethyl  ether  CaH.,02(OH).C02Et.  [135°] 
(How) ;  [127°]  (Keibstein).  From  an  alcoholic 
solution  of  the  acid  and  HC1.  Formed  also  by 
heating  meconic  acid  with  EtI  and  alcohol  at 
100°.  Needles,  v.  sol.  hot  water.  May  be  sub- 
limed. Fe2Cl6  gives  a  red  colour.  Very  readily 
saponified.  By  successive  treatment  with  so- 
dium-amalgam and  chloroformic  ether  a  com- 
pound C,,H1207  [87°]  may  be  got  (Drechsel, 
J.pr.  [2]  17,164). 


Acetyl  derivative  of  the  ether 
C5H.,O2(OAc)(C02Et).     [104°].    From  the  above 
and  Ac./)  at  150°  (Eeibstein,  /.  pr.  [2]  24,  277). 

Ethyl  derivative  C5H202(OEt)C02H. 
[240°].  Obtained  by  fusing  the  ethyl  derivative 
of  meconic  acid  (q.  v.)  by  itself.  Crystallised 
from  water,  animal  charcoal  being  used,  it  forms 
long  white  needles  (Mennel,  J.  pr.  [2]  26,  458). 

Salt. — AgA'2iaq:  white  needles. 

Amide  C5H202(OH)(CO.NH2).  Formed  by 
passing  NH3  into  an  ethereal  solution  of  ethyl 
comenate.  A  pp.  of  C5H202(ONH4)CO2Et  is  first 
formed,  but  this  is  then  slowly  converted  into 
C5H202(ONH4)CO.NH2,  whence  HC1  liberates  the 
amide.  White  plates  (from  water).  Not  affected 
by  boiling  water.  Boiling  NaOH  converts  it  into 
sodic  comenate.  Its  aqueous  solutions  give  a 
red  colour  with  Fe2ClH. 

Salt.— C3H202(OK)(CO.NH2)aq.  Insol.  al- 
cohol. 

Chloro-comenic  acid 

C5HC102(C02H)(OH)  l|aq.  Formed  by  passing 
Cl  into  water  in  which  powdered  comenic  acid 
is  suspended  (How,  Ed.  Phil.  Trans.  20  [2] 
225).  Four-sided  prisms  (from  water).  More 
soluble  in  water  than  comenic  acid,  v.  e.  sol. 
warm  alcohol.— Ag2A"  (at  100°).—  AgHA"  -|aq. 

Bromo-comenic  acid  C5HBr02(CO,H)OH. 
Formed  by  the  action  of  bromine -water  "on  co- 
menic or  meconic  acids.  Four-sided  prisms ; 
less  soluble  than  the  preceding  body.  Boiling 
baryta-water  gives  oxy-comenic  acid. — AgHA" 
(at  100°).— AgHA"  £aq. 

Ethyl  ether  EtA'.  [141°].  From  silver 
bromo-comenate  and  EtI.  Glittering  needles 
(Mennel,  J.pr.  [2]  26,  472). 

Di-bromo-comenic  acid 

C5HBr02(OBr)(C02H)  (?). 

Formation. — From  Br  and  bromo-comenic 
acid. 

Preparation. — Meconic  acid  (10  g.)  is  sus- 
pended in  water  (80  g.)  and  bromine  (18  g.)  is 
added.  The  product  separates  at  once  as  crys- 
talline plates  (containing  3aq). 

Properties.— Its  solution  gives  no  colour  with 
Fe2Cl6  in  the  cold,  a  red  colour  appears  on  heat- 
ing, bromo-comenic  acid  being  formed.  At  105° 
the  crystals  give  off  Br  (2  mols.)  and  H20.  An 
aqueous  solution  of  the  acid  gives  no  pp.  with 
BaCl2,  but  on  adding  NH3  a  red  colour  and  an 
orange  pp.  are  got.  Zn  and  HC1  reduce  it  to 
bromo-comenic  acid. 

Constitution. — This  acid  is  not  a  true  di- 
bromo-comenic  acid,  nor  a  compound  of  comenic 
or  bromo-comenic  acid  with  HBrO,  hence  it 
probably  contains  bromine  in  hydroxyl,  although 
this  is  very  unusual  (Mennel,  J.pr.  [2]  26,  466). 

Ethyl  ether  C5H8r02(OBr)(C02Et).  From 
mono-ethylic  meconate  (10 g.),  water  (80 g.)  and 
bromine  (18  g.).  Small  yellowish  tablets  (con- 
taining 2aq).  Sol.  water,  alcohol,  and  ether. 
Eeadily  decomposes.  When  heated  with  water 
or  with  S02  it  changes  to  white  needles  of  bromo- 
comenate  of  ethyl  [141°]  (v.  supra). 

Nitro-comenic  ether  C5H(N02)(OH)C02Et. 
[147°].  From  HN03  (S.G.  1-5)  and  comenic 
ether  in  the  cold.  Better  by  passing  N203  into 
an  ethereal  solution  of  ethyl  comenate  (E.).  Sol. 
hot  water,  alcohol,  and  ether.  Its  aqueous  so- 
lutions give  with  Fe.,Cl0.  a  red  colouration. 


COMPOUND  RADICLES. 


245 


Salts .— C,H(N02)  (ONa)CO,Et.  Yellow 

needles.     Explodes  when  heated. — 
JC5H(N0.2)CO,Et}  ABa.  Explodes  when  heated. 
Silver  salt  blackens  even  when  cold. 

Amido-comenic  acid  Cr,H(NH;,)0.i(OH)CO,H. 
Formed  by  reduction  of  nitro-comenic  ether  by 
Sn  and  HC1  (K.).  Slender  silky  needles  (con- 
taining aq)  (from  water).  SI.  sol.  alcohol  and 
ether.  Its  aqueous  solutions  give  a  blue  colour 
with  a  little  Fe2Cl6,  more  Fe.,Cl,.  turns  the  liquid 
red. 

Salt.— C5H(NH2)02(OH)C02H,HCl,3aq. 
Glittering  scales,  formed  by  adding  cone.  HC1  to 
the  above.    Decomposed  by  water,  losing  HC1. 

Oxy-comenic  acid  C3H02(HO)2C02H.  From 
bromo-comenic  acid  by  boiling  baryta,  or  with 
HC1  (B.).  Also  from  comenamic  acid,  KMn0.t, 
and  dilute  H2S04.  Crystallises  from  water  in  long 
needles  (with  3aq)  or  in  short  prisms  (with  aq). 
V.  sol.  water  and  alcohol,  si.  sol.  ether.  In  its 
aqueous  solution  Fe2Cl6  gives  a  blue  colour  turned 
red  by  excess.  NH3  at  100°  gives  tri-oxy-pyri- 
dine  carboxylic  acid. 

Salts .— C,H02(HO)2C02NH4.— 
{C5HO,(OH)2C02}2Ba,2aq.-C5H02(OK)2C02K. 

Ethyl  ether  C5H02(HO)2C02Et.  [204°]. 
Small  prisms  (from  alcohol). 

Di-acetyl  derivative  of  the  ether 
C5HO(OAc)2C02Et.  [75°].  Small  needles  (from 
alcohol). 

COMPOSITION,  CHEMICAL.  By  the  chemi- 
cal composition  of  a  compound  is  meant,  pri- 
marily, a  statement  of  the  masses  of  the  elements 
by  the  combination  of  which  a  specified  mass— 
say  100  parts — of  the  body  has  been  produced, 
or  into  which  a  specified  mass  of  the  body  may 
be  resolved.  So  long  as  nothing  more  than  the 
percentage  elementary  composition  of  com- 
pounds was  determined,  chemistry  remained  a 
collection  of  unclassified  facts.  The  establish- 
ment of  the  law  of  multiple  proportions,  and  the 
development  of  this  law,  and  also  that  of  com- 
bining weights,  led  to  the  possibility  of  assign- 
ing to  each  compound  a  certain  number  which 
expressed  the  smallest  relative  mass  of  it  that 
entered  into  chemical  reactions  with  other  com- 
pounds ;  but  no  generally  applicable  method  for 
determining  the  values  of  these  chemically  re- 
acting masses  was  found  until  the  help  of  the 
atomic  and  molecular  theory  had  been  sought 
(v.  COMBINATION,  CHEMICAL,  LAWS  OF  ;  and  COM- 
BINING WEIGHTS  OF  ELEMENTS).  The  composi- 
tion of  the  smallest  chemically  reacting  mass  is 
expressed  by  the  formula  of  the  compound, 
which  tells  the  number  of  combining  weights  of 
each  elementary  constituent  which  have  com- 
bined to  form  the  mass  in  question.  This  wider 
meaning  of  chemical  composition  rests  on,  and 
arises  from,  the  laws  of  chemical  combination  ; 
but  it  became  definite  only  when  supplemented 
by  atomic  and  molecular  conceptions. 

The  atomic  weights  of  all  the  elements  have 
been  determined  with  more  or  less  accuracy ; 
when  the  molecular  weight  of  a  compound  is 
known,  the  chemical  composition  of  that  com- 
pound is  expressed  in  a  formula  which  states 
the  number  of  atoms  of  each  element  that  have 
combined  to  form  a  molecule  of  the  compound 

(V.   ATOMIC   AND   MOLECULAR    WEIGHTS).        In   this 

further  widening  of  the  conception  of  chemical 
composition,  the  properties  of  a  compound  are 


represented  as  determined  by  the  nature  and 
number  of  the  atoms  which  form  the  molecule 
of  the  compound.  This  conception  rests  on,  and 
arises  from,  the  molecular  and  atomic  theory. 

It  frequently  happens,  especially  among  com- 
pounds of  carbon,  that  two  or  more  compounds 
have  the  same  composition  and  the  same  mole- 
cular weight,  and  yet  differ  in  properties  ;  such 
compounds  are  said  to  be  isomeric.  These 
differences  in  properties  are  generally  regarded 
as  associated  with  differences  in  the  arrangement 
or  configuration  of  the  atoms  which  form  the 
molecules  of  the  compounds  in  question.  More 
or  less  conventional  methods  are  used  for  ex- 
pressing the  supposed  relations  between  the 
properties  of  isomeric  compounds  and  the  struc- 
tures of  their  molecules.  These  methods  are 
based  on  the  hypothesis  of  atomic  valency  which 
has  arisen  from  the  application  of  the  molecular 
and  atomic  theory  to  the  study  of  isomerism 
(v.  EQUIVALENCY ;  FORMULAE;  ISOMERISM). 

The  term  chemical  constitution  (q.  v.)  is  often 
used  to  express  that  conception  of  chemical  com- 
position which  includes  an  attempt  to  exhibit 
the  properties  of  a  compound  as  determined  not 
only  by  the  nature  and  number,  but  also  by  the 
relative  arrangement,  of  the  atoms  which  form 
the  molecule  of  the  compound. 

In  the  preceding  paragraphs  it  has  been 
assumed  that  the  composition  of  every  element 
is  always  the  same.  As  a  matter  of  fact  many 
bodies  which  were  once  regarded  as  elements 
have  been  proved  to  be  compounds ;  and  recent 
researches  show  that  this  process  is  likely  to  be 
repeated  on  some  of  those  kinds  of  matter  which 
are  now  classed  among  the  elements.  Be  this 
however  as  it  may,  it  is  certain  that  some  ele- 
ments exhibit  different  properties  when  they  are 
obtained  from  their  compounds  under  different 
conditions.  Phosphorus,  carbon,  oxygen,  sul- 
phur, and  several  other  elements,  exist  in  more 
than  one  form ;  they  exhibit  the  phenomenon 
of  allotropy.  What  we  have  learned  of  the 
connexions  between  properties  and  composition 
shows  that  these  differences  in  properties  are  to 
be  regarded  as  associated  with  differences  in 
composition.  The  only  consistent  conception 
which  can  be  formed  at  present  of  variations  in 
the  composition  of  elements  is  that  which  is 
furnished  by  the  molecular  and  atomic  theory. 
According  to  this  conception,  the  properties  of 
an  element  depend  not  only  on  the  nature  of  its 
atoms,  but  also  on  the  numbers  of  these  atoms 
which  are  combined  to  form  a  molecule,  and  on 
the  relative  arrangement  of  the  atoms  in  the 
molecule  (v.  ALLOTROPY,  vol.  i.  p.  128). 

M.  M.  P.  M. 

COMPOUND  RADICLES.  The  study  of  che- 
mical composition  and  properties  has  led  to  the 
conception  that  certain  groups  or  collocations  of 
atoms  in  the  molecules  of  various  compounds 
remain  so  closely  associated  throughout  chemi- 
cal changes  which  the  molecules  undergo,  that 
the  functions  performed  by  those  groups  of 
atoms  in  these  reactions  are  practically  identical 
with  the  functions  performed  by  elementary 
atoms.  Such  groups  of  atoms  are  called  com- 
pound radicles  in  distinction  to  the  atom  of  an 
element  which  may  be  called  a  simple  radicle. 
When  two  elements  combine  we  may  say  that 
the  compound  is  formed  of  two  simple  radicles ; 


COMPOUND  RADICLES. 


e.g.  NaCl  is  formed  of  the  radicles  Na  and  Cl ; 
when  two  compounds  combine  to  form  what  is 
generally  called  a  double  compound  or  a  double 
salt,  which  double  compound  is  easily  resolved 
into  the  compounds  by  whose  union  it  was 
formed,  we  may  say  that  the  double  compound 
is  formed  of  two  compound  radicles,  each  of 
which  can  be  isolated.  Similarly,  when  a  com- 
pound goes  through  a  series  of  reactions  with 
the  production  of  new  compounds,  all  of  which 
contain  certain  elements  of  the  original  com- 
pound, we  may  suppose  that  these  certain  ele- 
ments were  in  some  way  closely  associated  in 
the  original  compound,  and  although  we  cannot 
isolate  this  group  of  elements,  yet  we  may 
advantageously  regard  the  original  compound 
and  those  produced  from  it  as  formed  by  the 
union  of  this  collocation  of  elementary  atoms, 
or  this  compound  radicle,  with  other  atoms. 
The  conception  of  the  compound  radicle  is  only 
a  widening  of  the  conception  of  the  element ; 
it  is  closely  associated  with  the  subjects  of 
chemical  classification  and  chemical  constitu- 
tion (q.  v.).  The  subject  will  be  treated  some- 
what more  fully  in  the  article  EADICLE. 

M.  M.  P.  M. 

CONCHIOLIN  v.  PROTEIDS,  Appendix  C. 

CONCUSCONIDINE  v.  CINCHONA  BASES. 

CONCTTSCONINE  v.  CINCHONA  BASES. 

CONESSINE  CI2H?oN.  [121f°].  Probably 
identical  with  wrightine  (Stenhouse,  Ph.  [2]  5, 
493  ;  Haines,  Ph.  [2]  6,  432  ;  Warnecke,  Ar.  Ph. 
[3]  26,  248,  281),  which  occurs  in  the  bark  and 
seeds  of  Wrightia  antidysenterica,  called  conessi 
bark ;  occurs  in  the  bark  of  Holarrhena  africana 
(P.  a.  S.),  and  (though  in  much  smaller  quantity) 
in  the  East-Indian  H.  antidysenterica  (Polstorff , 
B.  19,  1682).  White  silky  needles.  V.  sol. 
alcohol,  ether,  benzene,  and  chloroform,  v.  si. 
sol.  water.  Very  bitter  taste.  Scarcely  volatile 
with  steam.  Tertiary  base.  H2S04  and  dilute 
KI03  form  oxy-conessine  C60Hj03N506  (?),  a  base 
which  is  coloured  rose-red  by  cone.  H0S04  at 
100°  (W.). 

Salts . — B'HCl  aq :  small  very  soluble  needles. 
B'HN03  :  needles.— B'HCl.— B'^CLjPtCl^aq  : 
very  sparingly  soluble  yellowish-red  needles.— 
B'HClAuCl3lfaq:  long  yellow  needles,  v.  sol. 
alcohol,  nearly  insol.  water.— B'HCl,AuCl3  3|aq  : 
golden-yellow  needles. — B'HClHgCl2:  needles, 
si.  sol.  water. 

Pier  ate  B'C6H2(N02)3OHaq :  very  slightly 
soluble  glistening  golden  needles. 

Methylo-iodide  C12H20NMeIl£aq:  tables. 
V.  e.  sol.  hot  water. 

Ethylo-iodide  C^H^NEtl  |aq  :  glisten- 
ing tables. 

Methylo-hydroxide  C12H20NMe(OH) : 
strongly  alkaline  base  formed  by  the  action  of 
Ag2O  upon  the  iodide.  It  readily  absorbs  C02 
forming  the  carbonate  (C)2H2cNMeO)2C04aq, 
which  crystallises  in  long  needles.  On  heating 
to  c.  150°  it  splits  up  intc  conessine  and  MeOH 
(Polstorff  a.  Schirmer,  B.  19,  78). 

CONGLUTIN  v.  PBOTEIDS. 

CONGO-RED  v.  Amido-sulpho-naphthalene- 
azo-diphenyl-azo-naphthylamine  sulphonic  acid, 
vol.  i.  p.  416. 

CONHYDRIN  v.  CONIINE. 

CONICEIDINE  v.  CONIINE. 

CONICElNE  v.  CONUNE. 


CONIFERIN  C1(.H,.,08.  [185°].  S.  (cold)  -51. 
La]D=  -66-9  at  20°  (5?  18, 1600). 

Occurrence. — 1.  In  the  cambium  of  coni- 
ferous trees  (Kubel,  J.  pr.  97,243). — 2.  In  small 
quantity  in  beet-root,  and  hence  it  gives  rise  to 
traces  of  vanillin  sometimes  found  in  beet-sugar 
(Lippmann,  B.  16,  44). — 3.  In  asparagus  (B.  18, 
3335). 

Preparation. — The  juice  of  the  cambial  cells 
of  fir  trees  is  boiled,  filtered,  and  evaporated  to 
crystallisation. 

Properties. — Satiny  needles  (containing  2aq). 
Efflorescent  in  dry  air.  V.  sol.  hot  water,  si. 
sol.  alcohol,  insol.  ether.  Lasvorotatory.  Some- 
what bitter.  Its  aqueous  solution  is  not  ppd.  by 
metallic  salts.  Boiling  dilute  H2S04  splits  it  up 
into  glucose  and  a  resin.  Cone.  H2S04  gives  a 
dark  violet  colour,  and,  on  adding  water,  an 
indigo-blue  pp.  It  is  hydrolysed  by  emulsin 
into  glucose  and  coniferyl  alcohol.  Phenol  and 
H2S04  give  a  blue  colour,  especially  in  sunlight. 
A  dilute  alcoholic  solution  of  thymol  and  KC1O3 
turns  coniferin  moistened  with  H2S04  blue 
(Molisch,  C.  C.  1887,  366).  Chromic  mixture 
oxidises  it  to  vanillin,  giving  the  odour  of 
vanilla  (Tiemann).  In  weak  alkaline  solution 
sodium  amalgam  reduces  it  to  eugenol  (L. 
Chiozza,  C.  C.  1888,  443). 

Tetra-acetyl  derivative  C16H18Ac408. 
[126°].  From  coniferin  and  Ac20  (Tiemann  a. 
Nagai,  B.  8,  1140).  Crystalline.  Insol.  cold 
water,  m.  sol.  cold  alcohol  and  ether. 

CONIFERYL  ALCOHOL  C10H1203  i.e. 
C6H3(OH)(OMe)(C3H4OH).  [4:3:1].  [74°]. 
Formed  by  subjecting  an  aqueous  solution  of 
coniferin  to  the  action  of  emulsin  at  25° : 
C16H2208  +  H20  =  C6HI206  +  CIOH120,  (Tiemann  a. 
Haarmann,  B.  7,  611).  Prisms.  SI.  sol.  hot 
water,  m.  sol.  alcohol,  v.  sol.  ether.  Sol.  alkalis 
and  reppd.  by  acids  in  an  amorphous  condition, 
which  softens  at  160°  and  is  v.  si.  sol.  alcohol 
and  ether.  This  amorphous  form  is  coloured 
red  by  cone.  H2S04,  and  afterwards  dissolved 
with  a  red  colour.  Chromic  acid  mixture  pro- 
duces vanillin,  which  may  be  recognised  by  its 
characteristic  odour ;  the  other  products  of  oxi- 
dation are  HOAc  and  aldehyde.  Potash-fusion 
gives  protocatechuic  acid.  Sodium  amalgam 
reduces  it  to  eugenol  C10H,202. 

CONIINE  C8H17N  i.e.  C3H;oPrN  or 
CH2 

H2C  CH2 

H2C  CH.C3H7* 

V 
NH 

Mol.  w.  127.  (169°).  S.G.  ™  -846  (Petit,  B.  10, 
896) ;  -886  (Schorm).  S.  (cold)  1-11.  S.  (ether) 
17.  [o]D  =  13-8. 

Occurrence. — In  all  parts  of  the  hemlock 
(Conium  maculatum)  (Giesecke,  Brande's  Ar. 
Ph.  20,  97  ;  Geiger,  Mag.  Pharm.  35,  72,  259  ; 
36,  159  ;  v.  Planta  a.  Kekule,  A.  89,  129). 

Synthesis. — (a)-Allyl-pyridine  (from  (a) -pica- 
line  and  paraldehyde)  on  reduction  with  sodium 
and  alcohol  gives  (a)-propyl-pyridine  hexaby- 
dride ;  this  (a)-propyl-piperidine  is  identical  in 
all  its  properties  with  coniine.  except  that  it  is 
optically  inactive,  but  by  means  of  the  acid  tar- 
trate  it  can  be  separated  into  a  dextro-  and  a 


Dextro  -  (a)  -propyl  -piperidine. 


laevo-  base,  the  former  of  which  is  identical  with 
natural  coniine  (Ladenburg,  B.  19,  2579). 

Formation. — 1.  By  heating  conhydrine  with 
HI  and  phosphorus,  and  treating  the  resulting 
hydriodide  of  iodo-coniine  with  tin  and  HC1 
(Hofmann,  B.  18,  5). — 2.  By  reducing  (a)-coni- 
ceine  with  HI  and  P  (Hofmann). 

Preparation. — 100  kilos,  of  hemlock  seeds, 
after  soaking  in  hot  water  till  swollen,  are  mixed 
with  a  solution  of  4  kilos,  of  Na2C03  in  4  litres 
of  water,  and  the  mixture  distilled  with  steam  of 
about  3  atmospheres.  The  aqueous  distillate  is 
neutralised  with  HC1  evaporated,  NaOH  added 
and  extracted  with  ether.  The  residue  after  dis- 
tilling off  the  ether  is  fractionated.  Another 
method  consists  in  extracting  the  ground  seeds 
in  vacua  with  dilute  acetic  acid,  evaporating  the 
solution  to  a  syrup  in  vactto,  adding  magnesia, 
and  extracting  with  ether  (Schorm,  B.  14,  1765  ; 
cf.  Wertheim,  A.  100,  328 ;  123,  157). 

Properties. — Oil,  smelling  like  mice.  Is  a 
violent  paralytic  poison  which  acts  on  the 
motor  nerves  (Hofmann,  B.  14, 705  ;  cf.  Christi- 
son,  /.  Ph.  22,  413;  J.  Chim.  Med.  12,  461; 
Kuhlmann,  N.  Br.  Arch.  23,  38).  For  white 
mice  the  lethal  dose  is  '0758  g.  per  kilo.,  whilst 
•0750  g.  does  not  produce  death  (Ladenburg). 
Its  aqueous  solution  becomes  turbid  on  warming. 
Volatile  with  steam.  Alkaline  to  moist  test- 
papers.  Coniine  (100  pts.)  dissolves  water  (25 
to  30  pts.)  and  the  solution  when  heated  be- 
comes turbid  from  separation  of  water.  V.  sol. 
alcohol,  ether,  chloroform,  benzene,  amyl  alcohol, 
and  acetone  ;  si.  sol.  CS2.  Coniine  dissolves  S 
but  not  P.  Coniine  gives  a  yellow  pp.  with 
phosphomolybdic  acid,  a  cheesy  pp.  with  po- 
tassio-mercuric  iodide,  and  an  orange  pp.  with 
potassio-bismuthic  iodide.  If  coniine  is  dropped 
into  a  solution  of  alloxan,  an  intense-purple  red 
colour  is  gradually  developed,  while  white 
needles  separate,  which  dissolve  in  cold  KOHAq 
forming  a  purple  solution  (Schwarzenbach,  cf. 
W.  Blyth,  Poisons,  1884,  p.  251).  Chloride  of 
iodine  gives  a  dark  yellow  pp.  Coniine  does 
not  dissolve  CaCl2. 

Estimation.— Cripps,  Ph.  [3]  18,  511. 

Reactions. — 1.  Oxidises  readily  in  the  air, 
becoming  brown. — 2.  Boiling  chromic  mixture 
evolves  ^.-butyric  acid  (Blyth  ;  Griinzweig,  A. 
162,  193). — 3.  Alcoholic  solution  of  iodine  forms 
a  dark  brown  pp.  which  afterwards  disappears, 
the  liquid  becoming  colourless. — 4.  Bromine 
forms  a  mass  of  needles  [c.  100°] ;  if  too  much 
bromine  is  used  a  gummy  mass  is  formed 
(Blyth). — 5.  Chlorine  gas  produces  a  turbidity 
in  moist  coniine. — 6.  Nitrous  acid  gas  produces 
*  azoconhydrine  '  C8H16N20  (Wertheim,  A.  123, 
157). — 7.  By  prolonged  treatment  with  HI 
coniine  is  reduced  to  octane  and  NH3  (Hofmann, 
B.  18,  5).— 8.  By  distillation  with  zinc-dust  it 
loses  hydrogen  and  is  converted  into  propyl- 
pyridine  (conyrine)  (Hofmann,  B.  17,  825). — 9. 
By  the  action  of  bromine  in  alkaline  solution  it 
gives  a  very  unstable  bromo-  derivative  which 
probably  has  the  formula  CsH16NBr.  If  this 
bromo-  derivative  is  treated  with  H2S04  it  yields 
(a)-coniceine  C8HI5N  with  splitting  off  of  HBr. 
If  however  the  elimination  of  HBr  from  the 
bromo-  derivative  is  produced  by  treating  it  with 
alkalis  (7)-coniceiine  is  obtained  (Hofmann,  B. 
18,  109).  —  10.  Eeacts  with  aldehydes  thus : 
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2CsH1(iNH  +  CH,.CHO  =  (CSH16N).,CH.CH3  +  H20 
Ac.  (Schiff,  B.  6,  143).—  11.  Chloroformic  ether 
forms  C,HIHN.C(XEt  (245°).  This  is  an  oil, 
lighter  than  water,  and  very  stable  (Schotten, 
B.  15,  1947).—  12.  Phenyl  cyanate  forms  the 
anilide  of  the  same  coniine  y-carboxylic  acid 
CsH16N.CO.NHPh,  which  is  v.  sol.  alcohol,  ether, 
and  benzene  (Gebhardt,  B.  17,  3041).—  13. 
Phenyl  thiocarbimide  forms  C8H16N.CS.NHPh 
[88°]  (G.)._  14.  Phthalic  anhydride  forms 
CO,H.CliH,.CO.N.C8Hl6  [155°]  the  coniine  salt  of 
which  when  heated  at  210°  gives  amorphous 
C6H.:CA:(NC8H16),  (Piutti,  G.  13,  558;  A.  227, 
181). 

Salts.  —  B'HCl  :  [218°].  Colourless  deli- 
quescent  laminte.  Dry  HC1  is  said  to  colour  dry 
coniine  blue.—  B'2H2PtCl6  :  orange  crystalline 
powder.—  B'HBr  :  [100°]  (Mourrut,  Ph.  [3]  7,  23). 
Trimetric  needles;  a:b:c  =  -8876:1:  -4218.—  B'HI: 
flat  monoclinic  prisms;  a:&:c  =  l-2112:l:l-1532 
(Schorm,  B,  14,  1765).  —  B'HI3  :  octahedra 
(Baur,  Ar.  Ph.  [3]  5,  214).—  Oxalate  B'^C./),: 
small  crystals.  —  Tartrate  B'C4HGOfi  2aq  :  large 
trimetric  crystals  ;  a:b:c  =  -7766:1:  -5859. 

Combination.  —  B'2HgCl2  :  lemon  -yellow  pp. 
(Blyth).—  B'H2S  (?).  Unstable  (Schmidt,  B.  7, 
1525). 

Benzoyl  derivative  CdH16NBz.  Thick 
oil.  On  oxidation  with  KMn04  it  yields  the 
benzoyl  -  derivative  of  homo  -  coniic  acid  — 
C7HHNBzCO.,H  (Schotten  a.  Baum,  B.  17, 
2548). 

Nitrosamine  C8HI6N.NO.  Azoconhydrine. 
(150°-160°).  From  coniine  by  treatment  with 
nitrous  acid  gas,  followed  by  water  (Wertheim, 
A.  123,  157;  130,  269).  Yellow  oil.  V.  sol. 
alcohol  and  ether.  HC1  passed  into  its  ethereal 
solution  reproduces  coniine,  giving  off  N  and  NO  ; 
zinc  and  HC1  do  the  same. 

Methyl-coniine  C8H16NMe.  From  coniine 
and  Mel.  Formed  also,  together  with  C.jH4  and 
H20,  by  distilling  its  ethylohydroxide  (Kekul6  a. 
Planta,  A.  89,  143).  Liquid. 

Ethylo-hydroxide  C8H16NMeEtOH. 

From  the  preceding  by  successive  treatment 
with  EtI  and  moist  Ag,0  (K.  a.  P.).  Strongly 
alkaline  base.  —  C8H16NMeEtI  :  crystalline  pow- 
der, not  affected  by  aqueous  KOH.  — 


yellow  octahedra.—  C8HJ6NMeEtAuCl4. 

Methylo-hydroxideCsH.Mmie.iOft..  From 
coniine  by  treatment  with  excess  of  Mel,  the 
resulting  iodide  being  decomposed  by  moist 
Ag20. 

Di-methyl-coniine  (C8HI5Me)NMe.  (182°). 
Prepared  by  the  dry  distillation  of  the  methylo- 
hydroxide  of  methyl-coniine.  Liquid.  — 
(B'HCl)2PtCl4  :  sparingly  soluble  needles. 

Methylo-iodide  CsH^MeNMeJ  :  crystal- 
line solid. 

Methylo-hydroxide  C8H)5MeNMe2OH  : 
on  dry  distillation  it  splits  up  into  H20,  CH.,OH, 
NMe..,  di-methyl-coniine,  and  conylene  (C8H14) 
(Hofmann,  B.  14,  708). 

Ethyl-coniine  C8H1(iNEt.  From  coniine  and 
EtI,  the  resulting  C8H16NEtHI  being  decom- 
posed by  KOH  (K.  a.  P.).  Oil,  smelling  like 
mice.—  (C8H1(JNEt),H,PtCl6  :  yellow  crystalline 
powder. 

Ethylo-iodide  C8H16NEtJ.  Crystalline 
mass.  Gives  (C8H,6NEt2Cl)2PtCl6. 
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Oxy-ethyl  coniine  C8HltfN.CH,CH2OH. 
(241°).  The  hydrochloride  is  formed  by  the 
action  of  glycol  chlorhydrin  on  coniine. 

Benzoyl    derivative 

C8H16N.CH,.CH2.OBz.  From  BzCl  and  the 
above.— B'HI :  small  pearly  plates.— B'HCl : 
very  soluble  crystals  (Ladenburg,  B.  14,  2409 ; 
15,  1144). 

Tri-bromo-oxy-coniine  C8HuBr3ON.  Obtained 
as  a.  by -product  in  the  preparation  of  (7)-coni- 
ce'ine  by  treatment  of  coniine  with  bromine  and 
alkali.  Formed  by  the  action  of  bromine  and 
alkali  upon  (7)-coniceine  (Hofmann,  B.  18, 121). 
Heavy  oil.  Very  unstable.  The  free  base  quickly 
decomposes  spontaneously  into  the  hydrobrom- 
ide  and  di-bromo-oxy-coniceme  2C8H14Br3ON 
=  C8H,4Br3ON,HBr  +  C8H13Br2ON.  On  reduction 
with  tin  and  HC1  it  gives  coniine  and  (y)-coni- 
ceine. 

Salts.  — B'HBr:  needles.— B'HNOX3 :  very 
sparingly  soluble.— B',,H2Cl2PtCl4:  nearly  insol. 
yellow  crystalline  pp.— B'HClAuCl3 :  crystalline 
solid. 

Di-methyl-oxy-coniine  C8H15Me,ON.  (226°). 
Formed  by  the  dry-distillation  of  the  hydroxide 
of  the  ammonium-base  CsHlrtMeON,MeOH,  the 
iodide  of  which  was  obtained  by  digesting 
(7)-conicei'ne  with  methyl  iodide  and  alcoholic 
NaOH  (Hofmann,  B.  18, 117).  Colourless  liquid. 
SI.  sol.  water.  Strongly  alkaline.— B'HCl,AuCl3 : 
sparingly  soluble  crystals. 

Homo-coniic  acid  CNH1702N  i.e. 
CH3.CH2.CH2.CH(NH2).CH2.CH2.CH2.C02H  (?). 
[158°].  Obtained  by  saponification  of  the  benzoyl 
derivative  (Baum,  B.  19,  502).  White  crystals  ; 
v.  sol.  water  and  alcohol.  The  aqueous  solution 
reacts  neutral.  Optically  inactive.  Is  not 
poisonous.  It  readily  loses  H20,  and  is  con- 
verted into  the  inner-anhydride.  When  treated 
with  nitrous  acid  it  evolves  nitrogen. 

Benzoyl  derivative  C7HI5NBz.C02H. 
[143°].  Formed  by  oxidation  of  benzoyl-coniine 
with  KMn04  (Schotten  a.  Baum,  B.  17,  2549). 
Needles  or  prisms ;  sol.  alcohol,  nearly  insol. 
water  and  ether.— A' Ag :  nearly  insoluble  white 
amorphous  pp. — A'2Cu  :  blue  amorphous  pp. ; 
si.  sol.  hot  water,  insol.  alcohol. 

Ethyl  ether  C7H15NBz.C02Et.  [95°]. 
Long  white  flat  prisms;  v.  sol.  alcohol,  ether, 
&c.,  nearly  insol.  water  and  petroleum-ether 
(Baum,  B.  19,  500). 

Inner  anhydride  CSHISON.  [85°]. 
Eeadily  formed  by  splitting  off  H20  from  the 
acid  by  heating  it  to  its  melting-point,  treating 
it  with  absolute  alcohol,  &c.  (B.).  White  crystals. 
V.  sol.  water,  alcohol,  ether,  and  chloroform ; 
m.  sol.  petroleum-ether.  Sublimable.  It  is  re- 
converted into  the  acid  by  boiling  with  baryta- 
water  and  ppg.  the  Ba  with  C02. 

(a)-Coniceine  C8H15N.  [c.-16°J.  (158°). 
V.D.  -  4-31  (obs.).  S.G.  i*  -893. 

Formation.— I.  Together  with  (£)-coniceine, 
by  heating  conhydrine  CbH|7ON  with  P205.— 2. 
Together  with  the  (£)-coniceine,  by  heating 
conhydrine  with  HC1.— 3.  By  the  action  of 
BLjS04  on  the  bromo-  derivative  C8HJHNBr  ob- 
tained by  treating  coniine  with  bromine  and 
NaOH.  The  yield  is  40  p.c.  of  the  coniine— 4. 
Together  with  (0)-coniceme,  by  heating  iodo- 
coniine  C8H,6IN. 

Properties.— Colourless  liquid.   SI.  sol.  water. 


Its  odour  is  extremely  like  that  of  coniine. 
Tertiary  base  of  strongly  alkaline  reaction.  Its 
physiological  action  resembles  that  of  coniine, 
but  it  is  about  five  or  six  times  as  poisonous. 
By  HI  and  P  it  is  reduced  to  coniine. 

Salts.  —  B'HCl  :  six-sided  tables.— 
B'2H2Cl2PtCl4 :  large  yellow  trimetric  prisms. — 
B'HClAuCL,  :  yellow  needles.  —  Pier  ate 
B'C,H,(NO,)3OH  [225°] :  yellow  needles  ;  si.  sol. 
cold  alcohol,  nearly  insol.  water. 

Hethylo-iodide  B'Mel:  crystalline  solid; 
very  sol.  water  and  alcohol.—  (B'MeCl)2PtCl4 : 
yellow  pp.  (Hofmann,  B.  18,  5). 

()8)-ConiceineC8H15N.  [41°].  (168°).  Formed 
together  with  (a)-coniceme  (1)  by  heating  conhy- 
drine C8H,7ON  with  P205,  (2)  by  heating  conhy- 
drine with  fuming  HC1,  (3)  by  heating  iodo- 
coniine  C8H16IN  above  100°.  Colourless  needles. 
Very  volatile.  Coniine-like  odour.  '  Secondary 
base  of  strongly  alkaline  reaction.  Weaker  poi- 
son than  the  (o)-conicei'ne. 

Salts.— B'HCl  :  colourless,  very  soluble 
prisms.  — B'HClAuCl3. 

(7)-Coniceine  C8HJ5N.  (173°).  Obtained  by 
the  action  of  aqueous  alkali  upon  the  bromo- 
derivative  C8H16NBr  formed  by  treatment  of 
coniine  with  bromine  in  alkaline  solution;  the 
yield  is  30  p.c.  of  the  coniine.  Colourless  liquid. 
Not  solid  at  -  50°.  Volatile  with  steam.  About 
12  times  more  poisonous  than  coniine.  SI.  sol. 
water.  Strongly  alkaline.  Lighter  than  water. 
Secondary  base.  By  further  treatment  with 
bromine  and  alkali  it  is  converted  into  tri-bromo- 
oxy-coniine  C8HJ4Br3ON.  By  digesting  with 
methyl-iodide  and  alcoholic  NaOH  it  yields  the 
methylo  -  iodide  of  oxy  -  di  -  methylo  -  coniine 
C8H15Me,ONMeI. 

Salts.— B'2H2Cl2PtCl4 :  large  crystals  ;  S  (at 
20°)  2-4.— B'HClAuCl3:  sparingly  soluble  crys- 
tals.— B'2H2Cl2SnCl4 :  large  crystals,  the  most 
characteristic  salt  of  the  base. 

Acetyl  derivative  C8H14NAc (252°-255°) ; 
oil  (Hofmann,  B.  18,  111). 

Oxy-coniceine  C8H15ON  (210°-220°).  Formed 
by  reduction  of  di-bromo-oxy-coniceme  with  tin 
and  HC1  (Hofmann,  B.  18,  125).  Colourless 
fluid.  Volatile  with  steam.  By  digestion  with 
alcoholic  KOH  it  loses  H20  and  is  converted  into 
coniceiidine  C,sH2(iN2. 

Salts. — B'HCl:  colourless  needles.  — 
B'HClAuCl3 :  easily  soluble  thick  needles.  The 
stannic  double  chloride  is  sparingly  soluble. 

Di-bromo-oxy-coniceine  C8H13Br2ON.  Formed 
by  spontaneous  decomposition  of  tri-bromo-oxy- 
coniine,  thus :  2CHH14Br3ON  =  C8H,  ,Br3ON,HBr  + 
C8H13Br2ON.  Prepared  by  shaking  the  tri- 
bromo-oxy-coniine  hydrobromide  with  aqueous 
NaOH  and  ether.  By  tin  and  HC1  it  is  reduced 
to  oxy-coniceme  (Hofmann,  B.  18,  124). 

Coniceidine  C16H26N2.  [56°].  (above  300°). 
Colourless  needles.  Sol.  alcohol  and  ether. 
Formed  by  elimination  of  H.,0  from  oxy-coni- 
ceme by  digesting  it  with  alcoholic  KOH. 

Salts. — B'HCl:  small  sparingly  soluble 
tables.— B"H2Cl2PtCl4 :  nearly  insoluble  needles 
(Hofmann,  B.  18,  126). 

Conhydrine  C8H17NO.  Oxy-coniine.  [121°J. 
(225°)  at  720  mm.  Accompanies  coniine  in  hem- 
lock seeds  (Wertheim,  Site.  W.  47  [2]  299).  Glit- 
tering plates  (from  ether).  M.  sol.  water,  v.  sol. 
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alcohol  and  ether.  Alkaline.  Does  not  react 
with  nitrous  acid.  Is  a  weak  narcotic  poison. 

Reactions. — 1.  By  the  action  of  P205  it  is  not 
converted,  as  Wertheim  (A.  127,  75)  supposed, 
into  coniine,  but  into  a  mixture  of  (a)-  and  (#)- 
coniceine  C8HI5N.  These  products  are  also 
formed  by  heating  conhydrine  with  strong  HC1 
(Hofmann,  B.  18,  5).— 2.  By  heating  with  HI 
and  P  it  is  converted  into  an  iodo-coniine 
C^HjglN,  which  on  heating  above  100° is  converted 
into  the  hydroiodides  of  (a)-  and  (3) -coniceine, 
and  is  reduced  by  tin  and  HC1  to  coniine. — 3. 
PBr,  con  verts  it  into  a  bromo-coniineiCsH16BrN. 

Salt.—  B'2H2PtCl6:  red  crystals,  The  sul- 
phate is  also  crystalline. 

Ethyl-conhydrine  C8H,6EtNO.  Formed  by 
the  action  of  KOH  on  the  crystalline  compound 
of  conhydrine  with  EtI.  Oil. 

JB  thy  lo -iodide  C8HlaEtNOEtI.  Trime- 
tric  crystals;  a:6:c  =  *8823:l:  '105  (Zepharovich, 
Site.  W.  47  [1]  275).  Converted  by  Ag,0  into  a 
caustic  ethylo-hydroxide,  whence  HC1  and  PtCl4 
give  (C8H16EtNOEtCl)2PtCl4 :  dimetric  crystals ; 
o:c  =  l:-870. 

Paraconiceine  C8H15N.  Paraconiine.  Mol. 
w.  125.  (169°).  S.G.  a  -913  ;  ^  -842. 

Formation. — 1.  By  heating  butyric  alde- 
hyde with  alcoholic  NH3  and  distilling  the  re- 
sulting dibutyraldine  (Schiff,  A.  157,  352  ;  166, 
88;  B.  5,  42). — 2.  From  butylidene  chloride 
CH3.CH).CH9.CHC12  (or  bromide)  and  alcoholic 
NH3  at  180°  "(Michael  a.  Gundelach,  Am.  2, 172 ; 

B.  14,  2105). 

Properties. — Yellow  liquid,  smelling  like 
coniine.  V.  sol.  alcohol  and  ether;  si.  sol. 
water.  The  aqueous  solution  becomes  turbid 
when  warmed.  Inactive.  As  poisonous  as 
coniine.  Chlorine  water  produces  in  the  aqueous 
solution  a  white  pp.,  sol.  HC1.  The  hydro- 
chloride,  when  evaporated,  becomes  violet. 
Iodine  dissolved  in  KI  gives  a  brown  pp.  Is  a 
tertiary  base. — B'2H2PtCl6 :  orange  crystals. 

'Paradiconiine'C13H27N.  (210°).  S.G.^-915. 
Formed,  together  with  paraconiceine,  by  the  pro- 
longed action  of  alcoholic  NH3  on  butyric  alde- 
hyde. Its  salts  are  amorphous. 

CONIMENE  C15H24.  (264°).  An  essential 
oil  obtained  by  steam -distillation  from  conima 
or  incense-resin  (called  also  Gum  Hyawa),  the 
produce  of  Idea  heptaphylla  (Stenhouse  a.  Groves, 

C.  J.  29,  175). 

CONQTJINAMINE  v.  CINCHONA  BASES. 

CONQUINENE  v.  CINCHONA  BASES. 

CONQIIININE  v.  CINCHONA  BASES. 

CONSTITUTION,  CHEMICAL  (cf.  COMPOSI- 
TION, CHEMICAL). — The  conception  of  chemical 
constitution  is  a  development  of  that  of  chemi- 
cal combination.  All  our  present  notions  on 
the  subject  of  constitution  are  essentially  mole- 
cular and  atomic.  We  cannot,  indeed,  express 
our  conceptions  of  chemical  constitution  without 
using  the  language  of  the  molecular  theory. 
The  chemical  molecule  is  regarded  as  a  definite 
structure  built  up  of  atoms,  or  groups  of  atoms, 
which  are  related  to  one  another  in  a  definite, 
although  as  yet  unknown,  way.  The  properties 
of  the  molecule  are  regarded  as  conditioned  by 
the  nature  and  number  of  the  atoms,  and  also 
by  the  relations  between  the  atoms,  which  form 
the  molecule.  Our  only  method  of  expressing 
the  relations  which  undoubtedly  exist  between 


the  parts  of  molecules  is  based  on  supposing 
these  relations  to  be  essentially  space-relations. 
We  try  to  picture  the  molecule  as  a  configura- 
tion of  parts,  each  of  which  bears  a  definite 
space-relation  to  each  other,  while  all  are  capa- 
ble of  performing  regulated  motions  without  the 
disruption  of  the  molecule. 

This  conception  of  the  molecule  as  a  struc- 
ture is  developed  in  the  hypothesis  of  valency, 
and  attempts  are  made  to  give  consistent  repre- 
sentations of  it,  with  the  help  of  certain  conven- 
tions, in  constitutional  or  structural  formulas 
(v.  EQUIVALENCY  ;  FORMULA  ;  ISOMBBISM). 

M.  M.  P.  M. 

CONTACT  ACTION  v.  CHEMICAL  CHANGE. 

CONVALLAMARIN  C^H^O,,.  Occurs,  toge- 
ther with  convallarin,  in  the  lily  of  the  valley 
(Convallaria  majalis)  from  which  plant  it  may 
be  extracted  by  alcohol  (Walz,  N.  Jahrb.  Pharm. 
1858,  10,  145;  Langelbert,  /.  Ph.  [5]  10,26; 
C.  J.  48,  271).  Powder,  with  bitter  taste,  v.  sol. 
water  and  alcohol,  v.  si.  sol.  ether.  Decomposed 
by  boiling  dilute  H2S04  into  glucose  and  con- 
v  all  am  are  tin,  which  separates  in  crystalline 
spangles,  and  becomes  resinous  in  boiling 
water. 

Convallarin.  Kectangular  columns.  Insol. 
water  and  ether,  v.  sol.  ether.  Resolved  by  boil- 
ing dilute  acids  into  glucose  and  convallarin. 

CONVICIN  v.  VICIN. 

CONVOLVTJLTN  C:J1H50016.  [150°].  Occurs 
in  tuberose  or  officinal  jalap  root  (from  Convol- 
vulus Schiedanus],  and  may  be  extracted  from 
jalap  resin  by  washing  with  ether,  then  exhaust- 
ing with  alcohol,  and  evaporating  the  alcoholic 
extract  (Mayer,  A.  95,  161  ;  A.  F.  Stevenson, 
Ph.  [3]  10,  644).  A  hard  resin.  Odourless, 
tasteless.  Sol.  chloroform,  and  hydro-chloric 
acid;  insol.  water,  ether,  light  petroleum,  CS2, 
benzene,  and  oil  of  turpentine.  After  being  taken 
internally  it  is  not  secreted  unaltered  (Dragen- 
dorff,  G.  C.  1886,  589).  Dissolves  in  H,S04  to 
a  bright  red  colour.  Potassium  chromate,  per- 
manganate, nitrate,  or  chlorate  give  an  odour 
of  rancid  butter  and  an  olive  green  colour. 
Cone.  HN03  gives  oxalic  acid  and  ipomic  acid 
C10H1804. 

Convolvulic  acid  C31H.,017  (?)  [100°-120°]. 
Formed  by  boiling  convolvulin  with  baryta- 
water  (Kayser,  A.  51,  81  ;  Mayer,  A.  83,  126  ; 
95,  162).  White  hygroscopic  substance ;  sol. 
water  and  alcohol,  insol.  ether. 

Salts.— KA'^aq :  [100°-110°];  amorphous.— 
BaA',.— PbA'o. 

Convolvulinolic  acid  Ci:.H1,0(.aq.  [39°]. 
Formed,  together  with  glucose,  by  the  action  of 
emulsin  or  of  dilute  acids  on  convolvulic  acid. 
Minute  needles :  v.  si.  sol.  water,  v.  e.  sol.  alco- 
hol, m.  sol.  ether.  Tastes  bitter.  Cone.  H,SO , 
turns  it  red.  Cone.  HN03  gives  oxalic  and  ipomic 
acids.  The  same  body,  or  an  isomeride,  is  formed 
by  fusing  convolvulin  or  convolvulic  acid  with 
moist  NaOH.  It  forms  salts :  BaA'^aq  (at 
100°).— PbA'.,— CuA'2£aq  (at  100°). 

CONYLENE  v.  OCTINENE. 

CONYLENE  BROMIDE   v.  DI-BROMO-OCTYL- 

ENE. 

CONYLENE  GLYCOL  v.  DI-OXY-OCTYLENE. 
CONYRINE  is  (CI^PROPYL-PYRIDINE  (q.  v.). 
COPAIB  A.  BALSAM.  Exudes  from  incisions  in 
the  stems  of  various  species  of  Copaifera.  Diuretic. 
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It  contains  a  laevorotatory  terpene  (Copaibaoil) 
C20H3,  (250°-260°) ;  S.G.  -9  ;  V.D.  9'5.  The  ter- 
pene from  ordinary  copaiba  balsam  yields  a  crys- 
talline hydrochloride  C20H324HC1  [77°],  but  those 
from  Maracaibo  balsam  do  not  (Bonastre,  J.  Ph. 
11,  529  ;  Ader,  J.  Ph.  15,  95  ;  Gerber,  Brande's 
Arch.  30,  157;  Blanchet,  A.  7,156;  Soubeiran 
a.  Capitaine,  J.  Ph.  26,  70 ;  A.  34,  321 ;  Posselt, 

A.  69, 67 ;  Lowe,  Ph.  14,  65 ;  Strauss,  A.  148, 151). 
The   terpene    from    Maracaibo    balsam   yields 
terephthalic  acid  on  oxidation  (Brix,  M.  2,  507). 
Moist  copaiba  oil  distilled  over  sodium  gives  a 
dark  blue  hydrate  C20H32^aq  (252°-260°).     The 
different  varieties  of  copaiba  balsam  also  con- 
tain resins  and  resinous  acids  (Stoltze,  Jahrb.f. 
Plwrm.   27,  179 ;   Oberdorfer,  Ar.  Ph.   [2]  44, 
172 ;    Ulek,  Ar.  Ph.  122,  14 ;  Stockhardt,  Ar. 
Ph.  38,  12 ;  Procter,  Ph.  10,  603  ;  Eoussin,  J. 
Ph.  [4]  1,  321 ;  Schweizer,  P.  17,  784;  21,  172  ; 
Eose,  P.  33,  83  ;  Hess,  A.  29, 140  ;  Fehling,  A. 
40, 110 ;  Wayne,  Am.  Journ.  Pharm.  [4]  3,  326 ; 
Siebold,  Ph.  [3]  8,  250  ;  Bowman,  Ph.  [3]  8, 
330 ;   Martin  a.  Vigne,  J.  Ph.   1842,   52).     On 
oxidation  with  K2Cr207andH2SO,  copaiba  balsam 
yields  w-di-methyl-succinic   acid   [140°]  (Levy, 

B.  18,  3206). 

Copaivic  acid  C20H32O2  (?)  Extracted  by 
alkalis  from  copaiba  balsam  (Rose,  A.  13,  177  ; 
40,  310 ;  Fliickiger,  J.pr.  101, 235  ;  Kush,  Ph.  [3] 
10,  5).  Crystalline.— CaA'2.—PbA'2.—AgA'. 

Metacopaivic  acid  C22H3404.  [206°].  Ex- 
tracted by  alkalis  from  Maracaibo  balsam  ob- 
tained from  Columbia  (Strauss,  A.  148,  153). 
Plates.  Insol.  water,  v.  sol.  alcohol  and  ether. — 
CuA'^q.-Ag^'aq. 

Oxycopaivic  acid  C20H2803.  [c.  120°].  Found 
in  a  balsam  from  Para  (Fehling,  A.  40,  110). 
Crystals.  Forms  an  amorphous  hydrate  C20H3004. 
PbA'2.— AgA'. 

COPAL.  This  name  is  given  to  a  variety  of 
resins  which  exude  from  different  trees,  e.g. 
Rims  copallina,  Eleocarpus  copalifer,  Hymencea 
verrucosa,  Dammara  australis.  They  contain 
many  resins,  and  often  yield  terpenes  on  distil- 
lation (Filhol,  A.  44,  323  ;  Thomson,  A  47,351; 
Schibler,  A.  113,  339 ;  Unverdorben,  B.  J.  11, 
265  ;  Violette,  C.  B.  63,461 ;  Muir,  C.  J.  27,  733  ; 
Kennie,  C.  J.  39,  240).  A  similar  substance 
(copalin)  is  found  fossilised  at  Highgate  (John- 
ston, P.  M.  [3]  14,  87). 

COPELLIDINE    v.     TEI  -  METHYL  -  PYRIDINE 

HEXAHYDRIDE. 

COPPER  GROUP  OF  ELEMENTS.  COPPED 
SILVER,  GOLD.  These  metals  occur  native  ;  they 
have  been  known  and  used  from  very  early 
times.  They  show  a  general  resemblance  to 
each  other  in  their  physical  and  chemical  pro- 
perties, but  there  are  differences  between  them. 
The  table  in  the  next  column  presents  some  of 
their  properties. 

The  three  metals  are  hard,  lustrous,  malleable, 
tenacious,  and  ductile ;  they  are  good  conduc- 
tors of  electricity ;  they  crystallise  in  forms  be- 
longing to  the  regular  system.  Cu  is  oxidised 
by  treating  in  air ;  Ag  combines  very  slowly  with 
O  at  extremely  high  temperatures  ;  Au  does  not 
directly  combine  with  0.  Cu  and  Ag  interact 
with  acid  to  form  salts ;  Au  is  acted  on  by  aqua, 
regia,  but  not  by  HClAq  or  HN03  separately. 
Cu  decomposes  steam  at  a  red  heat ;  Ag  and  Au 
are  without  action  on  steam. 


Copper 

Silver 

Gold 

Atomic  weight 

63-2 

107-66 

197 

Molecular  weights  are  unknown. 

Melting-point  .    . 
Specific  gravity 
(approximate)  . 
Atomic  weight     . 

c.  1100° 
8-8 
7-2 
•095 

c.  1000° 
10-5 
10-3 

•057 

c.  1200° 
19-5 
10-1 
•0324 

Specific  gravity    . 
Specific  heat    .    . 

Heats  of  formation  of  various  compounds  (Thomson). 

[M2,C1<]     .    .    . 
[M',0]       .    .    . 
[Ma,S]        .    .    . 

65,750 
40,810 
20,270 

58,760 
5,900 
5,340 

11,620 

Heats  of  neutralisation  of  oxides  (Thomsen). 

[M'J0,2HClAq]   . 

49,300 

42,580 

[Au03H3,3HClAq] 
=  18,440 

General  formula  and  character  of  compounds. 
—Oxides,  MO  and  M20,  also  Au203.  Sul- 
phides, MS  (except  Ag),  M2S.  Haloid  com- 
pounds, MX2  (except  Ag),  MX  or  M2X2,  AuX3. 
Salts,  Cu2X,Ag.,X,  andafewAu.,X;  CuX  ;  a  few 
Au23X;  (X=S04,~2N03,C03,fP04;S203,&c.).  The 
oxides  Cu20  and  Au20  are  produced  by  reducing 
cupric  and  auric  salts,  e.g.  CuS04Aq  and  AuCl3Aq, 
in  presence  of  an  alkali;  Ag20  is  obtained  by 
adding  alkali  to  an  argentous  salt,  e.g.  AgN03Aq. 
Addition  of  alkali  to  a  cupric  salt,  e.g.  CuSO4Aq, 
ppts.  CuO.H2O,  which  loses  water  on  heating  to 
dull  redness  ;  addition  of  alkali  to  an  auric  salt, 
e.g.  AuCl3Aq,  ppts.  Au203.3H20,  which  lo  33 
water  at  100°,  and  at  a  higher  temperature  be- 
comes AuO ;  argentic  oxide  AgO  is  formed  by 
the  action  of  ozone  on  Ag20.  Of  the  oxides  of 
Cu,  CuO  is  the  more  stable  ;  it  dissolves  in  acids 
and  forms  a  large  series  of  well-marked  salts ; 
Cu20  forms  a  few  salts  by  directly  interacting 
with  acids,  but  generally  it  reacts  to  form  salts 
of  CuO  with  separation  of  Cu.  Of  the  oxides  of 
Ag,  Ag20  is  much  the  more  stable ;  it  reacts  with 
acids  to  form  argentous  salts ;  AgO  acts  towards 
acids  as  a  basic  peroxide,  forming  argentous  salts 
and  evolving  0.  None  of  the  oxides  of  Au  is 
stable  ;  a  few  salts  corresponding  to  each  are 
known,  e.g.  Au2S203  derived  from  Au2O,  AuS04 
from  AuO,  and  AuCl3  from  Au203.  The  oxides 
of  Cu  and  Ag  are  distinctly  basic ;  moist  Ag20 
acts  like  a  weak  alkali,  although  a  hydroxide  has 
not  been  certainly  isolated.  Au20  and  AuO  are 
feebly  basic ;  Au203  is  also  feebly  basic,  but  it 
likewise  dissolves  in  KOHAq  to  produce  a  salt, 
KAu02,  in  which  Au  forms  part  of  the  negative 
radicle. 

The  sulphides  Cu2S  and  Au2S  are  produced 
by  the  combined  action  of  ELS  and  reducing 
agents  on  cupric  and  auric  salts ;  e.g.  a  cupric 
salt  heated  in  H2S  and  then  in  H  gives  Cu.,S  ; 
AuCl3  dissolved  in  KCNAq  and  ppd.  by  H,S 
gives  Au2S.  Argentous  salts  give  Ag,S  on  addi- 
tion of  H2S.  The  sulphides  CuS  and  AuS  are 
formed  by  reactions  between  ELS  and  cupric  or 
auric  salts.  Both  sulphides  of  Cu,  and  sulphide 
of  Ag,  are  stable ;  Cu2S  being  the  more  stable  of 
the  Cu  sulphides.  These  sulphides  are  basic, 
forming  some  compounds  with  the  sulphides  of 
less  positive  elements,  e.g.  Cu2S.Sb2S3 ;  Cu2S  also 
forms  some  double  compounds  in  which  it 
appears  to  be  negative  to  the  other  constituent, 
e.g.  K2S.3Cu2S.2CuS.  Au2S  when  freshly  ppd. 
dissolves  in  water  ;  both  this  sulphide  and  AuS 
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dissolve  in  alkali  sulphides  to  form  sulpho-salts, 
e.g.  NaAuS,  KAuS2. 

The  salts  of  Cu  belong  to  two  series ;  e.g. 
Cu2Cl2  representative  of  cuprous  salts,  and  CuSO4 
representative  of  cupric  salts ;  the  cupric  salts 
are  the  more  stable.  Silver  forms  but  one  series 
of  salts,  the  argentous  salts,  e.g.  AgNO3,  Ag2S04. 
Few  gold  salts  are  known ;  Au2S2O3  is  a  repre- 
sentative of  the  aurous  salts,  AuS04  represents 
the  auro-auric  salts,  and  AuCl3  belongs  to  the 
auric  series.  Auric  chloride  and  bromide  AuCl3 
and  AuBr3  combine  with  HC1  and  HBr  respec- 
tively, forming  the  monobasic  acids  HAuCl4  and 
HAuBr4.  Gold  is  distinctly  the  most  negative 
of  the  three  elements  Cu,  Ag,  Au ;  the  non-me- 
tallic character  of  Au  is  shown  in  the  formation 
of  aurates,  e.g.  KAu(X,  derived  from  Au,03,  of 
sulpho-aurates,  e.g.  NaAuS  and  KAuS2,  d'erived 
from  AuS,  of  the  acids  HAuCl4  and  HAuBr4,  and 
in  the  instability  of  the  salts  of  Au.  Silver  is 
distinctly  metallic  in  all  its  chemical  relations. 
Cu  is  also  metallic,  but  the  formation  of  such 
compounds  as  K2S.3Cu.,S.2CuS  shows  a  tendency 
of  Cu  to  react  as  a  feebly  non-metallic  element. 

The  position  of  the  elements  Cu,  Ag,  Au  in 
the  scheme  of  classification  based  on  the  periodic 
law  is  peculiar  (v.  CLASSIFICATION,  p.  204).  These 
elements  are  placed  in  Group  I. ;  this  group  com- 
prises Li,  Na,  K,  Kb,  and  Cs,  which  are  the  most 
positive,  and  chemically  the  most  metallic,  of  alt 
the  elements ;  but  Cu  rinds  a  place  in  the  long 
period  containing  the  metals  Fe,  Ni,  and  Co ; 
Ag  comes  in  the  long  period  which  contains  Eh, 
Ku,  and  Pd;  and  Au  follows  Os,  Ir,  and  Pt.  The 
three  sections  of  Group  VIII.,  viz.  (1)  Fe,  Ni,  Co, 
(2)  Eh,  Eu,  Pd,  (3)  Os,  Ir,  Pt,  appear  to  impress 
their  own  properties  on  the  elements  immedi- 
ately preceding  and  succeeding  them.  Cu,  Ag, 
and  Au  exhibit  analogies  at  once  with  the  other 
members  of  the  group  to  which  they  belong,  and 
with  those  metals  of  Group  VIII.  which  form 
part  of  the  long  periods  including  Cu,  Ag,  and 
Au  respectively.  The  analogies  with  the  metals 
of  Group  VIII.  are  shown  in  the  physical  pro- 
perties of  Cu,  Ag,  and  Au,  and  also  to  some  ex- 
tent in  their  general  chemical  characters.  The 
analogies  between  the  alkali  metals  and  the  ele- 
ments of  the  Cu  group  are  shown  in  the  com- 
position of  the  alkali  salts  and  the  cuprous  salts, 
the  argentous  salts,  and  the  few  aurous  salts 
which  have  been  isolated ;  also  in  the  basic 
character  of  cuprous,  argentous,  and  aurous 
oxides.  The  existence  of  AgO  and  CuO2,  and 
the  fact  that  these  behave  as  peroxides,"  esta- 
blishes an  analogy  between  Cu  and  Ag  on  one 
side,  and  Na  or  K  on  the  other ;  Ag  also  forms 
an  alum,  Ag,S04.Al2(SO.,)3.24H,0 ;  moist  Ag,O 
reacts  as  a  weak  alkali ;  the  non-existence  of  any 
salts  of  Ag  except  those  of  the  type  AgX 

orv 

(X=  — -N03,  &c.)  establishes  another  resem- 
blance between  Ag  and  the  alkali  metals.  It 
should  be  noted  here  that  the  molecular  formula 
of  cuprous  chloride  is  Cu2Cl2,  while  that  of  silver 
chloride  is  AgCl ;  in  this  point  Ag  resembles  the 
alkali  metals,  as  the  molecular  formulae  KC1  and 
CsCl  have  been  established.  Au  differs  more 
than  either  Cu  or  Ag  from  the  alkali  metals ;  this 
difference  is  emphasised  in  the  acidic  characters 
of  Au203,  Au2S,  and  AuS,  in  the  formation  of 


HAuCl,,  &c.,  and  in  the  great  instability  of  the 
salts  of  Au  ;  on  the  other  hand,  the  solubility  in 
water  of  Au,0  and  Au2S  suggests  the  solubility 
in  water  of  the  oxides  and  sulphides  of  the  alkali 
metals.  The  methods  of  formation  of  Au20  and 
Au,S  suggest  the  processes  ,by  which  Cu20  and 
Cu^S  are  formed.  (For  more  details  about  the 
metals  of  the  copper  group,  v.  COPPER,  SILVER, 
GOLD  ;  v.  also  NOBLE  METALS.)  M.  M.  P.  M. 

COPPER.  Cu.  At.  w.  63-2.  Mol.  w.  unknown 
(c.  1100°  ;  for  various  determinations  v.  Carnel- 
ley's  Melting  and  Boiling  Points).  S.G.  varies 
from  8-36  for  finely  divided  Cu  to  8*95  for  ham- 
mered Cu  (v.  Playfair  a.  Joule,  C.  S.  Mem.  3,  57 ; 
Dick,  P.  M.  [4]  11,  409  ;  Baudrimont,  J.  pr.  7, 
287;  Hampe,  C.  C.  6,  379  ;  Marchand  a.  Scheerer, 
J.  pr.  27,  193,  &c.).  S.H.  (15°-100°)  -0933  ; 
(160-172°)-0948;  (17°-247°)  -0968  (Bede,  M6m. 
B.  27  [1855-56].  C.E.  (linear  0°-100°)  -00001666 
(Matthiessen,  Pr.  15,  220).  C.E.  (cubical)  V,  =  V0 
(1  +  -00004443*  +  -0000000555*2)  (Matthiessen, 
I.e.}.  T.C.  (Ag  =  100)  73-6  (Wiedemann  a.  Franz, 
P.  M.  [4]  7,  33).  E.G.  at  c.  19°  (Ag  wire  =  100), 
93  (Matthiessen,  Tr.  1860 ;  Pr.  11,  126).  E.G. 
at  0°  (Hg  at  0°  =  100)  c.  52-54  (Siemens,  P.  M. 
[4]  21,  24).  E.G.  is  much  decreased  by  small 
quantities  of  P,  As,  Zn,  Fe,  Sn,  &c.  (v.  Matthies- 
sen, I.e.}.  Emission-spectrum  characterised  by 
lines  in  the  green  5217, 5153,  and  5105  (Thalen) 
Hartley  (Tr.  1884.  105)  gives  the  following  as 
prominent  lines  of  high  refrangibility :  3273-2 
3246-9,  2544-6,  2370-1,  2248-2,  2247'7,  2244, 
2243-5.  Crystallises  in  regular  octahedra.  S.V.S. 
c.  7-1. 

Occurrence. — Very  abundantly;  as  metal, 
oxide,  sulphide,  chloride,  arsenate,  carbonate, 
phosphate,  sulphate,  silicate,  and  vanadate. 
Small  quantities  of  salts  of  Cu  are  found  in  sea- 
weed (Malaguti,  A.  Ch.  [3]  28, 129) ;  in  sea-water 
(Dieulafait,  A.  Ch.  [5],  18,  349) ;  in  the  blood  of 
various  animals  (v.  Harless,  Chem.  Gazette,  1848. 
.214 ;  Genth,  P.  95,  60  ;  J.  1848.  871, 874  ;  1849. 
530 ;  Ulex,  J.  pr.  94,  376  ;  Wicke,  W.  J.  1866. 
73) ;  in  flour,  eggs,  &c.  (Odling  a.  Dupre,  Guy's 
Hospital  Reports,  October  1858) ;  in  all  plants 
that  live  on  primary  rocks  or  on  soil  derived  from 
these  rocks  (Dieulafait,  A.  Ch.  [5]  19,  550).  In 
many  mineral  waters.  Copper  has  been  known 
and  used  for  making  tools  from  very  early  times. 

Formation. — 1.  From  native  oxides  and  car- 
bonates by  melting  with  silica  in  presence  of 
lime  and  charcoal ;  silicate  of  calcium  is  formed 
and  the  charcoal  reduces  the  oxide  of  copper. — 
2.  From  native  sulphides,  and  sulphides  of  Cu 
with  Fe,  &c.,  by  roasting  and  then  melting  ;  CuO 
is  first  formed,  and  then  reacts  with  FeS  in  the 
ores  to  form  CuS  and  Fe203,  the  greater  part  of 
the  iron  passes  into  the  slag  ;  by  repeating  this 
process  approximately  pure  CuS  is  obtained ;  this 
is  roasted  so  as  to  convert  a  part  of  it  into  CuO, 
the  mixture  of  CuO  and  CuS  is  melted  in  closed 
apparatus  when  S02  and  Cu  are  produced 
(2CuO  +  CuS  =  3Cu  +  S02) ;  the  impure  copper  is 
refined  by  poling,  a  process  consisting  in  stirring 
the  melted  metal,  covered  with  a  layer  of  anthra- 
cite, with  a  green  pole  of  birch  or  oak,  the  heated 
wood  evolves  reducing  gases  (CO,  H20,  hydro- 
carbons).— 3.  From  oxide,  or  from  roasted  native 
sulphides,  by  treatment  with  heated  cone.  NaClAq 
whereby  CuCl2  is  formed  and  dissolved,  followed 
by  ppn.  by  means  of  scrap  iron. — 4.  From  oxide, 


COPPER. 


or  from  roasted  native  sulphides.by  treatment  with 
hot  NaClAq  and  FeS04Aq  mixed  with  CaCl2  and 
subsequent  ppn.  by  scrap  iron ;  the  chief  reaction  is 
3CuO  +  2FeCl2Aq  =  Fe203  +  Cu2012Aq  +  CuCl,Aq. 
5.  By  electrolysis  of  solution  of  Cu  salts. 

Preparation. — 1.  Commercial  copper  is  dis- 
solved in  fairly  cone.  H2S04Aq  ;  PbS04  is  ppd.  by 
diluting  largely  with  water  ;  the  liquid  is  filtered 
and  poured  on  to  Zn  or  Fe  (sifted  Zn  powder  is 
best),  and  digested  until  nearly  but  not  quite 
colourless ;  the  pp.  is  freed  from  Zn  or  Fe  by 
treatment  with  warm  dilute  HClAq ;  it  is  then 
washed,  dried,  and  fused  under  borax ;  or  the  pp. 
of  Cu  after  digestion  with  acid  is  washed,  dried 
quickly  at  75°,  and  heated  in  a  stream  of  H 
(Bottger,  A.  39,  172).  [For  impurities  in  com- 
mercial copper  v.  Abel  a.  Field,  C.  J.  14,  280.]— 
2.  CuS04Aq  is  mixed  with  KCoHgO^q,  and 
H3P03Aq  is  added ;  Cu  ppts.  quickly  (Wohler,  A. 
79,  128). — 3.  Commercial  copper  is  dissolved  in 
equal  parts  of  H.,S04  and  water ;  the  solution  is 
boiled  with  a  little  HN03  (to  oxidise  Fe  salts)  and 
crystallised,  the  crystals  are  recrystallised  from 
water,  dissolved  and  electrolysed  (Millon  a.  Com- 
maille,  C.  R.  56,  1249).— 4.  Hampe  (Fr.  1874. 
352)  adds  KOHAq  to  CuSO4Aq  until  a  pp.  of 
basic  salt  is  formed  (this  pp.  contains  any  Bi 
which  might  have  been  present  in  the  CuS04) ; 
the  filtered  solution  is  evaporated  and  crystallised ; 
the  crystals  are  dissolved  in  the  smallest  possible 
quantity  of  water ;  20  cc.  cone.  HN03Aq  are 
added  to  every  500  cc.  solution  ;  an  electric  cur- 
rent is  passed  through  this  liquid  using  cone- 
shaped  Pt  electrodes,  the  current  being  stopped 
before  the  whole  of  the  Cu  is  ppd.,  whereby  Fe, 
Zn,  and  other  metals  remain  in  solution ;  the 
ppd.  Cu  is  washed  and  dissolved  in  pure  HN03Aq, 
the  solution  is  evaporated  to  dryness,  and  the 
Cu(N03)2  obtained  is  decomposed  by  heating ;  the 
CuO  is  reduced  by  heating  in  pure  H.  The  Cu 
thus  obtained  is  dissolved  in  H2S04Aq ;  crystals 
of  CuS04  are  obtained,  and  the  foregoing  process 
of  electrolysis  is  repeated.  The  metal  obtained 
by  the  second  electrolysis  is  boiled  in  water,  to 
remove  traces  of  undecomposed  CuS04.  The  Cu 
thus  obtained  is  heated  to  a  very  high  tempera- 
ture in  a  porcelain  tube  in  a  current  of  pure 
C02  (about  50  grams  Cu  at  a  time)  until  melted. 
H  is  then  passed  over  the  molten  metal  for  a 
time,  and  finally  it  is  allowed  to  cool  in  C02. — 
5.  Finely  divided  Cu  may  be  obtained  (a)  by  re- 
ducing CuO  in  a  stream  of  H ;  (&)  by  strongly 
heating  a  mixture  of  5  parts  Cu2Cl2  with  6  parts 
dry  Na2C03,  and  some  NH4C1,  and  washing  the 
product  (Liebig  a.  Wohler,  P.  21,  582)  ;  (c)  by 
digesting  CuS04Aq  with  sifted  zinc  powder, 
pouring  off  the  liquid  before  quite  colourless, 
washing  the  residue  with  dilute  HClAq,  pressing 
between  paper,  and  drying  at  about  75°. 

Properties. — A  reddish-yellow  solid.  The  red 
colour  of  ordinary  Cu  is  due  to  a  film  of  Cu20. 
Crystallises  from  molten  state,  or  by  slow  elec- 
trolytic deposition,  or  by  ppn.  by  means  of  P,  in 
cubes  and  octahedra  belonging  to  the  regular 
system.  Melts  at  high  temperature,  about  1100° ; 
expands  on  solidifying ;  very  ductile,  malleable, 
hard,  and  elastic;  fairly  tenacious;  very  good 
conductor  of  heat  and  electricity ;  may  be  highly 
polished;  sonorous.  Copper  melted  in  air  as- 
sumes a  vesicular  structure  on  cooling  owing  to 
escape  of  bubbles  of  gas,  either  CO  formed  when 


the  Cu  is  melted  under  charcoal,  Or  S02  formed 
by  action  of  traces  of  S  in  the  Cu  on  traces  of 
CuO  present  (Dick,  P.  M.  [4]  11,  409  ;  Matthies- 
sen  a.  Eussell,  P.  M.  [4]  23,  81).  Finely  divided 
Cu  may  readily  be  hammered  and  pressed  into 
masses.  Cu  is  slightly  volatile  when  very  strongly 
heated  (Kiernsdyk,  C.  N.  20,  32) ;  in  the  0-H 
flame  it  boils  and  partially  volatilises  ;  Despretz 
(C.  R.  48,  362)  volatilised  Cu  in  a  H  stream  by 
passing  a  current  through  it  from  600  Bunsen- 
cells.  Molten  Cu  absorbs  various  gases  (Hampe, 
Zeitschr.  f.  d.  preuss.  Berg-Hiltten  und  Salinen 
Wesen,  1874  a.  1875;  Graham,  P.  M.  [4]  32, 
503  ;  Lucas,  A.  Ch.  12. 402  ;  Marchand  a.  Schee- 
rer,  J.  pr.  27,  195 ;  Dick,  P.  M.  [4]  11,  409  ; 
Matthiessen  a.  Bussell,  P.  M.  [4]  23,  81 ;  Lenz, 
J.  pr.  108,  438).  H  is  absorbed  in  considerable 
quantity  (finely  divided  Cu  absorbs  '6  vols.  of  H, 
Graham) ;  the  whole  of  the  H  is  not  given  out  on 
cooking,  or  on  heating  to  160°  (Lietzenmayer,  B. 
11,  306) ;  but  if  the  Cu  is  heated  to  250°  it  is 
slightly  oxidised,  and  if  it  is  then  heated  to  red- 
ness in  a  nearly  closed  tube  a  little  H2O  is  formed, 
and  the  CuO  is  reduced  (L.,  I.e.).  Cu  prepared 
by  reducing  CuO  in  H  retains  a  little  H,  which 
may  be  removed  by  the  method  described;  or 
by  heating  in  a  stream  of  formic  acid  vapour 
(Wegl,  B.  15, 1139).  S02  and  CO  are  also  absorbed 
by  molten  Cu ;  C02  and  N  are  not  absorbed.  Cu 
in  masses  is  unchanged  in  dry  air  ;  when  gently 
heated  it  is  superficially  oxidised  to  Cu20,  at  a 
higher  temperature  Cu20  and  CuO  are  formed ; 
finely  divided  Cu  burns  to  CuO  in  air  considerably 
under  a  red  heat.  In  moist  air  containing  C02, 
Cu  becomes  covered  with  a  film  of  greenish  basic 
carbonate ;  after  a  considerable  time  the  interior 
of  such  Cu  contains  crystals  of  Cu2O  (D.  P.  J. 
206,  200).  Finely  divided  Cu,  obtained  by  re- 
ducing CuO  under  red  heat,  is  changed  by  ordi- 
nary air  to  Cu2O.  Cu  in  mass  decomposes  H20 
at  a  full  red  heat,  and  then  only  slowly.  Cu  is 
slowly  acted  on  by  many  dilute  organic  acids  in 
the  air ;  eatables  should  not,  therefore,  be  allowed 
to  remain  in  Cu  vessels  exposed  to  air,  although 
they  may  be  boiled  with  water  in  such  vessels,  as 
then  the  escaping  steam  removes  the  air.  Cu  is 
slightly  dissolved  by  HClAq  or  H2S04Aq  in  pre- 
sence of  air  ;  cone,  hot  H2S04  forms  CuS04  and 
CuS  with  evolution  of  S02;  cone,  hot  HIAq  forms 
Cu2I2  and  H ;  HN03Aq  readily  dissolves  the  metal 
with  evolution  of  N  oxides  ;  S02Aq  slowly  forms 
CuS03  and  H2S02Aq.  NH3Aq,  in  presence  of  0, 
acts  on  Cu,  forming  Cu-NH4  nitrate ;  heated  in 
NH3,  Cu  nitride  is  formed.  NH4  salts,  and  some 
other  metallic  salts,  in  solution  dissolve  appre- 
ciable quantities  of  Cu.  Cu  combines  directly 
with  01,  Br,  S,  P,  Si,  As,  Sb,  and  many  metals 
(v.  COPPER,  ALLOYS  or). 

The  atomic  weight  of  Cu  has  been  determined 

(1)  by  reducing  CuO  in  H  (Berzelius,  P.  8,  182 ; 
Erdmann  a.  Marchand,  J.pr.  31,  391 ;  Millon  a. 
Commaille,  C.  R.  57, 147  ;  Hampe,  Fr.  13,  354) ; 

(2)  by  electrolysing  CuS04Aq  and  weighing  the 
Cu  (Hampe,  Fr.  13,  367;  Shaw,  P.  M.  [5]  23, 
138) ;  (3)  by  reducing  AgN03Aq  by  pure  Cu  and 
weighing  the  Ag  (Richards,  P.  Am.  A.  22  ;  23, 
177).  The  number  63-2  is  confirmed  by  the  S.H. 
of  Cu,  and  by  comparison  of  the  crystalline  forms 
of  Cu  compounds  with  some  ferrous  compounds, 
and  also  with  compounds  of  Co  and  Ni,  and  with 
some  compounds  of  Ag. 
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Copper  is  distinctly  a  metallic  element ;  it 
forms  salts  by  replacing  the  H  of  most  acids ; 
most  of  these  salts  belong  to  the  series  CuX2 

where  X  =  01,  N03,  — -4,  &c. ;  but  several  cuprous 

salts,  Cu2X2,  are  also  known.  There  are  indica- 
tions of  the  existence  of  compounds  of  Cu  with 
strongly  positive  metals  and  0,  in  which  the  Cu 
forms  part  of  the  negative  radicle  of  the  salts, 
but  such  salts  have  not  been  isolated  (v.  COPPER, 
OXIDES  OF).  Copper  is  analogous  in  its  chemical 
relations  on  one  hand  to  Ag,  and  on  the  other 
to  Fe,  Ni,  and  Co  ;  it  also  shows  similarities  with 
Au  and  with  the  alkali  metals.  In  the  periodic 
classification  of  the  elements  Cu  is  generally 
placed  both  in  Group  VIII.,  which  comprises  Fe, 
Ni,  Co,  and  the  Pt  metals,  and  also  in  Group  I., 
which  includes  H,  the  alkali  metals,  Ag,  and  Au 
(v.  COPPER  GROUP  OF  ELEMENTS).  The  valency  of 
the  atom  6f  Cu  has  not  been  determined  with 
certainty  ;  the  only  compound  whose  molecular 
weight  in  the  gaseous  state  has  been  determined 
is  Cu2CL,  the  atom  of  Cu  is  most  probably  di- 
valent in  this  molecule. 

Allotropic  form  of  copper.  Schiitzen- 
berger  (C.  li.  86,  1265)  described  a  bronze-co- 
loured solid,  obtained  by  electrolysing  a  solution  of 
Cu  acetate  containing  some  basic  acetate  (produced 
by  boiling) ;  the  negative  electrode  consisted  of  a 
plate  of  Pt,  and  the  positive  of  a  somewhat  larger 
Cu  plate ;  2  Bunsen-  or  3  Daniell-cells  were 
used  ;  the  electrodes  were  placed  3  or  4  centims. 
apart.  The  bronze- coloured  body  was  deposited 
on  the  face  of  the  Pt  electrode  turned  towards 
the  Cu  plate.  The  deposit  was  lustrous ;  very 
brittle ;  S.G.  c.  8  to  8-2  ;  it  contained  5  to  10  p.c. 
CuO ;  it  was  oxidised  readily  in  moist  air ;  cold 
HN03Aq  (10  p.c.)  dissolved  it  readily  with  evolu- 
tion of  nearly  pure  N20.  This  substance  was 
changed  to  ordinary  Cu  by  heat.  No  H  was 
evolved  by  heating  to  100°  in  C02.  Wiedemann 
(W.  6,  81)  says  that  the  substance  obtained  by 
electrolysing  Cu  acetate  as  described  is  ordinary 
Cu  containing  CuO  sometimes  amounting  to  35 
p.c. ;  Schiitzenberger  (Bl.  [2]  31,  291)  asserts 
that  his  allotropic  copper  is  changed  to  ordinary 
copper  without  change  of  mass  (v.  also  Mackin- 
tosh, C.  N.  44,  279). 

Reactions. — 1.  Cu  decomposes  water  slowly 
at  a  full  red  heat  (Kegnault,  A.  Ch.  62,  364).— 
2.  In  dry  air  Cu  is  unchanged ;  but  in  ordinary 
moist  air  it  becomes  covered  with  a  film  of  a 
basic  carbonate  (D.  P.  J.  206,  200),  and  crys- 
tals of  Cu20  are  formed  in  the  interior  of  the 
mass. — 3.  Heated  in  oxygen  CuO  is  formed;  very 
finely  divided  Cu  is  said  to  form  Cu20  in  oxygen 
without  heating. — 4.  Not  acted  on  by  weak  acids 
in  absence  of  air,  but  slowly  dissolved  by  dilute 
HClAq,  &c.,  in  presence  of  air.  Thomsen  gives 
these  thermal  data  (Th.  3,  320):  -  [Cu,  0-,  SO2] 
=  111,490;  [Cu,  O2,  2N02,  6H-0]  =  96,950 ; 
[Cu,  O,  H2S04Aq]  =  55,960;  [Cu,  0,  2HNOsAq] 
=  52,410.— 5.  In  very  cone,  nitric  acid  Cu  is 
passive,  because  of  formation  of  layer  either  of 
NO  or  CuO  (cf.  Passivity  of  Iron,  under  IRON). 
Dissolves  rapidly  in  less  cone,  nitric  acid  giving 
off  NO  andN20. — 6.  Cone,  hydrochloric  acid  in 
presence  of  air  dissolves  finely  divided  Cu,  form- 
ing Cu2Cl2  and  evolving  H  (Gelling,  C.  J.  9,  291) ; 
less  cone.  HClAq  slowly  dissolves  Cu  when 


heated  with  it  in  presence  of  air. — 7.  Dilute 
sulphuric  acid  in  presence  of  oxygen  slowly  dis- 
solves Cu  (forming  H202  according  to  Traube, 

B.  18,  1887).     Cone.  H2SO4  acts  on  Cu  even  at 
20°,    forming   Cu2S,     and    CuS04;    at    higher 
temperatures  S02  is  evolved,  until  at  270°  the 
action      is      represented      by     the      equation 
Cu  +  2H2S04  =  CuS04  +  S02  +  2H20      (Pickering, 

C.  J.  [2]  18,  112).— 8.  Sulphurous  acid  slowly 
acts,  forming  sulphite  and  H.2S02Aq ;  if  large  ex- 
cess of  H2S03Aq  is  used,  CuS  is  formed  along  with 
S  (Causse,  Bl.  [2]  45,  3). — 9.  Cone,  hydriodic  acid 
attacks  Cu  forming  Cu2I2  and  H.— 10.  Aqueous 
solutions  of  many  metallic  salts  slowly  dissolve 
Cu ;  chlorides  and  nitrates,  especially  of  ammo- 
nium, are  the  most  active  (v.   Pattison  Muir, 
C.  N.  34,  223,  234 ;  Carnelley,  C.  J.  [2]  15,  1). 
According  to  Traube  (B.  18,  1887)  Cu  dissolves 
in  (NH,)2C03Aq  with  production  of  EL2O2Aq.— 

11.  Ammonia  solution  slowly  dissolves  Cu  with 
previous  formation  of  CuO;  Schonbein  (B.  B. 
1856.'  580)    says   that   Cu-NH4   nitrite  is  pro- 
duced.   Heated  in  ammonia  to  full  redness,  Cu 
becomes  brittle  and  now  contains  N,  a  nitride  is 
probably   formed   (Warren,  C.   N.   55,   155).— 

12.  Sulphuretted  hydrogen  forms  CuS. — 13.  Many 
fatty  oils,  e.g.  olive,  rape,  linseed,  &c.,  dissolve 
considerable  quantities  of  Cu  (Thomson,  C.  N. 
34,  176,  200,  213). 

Combinations. — Copper  combines  directly  with 
the  following  non-metallic  elements  either  at 
the  ordinary  or  higher  temperatures:  chlorine, 
bromine,  iodine,  oxygen,  sulphur,  selenion,  phos- 
phorus, silicon,  arsenic,  antimony  (for  details  v. 

COPPER,    CHLORIDE    OF  ;    BROMIDE    OF,   &C.).      It   is 

not  quite  certain  whether  Cu  combines  directly 
with  nitrogen  or  not ;  Blondlot  (C.  B.  102,  210) 
got  indications  of  combination  when  discs  of 
Cu  and  Pt  were  strongly  heated  in  an  atmo- 
sphere of  N  (cf.  COPPER,  NITRIDE  OF). 

Detection  and  Estimation. — Cu  salts  in  solu- 
tion give  a  deep-blue  colour  with  excess  of 
NH3Aq ;  a  mahogany-coloured  pp.  of  ferro- 
cyanide  of  Cu  in  very  dilute  liquids.  Minute 
traces  of  Cu  may  be  detected  by  immersing  a 
small  couple  of  Zn  and  Pt  wires  in  the 
liquid,  and  then  exposing  the  Pt  wire  to  the 
vapour  given  off  by  adding  cone.  H2S04  to  KBr ; 
if  a  trace  of  Cu  has  been  deposited  on  the  Pt  a 
deep-violet  colour  is  produced,  due  to  formation 
of  a  compound  of  CuBr2.o?H20  with  HBr  (Cresti, 
Q.  7,  220).  Copper  is  often  estimated  by  ppn. 
with  KOHAq,  heating,  and  weighing  as  CuO  ; 
also  by  ppn.  as  metal  by  means  of  Zn  and  Pt. 
Volumetric  methods  of  estimation  are  based  on 
the  reaction  of  ammoniacal  Cu  solutions  with 
KCNAq  to  form  colourless  Cu(CN)2.2NH4CN  ; 
on  the  reaction  of  Cu  solutions  with  KIAq  to  form 
Cu2I2,  and  I;  on  the  reaction  of  Cu,0  with 
Fe,Cl6Aq  to  form  CuCLjAq  and  FeCLAq  ;"  and  on 
other  reactions.  Cu  may  also  be  estimated  by 
electrolysis  (v.  Classen,  Quantitative  Analyse 
durch  Electrolyse  [Berlin,  1886]).  For  details 
of  methods  a  Manual  of  Analysis  must  be  con- 
sulted. 

Copper,  Alloys  of. — Many  alloys  of  Cu  are 
much  used  in  manufactures  because  of  their 
malleability,  hardness,  and  durability,  and  in 
some  cases  sonorousness.  Only  a  brief  account 
of  the  chief  classes  of  these  alloys  is  given  here ; 
for  details  of  those  alloys  which  are  of  especial 
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technical  importance  reference  must  be  made  to 
the  Dictionary  of  Technical  Chemistry. 

1.  With  aluminium.     Alumina  and  CuO  are 
strongly  heated  with  carbon  in  about  the  ratio 
Al:9CuO:9C.     The  alloy  which  results  has  the 
composition  Cu9Al ;  it  has  the  colour  of  gold,  is 
very  tenacious   and  malleable,  very  hard,  and 
takes  a  high  polish.    This  alloy,  or  an  alloy  con- 
taining from  5  to  10  p.c.  Al,  is  generally  known 
as    aluminium-bronze    (v.  Debray,   C.  B.    43, 
925). 

2.  With  antimony.     Cu  and  Sb  alloy  in  al- 
most all  proportions.      Compounds  SbCu2  and 
SbCu4  probably  exist  (v.  Ball,    C.  J.  53,  167). 
These  alloys  are  brittle.     Sb  is  present  in  many 
varieties  of  bronzes  and  in  alloys  for  making 
parts  of  locomotives.    For   action  of  acids  on 
alloys  of  Sb  and  Cu  v.  Calvert  a.  Johnson,  T. 
1858.  349. 

3.  With  arsenic  ;  v.  COPPER,  ARSENIDES  OF. 

4.  With  bismuth ;  various  alloys  are  formed 
by  heating  the   metals  together ;  an  alloy  of  2 
parts  Bi  with  1  part  Cu  expands  after  solidifica- 
tion (Marx,  S.  58,  470). 

5.  With  gold  v.  Roberts,  A.  Ch.  [5]  13,  133. 

6.  With  iron.     Cu  is   alloyed   with  iron  by 
fusion.     (For  description  of  alloys  v.  Mushet, 
P.  M.  (3)  6,  81.) 

7.  With  lead.    Cu  and  Pb  melted  together 
at  a  red  heat  form  alloys ;  but  the  fused  mass 
tends  to  separate  into  two  layers ;  the  upper  con- 
taining much  Cu  and  little  Pb,  and  the  lower 
much  Pb   and  little  Cu ;    separation   is  partly 
prevented  by  rapid  cooling.      Pb   is  found  in 
many  clock-metals  and  bronzes. 

8.  With  nickel.    Alloys  of  Cu  and  Ni,  with 
about  lOCu  and  4Ni,  are  nearly  white ;  alloys 
containing  Cu,  Ni,  and  Zn  are  largely  used  under 
the  names  of  German  silver,  Packfong,  &c. 

9.  With  silver  ;  Cu  and  Ag  alloy  in  very  varied 
proportions  (for  details  v.  Roberts,  A.  Ch.  (5)  13, 
111). 

10.  With   tin.     The  various  bronzes,   gun- 
metals,  and  bell-metals,  are  alloys  of  Cu  and  Sn ; 
these  alloys  are  formed  by  fusing  the  two  metals 
together.     Many  bronzes  contain  Pb,  and  some 
contain  small  quantities  of  Fe  and  Sb.     For  de- 
tails of  the  manufacture  and  properties  of  the 
copper-tin    alloys    v.   Dictionary  of  Technical 
Chemistry.     Two  compounds  of  Cu  and  Sn  ap- 
pear to  exist,  Cu4Sn  and  Cu3Sn ;  the  evidence 
is  based  on  the  variations  in  the  specific  gravi- 
ties, electrical  conductivities,  and  other  physical 
properties,  of  the  alloys  of  Cu  and  Sn  (v.  Mat- 
thiessen,    T.   1860.     161;    Riche,    C.    R.    55, 
1862  ;  Lodge,  P.  M.  (5)  8, 554  ;  Calvert  a.  John- 
son, T.  1858.  349 ;  Roberts,  P.  M.  (5)  8,  58,  551 ; 
Laurie,  C.  J.  53,  104  ;  Ball,  C.  J.  53,  167). 

11.  With  zinc      Ordinary  brass  is  an  alloy 
of  about  2  parts  Cu  to  1  part  Zn ;  many  alloys 
of  the  two  metals  in  various  proportions  are  used 
in  manufactures  under  the  names  of  Pinchbeck, 
Mosaic  gold,  &c.     Modern  bronze  is  generally 
an  alloy  of  Cu  with  zinc  and  tin.     These  alloys 
are  formed  either  by  fusing  the  metals  together, 
or  by  heating  Cu  with  ZnO  and  charcoal.     In 
some  cases  one  metal  is  ppd.  on  the  other  from 
solution.    For  details  regarding  the  manufac- 
ture, properties,  and  uses  of  the  various  brasses, 
&c.,    v.    Dictionary    of    Technical    Chemistry. 
There  are  indications  of  the  formation  of  a  com- 


pound of  Cu  and  Zn,  viz.  CuZn2  (v.  Laurie,  C.  J. 
53,  104).  For  action  of  acids  on  Cu-Zn  alloys 
v.  Calvert  a.  Johnson,  C.  J.  [2]  4,  435;  also 
Matthiessen,  C.  J.  [2]  4,  502. 

Copper,  Antimonate  of.  Cu(SbOa)2.5H2O 
(Fremy,  A.  Ch.  [3]  12,  499  ;  Heffter,  P.  86.,  418). 

Copper,  Antimonides  of  (v.  COPPER,  ALLOYS 
OF). 

Copper,  Arsenates  of.  Cu3H2(As04)4.2H,0, 
and  Cu3(As04)2  (v.  ARSENIC,  ACIDS  OF,  vol.  i.  308). 

Copper,  Arsenides  of.  The  compounds 
Cu3As,  Cu(iAs,  and  Cu9As,  occur  native  as 
Domeyldte,  Algodonite,  and  Darwinite,  respec- 
tively. According  to  Lippert  (J.pr.  81,  168)  the 
grey  deposit  obtained  by  heating  Cu  in  an  HC1 
solution  of  As/)  3  in  Cu5As2 ;  when  this  is  heated 
in  H,  Cu6As  remains. 

Copper,  Arsenites  of.  CuHAs03,  and 
Cu(As02)2;  v.  ARSENIC,  ACIDS  OF,  vol.  i.  306. 

Copper,  Boride  of.  When  amorphous  B  is 
heated  with  Cu  in  a  crucible  for  some  hours, 
above  the  M.P.  of  Cu,  a  yellow,  very  hard,  brittle, 
mass  is  obtained,  S.G.  8-116  ;  this  is  Cu3B.,  ac- 
cording to  Marsden  (C.  J.  37,  672). 

Copper,  Borofluoride  of.  Cu  (BF4)2,  v.  under 
COPPER,  FLUORIDES  OF. 

Copper,  Bromides  of.  Two  bromides  are 
known,  CuBr2,  and  Cu2Br2  (or  CuBr).  The  mole- 
cular weight  of  neither  in  the  gaseous  state  has 
been  determined ;  but  judging  from  the  chlorides 
the  formulae  given  are  probably  molecular. 
Thomsen  gives  the  thermal  values  [Cu2,Br-] 
=  49,970;  [Cu,Br2]  =  32,580 ;  [CuW,Bra] 
=  15,190;  [Cu,Br2, Aq]  =  40,830  (Th.  3,319). 

I.  CUPRIC  BROMIDE,  CuBr2.  (Copper  dibrom- 
ide.)   Prepared  by  dissolving  Cu(OH)2  in  HBrAq, 
or  digesting  Cu  turnings  with  excess  of  BrAq,  or 
adding  KBrAq  to  CuSiF6Aq ;  the  green  solution 
turns  brown  on  evaporation  ;  when  the  residue 
is  gently  heated,  CuBr2  remains  as  a  graphite- 
coloured  fusible  mass.     If  the  green  solution  is 
evaporated  in  vacuo  over  H2S04,  CuBr2  is  ob- 
tained in  lustrous  iodine-coloured  crystals  (Ram- 
melsberg,  P.  55,  246).    By  evaporating  in  air, 
Berthemot  (A.  Ch.  44,  385 ;   v.  also  Lowig,  P. 
14,   485)    obtained   greenish-brown   crystals  of 
CuBr2.5H20.     CuBr.,   is   deliquescent   and   very 
soluble  in  water ;  when  heated  it  gives  CuBr  and 
Br.     This  bromide  combines  with  ammonia  to 
form  CuBr2.5NH3  and  CuBr,.3NH3 ;  the  former 
is  a  blue  powder  obtained  by  passing  NH3  over 
CuBr2;  the  latter  forms  dark-green  crystals,  ob- 
tained by  adding  alcohol  to  CuBr.,Aq  saturated 
with   NH3   (Rammelsberg,  P.  55,  246).     These 
double  compounds  dissolve  in  water ;  on  dilution 
Cu(OH)2  is  ppd. ;    when  heated  they  give   off 
NH3  and  NH4Br  and  leave  a  mixture  of  CuBr2 
and  CuO. 

II.  CUPROUS  BROMIDE.    CuJBr^  (Copper mono- 
bromide.}     Prepared  by  heating  CuBr2,  by  pass- 
ing Br  over  heated  Cu,  or  by  reaction  between 
Cu  and  CuBr2Aq  mixed  with  FeBr3Aq  (Renault, 
C.  E.  59,  319).     A  white  powder,  insoluble  in 
water.     S.G.   4-72;  M.P.  =  504°;  B.P.  between 
861°  and  954°  (Carnelley  a.  Williams,  C.  J.  37, 
125).     Not  decomposed  by  cone.  H.,S04,  but  by 
HN03Aq  (Berthemot,  A.  Ch.  [2]  44,  385;  Lowig, 
P.  14,  485).     Turns  bluish  in  sunlight  and  is 
then    less    soluble   than  before  in  NaClAq  or 
Na.S203Aq  (Renault,  C.  E.t  59,  319). 
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Copper,  Chlorides  of.  Two  chlorides  of  cop- 
per are  known,  CuCl2  and  CuCl  or  Cu,,Cl2.  Many 
experiments  have  been  made  on  the  V.D.  of 
cuprous  chloride ;  it  is  very  probable  that  the 
molecular  formula  of  this  salt  is  Cu2Cl2.  Thorn- 
sen  gives  the  thermal  data  [Cu-,Cl2]  =  65,750  ; 
[Cu.Cl-j  -  51,630  ;  [Cu,  C12,2H20]  =  58,500  ; 
[CnClf,2H*OJ  =  6,870  ;  [Cu,Cl'',Aq]  =  62,710  (Th. 
3,  319). 

I.  CUPRIC  CHLORIDE.  CuCL.  (Copper  di- 
chloride.) 

Preparation. — 1.  By  burning  Cu  in  Cl  gas,  or 
by  passing  Cl  over  heated  CuCl. — 2.  By  dis- 
solving Cu  in  aqua  regia,  or  in  boiling  cone. 
HClAq  in  presence  of  air,  or  by  dissolving  CuO 
or  CuC03  in  hot  HClAq ;  the  green  solutions 
thus  obtained  are  evaporated  and  the  crystals  of 
CuClj.2H.jO  which  form  are  heated  to  100°. — 
3.  By  mixing  NaClAq  with  CuS04Aq,  evaporating, 
filtering  from  Na.>SO.,,  evaporating,  and  heating 
the  CuCl2.2H20  obtained. 

Properties  and  Reactions. — A  brownish-yellow, 
deliquescent,  solid ;  melts  at  red  heat  and  gives 
CuCl  and  Cl.  Easily  soluble  in  water,  solution 
in  a  very  little  water  is  dark-green  (Solly,  P.  M., 
1843.  367) ;  on  addition  of  more  water  it  becomes 
green,  colour  of  very  dilute  solutions  is  greyish- 
blue  (Gladstone,  C.  J.  8,  211,  says  that 
CuCL.2CuO.4H,0  is  formed) ;  addition  of  cone. 
HClAq  or  better  H2S04  produces  a  yellow  colour 
in  a  green  solution  of  CuCL.  Franz  ( J.  pr.  [2] 
5,  274)  gives  the  following  data  showing  the  com- 
position and  S.G.  of  CuCl2Aq  : — 

P.c.  CuCl2       S.G.       P.c.  CuCl2      S.G. 
5        '     1-0455  25       '     1-2918 

10  1-092  30  1-3618 

15  1-1565  35  1-4447  ' 

20  1-2223  40  1-5284 

CuCl2  is  soluble  in  alcohol  and  in  ether ;  alco- 
holic solutions  burn  with  green  flame.  CuCLAq 
ppd.  by  KOHAq  yields  various  oxychlorides  (v. 
COPPER,  OXYHALOLD  COMPOUNDS  OF).  For  reactions 
of  CuCl2  with  metallic  sulphides,  v.  Eammels- 
berg  (C.  J.  39,  374),  and  Easchig  (A.  228,  1). 

Combinations.  —  1.  With  water  to  form 
CuCl2.2H20  ;  obtained  by  evaporating  solutions 
of  CuCl2  and  crystallising  (v.  supra] ;  rhombic 
prisms  a:6:c  = -9179:1:  '4627  (Gm.-K.  [6th  ed.]  3, 
642)  ;  lose  2H.O  at  100°,  or  over  H.,S04  (of.  Vogel, 
D.  P.  J.  136;  239,  with  Graham,  A.  29,  31).— 

2.  With  ammonia  to  form  M.2NH3,  M.4NH3.H,0, 
and  M.6NH3  [M  =  CuCLJ  (Kane,  A.  Ch.  72,  27~3 ; 
Eose,  P.  20,   155).     CuCL.6NH3  is  formed  by 
passing  NH3  over  CuCL,  as  long  as  absorption 
continues ;  when  heated  to  149°,  NH3  is  evolved 
and  CuCl,.2NH3  remains.     When  NH3  is  passed 
into   hot   cone.    CuCLAq   until   the   pp.  which 
forms  has  re-dissolved",  and  the  liquid  is  allowed 
to    cool,    CuCL.4NH3.H2O    separates    in   dark- 
green  octahedra  which  lose  NH3   on  drying. — 

3.  With  ammonia  and  salammoniac  to   form 
CuCl.,2NH3.2NH4Cl ;     obtained   by    boiling  Cu 
turnings  with   cone.  NH4ClAq  till   a  deep-blue 
liquid   is  obtained,   filtering  from    Cu2Cl2.2NH3 
which  separates,  allowing  the  filtrate  to  oxidise 
in  the  air  until  it  becomes  greenish,  and  cooling 
(Eitthausen,  J.  pr.  60,  376).    Dark-green  tablets, 
decomposed  by  water. — 4.  With  cuprous  cJiloride 
and  ammonia    to  form  CuCl2.Cu2Cl2.4NH3.H.,0 
(Eitthausen,    J.  pr.  60,  374) ;  obtained   by   dis- 
solving Cu2Cl2  in  NHjAq,  allowing  the  solution 


to  become  deep  blue  by  exposure  to  air,  and 
crystallising;  or  by  the  prolonged  action  of 
NH4ClAq  on  Cu  turnings  at  the  ordinary  tem- 
perature. Blue  prisms ;  decomposed  by  water 
and  alcohol ;  absorb  0  from  air  and  lose  NH3 ; 
when  heated  leave  Cu.,Cl2 ;  soluble  in  hot 
HClAq  from  which  solution  CuCl,.2NH4C1.2H<!0 
crystallises  out.— 5.  With  ammonium  chlor- 
ide, to  form  (a)  CuCl2.2NH4C1.2H,0,  and  (b) 
CuCL,.NH4C1.2H,0.  The  former  is  obtained  by 
crystallising  a  mixed  solution  of  the  two  salts 
(Mitscherlich,  J.  pr.  19,  449 ;  Graham,  A.  29, 
132) ;  or  by  concentrating  a  mixed  solution  of 
CuS04  and  NH4C1  (Vogel,  J.  pr.  2,  194) ;  or 
saturating  CuCl2Aq  with  NH3  (Cap  a.  Henry, 
J.pr.  13,  184).  Light-blue  rhombic  tables,  or 
octahedra;  loses  all  H/)  at  110°-120°;  S.G. 
1-96  to  1-97.  The  salt  CuCl2.NH4C1.2H,0  was 
obtained  by  Hantz  (A.  66,  280),  as  blue-green 
crystals,  by  neutralising  1  part  HClAq  by  NH3 
and  2  parts  of  the  same  HClAq  by  CuC03,  mix- 
ing the  solutions,  and  crystallising.— 6.  With 
potassium  chloride  to  form  CuCl.2.2KC1.2H20  ; 
obtained  by  evaporating  a  mixed  solution  of  the 
two  salts.  S.G.  2-4. 

II.  CUPROUS  CHLORIDE.  Cu2Cl2.  (Proto- 
chloride  of  copper.)  Mol.  w.  197~14.  V%.D.  (c. 
1560°)  6-8.  Formula  found  to  be  Ca.CL,  and  not 
CuCl  from  results  of  V.D.  determinations  by  V. 
and  C.  Meyer,  at  c.  1560°  (B.  12,  1112,  1288). 
[Cu2,  C12]  =  65,750;  [Cu'Cl2,  CP]  =  37,510  (Th. 
3,  319). 

Formation. — 1.  Cu  is  heated  in  Cl,  keeping 
the  Cu  in  excess. — 2.  Cu  is  heated  to  dull  red- 
ness in  a  stream  of  HC1  (Wohler,  A.  105,  360).— 

3.  By  heating  together  CuCl2  and  Cu  in  HClAq.— 

4.  By  heating  together  Cu  and  Fe.,Cl6Aq. — 5.  By 
heating    CuCl,.— 6.    By    reducing    CuCLAq  or 
CuS04Aq  by  SnCl2,  or  S02.— 7.  By  heating  2  parts 
HgCL  with  1  part  Cu  turnings. — 8.  By  heating 
CuS04  with  NaH2P02  in  a  little  water  (Cavazzi, 
Q.  16,  167). 

Preparation. — 1.  Sulphur  dioxide  is  passed 
into  a  mixture  of  1  part  NaCl  and  2£  parts 
CuS04.5H20  dissolved  in  water ;  the  white  pp. 
is  washed  with  SCLAq,  then  with  glacial  acetic 
acid,  pressed  between  paper,  and  dried  at  100° 
(Wohler,  A.  130,  373;  Eosenfeld,  B.  12,  954). 
[2CuCLAq  +  H.,S03  +  H.,0 

=  Cu,CL  +  H,S04Aq  +  2HClAq].— 2.  An  intimate 
mixture  of  14"-2  parts  powdered  CuO  with  7  parts 
zinc  powder  is  thrown,  little  by  little  with  con- 
stant shaking,  into  cone.  HClAq,  until  a  white 
pp.  of  Cu2Cl2  begins  to  form  ;  more  acid  is  added, 
and  then  a  little  more  of  the  mixture,  and  so  on 
until  the  whole  of  the  mixture  has  been  used. 
The  liquid  is  then  poured  into  boiled  water  in  a 
flask  so  that  the  flask  is  filled ;  the  flask  is 
closed ;  the  Cu2Cl2,  which  separates  as  a  shining 
white  solid,  is  washed  with  distilled  water, 
and  dried  in  the  dark  (Heumann,  B.  7,  720). 
[2CuO  +  Zn  +  4HClAq 
=  Cu,CL  +  ZnCLAq  +  2H,0]. 

Properties.— Snow-white  crystalline  powder; 
insoluble  in  water,  alcohol,  dilute  HNO3  or 
H2S04Aq ;  soluble  in  hot  HClAq,  separating  on 
cooling  in  tetrahedra  ;  soluble  in  NH3Aq ;  solu- 
ble, on  heating,  in  KClAq,  NaClAq,  FeXl^Aq, 
ZnCLAq,  and  many  other  metallic  chlorides; 
soluble  in  Na,S.,O-,Aq  when  the  two  salts  are  in 
the  ratio  Cu,Cl2:Na,S,03  (Winkler,  J.  pr.  88, 
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428).  S.G.  3-7.  Melts  below  red  heat,  and  boils 
between  954°  and  1032°  (Carnelley  a.  Williams, 
C.  J.  37,  126).  Solution  in  HClAq  acts  as  an 
energetic  reducer,  converting  HgCl2  to  HgCl, 
AuCl3  to  Au,  decolourising  Prussian  blue,  &c. ; 
this  solution  rapidly  absorbs  CO  (v.  Hempel,  B. 
21,898;  cf.  Drehschmidt,  B.  21,  2158),  colour- 
less crystals  of  Cu,Cl2.C0.2H2O  separate  from  a 
saturated  solution  of  CO  in  Cu2Cl2  (Berthelot, 
A.  Ch.  [3]  46,  488),  on  warming  the  solution  CO 
escapes.  This  solution  also  absorbs  various 
gases,  e.g.  C,H2  and  PH3  (Eiban,  B.  12,  1208 ; 
Eose,  P.  4,  110 ;  6,205). 

Reactions. — 1.  Moist  Cu2Cl2  changes  in  sun- 
light and  air  to  yellow,  violet,  and  then  blue- 
black;  an  oxychloride  is  formed  (CuCl2.3CuO, 
according  to  Vogel,  D.  P.  J.  136,  238)  [concern- 
ing the  action  of  sunlight  on  Cu2Cl2  v.  Carle- 
mann,  J.  pr.  63,  475].— 2.  Heated  in  oxygen  or 
in  water-vapour,  CuO  is  formed. — 3.  By  repeated 
washing  with  water  CuCl2  and  Cu20  are  pro- 
duced.— 4.  Eeduced  to  Cu  by  hydrogen,  or  by 
digestion  under  water  with  iron  filings. — 5. 
Scarcely  acted  on  by  sulphuric  acid,  even  when 
cone,  and  hot  (Eosenfeld,  B.  12,  954).— 6.  Eeacts 
with  many  metallic  sulphides  to  produce  Cu2S 
(v.  Easchig,  A.  228,  1). 

Combinations. — 1.  With  ammonia  to  form 
Cu,Cl.2.2NH3.  By  dissolving  Cu2Cl2  in  NH3Aq  ; 
or  better  by  boiling  Cu  turnings  with  cone. 
NH4ClAq  until  rapid  evolution  of  NH,  begins, 
filtering  the  boiling  liquid  into  ^  its  volume  of 
water,  and  repeatedly  filtering  from  Cu20.#H20, 
allowing  to  cool,  repeatedly  washing  the  solid 
which  separates  with  alcohol  and  quickly  press- 
ing between  paper  (Eitthansen,  J.  pr.  59,  369, 
Millon  a.  Commaille,  G.  B.  56,  309).  Colourless 
rhombic  dodecahedra,  becoming  violet  in  air ; 
decomposed  by  water  into  its  constituents  on 
heating ;  solution  in  water  reduces  ammoniacal 
silver  solutions  (M.  a.  C.),  it  absorbs  0  from  the 
air  forming  Cu2Cl2.CuCl2.4NH3.H20  (q.  v.  under 
CUPRIC  CHLORIDE,  Combinations,  No.  4).— 2.  With 
salammoniac  to  form  Cu,Cl2.4NH,Cl.  Obtained 
by  dissolving  Cu2Cl.2.2NH3  in  HClAq,  or  by  add- 
ing a  little  NH3Aq  to  Cu2Cl2  in  HCiAq ;  white 
crystals,  becoming  brown  in  air,  and  giving 
Cu,Cl2  and  NH4C1  when  heated  (Eitthausen, 
J.  pr.  59,  369).— 3.  With  potassium  chloride  to 
form  Cu2Cl2.4KCl;  large  octahedra;  prepared 
by  dissolving  Cu2Cl2  in  boiling  KClAq,  and  al- 
lowing to  cool  in  a  closed  vessel  (Mitscherlich, 
A.  Ch.  73,  384).  A  compound  with  NaCl  is  also 
known ;  it  is  very  soluble  and  difficult  to  crys- 
tallise.— 4.  With  phosphorus  hydride,  to  form 
Cu2Cl2.2PH3.  Obtained,  as  long  colourless 
needles,  by  passing  PH3  into  Cu2Cl2  in  HClAq 
until  crystals  form  ;  when  heated  gives  Cu  phos- 
phide, PH3,  and  HC1;  water  forms  PH3  and 
CuGP,  (Eiban,  Bl.  [2]  31,  385). 

Copper,  Fluorides  of.  Two  fluorides  have 
been  isolated,  CuF2  and  Cu2F2  (Berzelius,  P.  1, 
28). 

I.  CUPRIC  FLUORIDE,  CuF2.2H20.  Best  ob- 
tained by  dissolving  CuC03  in  HFAq,  and  adding 
alcohol  of  95  p.c.  (Balbiano,  O.  14,  74).  Pale- 
blue  crystalline  powder;  sparingly  soluble  in 
water,  very  easily  decomposed  to  oxyfluoride 
CuF2.Cu(OH)2[=  CuF.OH]  (v.  Oxyfluoride  under 
COPPER,  OXYHALOID  COMPOUNDS  OF).  Decomposes 
on  keeping  for  four  or  five  days  with  evolution  of 


HF.  Combines  with  KF  to  form  very  soluble 
CuF2.2KF.  Absorbs  NH3  with  formation  of 
CuF2.Cu(OH)2.4NH3.2NH4F.2H2O  (Balbiano,  I.e.). 

Cupric  borofluoride 

Cu(BF4)2[=CuF2.2BF3]  is  obtained  by  mixing 
Ba(BF4)2  and  CuS04Aq. 

Cupric  silicofluoride  CuSiFti.6H.>0  is 
produced  by  dissolving  CuO  in  H2SiFaAq  and 
evaporating. 

II.  CUPROUS  FLUORIDE,  Cu2F2.  A  red  powder 
obtained  by  treating  Cu20.zH20  with  HFAq; 
washing  with  water,  pressing,"  and  drying  in 
vacuo ;  decomposed  by  moist  air  to  Cu(OH)2.CuF2 
(Berzelius,  I.e.). 

Copper,  Hydride  of.  A  compound  of  Cu  and 
H  is  said  to  be  produced  by  the  following  re- 
actions:— 1.  1  pt.  Ba(H,P02)2  is  dissolved  in 
water,  the  Ba  is  exactly  ppd.  by  H2S04Aq,  the 
filtrate  is  added  to  -8  parts  CuS04.5H2O  in  rather 
dilute  solution,  at  the  ordinary  temperature,  ppn. 
is  allowed  to  proceed  slowly ;  the  pp.  is  washed 
with  air-free  water  in  an  atmosphere  of  C02, 
and  dried  by  pressure  between  paper  (Wurtz, 
A.  Ch.  [3]  11,  250;  C.  B.  89,  1066;  90,  22).- 
2.  NaHS02Aq  is  added  in  excess  to  CuS04Aq; 
if  the  CuS04  is  in  excess  the  pp.  contains  some 
Cu  (Schutzenberger,  C.  B.  69,  196). — 3.  Zinc  is 
placed  in  CuS04Aq  acidulated  with  H2S04 
(Schoor,  Ar.  N.  12,96;  [J.  1877.  273]).— 4.  A 
moderately  strong  current  is  passed  through 
very  dilute  slightly  acidulated  CuS04Aq;  the 
compound  forms  at  the  negative  pole  but  begins 
to  decompose,  with  evolution  of  H,  as  soon  as 
the  current  is  stopped  (Poggendorff,  P.  75,  337). 
Copper  hydride  is  described  as  a  reddish-brown 
powder,  having  the  composition  Cu2H2 ;  it  de- 
composes at  60°  into  Cu  and  H ;  in  HClAq  it 
gives  Cu2Cl2  and  H ;  it  takes  fire  in  01.  (Cf.  Eer- 
thelot  [C.  B.  89,  1005,  1097],  who  says  that  the 
so-called  copper  hydride  always  contains  0,  H20, 
and  P ;  but  Wurtz  [C.  B.  90,  22]  gives  further 
details  and  analyses,  showing  that  the  prepara- 
tion is  apt  to  contain  Cu  phosphate,  but  the  pre- 
sence of  more  than  a  mere  trace  of  this  may  be 
avoided  by  ppg.  the  Cu2H2  very  slowly  in  cold 
solutions.) 

Copper,  Hydroxides  of,  v.  HYDRATED  OXIDES 
OF  COPPER,  under  COPPER,  OXIDES  OF. 

Copper,  Iodides  of.  Only  one  iodide  of  copper 
has  been  isolated;  this  is  the  cuprous  com- 
pound, CuJ2.  When  KIAq  is  added  to  the 
solution  of  a  cupric  salt,  a  pp.  of  Cu2I2  mixed 
with  free  I  is  obtained ;  e.g.  2CuS04Aq  +  4KIAq 
=  Cu,I2  + I2  +  2K2S04Aq.  Cu2I2  dissolves  in  alco- 
holic solution  of  I ;  the  liquid  is  not  ppd.  by 
water,  but  on  heating  and  adding  alcoholic  solu- 
tion of  KI,  Cu2I2  is  ppd.  along  with  KI3.  Solu- 
tions containing  about  3  gram  CuI2  per  100  c.c. 
have  been  obtained  ;  compounds  are  known 
which  probably  contain  CuI2  (v.  infra]. 

CUPROUS  IODIDE,  Cu,I2.  "  S.G.  4-41  (Schiff). 
B.P.  between  759°  and  772'  (Carnelley  a.  Wil- 
liams, C.  J.  37,  126).  Mol.  w.  not  determined, 
but  from  analogy  of  Cu2Cl2  it  is  probably  Cu2I2 
=  379-46.  [Cu2,!2]  =  35,200  (Th.  3,  319). 

Formation. — 1.  Finely  divided  Cu  heated 
with  I  forms  Cu2I2;  a  plate  of  Cu  exposed  to  the 
vapour  of  I  becomes  covered  with  crystals  of 
Cu2I2  (Eenault,  C.  B.  59,  319).— 2.  Cu  is  dis- 
solved in  cone.  HIAq,  on  standing  in  air  (or 
better  on  adding  a  trace  of  H^S)  Cu_J2  ppts.  in 
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crystals  (Eose,  P.  4,  110).— 3.  Cu2S  is  dissolved 
in  cone.  HIAq  (Mensel,  B.  3,  123).— 4.  KIAq  is 
added  to  CuSO4Aq ;  Cu2I2  is  ppd.  along  with  I. 

Preparation.—  CuSO,Aq  is  saturated  with 
SO..,,  or  a  mixture  of  1  pt.  CuS04.5H2O  and  2}  pts. 
FeS04.7H20  is  dissolved  in  water,  KIAq  is  added, 
the  pp.  is  washed  and  dried  (Duflos,  A.  39,  253; 
Soubeiran,  J.  Ph.  13,  427). 

Properties  and  Reactions. — A  white,  or 
brownish-white,  crystalline  powder ;  insoluble 
in  water,  alcohol,  and  dilute  acids;  soluble  iu 
KIAq,  and  in  NH3Aq  in  presence  of  air.  Soluble 
in  hot  cone.  HClAq  and  reppd.  on  addition  of 
water.  Decomposed  by  cone.  HN03  or  H.2S04. 
Heated  with  Mn02  or  KC103,  CuO  is  formed ; 
reduced  to  Cu  by  boiling  with  water  and  Zn,  Sn, 
or  Fe  (Berthemot,  J.  Ph.  15,  445).  When  Cu2I2 
is  dissolved  in  NH3Aq  by  heating  in  an  open 
vessel,  colourless  crystals  of  Cu2I2.4NH3  separate 
on  cooling,  and  the  mother  liquor  on  addi- 
tion of  alcohol  deposits  a  dark-blue  compound 
CuL.4NH3.H.,0  (Kammelsberg,  P.  48,  162 ;  v. 
also  Berthemot,  J.  Ph.  15,  445 ;  and  Saglier, 
C.  R.  102,  1552).  Cu2I2  dissolves  in  alcoholic  I ; 
when  this  liquid  is  heated  to  30°,  and  mixed 
with  alcoholic  NH3  at  30°,  crystals  separate  in 
a  few  hours  having  the  composition  CuI2.4NH3.I2 
(Jorgensen,  J.  pr.  [2]  2,  353). 

Combinations. — 1.  With  ammonia  to  form 
Cu.J2.4NH3  (Kammelsberg,  P.  48, 162).  Obtained 
by  passing  NH3  over  Cu2tj ;  white,  lustrous 
crystals ;  decomposed  by  heat  to  Cu2I2  and  NH3. 
The  same  compound  is  formed  by  mixing  KIAq 
with  an  ammoniacal  solution  of  a  cuprous  salt 
in  absence  of  air ;  as  thus  obtained  the  compound 
cannot  be  dried  without  losing  NH3  (Levol, 
N.  J.  P.  4,  328).— 2.  With  ammonium  iodide ; 
the  compound  Cu2I2.2NH4I.H20  is  obtained,  as 
white  needles,  by  dissolving  100  gs.  NH4I  in 
1,000  gs.  water,  adding  10-15  gs.  Cu(OH)2,  heat- 
ing until  all  is  dissolved,  boiling  with  a  large 
excess  of  Cu  until  the  liquid  is  colourless,  and 
allowing  to  cool.  The  mother  liquor  in  air  de- 
posits black  crystals  of  Cu2I2.2NH4I.2NH3.4H20. 
These  crystals  are  very  unstable  (Saglier,  C.  R. 
104, 1440). — 3.  With  ammonia  and  cupric  iodide ; 
when  100  gs.  of  an  ammoniacal  solution  of  CuO, 
containing  7-8  p.c.  CuO,  is  mixed  with  an  equal 
mass  of  10  p.c.  alcoholic  I  solution,  warmed 
until  the  pp.  of  NI3  dissolves,  heated  in  the 
water  bath  for  an  hour,  and  allowed  to  cool, 
brilliant  green  crystals  are  deposited  of  the  com- 
position Cu3I4.4NH3,  probably  =  Cu.,I2.CuI2.4NH3 
(Saglier,  C.  R.  102, 1552).— 4.  Witli  silver  iodide 
to  form  a  series  of  bodies  resembling  alloys ; 
Cu2I2.#AgI,  x  varying  from  1  to  12  ;  for  physical 
constants  of  these  bodies  v.  Eodwell,  Pr.  33,  143  ; 
Bellati  a.  Eomanese,  Pr.  34,  104.  According  to 
Guyard  (Bl.  [2]  41,  12)  a  double  iodide  of  Cu 
and  N  is  produced  when  an  alkaline  di-iodide  is 
added  to  an  ammoniacal  Cu  solution. 

II.  CUPRIC  IODIDE.  Cupric  iodide,  CuI2,  has 
not  been  isolated.  A  solution  of  Cu.J2  in  alco- 
holic I  is  not  ppd.  by  water,  but  on  heating  and 
adding  alcoholic  KI,  Cu2I2  is  reppd.  along  with 
KI3,  the  solution  may  perhaps  contain  a periodide 
of  Cu  (Jorgensen,  J.  pr.  [2]  2,  347).  Cu,I2  in 
presence  of  I  dissolves  in  much  water  ;  this  solu- 
tion probably  contains  CuI2(Traube,  B.17, 1064). 
Carnegie  (priv.  comm.)  has  obtained  aqueous 
solutions  of  cupric  iodide  containing  c.  -3  g. 
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CuI2  in  100  c.c.,  by  digesting  Cu.,!,  with  I  in 
water  at  80 3  for  a  few  minutes,  cooling,  shaking 
for  a  short  time  with  Cu  foil  or  CS2  to  remove  ex- 
cess of  I.  Solution  of  CuI2  containing  c.  '9g. 
CuI2  with  excess  of  I  is  very  easily  decomposed, 
almost  anything  that  removes  the  I  at  the  same 
time  decomposes  the  CuI2  to  Cul  and  I,  e.g. 
starch  or  Ag  leaf ;  the  solution  partially  decom- 
poses when  boiled  out  of  contact  with  air,  also 
when  a  current  of  air,  N,  or  other  indifferent 
gas,  is  passed  through  it,  and  even  when  kept 
in  vacuo  at  the  ordinary  temperature.  Solutions 
of  CuI2  are  also  obtained  by  digesting  CuO.,H2,  or 
CuC03,  with  fairly  cone.  HIAq  saturated  with  I, 
and  filtering  from  excess  of  Cu02H2,  or  CuC03. 
Potassium  iodide  withdraws  I  from  solutions  of 
CuI2,  ppg.  Cul ;  when  KI  interacts  with  a  cupric 
salt  in  molecular  proportions,  CuI2is  almost  cer- 
tainly produced,  but  as  the  change  is  not  com- 
plete the  residual  KI  interacts  with  the  CuLj  in 
solution  to  produce  Cul  and  KI.a;I.  Thomsen 
gives  [Cu.P.Aq]  =10,410  (Th.  3,  320). 

Various  compounds  are  known,  one  constituent 
of  each  of  which  is  probably  CuI2.  The  forma- 
tion of  the  compounds  CuI2.4NH3.H20,  and 
CuI2.Cu2I2.4NH3  has  been  described  (v.  CUPROUS 
IODIDE,  Reactions,  also  Combinations,  No.  3). 
The  compound  CuI2.4NH3.I4  was  obtained  by 
Jorgensen  (J.  pr.  [2]  2,  353)  as  blue  crystals, 
by  mixing  solutions  of  I  in  KI  and  Cu-NH4 
nitrate,  at  50°,  and  filtering  hot  into  water  at 
50°  (v.  also  Saglier,  C.  R.  102,  1552).  Saglier 
(C.  R.  104,  1440)  describes  the  compounds 
Cul2.2NHJ.2NH3.2H20,  and  CuI2.4NH3.Hp,  pro- 
duced by  boiling  NH4IAq  with  Cu(OH),;  he 
also  describes  a  compound  with  (NH4)I2,  viz. 
CuI2.2NH4I2.2NH3.6H00,  obtained  by  dissolving 
Cu(OH)2  in  hot  NHJ^q. 

Carnegie  (priv.  comm.)  has  obtained  the 
compound  CuO.2CuI2.4H20  by  partially  immers- 
ing slips  of  Cu  in  BaI2Aq ;  black  crystals  slowly 
form  on  the  sides  of  the  vessel ;  they  are  easily 
decomposed  by  washing  with  water ;  they  may 
be  washed  with  alcohol  and  dried  over  CaCl2. 

Copper,  Nitride  of.  Cu3N.  When  finely 
divided  CuO,  ppd.  from  hot  CuS04Aq  by  KOH, 
is  heated  in  a  tube  to  250°  and  dry  NH3  is  passed 
over  it,  greenish-black  copper  nitride  is  formed ; 
if  the  solid  is  powdered  from  time  to  time  and 
the  passage  of  NH3  is  continued,  the  whole  of 
the  CuO  may  be  changed  to  nitride.  Copper 
nitride  decomposes  by  heating  to  about  300°, 
giving  Cu  and  N ;  in  Cl  it  gives  CuCl2  and  N  ; 
in  HClAq,  CuCl2,  and  NH4C1  are  formed ;  it  is 
oxidised  rapidly  by  HN03Aq,  and  decomposed  to 
Cu  and  N  by  H2S04Aq  (Schrotter,  A.  37,  136 ; 
v.  also  Warren,  C.  N.  55,  155).  By  heating  to 
bright  redness  discs  of  Cu  and  Pt  placed  3-4  mm. 
apart  in  an  atmosphere  of  N,  Blondlot  got  indi- 
cations of  the  formation  of  a  compound  of  Cu 
and  N  ;  but  he  did  not  isolate  the  compound 
(C.  R.  102,  210).  According  to  Schrotter  (I.e.) 
Cu  and  N  do  not  directly  combine. 

Copper,  Oxides  of.  Copper  forms  four  oxides ; 
Cu40,  Cu.2O,  CuO,  and  CuO..  There  are  indica- 
tions of  the  existence  of  other  oxides,  but  none 
has  been  certainly  isolated.  The  best-studied 
are  Cu20  and  CuO  ;  both  are  basic,  and  each 
forms  a  series  of  corresponding  salts,  those 
corresponding  to  CuO  being  the  more  stable. 
The  oxide  Cu40  reacts  with  acids  to  form  Cu  and 
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a  salt,  in  some  cases  a  cuprous,  and  in  other 
cases  a  cupric,  salt.  The  oxide  CuO,  reacts  with 
acids  as  a  basic  peroxide,  forming  cupric  salts 
and  oxygen.  Any  oxide  other  than  CuO  is 
changed  into  CuO  by  heating  in  air  or  oxygen. 
By  adding  solution  of  bleaching  powder  to 
Cu2N03Aq,  a  pp.  is  obtained  which  soon  decom- 
poses with  evolution  of  0 ;  this  pp.  is  possibly  a 
salt  the  acidic  radicle  of  which  is  composed  of 
Cu  and  0  (v.  p.  260).  No  oxide  of  Cu  has  been 
gasified,  hence  the  formulas  given  are  not  neces- 
sarily molecular. 

I.  COPPER  SUBOXIDE  Cu40.      (Quadroxide  of 
copper)  (Kose,  P.  120, 1).    An  olive-green  powder; 
stable  under  water  in  absence  of  0,  but  rapidly 
oxidised  in  air  to  Cu20  and  then  to  CuO  ;  decom- 
posed by  dilute  HClAq  to  Cu.,CL2  and  Cu,  and  by 
dilute  H2S04Aq  to  CuS04  and  Cu ;  insoluble  in 
NH.,Aq,    and    in    a    mixture    of    NH3Aq    and 
(NH4).,C03Aq.      Prepared  by  reaction   between 
CuS04Aq    and    SnCl2    in    presence    of    KOH ; 
Cu(OH)2  is  first  precipitated  and  then  reduced 
with   simultaneous  formation  of  K  stannate : 
4Cu(OH),,  +  12KOHAq  +  3SnCl2Aq 

=  Cu4O  +  6KClAq  +  3K2Sn03Aq~+  10H.O.  To 

prepare  this  oxide,  Eose  directs  to  make  300  c.c. 
CuS04Aq  containing  10  g.  Cu ;  to  add  this  to 
1,000  c.c.  of  a  solution  of  50  g.  SnCl2  in  KOHAq, 
and  to  shake  in  a  well-closed  vessel  which  is 
completely  filled  with  the  liquid,  keeping  cool 
by  water ;  to  filter  after  twenty-four  hours  in  an 
atmosphere  of  H,  and  wash  the  pp.  with"  water 
containing  KOH,  then  with  water,  then  with 
very  dilute  NH3Aq,  and  finally  with  water.  It 
is  difficult  to  obtain  Cu40  free  from  the  other 
oxides.  (For  precautions  v.  Eose,  I.e.) 

II.  CUPROUS    OXIDE     Cu20.     (Hemi-oxide  of 
copper.    Protoxide  of  copper.     Red  oxide  of  cop- 
per.)    S.G.  J°  5-749  (native),  5-345-5-375  (arti- 
ficial). H.F.  [Cu2,OJ  =  40,810  (Th.  3,  320).  Occurs 
native  as  Cuprite,  in  lustrous,  red,  octahedra. 

Formation. — 1.  By  heating  Cu  in  air;  the 
outer  film  thus  formed  is  CuO,  beneath  this  is  a 
film  of  Cu20.  Finely  divided  Cu  (obtained  by 
reducing  CuO  in  H  at  a  moderate  temperature) 
oxidises  in  air  to  Cu20  (Berzelius,  A.  61,  1 ;  v. 
also  Mitscherlich,  J.pr.  19,  450  ;  and  Marchand, 
J.  pr.  20,  505). — 2.  By  heating  Cu  turnings  with 
CuO  (Berzelius),  or  with  dehydrated  CuS04 
(Ullgren,  P.  55,  527),  or  with  CuS04  and  Na,C03 
(Malaguti,  J.pr.  2,  167).— 3.  By  heating  Cu.,Cl2 
with  Na2C03  (Wohler  a.  Liebig,  P.  21,  581).— 4. 
By  the  reaction  of  Cu  with  Cu2N03  and  a  little 
CuO,  in  absence  of  air  (Becquerel,  A.  Ch.  41, 
223). — 5.  By  the  prolonged  action  of  NH3Aq  on 
a  mixture  of  CuS04Aq  and  FeS04Aq  in  presence 
of  Fe2(OH)6  (Wibel,  Reduction  von  Kupferoxyd- 
salzen  [Hamburg,  1864],  2). 

Preparation. — 1.  5  pts.  Cu2Cl2  are  heated 
with  3  pts.  dehydrated  Na2C03,  the  resultant  mass 
is  washed  with  water  (W.  a.  L.,  P.  21,  581). -2. 
A  mixture  of  1  pt.  CuS045H20,  1£  pts.  cream  of 
tartar,  2  pts.  grape  sugar,  in  12  pts.  water,  is 
heated  in  a  basin ;  1^  pts.  NaOH  are  added,  and 
the  whole  is  boiled  until  the  supernatant  liquid 
is  colourless ;  the  pp.  is  washed  with  water,  then 
with  alcohol,  and  dried  (Bottger,  D.  P.  J.  171, 
77).— 3.  An  intimate  mixture  of  equal  parts  CuO 
and  (NH4)2CO3  is  heated  over  a  Bunsen-burner 
till  the  smell  of  NH3  is  no  longer  apparent  (Schiff, 
W.  J.  1864.  274). 


Properties. — A  carmine-red  crystalline  pow- 
der. Melts  at  full  red  heat  and  oxidises  to 
CuO.  Soluble  in  NH3Aq,  forming  a  colourless 
liquid  which  becomes  blue  in  the  air,  and  reacts 
as  a  strong  reducing  agent. 

Reactions. — 1.  Hydrochloric  acid  forms  Cu,CL, 
soluble  in  excess  of  the  acid  [Cu*0,2HClAq] 
=  14,660  (Th.-  3,  320).— 2.  Dilute  acids,  e.g. 
H2S04Aq,  HN03Aq,  H,P04Aq,  H.H3C20,Aq,  pro- 
duce Cu  and  cupric  salts.— 3.  Cone,  nitric  acid 
forms  Cu2N03. — 4.  Bromine  water  forms  CuBr2 
and  CuO. — 5.  Eeduced  to  Cu  by  hydrogen,  po- 
tassium, or  carbon. — 6.  Sulphur  forms  Cu2S. — 

7.  Many    metallic    chlorides   in   solution,    e.g. 
MgCl2Aq,  ZnCl2Aq,   form  soluble  double    salts 
and  also  ppt.  hyd rated  oxides  of  the  metals. — 

8.  Ferric  chloride  solution  produces  Fe203,  Cu, 
and   Cu2Cl2. — 9.   From  neutral  silver  solution 
Cu20  ppts.  a  mixture  of  Ag  and  a  basic  cupric 
salt. 

HYDRATED  CUPROUS  OXIDE  ?4Cu2O.H20.  Pro- 
duced, as  a  yellowish  powder,  by  add'ing  an  alkali 
or  alkaline  carbonate  to  the  solution  of  a  cuprous 
salt  (Fremy,  A.  Ch.  [3]  23,  391).  Also  formed  by 
heating  to  boiling  moist  Cu(OH)2  with  milk  sugar 
and  some  Na^O^Aq.  According  to  Mitscherlich 
(J.  pr.  19,  450)  the  hydrate  loses  its  water  at 
360°.  Oxidises  in  air  to  Cu(OH)2  (v.  also  Gm.-K. 
[6th  ed.]  3,  595 ;  Millon  a.  Commaille,  C.  R.  57, 
145 ;  Field,  C.  J.  [2]  1,  28 ;  P.  de  Saint-Gilles, 
A.  Ch.  [3]  42,  36).  Dissolves  in  dilute  acids  to 
form  cuprous  salts,  very  few  of  which  have  been 
isolated. 

III.  CUPRIC  OXIDE  CuO.  (Black  oxide  of 
copper.  Copper  oxide.)  S.G.  6-1  to  6-4  (Boullay, 
A.  Ch.  [2]  43,  266  ;  Playfair  a.  Joule,  C.  S.  Mem. 
3,  57).  H.F.  [Cu,0]  =37,160  (Th.  3,  320).  Oc- 
curs native  in  North  America  as  Melakonite. 
Crystallises  in  monoclinic  forms;  a:b:c 
=  1-49:1:1-36  (Maskelyne,  B.A.  1865). 

Formation. — 1.  By  heating  Cu  in  air  or  0, 
removing  the  scales  which  form,  and  strongly 
heating  in  air.— 2.  By  heating  Cu2N03,  Cu(OH)2, 
CuC03,  or  very  strongly  heating  CuS04. 

Preparation. — 1.  Pure  Cu,  prepared  by  elec- 
trolysis, is  dissolved  in  HN03Aq,  to  one-half  of 
the  solution  NH^Aq  is  added  until  the  pp.  which 
forms  has  just  dissolved,  the  other  half  of  the 
liquid  is  then  added,  the  whole  is  evaporated  to 
dryness,  and  the  Cu  nitrate  thus  obtained  is 
strongly  heated ;  the  oxide  thus  formed  is  well 
washed,  and  again  heated  in  a  Pt  dish  (Eei- 
schauer,  J.  1863.  274 ;  Erdmann  a.  Marchand, 
J.  pr.  31,  389).  The  oxide  must  not  be  too 
strongly  heated  else  it  partially  fuses  and  con- 
tains Cu,0  ;  according  to  Thudichum  a.  Kingzett 
(C.  J.  [2]  15,  363)  the  oxide  should  be  heated 
in  vacua  to  remove  traces  of  C02. — 2.  A  so- 
lution of  equivalent  masses  of  CuS04.5H20  and 
Na_>C03  is  evaporated  to  dryness  and  the  residue 
is  heated  strongly  in  a  crucible  and  then  well 
washed ;  moist  air  is  then  passed  over  the  heated 
oxide  to  remove  traces  of  chlorides  (Stanford, 
C.  N.  7,  81 ;  Erlenmeyer,  Z.  1863.  157).  The 
oxide  as  thus  prepared  is  specially  adapted  for 
use  in  organic  analysis. — 3.  The  oxide  is  obtained 
in  crystals  by  dropping  Cu,Cl2  in  small  succes- 
sive quantities  into  a  red  hot  Pt  crucible  (Schulze, 
J.pr.  [2]  21,  413) ;  Becquerel  (A.Ch.  51,  122)  ob- 
tained crystals  of  CuO  by  heating  to  dull  redness 
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5  grams  amorphous  CuO  with  2-3  grams  pure 
KOH,  washing  with  water,  and  separating  the 
crystals  by  shaking. 

Properties. — Brown-black  amorphous  powder ; 
or  metal-like,  lustrous,  monoclinic  crystals.  Hy- 
groscopic (v.Eentzsch,  J.pr.  [2]  21, 413).  Slightly 
volatile  in  a  porcelain-oven  (Eisner,  J.  1866.  35). 
Said  to  lose  O  when  strongly  heated  giving 
Cu0.2Cu20  (Favre  a.  Maumene,  C.  E.  18,  658). 
According  to  Eeischauer  (J".  1859.  216)  Cu2O  is 
formed  by  very  strongly  heating  CuO ;  this  is 
confirmed  by  Debray  and  Joannis  (G.  E.  99, 
583)  provided  the  heating  is  conducted  in  vacua. 
According  to  Joannis  (G.  R.  102, 1157)  CuO  pre- 
pared at  a  high  temperature  develops  less  heat 
when  dissolved  in  HClAq  than  specimens  pre- 
pared at  a  low  temperature.  CuO  is  a  basic 
oxide  reacting  with  acids  to  form  cupric  salts 

orv 

CuX2  [X  =  N03,  ^f-4  &o.] ;  it  dissolves  in  much 
2 

KOHAq,  and  perhaps  forms  salts  in  which  CuO 
acts  as  an  acidic  radicle. 

Reactions. — 1.  Easily  reduced  to  Cu  by  heat- 
ing in  hydrogen  or  carbon  monoxide,  or  with 
carbon  or  carbon  compounds  [hence  its  use  in 
organic  analysis]  (for  temperatures  at  which  re- 
duction in  H  and  CO  begins  v.  Wright  a.  Luff, 
G.  J.  33,  1). — 2.  Heated  with  copper  forms 
Cu20. — 3.  Heated  with  phosphorus,  phosphide 
and  phosphate  of  Cu  are  formed.  — 4.  Heated 
with  sulphuretted  hydrogen,  or  with  sulphur  in 
a  stream  of  hydrogen,  Cu2S  is  formed  (Eose,  P. 
110,  120).— 5.  Heated  with  sulphur  alone  gives 
Cu2S  and  S02  if  S  is  in  excess,  or  Cu20  and 
CuS04  if  CuO  is  in  excess  (Jordan,  J.  pr.  28, 
222).— 6.  Heated  with  salammoniac  Cu2Cl2  and 
a  little  CuCl2  are  formed. — 7.  Heating  with/erric 
chloride  produces  Fe203  with  CuCl2  and  Cu.2Cl2 
(Hunt,  C.  E.  69,  1357).— 8.  Eeacts  with  zinc- 
chloride  solution  to  produce  a  green  powder 
Zn3Cu5Cl4.6H,0  (Andre,  G.  E.  106,  854).— 9.  So- 
luble in  ammonia,  also  in  molten  potash. — 10. 
Acids  dissolve  CuO  with  formation  of  cupric 
salts :  Thomsen  gives  the  following  thermal 
data  (M  =  CuO) ;  [M,2HClAq]  =  15,270  ; 
[M,H-S04Aq]  =  18,800 ;  [M,2HN03Aq]  =  15,250 ; 
[M,2HC103Aq]  =  15,910;  [M,2C-'H40'Aq]  =  13,180; 
[M,S03J  =  42,170 ;  [Cu,0,H-S04Aq]  =  55,960 ; 
[Cu,0,2HN03Aq]  =  52,410. 

Combinations.  —  1.  With  water  to  form 
CuO.H,0,  produced  indirectly,  v.  infra.— 2.  With 
water  and  ammonia  to  form  o;CuO.?/NH3..2H20. 
CuO  dissolves  inNH3Aqin  presence  of  air,  especi- 
ally if  a  small  quantity  of  an  NH4  salt  is  present 
(Berzelius).  Kane  (A.  Ch.  [2J  72,  283)  obtained  the 
compound  3Cu0.4NH3.6H2O  by  adding  NH3Aq 
to  CuCl2Aq.  Malaguti  a.  Sargeau  (A.  Ch.  [3]  9, 
438)  obtained  Cu0.4NH3.4H20  by  treating  with 
NH3  the  mother-liquor  from  the  preparation  of 
Cu-NH4  chromate.  A  solution  of  CuO  in  NH3Aq 
dissolves  cellulose  ;  the  solution  -is  conveniently 
prepared  either  by  digesting  Cu  spirals  with 
NH.,Aq  in  air,  or  by  ppg.  CuS04Aq  by  the  calcu- 
lated quantity  of  NaOHAq,  washing  the  pp.  of 
Cu(OH)2  and  dissolving  it  in  NH.,Aq  (Schweizer, 
fT.  pr.  72,  109).  Ammoniacal  solutions  of  CuO 
are  reduced  with  ppn.  of  Cu,  by  P,  Zn,  Co,  &c.— 
4.  With  a  few  metallic  oxides  to  form  compounds 
of  the  type  Cu0.zM203 ;  e.g.  CuO.Fe203,  formed 
by  heating  together  the  two  oxides  (List,  B.  11, 
1515),  or  by  the  reaction  of  CuO  with  Fe2Cl0Aq, 


or  by  ppg.  by  KOHAq  a  solution  of  equivalent 
masses  of  a  Cu  and  a  ferric  salt.  The  compound 
3CuO.Mn203  is  obtained  by  adding  NaOH  to  an 
ammoniacal  solution  of  CuO,  and  then  MnCLjAq 
drop  by  drop  with  3onstant  stirring  (Schneider, 
Am.  9,  269).  The  compound  CuO.Cr203  is  de- 
scribed by  Persoz  (A.  Ch.  [3]  25,  283). 

HYDBATED  CDPBIC  OXIDE  or  COPPEB  HYDROXIDE 


Preparation.— Obtained  by  adding  dilute 
NaOHAq  or  KOHAq  in  slight  excess  to 
CuS04Aq ;  or  preferably  by  adding  CuS04Aq 
to  NaOHAq,  keeping  the  latter  in  excess 
(Oglialoro,  J.  1876.  217) ;  washing  very  many 
times,  and  drying  at  a  low  temperature.  Bottger 
(J.  pr.  73,  491)  recommends  to  drop  NH3Aq  into 
boiling  CuS04Aq  until  the  pp.,  which  at  first 
is  greenish,  becomes  blue,  to  wash  this  pp. 
thoroughly,  and  then  to  add  fairly  cone.  NaOHAq, 
keeping  the  temperature  about  20°-40°  (v.  also 
Lowe,  D.  P.  J.  149,  270 ;  Peligot,  C.  E.  53, 209). 

Properties. — A  blue  solid,  sometimes  crystal- 
line, very  easily  dehydrated.  Heated  in  presence 
of  water  it  turns  black,  the  change  occurring 
more  readily  if  KOH  or  NaOH  is  present ;  the 
black  compound  is  3CuO.H20  according  to  Harms 
(J.  1857.  246),  6CuO.H20  according  to  Eose  (P. 
84,  480).  When  heated  to  100°  it  loses  water, 
but  it  is  not  fully  dehydrated  even  at  200°-300° 
according  to  Eose  (I.e. ;  cf.  Schaffner,  A.  51, 
168).  The  hydrate  is  soluble  in  acids,  also  in 
NH3Aq,  and  in  solutions  of  NH4  salts ;  also  in 
Na2S203Aq  (Field,  C.  J.  [2]  1,  28). 

Reactions.— 1.  With  ferrous  hydroxide  pro- 
duces Fe206H6  and  Cu20.«H20  (Levol,  A.  Ch.  65, 
320).— 2.  With  ferrous  sulpJiate  solution  pro- 
duces Cu20.#H20  and  basic  ferric  sulphate 
(Braun,  J.  1867.  301).— 3.  Dissolves  in  acids  to 
form  cupric  salts.— 4.  Dissolves  in  4  to  6  parts 
molten  potash ;  on  adding  water  CuO  is  formed, 
but  some  of  the  Cu  remains  in  solution,  and  on 
adding  a  large  excess  of  KOHAq  all  dissolves. — 
5.  Dissolves  in  large  excess  of  potash  solution  to 
a  blue  liquid ;  according  to  Chodnew  (J.  pr.  28, 
217)  this  liquid  remains  blue  on  boiling  or  on 
adding  much  water,  but  on  standing  in  air  for  a 
long  time  a  part  of  the  Cu  in  solution  is  ppd.  as 
CuO.H20  ;  addition  of  HClAq  to  the  blue  liquid 
until  nearly  neutral  ppts.  Cu(OH)2,  but  a  little 
Cu  remains  in  solution.  Chodnew  (I.e.)  also 
states  that  addition  of  a  large  excess  of  KOHAq 
to  CuS04Aq  or  C^NO^.^Aq  causes  some  of  the 
Cu(OH)2  to  dissolve  ;  the  solutions  must  be  cold 
and  dilute  ;  the  whole  of  the  Cu  is  not  ppd.  on 
boiling.  The  hydrate  dissolves  in  NaOHAq 
(70  p.c.),  and  gives  a  blue  pp.  on  long  standing, 
containing  CuO  and  Na.,0  according  to  Low  (Fr. 
9,  463). 

IV.  COPPEB  PEBOXIDE. — The  oxide  Cu02  has 
not  been  obtained,  but  a  hydrate  Cu02.H,0  is 
known.  This  hydrate  is  prepared  (1)  by  digest- 
ing finely-divided  CuO,  or  Cu(OH)2,  with  H.jO-jAq 
for  several  days  at  0°  (Thenard;  Kriiss,  B.  17, 
2593) ;  (2)  by  shaking  very  dilute  CuS04Aq  with 
excess  of  MnO.^H.O  or  Pb00,  keeping  cold 
(Schmid,  /.  pr.  98,  136) ;  (3)  by  adding  H202Aq 
to  a  solution  of  Cu-NH4  sulphate  (Weltzien, 
A.  140,  207).  Cu02.H,0  is  very  easily  decom- 
posed with  evolution  of  0  ;  decomposition  of  the 
moist  hydrate  in  presence  of  water  begins  at  6° 
(Kriiss,  I.e.).  When  quickly  washed  with  cold 
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water,  pressed  between  paper,  and  then  dried  in  ' 
vacuo,  it  is  obtained  pure.     This  hydrate  forms 
an  olive-green  powder ;  it  reacts  with  acids  to  , 
give  cupric  salts  and  H202;  dilute  HClAq  is 
said  to  produce  a  little  0. 

Oxides  of  copper  other  than  Cu40, 
Cu20,  CuO,  and  Cu02.  Different  chemists  have 
asserted  the  existence  of  oxides  of  the  form 
#Cu0.7/Cu20  intermediate  between  CuO  and 
Cu02,  obtained  either  by  strongly  heating  CuO, 
or  by  the  action  of  hypochlorites  on  cupric  salts 
in  solution  (v.  Kriiger,  P.  62,  445 ;  Crum,  A.  55, 
218 ;  Fremy,  A.  Ch.  [3]  12,  457 ;  Kriiss,  B.  17, 
2593).  But  according  to  Osborne  (Am.  8.  [3] 
32,  333)  these  bodies  are  all  mixtures  of  CuO 
and  Cu20 ;  this  result  is  confirmed  by  the  ex- 
periments of  Debray  and  Joannis  on  the  dissocia- 
tion of  these  mixtures  (C.  B.  99,  583),  and  by 
the  thermal  measurements  made  by  Joannis 
(C.  R.  100,  999). 

Copper,  oxybromide  of,  v.  COPPER,  OXYHALOID 
COMPOUNDS  or. 

Copper,  oxychlorides  of,  v.  COPPER,  OXYHALOID 

COMPOUNDS   OF. 

Copper,  oxyfluoride  of,  v.  COPPER,  OXYHALOID  | 

COMPOUNDS   OF. 

Copper,  oxyhaloid  compounds  of. — Several 
oxychlorides  of  the  form  CuxClvOa  are  known  ; 
an  oxyfluoride  CuF2.Cu(OH)2,  and  an  oxyiodide 
2CuI2.Cu0.4H20,  are  also  known  ;  an  oxybrom- 
ide  probably  exists,  but  it  has  not  been  isolated. 

COPPER  OXYBROMIDE.— When  a  little  NH3Aq 
is  added  to  CuBr2Aq,  a  pale-green  pp.  is  obtained, 
which  becomes  grey  on  heating ;  both  of  these 
bodies  are  oxybromides  according  to  Lowig  (P. 
14,  485). 

COPPER  OXYCHLORIDES.  —Various  compounds 
of  CuO  with  CuCl2  are  obtained  by  digesting 
CuCl2  with  Cu(OH)2,  also  by  the  incomplete  ppn. 
of  CuCl2  by  alkalis,  and  also  by  the  action  of  O 
on  moist  CuCl2.  The  following  are  the  chief 
oxychlorides  : — 

I.  CuCl,.2Cu0.4H20 ;  blue-green  pp.  by  adding 
to  CuCl2  enough  KOH  to  decompose  £  of  the 
CuCl2 ;  or  by  diluting  CuCl2Aq  until  the  liquid  is 
blue  (Gladstone,  C.  J.  8,  211).   This  oxychloride 
loses  3H.,0  at  140°,  leaving  a  chocolate-coloured 
monohydrate  (Kane,  A.  Ch.  72,  277). 

II.  2(CuCl2.3CuO).7H20;  green  pp.  by  adding 
excess  of  NaC.,H30.2Aq  to  boiling  CuCl.,Aq,  or  by 
the  action  of  "NaClAq  on  Cu(C2H302)2  (Cassel- 
mann,  Fr.   4,   24).      Also   obtained   by  adding 
NH3Aq,  insufficient  for  complete  decomposition, 
to  a  mixture  of  CuS04Aq  with  excess  of  NaCl 
(Beindel,  /.  pr.  106,  378). 

III.  CuCl2.3Cu0.4H.,0  ;    occurs    native    as 
Alacamite;  used  in  the  arts  as  Brunswick  green.  : 
Prepared  by  the  actioh  of  air  on  copper  plates 
covered  with  HClAq  or  NH4ClAq  ;  or  by  digest- 
ing in  air  a  mixture  of  NaCl,  Cu  turnings,  and 
CuSO45H20  with  enough  water  to  form  a  thick 
magma,  or  by  exposing  moist  Cu2Cl2  to  the  air 
(Vogel,  D.  P.  J.  136,  238 ;  v.  also  Field,  P.  M. 
[4]  24,  123  ;  Debray,  Bl.  [2]  7,  104). 

COPPER  OXYFLUORIDE  CuF2.Cu(OH)2 
OCuF.OHj  (Balbiano,  O.  14,  74).     A  greenish- 
white  solid  obtained  by  adding  to  HFAq,  CuO  or 
CuCOg  in  quantity  not  sufficient  to  saturate  the 
acid ;  or  by  mixing  CuS04Aq  and  KFAq. 

COPPER  OXYIODIDE  2CnI,.Cu0.4H.,0  ;  prepared 


by  the  action  of  Cu  on  BaI2Aq  in  presence  of 
air  (v.  supra,  CUPRIC  IODIDE). 

Copper,  oxysulphides  of,  xCuS.t/CuO.  When 
Na2SAq  is  dropped  into  an  ammoniacal  solution 
of  CuS04  at  70°-80°  till  the  blue  colour  dis- 
appears, a  pp.  of  5CuS.CuO  is  formed;  at  higher 
temperatures  the  pp.  contains  more  CuO,  and  at 
ordinary  temperatures  CuS  is  the  product  (Pe- 
louze,  A.  Ch.  [3]  17,  393).  According  to  Mau- 
mene  (A.  Ch.  [3]  18,  311)  various  oxysulphides 
are  formed  during  the  action  of  cone.  H,SO, 
with  Cu,  but  this  is  negatived  by  the  experiments 
of  Pickering  (C.  J.  [2]  18,  112)1 

Copper,  phosphides  of. — Two  phosphides  of 
copper  are  known,  Cu3P2  and  Cu6P2;  another, 
Cu.2P2,  probably  exists.  The  molecular  weight 
of  none  of  these  compounds  is  known  with 
certainty.  Cu  and  P  may  be  melted  together  in 
all  proportions. 

I.  TRI-  COPPER  PHOSPHIDE  Cu3P2.   Obtained  by 
passing  PH3  over  warm   CuCL2,  or  by  passing 
PH3  into  CuS04Aq  (H.  Kose,  P.  14, 188;  24, 328). 
According  to  Bottger  (J.  1857.  107)  the  pp.  pro- 
duced by  boiling  P  with  CuSO.,Aq,  and  washing 
with  K2Cr207Aq  acidulated  with  H2SO4  (to  re- 
move basic  Cu  phosphate),  has  the  composition 
Cu3P2.     Prepared  by  the  reaction  of  PH3  with 
CuCl2,  the   phosphide  is   a  black   solid,  insol. 
HClAq,   and  loses   half    its  P   when   strongly 
heated  in  H.    Prepared  by  passing  PH3  into 
CuS04Aq,  the  phosphide   is   sol.   HClAq   with 
evolution  of  inflammable  PH3.      Prepared  by 
Bottger's  method  'the  phosphide  is  an  easily 
oxidised    powder,   slowly   dissolved  by   HClAq 
with  evolution  of  non-inflammable  PH3  (v.  also 
Sidot,  C.  R.  84,  1454). 

II.  HEXACOPPER  PHOSPHIDE  CueP2.    Obtained 
by  leading    PH3  over  heated   Cu2Cl2  or   Cu.,S 
(H.  Bose,   P.   6,   209;    24,  328);    by   strongly 
heating   Cu3P2  in  H  (Bose,   I.e.)  ;    by  passing 
P  vapour  over  Cu  heated  to  dull  redness  (Abel, 
C.   J.   [2]   3,   249).      Grey -black   solid,   e.   sol. 
HN03Aq,  insol.  HClAq. 

A  DI-COPPER  PHOSPHIDE,  Cu2P.2,  is  described 
as  a  grey  powder  obtained  by  heating  CuHP04 
in  a  stream  of  H  (H.  Bose,  P.  14,  188  ;  24,  328). 
Also  produced  by  heating  P  with  Cu  turnings, 
and  then  carefully  heating  the  product  with 
amorphous  P  (Berzelius ;  but  cf.  Abel,  C.  J.  [2] 
3,  249).  A  phosphide,  having  the  composition 
Cu2P2,  was  obtained  by  Cross  a.  Higgins  (C.  J. 
35,  424)  by  heating  Cu.2Cl2Aq  with  amorphous  P 
to  160°  for  many  hours. 

Copper,  salts  of.  Compounds  obtained  by 
replacing  H  of  acids  by  Cu.  Copper  forms  two 
classes  of  salts,  the  cuprous  Cu2X2  [X  =  Cl,  Br,  I, 

SCN,  ??»,  Ac.],  and  the  cupric  CuX2  [X  =  Cl,  NOS, 
S04 


',  Ac.]. 

22  • 


Few  cuprous  salts  except  those 


derived  from  haloid  acids  are  known ;  a  few 
double  salts  of  this  class  have  been  prepared,  e.g. 
Cu.,S03.(NH4).,SO3,  and  some  cupro -cupric  salts 
are'known,  e.gr~Cu2S03.CuSOs.5H20.  The  cuprous 
salts  are  generally  insol.  water,  while  the  normal 
cupric  salts  as  a  class  dissolve  in  water.  The 
cuprous  salts  are  less  stable  than  the  cupric ; 
but  cuprous  iodide  is  so  much  more  stable  than 
cupric  iodide,  that  the  latter  has  not  been  isolated, 
reactions  which  might  be  expected  to  yield  CuI2 
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(e.g.  KIAq  +  CuSO.,Aq)  produce  Cu2I2  and  iodine. 
Many  basic  cupric  salts  are  known.  The  cuprous 
salts  are  not  generally  obtained  by  reacting  on 
Cu./)  with  acids,  but  by  reduction  of  cupric  salts 
(v.  e.g.  CUPROUS  CHLORIDE).  Cupric  salts  are 
usually  obtained  by  reactions  between  acids  and 
CuO  or  CuCO3.  A  great  many  cupric  salts  have 
been  prepared  (v.  CARBONATES,  NITRATES,  SUL- 
PHATES,&C.)  ;  the  folio  wing  are  the  chief  salts  of  this 
class  : — bromate,  carbonates,  chlorate  (and  salts 
of  other  chlorine  oxyacids),  iodate  and  periodate, 
molybdates,  nitrates  and  nitrites,  phosphate  (and 
salts  of  other  phosphorus  oxyacids),  selenates 
and  selenite,  silicates,  sulphates  and  sulphites, 
tungstates,  uranates,  vanadates. 

Copper,  selenides  of.  I.  CUPROUS  SELENIDE 
Cu2Se.  A  steel-grey  mass,  obtained  by  heating 
Cu  turnings  with  Se.  Occurs  native  as  Berzelia- 
nitc.  II.  CUPRIC  SELENIDE  CuSe.  A  greenish- 
black  solid,  obtained  by  passing  Se  vapour  over 
copper  plates  (Little,  A.  112,  211) ;  S.G.  6-66. 
Also  formed  by  passing  H2Se  into  a  solution  of  a 
cupric  salt  (Berzelius). 

Copper,  silicide  of.  No  definite  compound 
has  been  isolated.  Bodies  more  or  less  resembling 
alloys  of  Cu  and  Si  are  obtained  by  heating 
K2SiF6  with  Na  and  Cu  (v.  Deville  a.  Caron,  C.  E. 
45,  163;  Winkler,  J.pr.  91,  193). 

Copper,  silicofluoride  of,  CuSiF6.6H20.  Blue 
crystals,  obtained  by  dissolving  CuO  in  H2SiF6Aq; 
deliquescent ;  heated  to  60°  gives  CuSiF6-4H20 
(Berzelius  ;  Stolba,  J.  pr.  102,  7).  Decomposed 
at  130°-140°  giving  CuF.OH,  SiF4,  and  HF ; 
absorbs  NH3  giving  CuF.OH.2NH3,  NH4F,  and 
SiO,  (Balbiano,  G.  14,  74). 

Copper,  sulphides  of.  Two  sulphides  of  copper 
are  known,  Cu2S  and  CuS.  As  neither  has  been 
gasified  the  molecular  formulae  are  not  known 
with  certainty;  Pickering  (C.  J.  39,  401)  says 
that  CuS  heated  in  H  at  260°  gives  Cu2S,  and  at 
c.  650°  it  yields  Cu ;  because  of  this  reaction  he 
thinks  that  the  formula  of  cupric  sulphide  ought 
to  be  Cu2S2  and  not  CuS.  Cuprous  sulphide, 
Cu2S,  is  the  more  stable  of  the  two  sulphides ; 
both  are  distinctly  basic,  forming  the  basic 
radicles  of  various  sulpho-salts  ;  but  CuS  also 
combines  with  Na2S  &c.,  forming  compounds  in 
which  CuS  acts  as  the  negative  radicle  (v.  CU- 
PROUS, and  CUPRIC,  SULPHIDE  ;  Combinations). 
Compounds  are  also  known  which  probably  con- 
tain the  radicle  CuS3  (v.  p.  262). 

I.  CUPROUS  SULPHIDE  Cu2S.  Occurs  native 
as  Copper-glance;  S.G.  5-97  (Karsten,  S.  65,  320, 
394).  Crystallises  in  rhombic  forms  a:b:c 
=  -582:1:  -973 ;  and  also  in  regular  octahedra  ; 
isomorphous  in  both  forms  with  Ag2S.  Forms 
compounds  with  some  less  positive  sulphides  (v. 
Combinations). 

Formation. — 1.  By  heating  a  mixture  of  4 
parts  finely  divided  Cu  with  1  part  S  (Winkel- 
blech,  A.  21,  34).  Spirals  of  Cu  burnin  S  vapour 
to  Cu2S.  Cu2S  is  also  formed  by  repeatedly  and 
strongly  pressing  together  a  mixture  of  Cu  and 
S  (Spring,  B.  16,  999).— 2.  By  the  action  of 
NH4SHAq  on  Cu  (Heumann,  B.  6,  748).— 3.  By 
heating  CuS04  with  carbon. 

Preparation. — 1.  By  heating  electrolytically 
deposited  copper  with  cone.  H.,S04  for  a  short 
time  at  c.  124°  (Pickering,  C.J.  39,402).— 2.  By 
heating  pure  CuS  in  a  stream  of  H  to  c.  265°  so 
long  as  H2S  is  evolved  (  .,  I.e.).— 3.  By  passing 


|  H2S  into  solution  of  a  Cu  salt  in  presence  of 
NaHC03  at  200°  (de  Senarmont,  A.  Ch.  [3]  32, 
116).— 4.  By  heating  CuS04,  or  other  Cu  salt,  in 
dry  H2S  and  then  in  H  (Carnot,  Bl.  [2]  32,  163). 
Properties  and  Reactions.— (S.G.  v.  supra.) 
I  Greyish-blue  solid,  fusible  at  moderate  tempera- 
:  ture.  -1.  Generally  said  to  be  unchanged  when 
!  heated  in  hydrogen,  but  according  to  Pickering  it 
j  is  reduced  to  Cu  by  heating  in  H  stream  at  c. 
650°  (C.  J.  39,  404).— 2.  Keduced  to  Cu  by  heat- 
ing to  white  heat  in  water  vapour  (Regnault, 
A.  Ch.  62,  387).— 3.  Chlorine  slowly  acts  on  hot 
Cu2S.— 4.  Heated  in  air  gives  CuS04  and  CuO.— 
5.  Heated  with  cupric  oxide  forms  SO2  and  Cu 
I  or  Cu20.— 6.  Heated  with  litharge,  S02,  a  little 
I  Cu20,  PbO,  and  Pb  are   formed.— 7.  Phospho- 
.  retted  hydrogen  forms  Cu  phosphide.— 8.  Alkali 
|  carbonate  does  not  react  with  Cu2S  when  the 
two  are  heated  together,  but  in  presence    of 
carbon  or  caustic  alkali  a  part  of  the  Cu2S  is 
reduced  to  Cu. — 9.  Heated  with  nitre,   K2S04 
and  Cu  are  formed. — 10.  Silver  nitrate  reacts  in 
accordance  with  the  equation  Cu2S  +  4AgN03  = 
2Cu(N03)q  +  Ag2S  +  2Ag  (Heumann,  B.  6,  751 ;  8, 
534;  Schneider,  P.    152,   471;  154,   295).— 11. 
Boiling  cone,   hydrochloric  acid  slowly  forms 
Cu2Cl2 ;  cold  nitric  acid  forms  CuS  and  Cu(N03)2 ; 
hot  nitric  acid  forms  Cu(N03)2  and  separates  S.— - 
12.  Heated  in  carbon  dioxide  to  about  250°-300° 
Cu  is  formed  (Pickering,  C.  J.  39,405). 

Combinations. — 1.  With  non-metallic  sul- 
phides (i.)  Cu2S.P2S3,  and  2Cu2S.P2S  ;  produced, 
the  former  by  adding  P2S  to  ammoniacal  Ca/Jl-jAq, 
the  latter  by  heating  the  first  to  redness  in  a  re- 
tort (Berzelius,  P.  7,  29).  (ii.)  2Cu2S.P,S3 ;  the 
pp.  from  ammoniacal  Cu-jCl^q  by  alkaline  poly- 
sulphides  is  heated  with  P2S  (Berzelius).  (iii.) 
3Cu2S.2As2S3,  occurs  native  as  Binnite; 
3Cu2S.As2S5  occurs  native  as  Enargite.  (iv.) 
Cu2S.Sb2S3  occurs  native  as  Copper -antimony 
glance ;  3Cu.,S.Sb2S5  is  formed  by  heating 
2Cu2S.CuS.Sb"2S5  which  is  produced  by  pre- 
cipitating CuS04Aq  by  Na.,SbS4. — 2.  With  me- 
tallic sulphides.  •  Cu2S.Fe2S3,  3Cu2S.Fe2S3,  and 
Cu2S.2FeS.Fe2S3  occur  as  minerals.— 3.  With 
non  -  metallic  and  metallic  sulphides.  (i.) 
4(Cu.2Fe)S.As2S3=  Tennantite;  3Cu2S.3FeS.As2S5 
=  Epigenite.  (ii.)  Cu2S.2PbS.Sb2S3  =  -Bowrwom"fc. 
II.  CUPRIC  SULPHIDE  CuS  (or  Cu,S2,  v.  begin- 
ning of  COPPER,  SULPHIDES  OF)  occurs  native  as 
Covellite',  S.G.  4-59  to  4'64  (Karsten,  8.  65,  320, 
394).  A  green-black  solid;  by  compressing 
at  6500  atmos.  appears  as  dark-blue  metal-like 
mass  (Spring,  B.  16, 1142).  Acts  as  a  basic  sul- 
phide, forming  compounds  with  less  positive 
sulphides ;  but  also  forms  compounds  with  Na2S 
&c.,  in  which  CuS  forms  the  negative  part  of  the 
salt. 

Colloidal  form  of  CuS  (Spring  a.  De 
Boeck,  Bl.  [2]  48,  165).  An  aqueous  solution  of 
CuS  is  obtained  by  ppg.  a  Cu  salt  solution  by 
H2S,  or  preferably  by  NH4HSAq,  and  prolonged 
washing  by  decantation  with  dilute  H,S04Aq, 
then  dissolving  in  water  and  boiling  for  a  few 
moments  to  expel  H2S.  The  aqueous  solution 
of  CuS  is  dark-coloured,  with  slight  greenish 
fluorescence  ;  the  CuS  is  ppd.  by  addition  of 
various  salts,  e.g.  alum,  A123S04,  &c. 

Formation. — By  adding  an  alkaline  sulphide 
to  solution  of  a  Cu  salt ;  Thomsen  (B.  11,  2043) 
says  that  the  pp.  formed  by  adding  Xa2SAq  to 
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CuS04Aq  has  the  Composition  Cu4S3.  By  pass- 
ing H2S  into  solution  of  a  Cu  salt. 

Preparation.— 1.  CuS04Aq,  prepared  from 
pure  electrolytic  Cu,  is  ppd.  by  H2S,  and  the 
pp.  is  dried  at  a  low  temperature  in  a  current  of 
H2S.— 2.  Pure  electrolytic  Cu  is  heated  with 
cone.  H2S04  to  about  180°  for  some  little  time, 
the  residue  is  washed,  and  heated  for  a  short 
time  in  a  rapid  current  of  H  at  c.  160°  (Picker- 
ing, C.  J.  39,  401).— 3.  Pure  finely-divided  Cu2S 
is  treated  with  cold  cone,  nitric  acid,  the  residue 
is  thoroughly  washed. — 4.  2|  parts  finely  di- 
vided Cu  (ppd.  by  Zn)  are  gently  heated  with 
14  part  flowers  of  S,  so  that  the  excess  of  S  sub- 
limes ;  any  residual  S  may  be  removed  by  wash- 
ing with  KOHAq. 

Properties  and  Reactions.— I.  Moist  CuS 
readily  oxidises  in  air  to  CuS04. — 2.  Heated  to 
c.  330°  for  some  hours,  Cu2S  is  formed  (Picker- 
ing, C.  J.  39,  406).— 3.  Heated  in  carbon  dioxide 
to  c.  130°  CujS  is  formed,  and  at  c.  350°  Cu  is 
produced  ;  heated  in  hydrogen  to  c.  200°  reduc- 
tion begins,  and  at  c.  265°  Cu2S  is  formed,  and 
at  c.  620°  Cu  is  produced  (Pickering,  C.  J.  39, 
403).—  4.  Dissolved  by  nitric  acid  with  separa- 
tion of  S ;  hot  cone,  hydrochloric  acid  slowly 
forms  Cu-jCX- — 5.  Dissolved  by  potassium  cyanide 
solution,  also  by  solution  of  alkali  bicarbonates. 
6.  Insoluble  in  alkali  sulphides. — 7.  Not  at- 
tacked by  H2S04Aq  containing  |  of  its  volume 
of  H2S04  (Hofmann,  A.  115,  286). 

Combinations. — 1.  The  following  compounds 
of  CuS  with  sulphide  of  arsenic  and  antimony 
are  described  by  Berzelius,  obtained  by  reac- 
tions between  Cu  salts  and  'sulpharsenates  and 
sulphantimonates  (P.  7,  29)  ;  2CuS.As2S5 ; 
12CuS.As2S3  ;  2CuS.As2S3  ;  3CuS.Sb2S5.— 2. 
Berzelius  also  describes  the  compounds  with 

fhosphorus  sulphides,  CuS.P?S;  2CuS.P2S5.— 
.  With  sulphides  of  the  alkali  metals.  Schnei- 
der (P.  138,  311)  obtained  K2S.3Cu2S.2CuS 
(^KjCUgSg)  by  heating  together  1  part  finely- 
divided  Cu,  6  parts  K2C03,  and  6  parts  S ;  when 
the  same  proportions  of  Cu,  Na2C03,  and  S  were 
used,  the  compound  Na2S.Cu2S.CuS(  =  Na2Cu3S3) 
was  produced.  Schneider  also  describes  the 
compounds  ILjFeCugS.,  and  Na2FeCu3S4,  obtained 
by  heating  Fe,  S,  and  K2C03  or  Na2C03. 

III.  COMPOUNDS  OF  HYPOTHETICAL  COPPER  TBI- 
SULPHIDE  (CuS3).  When  CuS04Aq  to  which 
excess  of  NH3Aq  has  been  added  is  dropped  into 
(NH4)2SAq  until  a  pp.  forms,  the  liquid  is  filtered 
and  allowed  to  stand  in  absence  of  air,  a  salt 
Cu2(NH4)2S7  [?  =  (NH4)2S.2CuS3]  is  formed  in  red 
needles.  This  compound  is  decomposed  on  ex- 
posure to  air,  or  by  addition  of  warm  water.  A 
corresponding  K  salt  was  obtained  by  Priwoznik 
(B.  6, 1291)  by  the  action  of  alkali  polysulphides 
on  Cu20,  CuO,  or  Cu2S.  (For  more  details  v. 
Priwoznik,  I.e. ;  Peltzer,  A.  128,  184 ;  Gescher, 
A.  141,  350 ;  143,  375  ;  Bloxam,  C.  J.  [2]  3,  94  ; 
Vohl,  J.  pr.  102,  32  ;  Berzelius,  P.  7,  29). 

Copper,  telluride  of.  By  boiling  a  solution 
of  Cu  acetate  in  presence  of  ppd.  Te,  Parkman 
(J.  1861. 126)  obtained  Cu2Te3  as  a  black  powder. 
If  the  solution  is  cold  and  S02  is  added,  the  pp. 
is  CuTe.  M.  M.  P.  M. 

COPPER-AMMONIUM  COMPOUNDS.  (Cu- 
prammonium  compounds.  Cupramines).  Many 
of  the  bodies  which  are  formed  by  the  combina- 
tion of  NH3  with  the  haloid  and  other  com- 


pounds of  Cu  may  be  regarded  as  compounds  of 
various  hypothetical  radicles  supposed  to  be  de- 
rived from  NH4,  N2HS,  N3H,2,  &c.,  by  replacing 
|  H.,  by  Cu2  or  Cu.  Thus  the  compounds 
CuCl2.2NH3  and  Cu2Cl2.2NH3  may  be  formulated 
as  N2H,.(Cu)Cl2  and  N2H6(Cu2)Cl2  respectively. 
From  these  compounds  others  may  be  derived 
by  assuming  that  part  of  the  H  is  substituted  by 
NH4 ;  thus  the  compound  CuCL.4NH3  may  be 
formulated  as  N2H4(NH4)2(Cu)CL.  Compounds 
supposed  to  be  derived  from  the  hypothetical 
radicle  N2Hd(Cu2)  are  sometimes  called  cupro- 
ammonium  compounds;  examples  of  these 
are  cupro-ammonium  chloride  N-,H6(Cu2)Cl.,, 
diammonium  -  cupro  -  ammonium  iodide 
N2H4(NH4)2(Cu2)I2.  Compounds  supposed  to  be 
derived  from  the  hypothetical  radicle  N2H6(Cu) 
are  sometimes  called  cupri-ammonium  com- 
pounds ;  examples  of  these  are  cupri-ammonium 
chloride  NjH^CuJCLj,  diammonium-cupri-am- 
monium  oxide  N2H4(NH,)2(Cu)0.  It  is,  however, 
very  doubtful  whether  anything  is  gained  at  pre- 
sent by  this  extremely  hypothetical  way  of  for- 
mulating the  double  compounds  of  NH3  and  Cu 
salts.  M.  M.  P.  M. 

COPRINE.  A  name  given  by  Niemikowicz 
(M.  7,  241)  to  the  methylo-hydroxide  of  Di- 

METHYL-AMIDO-ACETONE  (q.  V.). 

COPTTNE.  An  alkaloid  contained,  together 
with  berberine,  in  Coptis  trifolia  (Gross,  N.  Rep. 
Pharm.  23,  53  ;  Schultz,  Ph.  [3]  14,  973 ;  J.  Ph. 
14,  273). 

CORALLIN  v.  EOSOLIC  ACID  and  anhydride  of 
TKI-OXY-DI-PHENYL-TOLYL-CARBINOL. 

CORIAMYRTIN  C30H3H010.  [220°].  S.  1-44 
at  22°.  S.  (alcohol)  2  at  22°.  [a]  =  24-5  at  20°. 
The  active  principle  of  Coriaria  myrtifolia,  a 
purgative  and  poisonous  plant  growing  in  South- 
ern Europe  (Kiban,  Bl.  1864,  i,  87  ;  1867,  i,  79), 
formerly  used  for  the  production  of  a  black  dye. 
Prisms  (from  alcohol).  Dextrorotatory  HI  forms 
a  black  pp.  which  gives  an  alcoholic  solution, 
which  is  turned  crimson  by  NaOH.  Baryta 
forms  BaC30H4601?(?).  Br  gives  C30H34Br2010, 
which  crystallises  in  needles  (from  alcohol). 

Hexa-acetyl  derivative  C30H30Ac6Oi0 3aq 
[below  100°].  Transparent  brittle  mass. 

CORIANDER  OIL  C10H)7OH.  [a]D  =  -  92-55°  at 
15°.  The  volatile  oil  of  Coriander  seeds  (Tromms- 
dorff,  Ar.  Ph.  [2]  2, 114  ;  Kawalier,  J.pr.  58,  226). 
Decomposed  by  distillation  forming  C.?0H3IO 
(165°-170°).  P205  forms  a  terpene  Ci0H16"  On 
treatment  with  iodine  it  gives  cymene.  It  forms 
a  solid  sodium  derivative  C10H,7ONaand  various 
ethers.  On  oxidation  with  neutral  KMn04  it 
gives  a  ketone  C10H160  (186°),  S.G.  -897,  which 
combines  with  NaHS03,  and  is  converted  by  fur- 
ther oxidation  into  C02,  acetic  acid,  and  di- 
methyl-succinic  acid.  Alkaline  KMn04  oxidises 
it  to  C02,  acetic,  and  oxalic  acids  (Grosser,  B. 
14,  2485).  HC1  forms  CH,H17C1,  S.G.  -953,  while 
HI  gives  C10H17I,  which  explodes  below  100°. 

CORIDINE  C10H!5N.  (211°).  S.G.  21  .974. 
A  base  of  the  pyridine  series  occurring  in  coal 
|  tar  (Thenius,  C.  C.  1862, 53).  Turns  litmus  paper 
blue.  SI.  sol.  water,  v.  sol.  other  ordinary  men- 
strua. The  hydrochloric  acid  solution  gives  a 
pp.  with  HgCL,  which  melts  at  28°,  but  may  be 
obtained  as  white  needles.  Colours  acidified 
pine  wood  yellowish  red. — B'2H2PtCl6 :  orange  pp. 

CORK  v.  CELLULOSE,  vol.  i.  p.  721. 
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CORNEIN  v.  PKOTEIDS,  Appendix  C. 

CORNICTJLARIC  ACID  CI7HUO3  or 
Ph.C(CO,H):CH.CO.CH,.Ph.  [115°].  Longcolour- 
less  needles  or  tables.  Formed  as  a  by-product 
in  the  reduction  of  pulvic  acid  to  di-hydro-corni- 
cularic  acid.  This  latter  acid  is  also  formed  by 
reduction  of  cornicularic  acid  with  zinc-dust  and 
NaOH  (Spiegel,  B.  15,  1546 ;  A.  219,  23). 

Cornicular-lactone  C17H,,,02  or 
OC O 

Ph.C:CH.C:CH.Ph.  [141°].  Yellow  needles. 
Insol.  in  caustic  alkalis  even  on  boiling. 

Di  -  hydro  -  cornicularic  acid  C17H1603  i.e. 
(CdH5),C4H4(OH)  .CQ2H.  Di-phenyl-oxy -angelic 
acid.  "[134°].  Colourless  needles.  Sol.  alcohol, 
ether,  benzene,  and  acetic  acid,  si.  sol.  CS2,  insol. 
ligroin.  Prepared  by  reduction  of  pulvic  acid 
with  zinc-dust  and  NH3,  C02  being  evolved.  On 
further  reduction  with  sodium  amalgam  it  gives 
tetra-hydro-cornicularic  acid.  On  fusion  with 
KOH  it  is  resolved  into  phenyl-succinic  acid  and 
toluene.  Distillation  with  quick-lime  gives 
C(.H3.CH2.CH2.CO.CH,.CUH3.  Ac20  forms  a  com- 
pound C17H140,HOAc"[99°]. 

Salts. — A'Ag  and  A'2Pb :  amorphous  white 
pps. 

Methyl  ether  A'Me  :  colourless  monoclinic 
prisms  [68°],  formed  by  reduction  of  pulvic  ether 
or  from  silver  dihydrocornicularate  and  EtI. 

Lac  tone  C17H1402.  [117°].  Colourless 
needles.  Sol.  ether,  benzene,  acetic  acid,  hot 
alcohol,  and  CS2,  slightly  in  ligroin.  Prepared 
by  heating  the  acid  (Spiegel,  B.  14,  1690). 

Tetra-hydro-cornicularic  acid  C17H1803  or 
C6H5.CH2.CH(OH).CH2CH(C6H5).C02H(?).  Di- 
phenyl-oxy -valeric  acid.  Thick  colourless  oil. 
Formed  by  reduction  of  di-hydro-cornicularic  acid 
with  sodium  amalgam  (Spiegel,  B.  14,  1692). 

Lactone  C17H1602-  [71°J.  Flat  colour- 
less needles.  Sol.  alcohol,  ether,  and  benzene, 
si.  sol.  ligroin,  insol.  water.  Formed  by  boiling 
the  acid  with  water  (Spiegel,  B.  14,  1692). 

Jso-Di-hydro-cornicular-lactone  C17H1402. 
[c.  105°].  Colourless  needles.  Formed  as  a  by- 
product in  the  reduction  of  pulvic  acid  (Spiegel, 
B.  15,  1546). 

CORNIN.  A  crystalline  bitter  substance 
which  may  be  extracted  by  water  from  the  root 
of  Cornusflorida  (Geiger,  A.  14,  206).  Ppd.  by 
lead  subacetate. 

CORTICIC  ACID  C,.,HI0Oa?  An  amorphous 
acid  said  to  exist  in  cork"  (Siewert,  Z.  1868,  383). 

COEYDALINE  C18H19N04.  [130°].  Occurs 
in  the  roots  of  Corydalis  bulbosa,  G.fabacea,  and 
Aristolochia  cava  (Wackenroder,  Kastn.  Arch. 
(1826);  Peschier,  Trommsd.  N.  J.  17,  80; 
Winckler,  Pharm.  Centr.  1832,  38  ;  A.  87,  225  ; 
Buickholdt,  A.  64,  369  ;  Muller,  Vierteljahr.  pr. 
Pliarm.  8,  526  ;  Wicke,  A.  137,  274).  The  alka- 
loid is  extracted  by  dilute  acid,  and  may  be  iso- 
lated after  ppn.  by  sodium  phosphotungstate. 
Short  prisms  (from  strong  solutions)  or  slender 
needles  (from  dilute  solutions)  ;  insol.  water,  sol. 
ordinary  solvents.  Tastes  bitter.  Ppd.  by  NaOH 
from  its  solution  in  acids,  the  pp.  being  sol.  ex- 
cess. Ppd.  by  the  usual  reagents  for  alkaloids. 
— B'HCl  5aq  :  tufts  of  needles.— B'2H,PtCl6 :  yel- 
low crystalline  pp.— B'H,S04 :  needles,  si.  sol. 
water. 

E thy lo -iodide  B'Etl.     Crystalline,  si.  sol. 


water.  Not  decomposed  by  aqueous  NaOH,  but 
converted  by  moist  Ag2O  into  an  alkaline  hy- 
droxide.— (B'EtCl)2PtCl4 :  amorphous  pp. 

COTARNAMIC  "ACID  v.  NARCOTINE. 

COTARNIC  ACID  v.  NARCOTINE. 

COTARNINE  v.  NAUCOTINE. 

GOTO  BARK.  Two  kinds  of  coto  bark  are 
exported  from  Bolivia,  one  from  the  interior  of 
the  country  called  cinchona-coto  or  genuine 
coto,  derived  probably  from  some  plant  belong- 
ing to  the  Lauraceae  or  Terebinthaceae,  rather 
than  to  the  Bubiaceae.  It  is  used  in  cases  of 
diarrhoea  and  colic,  as  also  for  neuralgia,  rheu- 
matism and  gout.  The  other  kind  of  coto- 
bark  or  paracoto-bark  (Jobst  a.  Hesse),  from  the 
banks  of  the  river  Mapiri,  resembles  the  former 
in  appearance,  though  its  physiological  action  is 
much  weaker.  True  coto  bark  contains  cotoin 
and  dicotoin ;  the  other  bark  contains  paracoto'in, 
hydrocotone,  and  its  dibenzoyl  derivative,  leuco- 
tin,  and  oxyleucotin;  piperonylic  acid  is  present 
in  both  (Harz,  Ar.  Ph.  [3]  7,  214 ;  Gietl,  ibid. 
221 ;  Wittstein,  ibid.  219  ;  Burkart,  Med.  Corres. 
Artz.  Verein  WUrtemburg,  1876 ;  Balz,  Central- 
blatt  Med.  Wiss.  1878 ;  Jobst  a.  Hesse,  A.  199, 
17).  The  physiological  action  of  cotom  and 
paracotoin  has  been  studied  by  Albertoni  (J.  1883, 
1353,  1488). 

Cotoin  C22H1906.     [130°]. 

Preparation. — The  finely -powdered  coto-bark 
is  exhausted  with  ether,  the  extract  evaporated 
to  one-tenth,  and  the  residue  mixed  with  warm 
petroleum;  on  cooling  a  black  resinous  mass 
separates,  the  liquid  from  which  on  evaporation 
deposits  crystals  of  cotoin.  From  the  resin  the 
compound  is  also  obtained  by  boiling  with  lime, 
and  the  solution  acidified  with  acetic  acid ; 
from  this  liquid  cotoin  is  deposited  in  leaflets  or 
pale  golden  needles.  It  is  finally  purified  by 
charcoal. 

Properties.— Prisms  or  tabular  crystals,  v. 
sol.  alcohol,  chloroform,  and  benzene,  si.  sol. 
water  and  petroleum;  sol.  alkalis  and  their 
carbonates,  but  reprecipitated  on  acidification. 
Neutral  to  litmus.  Inactive. 

Reactions.— I.  With  nitric  acid  it  gives  a 
blood-red  colouration. — 2.  Reduces  gold  and  silver 
salts  and  Fehling's  solution  when  warmed. — 
3.  With  ammonia  and  Pb(OAc)2  it  gives  a 
yellow  flocculent  pp.  C22H12Pb306.— 4.  Heated 
with  concentrated  acids  or  alkalis  it  yields 
benzoic  acid. 

Triacetyl  derivative  C22HJ5Ac306.  [94°]. 
Prisms,  sol.  CHC13  and  water. 

Tri-bromo- cotoin.  [114°].  Yellow  prisms, 
insol.  cold  water,  decomposed  by  hot  water,  sol. 
alcohol,  chloroform,  and  ether. 

Dicotoin  C44H34On.  Anhydride  of  cotom? 
[74°-77°J.  When  crude  cotoin  is  treated  with 
boiling  water,  crystals  of  cotoin  at  first  separate, 
then  leaflets  of  dicotoin,  which  are  separated 
by  a  sieve.  Pale-yellow  glistening  leaflets,  sol. 
alcohol,  acetone,  ether,  and  alkalis.  By  potash 
it  is  converted  into  cotoin ;  and  by  Ac20  into 
tri-acetyl-cotoin  (Jobst  a.  Hesse,  A.  199,  29). 

Paracotoin  C19H,,06.     [152°J. 

Preparation.— Finely  divided  para-coto  bark 
is  extracted  with  ether,  and  from  the  residue 
left  on  evaporation  a  crystalline  mass  of  para- 
cotoin, oxyleucotin,  leucotin,  and  its  di-benzoyl 
derivative  separates  out.  This  is  fractionally 
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crystallised  from  alcohol,  when  the  paracoto'in 
separates  out  first. 

Properties. — Pale  yellow  leaflets,  sol.  ether 
and  chloroform ;  of  neutral  reaction ;  does  not 
react  with  Ac,0. 

Reactions. — 1.  Sol,  nitric  acid  forming  a 
yellow  nitro-  product.— 2.  Br  gives  an  unstable 
bromo-  derivative. — 3.  On  fusion  with  potash  it 
yields  formic  and  protocatechuic  acids,  but 
when  boiled  with  a  solution  of  potash  paracu- 
marhydrin  is  formed  thus  C19Hj20,.  +  2H20 
-  2C9H803  +  CO,  together  with  paracotoic  acid. 

Hydrocotoin"  C15H,404.  [98°].  Occurs  in 
para-coto  bark.  Extracted  by  dilute  soda  from 
the  resinous  mass  obtained  after  separation  of 
the  paracotom,  leucotin,  and  oxyleucotin.  Large 
pale  yellow  prisms,  sol.  hot  water  and  alcohol, 
v.  sol.  chloroform  and  acetone.  With  ferric 
chloride  and  sulphuric  acid  it  gives  a  dark- 
brown  colouration;  with  bromine  it  gives  a 
bromo-  derivative  C15H13Br04,  crystallising  in 
monoclinic  prisms  [147°],  sol.  ether,  chloroform, 
and  alcohol.  Further  bromination  gives  a  di- 
bromo-  derivative,  C15H12Br204,  crystallising  in 
prisms  [95°].  On  fusion  with  potash  it  yields 
hydrocotone  and  benzoic  acid  (Jobst  a.  Hesse,  A. 
199,  57). 

Acetyl  derivative  C15H13O3(OAc).  [83°]. 
•White  prisms.  V.  sol.  hot  water.  Forms  a 
bromo-  derivative  C,5H12BrAc04,  [166°],  crys- 
tallising in  white  prisms,  sol.  chloroform  and 
boiling  alcohol. 

Hydrocotone  C18H2406.  [49°].  (243°).  V.D. 
11*16.  Formed  by  fusion  of  leucotin  with 
potash ;  white  prisms,  sol.  ether,  acetone,  and 
chloroform.  Heated  with  concentrated  nitric 
acid  it  yields  di-nitro-cotone  C18H20(N02)2O6, 
which  crystallises  in  brown  leaflets  of  metallic 
lustre ;  when  heated  it  explodes,  emitting  violet 
vapours. 

Di-benzoyl-  derivative  C18H22Bz206. 
[113°].  Occurs  in  the  para-coto  bark ;  white 
prisms,  sol.  alcohol,  ether,  and  acetone,  si.  sol. 
hot  water.  Concentrated  nitric  acid  forms  with 
it  a  bluish-green  resin.  Sulphuric  acid  gives  a 
dark-yellow  colouration.  On  fusion  with  potash 
it  yields  hydrocotone  and  benzoic  acid.  It  is 
unaltered  by  acetic  anhydride.  With  bromine  it 
yields  a  di-bromo-  derivative  C32H30Br208 
[147°],  crystallising  in  white  prisms,  sol.  alcohol 
and  acetone,  as  well  as  a  tetra-bromo-  deri- 
vative C32H,8Br,08  [84°],  crystallising  in  octa- 
hedra,  sol.  alcohol  and  chloroform. 

Paracumarhydrin  C,,H803.  [83°].  Formed 
by  boiling  paracotoi'n  with  aqueous  KOH.  La- 
minae ;  smelling  like  coumarin ;  si.  sol.  cold 
water,  v.  e.  sol.  alcohol. 

Leucotin  C^H^O.,.  [97°].  The  chief  con- 
stituent of  the  extract  of  para-coto  bark.  Separates 
from  the  alcoholic  mother-liquor  in  the  prepara- 
tion of  para- cotom.  Small  prisms.  SI.  sol.  boiling 
water,  v.  sol.  alcohol  and  ether.  Inactive.  Not 
attacked  by  Ac,O.  HN03  gives  a  bluish-green 
resin  and  solution.  Potash-fusion  gives  benzoic, 
formic,  and  protocatechuic  acids,  protocatechuic 
aldehyde,  cotogenin,  and  hydrocotoi'n.  Br  gives  ! 
a  di-bromo-  derivative  C34H30Br.,02  [187°], 
and  a  tri-bromo-  derivative  C31H2qBr,0,  ' 
[157°]. 

Cotogenin  CltHnOy  [210°].  Obtained  by 
fusing  leucotin  with  KOH.  May  be  crystallised 


from  HOAc.  Gives  of!  pyroeatechin  when 
strongly  heated.  V.  si.  sol.  cold  alcohol  and 
ether.  Dissolves  in  alkalis,  forming  solutions 
which  turn  brown  in  the  air.  Fe2Cl6  colours  its 
alcoholic  solution  green. 

Paracotoic  acid  ClflH1407.  [108°].  Formed 
by  boiling  paracotom  with  dilute  alkalis 
C19H1206  +  H20  =  C19H1407.  Yellow  amorphous 
powder,  sol.  alcohol  and  ether,  insol.  water. 
The  Ba,  Pb,  and  Ca  salts  (MA'2)  are  yellow 
amorphous  pps. 

Oxyleucotin  C34H.(20)2.  [134°].  Occurs  in 
paracoto  bark.  Prisms  (from  alcohol).  V.  e. 
sol.  alcohol  and  HOAc,  m.  sol.  ether.  By  heat- 
ing with  cone.  HN03  it  is  converted  into  a 
bluish-green  resin  and  a  bluish-green  solution. 
Inactive.  It  is  not  coloured  by  Fe2Cl6.  Cone. 
HC1  at  140°  gives  protocatechuic  acid.  Potash- 
fusion  gives  protocatechuic  acid  and  aldehyde, 
benzoic  acid,  formic  acid,  and  cotogenin.  Br 
gives  a  di-bromo-  derivative  C31H30Br2012 
[192°],  and  a  tetra-bromo-  derivative 
C34H28Br4012  [159°]. 

PAKACOTO  OIL.  Prepared  from  the  para-coto 
bark  by  distillation  with  superheated  steam. 
Light  mobile  liquid.  S.G.  15  -93,  a  =  -2-12; 
separated  by  fractional  distillation  into  (a)  and 
(£)  paracotene,  (a),  (&)  and  (7)  paracotole. 

(a)  Paracotene  CJ2H18.  V.D.  5-17.  (160°). 
S.G.  i*  -87.  [o]D  =  +  9-34.  Strongly  refractive 
oil  of  aromatic  odour. 

(0)  Paracotene  CnH18.  (171°).  V.D.  4-83. 
S.G.  15*88.  [o]D  =  --63.  Oil,  of  faint  aromatic 
odour. 

(a)  Paracotole  C15H240.  (221°).  V.D.  6-17. 
S.G.  is  -93.  [a]D  =  -11-87,  isomeric  with  the 
oil  of  cubebs,  which  it  resembles  in  many  re- 


(0)  Paracotole  C.,SH4002.  (236°).  V.D.  12-8. 
S.G.  15  -95.  [o]D  =  -5-98.  Oil  of  faint  aromatic 
odour. 

(7)  Paracotole  C,SH4002.  (240°).  S.G.  -1* 
•97.  [a]D  =  —  -52.  Turns  yellow  on  exposure  from 
absorption  of  oxygen  (Jobst  a.  Hesse,  A.  199, 75). 

COTTON  v.  CELLULOSE. 

COUMALIC  ACID  C6H404  i.e. 
0-CH  =  C(C02H) 

|  .      Cumalic   acid.      [207°] 

OC-CH=CH 

Prepared  by  heating  malic  acid  with  H,S04  or 
ZnCl2,  and  precipitating  the  melt  in  water  ;  the 
yield  is  nearly  theoretical.  The  reaction  probably 
consists  in  the  splitting  off  of  formic  acid  with 

production   of    the    semi-aldehyde  of    malonic 
r^TTfi 

acid  CH2<^CO  H,  which  then  undergoes  further 

condensation,  forming  coumalic  acid  (Pechmann, 
B.  17,  936).  Sublimable.  Small  colourless 
prisms.  V.  sol.  alcohol  and  acetic  acid,  si.  sol. 
cold,  more  sol.  hot,  water.  It  reduces  ammonia- 
cal  silver  and  copper  solutions  on  boiling.  Its 
aqueous  solution  is  decomposed  on  boiling.  On 
oxidation  it  gives  f umaric  acid.  NH3  forms,  in 
the  cold,  oxy-pyridine  carboxylic  acid. 

Methyl  ether  A'Me :  [74DJ ;  (c.  260°), 
long,  colourless  needles  or  plates. 

Coumal-anilidic  acid 
C02H.CH:CH.C(C02H):CH.NHPh.  (?) 

Mono -methyl  ether 
C02H.CH:CH.C(C'02Me):CH.NHPh.  [140°]. 


COUMARIC  ACID. 
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Formed  by  the  action  of  aniline  on  an  alcoholic 
solution  of  the  methyl-ether  of  coumalic  acid 
(Pechmann  a.  Welsh,  B.  17,  2392  ;  C.  J.  47,  145). 
Yellow  needles,  v.  sol.  hot  alcohol,  chloroform, 
and  benzene,  si.  sol.  ether,  insol.  water.  By 
boiling  with  aqueous  NaOH  it  is  converted  into 
the  phenyl  derivative  of  oxy-nicotinic  acid  — 
C3H:tN(OPh)CO,H[l:2:5]. 

Bromocoumalic  acid  v.  vol.  i.  p.  565. 

PARACOUMARHYDRIN  v.  GOTO  BABK. 

o-COUMARIC  ACID  C9H80S.  o-Oxy-cinna- 
mic  acid.  o-Oxy-phenyl-acrylic  acid.  Mol.  w. 
164.  [208°].  V.D.  6-5  (calc.  6-66). 

Occurrence.  —  In  melilot  (Melilotus  officinalis) 
and  in  the  leaves  of  Angracumfragrans  (Z  wenger  , 
A.  Suppl.  8,  30). 

Formation.  —  Fromo-amido-cinnamic  acid  by 
the  diazo-  reaction  (Fischer,  B.  14,  479  ;  A.  221, 
274). 

Preparation.—  Coumarin  (10  g.)  is  added  to  a 
solution  of  sodium  (3'5  g.)  in  dry  alcohol  (65  c.c.), 
and  the  mixture  heated  for  1£  hours.  The  pro- 
duct is  diluted  and  evaporated  to  a  small  bulk. 
The  coumaric  acid  is  ppd.  by  HC1.  The  pp.  is 
dissolved  in  NaX303Aq,  freed  from  unaltered 
coumarin  by  shaking  with  ether,  the  acid  is 
reppd.  by  HC1  and  crystallised  from  water 
(Ebert,  A.  226,  347  ;  cf.  Delalande,  A.  Ch.  [3]  6, 
343  ;  A.  45,  333  ;  Bleibtreu,  A.  59,  183). 

Properties.  —  Long  needles,  v.  si.  sol.  cold 
water  and  ether,  v.  sol.  alcohol,  insol.  CHC13  and 
CS2.  Not  volatile  with  steam.  Decomposed  on 
distillation  with  formation  of  phenol.  Its  solu- 
tion in  alkalis  is  yellow  with  green  fluorescence. 
Cone.  HBrAq  slowly  changes  it  in  the  cold  into 
its  anhydride,  coumarin. 

Reactions.  —  1.  Potash-fusion  gives  acetic  and 
o-oxy-benzoic  acids.—  2.  Sodium  amalgam  gives 
o-oxy-phenyl-propionic  acid  (Tiemann  a.  Herz- 
feld,  B.  10,  286).—  3.  Bromine  (1  mol.)  added  to 
its  solution  in  CS2  gives  a  white  crystalline 
substance  [c.  Ill0]  (?  di-bromo-o-oxy-phenyl- 
propionic  acid),  which,  when  exposed  to  the  air, 
gives  off  HBr,  and  yields  (0)-di-bromo-cou:narin 
[177°]. 

Salts.  —  BaA'2  aq  :  nodules,  v.  sol.  water.  — 
PbA'2:  crystalline  pp.  —  ZnA'2  :  needles,  si.  sol. 
cold  water.  —  AgA'. 

Constitution.  —  Like  cinnamic,  fumaric,  and 
citraconic  acids,  coumaric  acid  is  a  symmetrical 
derivative  of  ethylene,  so  that  it  might  be  ex- 
pected to  exist  in  two  modifications.  These  two 
modifications  are  found  in  its  alkyl  derivatives. 
The  existence  of  two  modifications  might  also  be 
accounted  for  by  ascribing  to  one  of  them  the 


<H:CH 
.    C 


(Anschutz,  A.  239, 
C(OH)2 

161  ;  240,  133).  Except  as  regards  boiling-point, 
the  physical  properties  of  the  (a)  -coumaric  ethers 
stand  to  those  of  their  (/3)-isomerides  exactly  as 
those  of  citraconic  and  maleic  ethers  stand  to 
those  of  mesaconic  and  fumaric  ethers  respec- 
tively (Perkin,  C.  J.  39,  559). 

(a)-  (or  Allo-}  Methyl  derivative 
CBH4(OMe).CH:CH.CO,H.  [89°].  Formed  by 
heating  coumarin  with  NaOH  (2  mols.)  and  Mel 
(1  mol.)  at  150°  (Perkin,  C.  J.  39,  409).  Mono- 
clinic  crystals  (from  CS2).  a:b:c=  -677:1:1-122  ; 
0  =  87°  12'.  V.  e.  sol.  alcohol,  m.  sol.  ligroin. 
Changes  into  the  (0)  -isomeride  on  boiling,  or 


even  by  exposing  a  concentrated  alcoholic  solu- 
tion to  sunlight.  Sodium  amalgam  reduces  it, 
as  well  as  its  (0)  -isomeride,  to  the  methyl  deriva- 
1  tive  of  oxy-phenyl-propionic  acid.  Br  in  CS2 
:  gives  the  methyl  ether  of  (a)-di-bromo-o-oxy- 
(j8)-phenyl-propionic  acid  (v.  vol.  i.  p.  603). 
Undiluted  bromine  forms  the  methyl-ether  of 
tri-bromo- oxy-phenyl-propionic  acid.  HN03 
gives  the  same  di-nitro-  derivative  as  with  its 
(£)-isomeride.  Fuming  HI  unites  in  the  cold, 
and  on  adding  Na.,C03  there  is  formed 
CaH4(OMe)CH:CH2.  KMn04  oxidises  it  to  [2:1] 
CtiH4(OMe)C02H.  —  BaA'0.  —  Methyl  ether 
[2:l]CdH4(OMe).CH:CH.C02Me.  (276°).  S.G.  ijj 
1-140  ;  §g  1-278.  Formed  by  heating  coumarin" 
MeOH,  and  Mel  for  3  hours  at  100°.  Converted 
by  NH3  at  150°  into  the  amide  of  the  (/3)-iso- 
meride. 

(&)-Methyl  derivative 
[2:l]CtiH4(OMe).CH:CH.C02H.  [183°].  Formed 
by  heating  [2:l]C6H4(OMe).CHO  (2  pts.)  with 
NaOAc  (1  pt.)  and  Ac20  (3  pts.)  at  175°  (Perkin, 
C.  J.  31,  414).  Formed  also  by  heating  its 
(a) -isomeride.  Small  monoclinic  prisms  (from 
xylene)  a:b:c  =-  -441-1:  -807  ;  0  =  64°  41'.  M.  sol. 
alcohol.  Br  in  CS2  gives  the  methyl  derivative  of 
(j8)-di-bromo-oxy-phenyl-propionic  acid  (v.  vol.  i. 
p.  603).  Undiluted  bromine  forms  the  methyl 
ether  of  tri-bromo-oxy-phenyl-propionic  acid. 
KMn04  gives  CtiH4(OMe).C02H  (Tiemann  a.  Will, 
B.  15,  2078).  Potash-fusion  gives  salicylic  acid. 
HN03  forms  a  di  -  nitro  -  derivative  [193°].— 
Methyl  ether  CtiH4(OMe).CH:CH.C02Me. 
[293°].  S.G.  il  1-1486;  f§  1-1362.  V.D.  6-5 
(calc.  6-6).  M.M.  2-389.  /*D  1-5905  at  10°.  Ob- 
tained by  means  of  PC15  and  HOMe.  Formed 
also  by  heating  its  (o) -isomeride.  With  Br  in  CS., 
it  gives  C6H4(OMe).CHBrCHBr.C02Me  [68°]  and 
an  isomeride  [125°]. 

Amide  C6H4(OMe).CH:CH.CONH2.  [192°]. 
Small  needles  (from  alcohol). 

(o)-  (or  Allo-}  Ethyl  derivative 
[2:l]C6H4(OEt)CH:CH.C02H.  [102°]  (F.  a.  E.) ; 
[104°]  (P.).  From  alcohol,  sodium  (3-2  g.),  cou- 
marin (10  g.)  and  EtI  (12  g.)  (Fittig  a.  Ebert,  A. 
216,  142  ;  Perkin,  C.  J.  39,  412).  White  plates 
(from  water),  or  tables  (from  dilute  alcohol). 
V.  si.  sol.  cold  water,  si.  sol.  hot  water,  v.  sol. 
alcohol  and  ether.  Sparingly  volatile  with  steam. 
Reactions. — 1.  On  distillation  an  oil  is  got, 
whence  Na2C03  extracts  the  (]8) -isomeride ;  the 
yield  is  30  p.c. — 2.  KMn04  gives  ethyl-salicylic 
aldehyde  and  acid. — 3.  Sodium  amalgam  forms 
the  ethyl  derivative  of  oxy-phenyl-propionic 
acid.— 4.  Br  forms  adibromide  [155°].  Salts. — 
(CnHn03),Ba  2aq.— CaA'2  2aq.  S.  2-11  at  21°. 

Ethyl  ether  C6H4(OEt).CH:CH.CO2Et. 
(291°).  S.G.  if  1-084  ;  f  g  1-074.  MD  =  1'558.  From 
coumarin  (14|Jg.),  NaOH  (8  g.)  and  water,  by  eva- 
porating to  a  small  bulk  and  heating  the  residue 
with  alcohol  and  EtI  (32  g.)  at  100°. 

(&)-Ethyl  derivative 

CriH4(OEt)CH:CH.CO,H.  [133°]  (E.a.F.);  [135°] 
(P.).  Formed,  together  with  the  (a)-isomeride, 
by  treating  o-coumaric  acid  with  NaOEt  and  EtI. 
Formed  also  from  the,  (a) -isomeride  by  distilla- 
tion, or  by  long  heating  to  a  high  temperature 
(Fittig  a.  Ebert,  A.  216, 144).  Obtained  by  heat- 
ing C6H4(OEt)CHO  with  NaOAc  and  acetic  an- 
hydride at  160°  (Perkin,  C.  /.  39,  413).  Needles 
(from  water),  or  prisms  (from  alcohol).  V.  si. 
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sol.  cold  water,  si.  sol.  hot  water.  V.  e.  sol. 
alcohol  or  ether.  The  Na  salt  is  oxidised  by 
KMn04  to  ethyl-salicylic  aldehyde  and  ethyl- 
salicylic  acid.  Sodium  amalgam  forms  the  ethyl 
derivative  of  oxy-phenyl  propionic  acid.  Br  forms 
a  dibromide  [155°].  Salts.—  (CHHnO3).,Ca  2aq. 
S.  '43  at  21°.—  BaA'0  4aq.  Ethyl"  ether 
CtiH4(OEt).CH:CH.CO2E~t.  (303°).  S.G.  if  1-09. 
Formed  by  treating  the  preceding  with  PC15,  fol- 
lowed by  alcohol.  Formed  also  by  boiling  the 
(o)-isomeride  for  some  time. 

Acetyl  derivative 

C6H4(OAc).CH:CH.C02H.  [146°].  Formed  by 
gently  heating  salicylic  aldehyde  (3  pts.)  with 
NaOAc  (4  pts.)  and  AcjO  (5  pts.)  (Tiemann  a. 
Herzfeld,  B.  10,  284).  Needles  (from  water). 
V.  sol.  hot  water,  alcohol,  and  ether.  Converted 
by  dilute  KOHAq  into  coumaric  acid  ;  and  by 
heating  above  150°  into  HO  Ac  and  coumarin. 

Carboxy-methyl  derivative 
CO,H.CH2.O.C6H4.CH:CH.C02H.  o-Coumar-oxy- 
acelic  acid.  [190°].  Formed  by  heating  o-alde- 
hydo-phenoxy-acetic  acid  (1  pt.)  with  acetic  an- 
hydride (5  pts.)  and  sodium  acetate  (3  pts.)  to 
boiling  for  1  or  2  hours  (Eossing,  B.  17,  2997). 
Yellow  needles.  V.  sol.  alcohol,  ether,  and 
hot  water,  si.  sol.  benzene,  chloroform,  and  cold 
water.  Sublimable. 

TV  K         -A     r  TT  /CHBr.CHBr.COaH 
Di-bromide  C6H4<Q  ^  C(^H 

[220°].  White  needles  ;  si.  sol.  benzene,  chloro- 
form, and  water,  v.  sol.  alcohol  and  ether. 


Anhydride  C6H4 


.  [176°]. 


Crystalline  solid.  V.  sol.  alcohol  and  ether, 
si.  sol.  water.  Formed  by  heating  the  acid  with 
phosphoric  acid. 

xCHBr.CHBr.CO 

Di-bromide  C6H4<  I    •  [c.213°]. 

M).CH2.CO  -0 

Orange-yellow  needles  ;  v.  sol.  alcohol  and  ether, 
si.  sol.  water  and  benzene  (Kossing,  B.  17,  3001). 

Bromo-coumaric  acid  v.  vol.  i.  p.  564. 

m-Coumaric  acid 

[3:l]CeH4(OH).CH:CH.C02H.  [191°].  Formed 
by  heating  w-oxy-benzaldehyde  with  acetic  an- 
hydride and  sodium  acetate  ;  or  by  boiling  di- 
azocinnamic  acid  with  water  (Tiemann  a.Ludwig, 
B.  15,  2048).  White  prisms.  Sol.  alcohol,  ether, 
benzene,  and  hot  water. 

Acetyl  derivative 

C6H4(OAc).CH:CH.C02H.  [151°].  White  needles, 
sol.  alcohol,  ether,  and  hot  water. 

Methyl  derivative 

CtiH4(OMe).CH:CH.C02H.  [115°].  Long  white 
needles,  sol.  alcohol,  ether,  and  benzene,  si.  sol. 
hot  water  (Tiemann  a.  Ludwig,  B.  15,  2048). 

Carboxy-methyl  derivativeCnHlo05i.e. 
C6H4(O.CH2.CO2H).CH:CH.C02H  [1:3].  m-Phen- 
oxy  -acetic-acrylic  acid.  m-Cumaroxy  -acetic  acid. 
Phenyl-glycollic-m-acrylic  acid.  [219°].  Pre- 
pared by  heating  w-aldehydo-phenoxy-acetic 
acid  with  sodium  acetate  and  acetic  anhydride. 
White  needles  (from  hot  water).  V.  sol.  alcohol, 
ether,  and  acetic  acid,  si.  sol.  cold  water.  The 
Ag,  Pb,  Cu,  andFe  salts  are  sparingly  soluble  pps. 
(Elkan,  B.  19,  3047). 

^-Coumaric  acid  C6H4(OH).CH:CH.C02H. 
p-Oxy-cinnamic  acid.  p-Oxy-phenyl-acrylic 
acid.  Naringcnic  acid.  [206°]. 

Preparation.—  1.  2£  kilos,  of  aloes  are  boiled 


for  two  hours  with  5  litres  of  water  and  400  g. 
cone.  H2S04 ;  after  cooling  the  liquor  is  decanted 
and  the  residue  again  boiled  with  2  litres  of 
water,  the  combined  extracts  are  evaporated  to 
^,  and  when  cold  extracted  with  ether.  The  crude 
^-coumaric  acid  (yield :  1-5  to  1'8  p.c.)  left  on 
evaporating  the  ether  is  purified  by  conversion 
into  the  barium  salt  (Hlasiwetz,  A.  136,  31 ; 
Eigel,  B.  20,  2527). -2.  jp-Oxy-benzaldehyde 
(5  pts.)  is  heated  at  175°  with  dehydrated  sodium 
acetate  (8  pts.)  and  acetic  anhydride  (10  pts.) ; 
the  yield  is  70  p.c.  of  the  oxy-benzaldehyde 
(Tiemann  a.  Herzfeld,  B.  10,  63,  283 ;  Eigel). 
3.  By  heating £>-diazo-cinnamic  acid  with  water ; 
small  yield  (Gabriel,  B.  15,  2301).— 4.  Together 
with  phloroglucin  by  boiling  naringenin  with 
cone,  aqueous  NaOH  (Will,  B.  20,  299). 

Properties. — Thick  warts  (anhy.)  or  long 
needles  (with  a:aq).  V.  si.  sol.  cold  water,  v.  sol. 
hot  water,  v.  e.  sol.  alcohol  and  ether,  si.  sol. 
benzene,  insol.  ligroin.  Fe2Cl6  colours  the  alco- 
holic solution  brown.  Sodium-amalgam  gives 
p  -  oxy  -  phenyl  -  propionic  acid.  Potash-fusion 
forms  £>-oxy-benzoic  acid  (Barth,  B.  12,  1259). 

Salts.  —  NH,A'aq:  monoclinic  tables. — 
CdA'23aq.— CuA'2  6aq.— AgA'. 

Methyl  derivative 

C6H4(OMe).CH:CH.C02H.  [169°]  (E.) ;  [171°] 
(P.).  Formed  by  heating  anisic  aldehyde  with 
acetic  anhydride  and  sodium  acetate  at  180° 
(yield :  70  p.c.  of  the  anisic  aldehyde),  or  by 
saponification  with  KOH  of  the  di-methyl-ether 
C6H4(OMe).CH:CH.C02Me  formed  by  heating  the 
acid  with  methyl  iodide  and  KOH.  Occurs 
among  the  products  of  the  action  of  KOH  and 
Mel  upon  tyrosine  (Korner  a.  Menozzi,  O.  11, 
549).  Formed  also  by  oxidising  the  methyl  de- 
rivative of  methyl  oxy-styryl  ketone  with  NaOCl 
(Einhorn  a.  Grabfield,  A.  243,  363).  Yellow 
needles,  m.  sol.  alcohol,  hot  water,  and  HO  Ac ; 
si.  sol.  cold  water  and  chloroform  (Perkin). 
Gives  when  heated  the  methyl  derivative  of 
vinyl-phenol  CH2:CH.CtiH4OMe.  This  body  is 
also  formed  by  successive  treatment  with  HI 
and  Na2C03  (Perkin,  C.  J.  33,  214).— A'Na.— 
AgA'  (Eigel,  B.  20,  2527). 

Methyl  ether  C6H4(OMe).CH:CH.C02Me. 
[89°].  (303°).  Laminae.  In  chloroform  solu- 
tion it  takes  up  bromine,  with  production  of 
C6H4(OMe)CHBr.CHBr.CO,Me  [118°]  (Valentini, 
G.  16,  424  ;  Perkin,  C.  J.  39,  439). 

Chloride  C6H4(OMe).CH:CH.COCl.     [50°]. 

Amide  C6H4(OMe).CH:CH.CONH2.     [186°]. 

Acetyl  derivative 

C6H4(OAc).CH:CH.C02H.  [c.  195°].  Formed 
by  heating  sodium  j>-oxy-benzoic  aldehyde 
CtiH4(ONa).CHO  with  NaOAc  and  Ac20  (Tie- 
mann a.  Herzfeld,  B.  10,  65).  Felted  groups  of 
slender  needles  (from  hot  water).  Sublimes 
readily.  Sol.  boiling  water,  alcohol,  ether,  and 
HOAc,  v.  si.  sol.  cold  water,  benzene,  and  CHC13. 

Carboxy-methyl    derivative    CnH10O5 

i.e.  CtjH4(O.CH2.C9,H).CH:CH.C02H  [1:4].  p-Cu- 

maroxy -acetic  acid.      Phenyl-glycollic-p-acrylic 

acid.     [225°].    Prepared  by  boiling  a  mixture  of 

^?-aldehydo-phenoxy-acetic  acid  (1  pt.),  sodium 

acetate  (1  pt.),  and  acetic  anhydride  (3  pts.)  for 

5  hours.     Warty  crystals.     Sol.   benzene   and 

|  benzoline,  v.  sol.  alcohol,  ether,  and  acetic  acid, 

i  si.  sol.  cold  water.     The  Ag,  Pb,  Cu,  and  Fe  salts 

are  sparingly  soluble  pps.  (Elkan,  B.  19,  3046). 
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Di-bromide  of  coumaric  acid  v.  DI-BROMO-OXY- 

PHENYL-PROPIONIC  ACID. 

Hydro-coumaric    acid    v.    OXY-PHEXYL-PRO- 

PIONIC    ACID. 

Other  derivatives   are  described  as  NITRO- 

COUMARIC  ACID,  Dl-OXY-CINNAMIC  ACID,  and  OxY- 
AMIDO-CINNAMIC  ACID. 

o-COUMARIC  ALDEHYDE 

C6H4(OH).CH:CH.COH.  Oxy-cinnamic aldehyde. 
[133°].  Long  slender  needles.  V.  sol.  alcohol 
and  ether,  si.  sol.  water.  Fe2Cl6  gives  a  red  pp. 
Formed  by  the  decomposition  of  its  glucoside 
under  the  influence  of  emulsin  (Tiemann  a.  Kees, 

B.  18,  1962). 

Glucoside  [2:1]C6H4(OC6H1105).C2H2.COH. 
Gluco-coumaric  aldehyde.  [199°].  Formed  by 
adding  a  few  drops  of  dilute  NaOH  to  a  mixture 
of  helicin  [2:l]CaH4(OC6Hn05).COH  and  acetic 
aldehyde.  This  condensation  even  takes  place 
in  dilute  aqueous  solution  and  at  a  low  tempera- 
ture (Tiemann  a.  Kees,  B.  18,  1958).  Fine  white 
needles  (containing  aq).  V.  sol.  hot  water  and 
alcohol,  insol.  ether  and  chloroform.  Laevorota- 
tory.  By  emulsin  it  is  split  up  into  coumaric 
aldehyde  and  glucose.  Sodium  amalgam  reduces 
it  to  gluco-coumaryl  alcohol 

C6H4(OCaHu05).C2HrCH,(OH). 

Phenyl  hydrazide  of  the  glucoside 
C6H4(OC6H1105).C,H2.eH:N,HPh:      [132°];    sol. 
alcohol  and  hot  water,  nearly  insol.  cold  water. 

Oxim  of  the  glucoside    - 

C6H4(OC6Hn05).C2H2.CH:NOH:  [230°];  long 
white  needles  (containing  2aq) ;  v.  sol.  hot  water, 
less  sol.  alcohol,  insol.  ether. 

w-Coumaric   aldehyde 

[3:1]  C6H4(OH)CH:CH.CHO.  [100°].  From  ra- 
aldehydo-phenoxy-acetic  acid,  aldehyde,  and 
dilute  NaOHAq  (Elkan,  B.  19,  3048). 

p-Coumaric   aldehyde 

[4:1]  C6H4(OH)CH:CH.CHO.  [182°].  Fromp- 
aldehydo-phenoxy-acetic  acid  in  the  same  way. 

COUMABILIC          ACID          C9H,.08         i.e. 

C6H4(OH).C:C.C02H     or     C6H4<C^>C.C02H. 

o-Oxy-phenyl-propiolic  acid.  [191°]  (F.) ; 
[193°]  (P.).  (c.  312°).  Formed  by  treating  (a)- 
bromo-coumarin  with  hot  alcoholic  KOH  (Per- 
kin,  C.  J.  24,  45  ;  Fittig,  A.  216,  162).  Long 
needles  (from  water) ;  v.  e.  sol.  alcohol,  m.  sol. 
water,  si.  sol.  chloroform  and  CS2.  Not  at- 
tacked by  Br  or  cone.  HBr.  Potash-fusion  gives 
salicylic  and  acetic  acids.  KMnO4  forms  only 
C02.  Sodium  amalgam  reduces  it  to  hydrocou- 
marilic  acid  C9H803. 

S  alt  s.— AgA'.— CaA'2  3aq.~ BaA'2  4aq. 

EthyletherftiA.':  [27°];  (274°  at  720  mm.) 
(Hantzsch,  B.  19,  2401). 

Methyl  derivative  C6H4(OMe).C:C.CO,H. 
[126°].  From  the  methyl  -derivative  of  exo- 
bromo-coumaric  acid  and  dilute  KOH  (Perkin, 

C.  J.  39,  423).     Needles  (from  CS2). 
Bromo-coumarilic  acid 

CaH3Br</(0H^>C.C02H.      [250°].     From  (a)-di- 

bromo-coumarin  and  alcoholic  KOH  (Perkin, 
C.  J.  24,  45).  Needles,  si.  sol.  water,  v.  sol. 
alcohol. 

Methyl  derivative 

C6H3Br(OMe).C;C.C02H.  [168°].  Prepared  from 
CeH3Br(OMe).C2H2Br2.C02H  and  aqueous  KOH 


(Perkin,  C.  J.  39,  419).  Small  needles  (from 
benzene). 

jp-Oxy-cumarilic  acid  Methyl  derivative 

C6H3(OMe)<^C0I^>C.C02H[4:2:l].  [196°].  Formed 

by    boiling    bromo-umbelliferon-methyl    ether 

CH:CBr 
C6H3(OMe)<     /       with  cone,  alcoholic  KOH. 

Long  white  needles.     V.  sol.  alcohol  and  ether, 
scarcely  sol.  cold  water,  more  readily  in  hot. 
Slightly  volatile  with  steam. — BaA'2  4aq  :  white 
crystalline  solid  (Will  a.  Beck,  B.  19,  1783). 
Ethyl       derivative         CnH,004        i.e. 

C6H3(OEt)<^I;>C.C02H       [4:2:1].         [163°]. 

Formed    by    boiling    bromo-umbelliferon-ethyl 

CH:CBr 
ether  C6H3(OEt)<^         |       with   cone,  alcoholic 

KOH.  Long  felted  needles  (Will  a.  Beck,  B.  19, 
1785). 

Hydro-coumarilic      acid         C9H803        i.e. 

C6H4<C^>CH.C02H.  [117°].          (299°). 

Formed  by  treating  coumarilic  acid  with  sodium 
amalgam,  and  extracted  by  ether  from  the  acidi- 
fied product  (Fittig,  A.  216,  166).    Pearly  plates 
(from  water) ;  very  volatile  with  steam.     V.  sol. 
alcohol  and  ether,  m.  sol.  water.    Partially  de- 
composed   on    distillation,  yielding    a  phenol. 
Gives  phenol  on  distillation  with  lime. 
Salt  s.— AgA'.— CaA'2  2aq.  —  Ba A'.  2aq. 
Ethyl  ether  EtA'.    [23°].     (273"°). 
^-Oxy-hydrocoumarilic  acid. Methyl  deriva- 
tive C10H1004  i.e.  C6H3(OMe)<C032>CH.C02H 

[4:2:1].  [114°].  Formed  by  reduction  of  the 
methyl  derivative  of  oxy-coumarilic  acid 

CeH3(OMe)<^(^I^>C.C02H    with    sodium-amal- 
gam.   Hard  prisms.    V.  sol.  ordinary  solvents. 
Volatile  with  steam  (Will  a.  Beck,  B.  19,  1783). 
Ethyl        derivative       CnH1204        i.e. 

C6H3(OEt)<C032>CH.C02H  [4:2:1].  [119°]. 
Formed  by  reduction  of  ethoxy-coumarilic  acid 
CtiH3(OEt)<;C0H^>C.C02H  with  sodium  amal- 
gam. Hard  white  needles  (Will  a.  Beck,  B.  19, 
1785). 

Di-oxy-coumarilic  acid  Di-ethyl  deriva- 

tive  C6H2(OEt)2<gH>C.C0.2H.    [195°].    From 

-0 


bromo-sesculetic  ether  C6H2(OEt)2<^; -g-g^CO 

and  alcoholic  KOH  (Will,  B.  16,  2119)!    Slender 
needles. 

F.  also  METHYL-COUMARELIC  ACID. 

/CH:CH 

COUMARIN  C9H6O2  i.e.  C6H/         |    .  Mol. 

^0  .  CO 
w.  146.     [67°].     (290°). 

Occurrence. — In  Tonka  beans,  the  fruit  of 
Coumaruma  odorata,  or  Dipteryx  odorata,  as 
small  white  crystals  between  the  seed  coating 
and  the  kernel;  found  in  woodruff  (Asperula 
odorata),  in  Melilotus  officinalis  (as  melilotate 
C,8H1605  [128°]),  in  the  flowers  of  sweet-scented 
vernal  grass  (Antlwxanthum  odoratum),  in  the 
leaves  of  Faham  (Angrcecum  fragrans),  of  an- 
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other  orchid,  Orchis  fusca,  and  of  Liatris  odo- 
ratissima  (Guibourt,  Histoire  des  Drogues  Sim- 
ples ;  Boullay  a.  Boutron-Chaillard,  J.  Ph.  9, 
480;  Delalande,  A.  Ch.  [3]  6,  343;  Bleibtreu, 
A  59,  177  ;  Procter,  Eep.  chim.  App.  1861,  143  ; 
Fontana,  B.  J.  14,  311  ;  Guillemette,  A.  14,  328  ; 
Kossmann,  A.  52,  387  ;  Gobley,  A.  76,  354). 

Formation.—  1.  By  boiling  salicylic  aldehyde 
with  Ac.,O  and  NaOAc  (Perkin,  C.  J.  21,  53,  181  ; 
c/.  vol/i.  p.  158).—  2.  Together  with  HOAc  by 
heating  acetyl-coumaric  acid  (Tiemann  a.  Herz- 
feld,  B.  10,  287).—  3.  By  the  action  of  Br  at 
170°  on  the  anhydride  of  o-oxy-phenyl-propionic 
ac\l  (Hochstetter,  A.  226,  360).—  4.  By  heating 
phenol  with  malic  acid  and  H2S04  or  ZnCl2. 
The  reaction  probably  takes  place  in  the  follow- 
ing stages  :  (1)  By  splitting  off  formic  acid  the 
semi-aldehyde  of  malonic  acid  is  formed. 
CH(OH).C02H  CHO 
|  =  |  +H2C02 

CH2.C02H  CH...C02H 

(2)  By  condensation  of  this  aldehyde  with 
the  phenol  an  oxy-phenyl-lactic  acid  is  pro- 
duced — 

CHO 
C6HVOH   +     | 

CH2.C02H 
CH(OH).CH2.C02H 


(3)  By  splitting  two  mols.  of  water  from  this 
body  a  cumarin  is  formed  : 


CH:CH 


(Pechmann,  B.  17,  929). 

Properties.  —  Triclinic  crystals,  a:b:c 
=  -8833:1:  -3696  (Scacchi,  G.  14,  568).  Peculiar 
odour.  M.  sol.  hot  water,  v.  e.  sol.  alcohol,  insol. 
cold  aqueous  baryta,  but  dissolves  on  boiling. 
Ether  will  not  extract  it  from  the  solution,  but 
acids,  even  C02,  re-ppt.  it.  It  appears,  however, 
to  have  formed  the  barium  salt  of  an  oxy-  acid, 
which  is  not  o-coumaric  acid,  unless  the  boiling  is 
prolonged  after  the  cournarin  is  dissolved  (Ebert, 
.4.216,  139).  Coumarin  dissolves  in  boiling  aque- 
ous K2C03  without  evolution  of  C02,  apparently 
forming  a  compound  with  it.  BaC03  has  no 
action  on  coumarin. 

Reactions.  —  1.  Boiling  cone,  aqueous  KOH 
gives  o-coumaric  acid.  —  2.  Potash-fusion  forms 
acetic  and  salicylic  acids.—  3.  Gaseous  HBr 
passed  into  its  solution  forms  large  transparent 
crystals  [c.  45°]  of  what  is  probably  an  addition- 
product.  Exposed  to  the  air,  these  crystals 
quickly  lose  HBr,  leaving  pure  coumarin  (Ebert; 
A.  226,  347).  —  4.  Sodium  amalgam  reduces  it  to 
oxy-phenyl-propionic  acid.  In  alcoholic  solu- 
tion sodium  amalgam  forms  di-hydro-di-couma- 
ric  acid  C18H1806,  which  is  si.  sol.  cold  water, 
forms  the  salts  Na,A"10aq,  CaA"  2aq,  PbA", 
CuA"2aq,  and  Ag.^A",  and  an  anhydride 
C18H1605  [222°]  (Zwenger,  A.  Suppl.  8,32). 

Combinations  with  bases.—  CS)H6022KOH.  — 
C9H6022NaOH.  Obtained  by  boiling  coumarin 
(1  mol.)  with  aqueous  NaOH  (2  mols.)  for  a  few 
minutes.  Deliquescent  ;  at  150°  it  becomes 
C9H602Na20.—  C9HB02Ba(OH)2.—  C9H6022PbO.— 
C9H,;02Ag20:  yellow  pp.  Formed  by  adding 
AgN03  to  the  yellow  solution  of  coumarin  in 


aqueous  KOH  (Perkin,  C.  J.  22,  192 ;  William- 
son, C.  J.  28,  850). 

Oxim       C6H4<C^2XC(NOH)   :       [131°]. 

Formed  by  the  action  of  hydroxylamine  upon 
thiocoumarin  in  alcoholic  solution.  Long  white 
needles.  V.  sol.  alcohol,  ether,  and  benzene ;  sol. 
hot  water,  nearly  insol.  cold.  It  is  very  stable 
to  alkalis  and  acids,  but  by  long  heating  with 
HC1  it  is  split  up  into  coumarin  and  H2NOH. 


:  [50°]. 

Formed  by  ethylation  of  the  oxim.  Colourless 
plates.  V.  sol.  alcohol,  ether,  and  benzene,  in- 
sol. water. 

Phenyl-hydrazide 

C6H4<;C^l2>C(N2HPh)  :    [144°].     Formed  by 

heating  thiocoumarin  with  phenyl-hydrazine  in 
alcoholic  solution.  Long  yellow  needles.  V.  sol. 
benzene  and  ether,  sol.  hot  alcohol,  si.  sol.  cold 
alcohol,  insol.  water.  Dissolves  in  H2S04  with  a 
green  colour  (Tiemann,  B.  19,  1662). 

Coumarin  bromide  CBH80.jBr2.  [105°].  From 
coumarinJ7  pts.)  and  Br  (8  pts.)  in  CS2  (Perkin, 
C.  J.  H?368;  9,  37).  Oblique  prisms  (from 
alcohol)  ;  v.  sol.  alcohol,  but  decomposed  by 
boiling  therewith.  Gives  off  Br  a  little  above 
its  melting-point.  Alcoholic  KOH  converts  it 
into  (a)-bromo-coumarin  (v.  vol.  i.  p.  564). 

Chloro-coumarin  v.  p.  57. 

Di-coumarin  Ci8H,0O4  i.e. 


330°].  From  salicylic  aldehyde,  sodium  succinate, 
and  Ac20  at  100°  (Dyson,  C.  J.  51,  62).  Insol. 
ether,  alcohol,  and  benzene,  si.  sol.  chloroform, 
and  HOAc.  Slowly  dissolves  in  boiling  NaOHAq, 
but  is  reppd.  unchanged  by  acids.  Eeduced  in 
alkaline  solution  by  sodium  amalgam  to  hydro- 
di-coumaric  acid  C,8H1405,  which  is  insol.  water, 
sol.  CHC13  and  benzene.  It  forms  the  salts 
BaA'26aq  and  AgA'.  At  133°  hydrodicoumaric 
acid  splits  up  into  water  and  its  anhydride 
hydrodicoumarin  C18H1204  [256°].  It  is  recon- 
verted into  the  acid  by  long  heating  with  cone. 
NaOHAq  or  with  HOAc.  Bromine  acting  on 
hydrodicoumarin  in  CHCL,  forms  Ci8HuBr04. 
Hydro-dicoumaric  acid  is  perhaps 

/^  TT  /CH      Js.   «  p-rr/'CH.j.CyH.j.OH. 

C6H4<0  CO>C.CH  <;C02H 
Keduced  in  aqueous  alkaline  solution  by  sodium 
amalgam  it  gives  the  dihydro-dicoumaric  acid 


C18H1806  or 

HO.C6H4.CH2 


CH2.C6H4OH 


not  identical  with  Zwenger's  acid.  Its  salts  are 
CaA'26aq.  —  AggA".  It  forms  an  anhydride 
C18H1404  [224°]. 

Homologues  of  coumarin.  Obtained  by  the 
action  of  fatty  anhydrides  upon  sodium  o-oxy- 
benzoic  aldehyde  (Perkin,  C.  J.  28,  10).  They 
are  described  as  anhydrides  of  the  correspond- 
ing oxy-  acids. 

Oxy-coumarins.  Described  as  anhydrides  of 
DI-OXY-CINNAMIC  ACID,  &c.  The  di-oxy-benzenes 
and  their  homologues  may  be  converted  by  treat- 
ment with  malic  acid  and  H2S04  into  oxy- 
coumarins,  and  by  aceto-acetic  ether  and  a  de- 
hydrating agent  into  oxy-methyl-coumarina. 
When  excess  of  aceto-acetic  ether  is  used,  small 
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quantities  of  polycoumarins   are    also  formed 
(Pechmann,  B.  17,  929,  2191 ;  20,  1328). 

Thus  from  resorcin  may  be  prepared  umbelli- 

,CH:CH 
feron  f4  *~|  C6H3(OH)<          |       [224°], 

X0  .  CO 
(/3)  -methyl-umbellif  eron 

/CMe:CH 
[4  n  C6H3(OH<  |      [248°], 

\O   .  CO 
and  di-methyl-di-coumarin 

CH:CMev  /CMe:CH 

I  XC  H  C  H  ' 


0  .    CO 


CO   .   O' 

Orcin  gives  rise  to 

/CH:CH 
CaH2Me(OH)<          |      [248°]  and 

N)  .  co 

/CMe:CH 
C6H2Me(OH)<  |       [250°]. 

\0  .  CO 
Pyrogallol  forms  daphnetin 

/CH:CH 
f  4:3:1]  C6H2(OH).,<         |      [255°],  and 

N)  .  co 

(j8)-methyl-daphnetin 

Me:CH 


Phloroglucin  gives 

,CMe:CH 
C6H2(OH)2/          |       [284°],  and 

'  tri-rnethyl-tri-coumarin ' 

f  /CMe:CH-| 

CVK    i 

IN)  .  cojs. 

NH 


Imido-dihydro-coumarin  CtiH 


<H. 


A 
H.CH 


CO 
NBz 

CH.CH 


Benzoyl  derivative  C^H/         \     [171°]. 

\0  .CO 

Fine  white  needles  ;  sol.  warm  ether,  alcohol, 
benzene  and  acetic  acid ;  insol.  water.  Formed  by 
boiling  an  acetic  acid  solution  of  the  benzoyl  de- 
rivative of  o-oxy-phenyl-a/3-imido-propionic  an- 
hydride |c6H4(OH). C2H2(NBz). CO  |  O.  By 

treatment  with  concentrated  aqueous  NaOH  it 
is    converted    into    o-oxy-phenyl-glycidic    acid 
0 

C6H4(OH).CH.CH.CO.,H 

(Plochl  a.  Wolfram,  B.  18, 1184  ;  c/.  Eebuffat,  G. 
15,  527). 

0 


Cumarin  oxide    C. 


JH.CH 


CH.C 

! 


.CO 


Inner  anhydride  of  o-oxy-phenyl-glycidic  acid. 
[153°].  Long  needles  or  prisms.  V.  sol.  ether 
and  warm  alcohol.  Formed  by  boiling  o-oxy- 
henyl-glycidic  acid  with  dilute  H2S04.  By 
iling  with  water  it  is  partly  converted  back 


p 
bo 


again  into  oxy-phenyl-glycidic  acid  (Plochl  a. 
Wolfram,  B.  18,  1187). 

COUMAEIN  -  CAEBOXYLIC    ACID 
0-CO 

[187°]. 
CH:C.COOH 
Formed  by  heating  salicylic  aldehyde,  malonic 
acid,  and  glacial  HOAc  at  100°  (Stuart,  C.  J. 
49,  366).    White  needles   (from  water).    It   is 
not  decomposed  by  boiling  with  water  or  on 
melting,  but  on  heating  above  190°  it  evolves 
CO2,  leaving  coumarin. 

Salts. — BaA'2  and  AgA'  are  white  pps. 
COUMAEIN  DIHYDEIDE  v.  Anhydride  of 

OXY-PHENYL-PROPIONIC   ACID. 

COUMARONE    C8H6O  i.e.  Cs 

(169°).  Formed  by  heating  coumarilic  acid 
with  lime,  CO,  being  split  off  (Fittig  a.  Ebert,  A. 
216,  168 ;  226,  347).  Formed  also  by  boiling 
o-aldehydo-phenoxy-acetic  acid  with  Ac20  and 
NaOAc  (K  ssing,  B.  17,  3000).  Heavy  oil; 
volatile  with  steam.  Not  attacked  by  sodium 
amalgam.  Converted  by  a  drop  of  H,S04  into  a 
reddish-white  amorphous  mass. 

Dibromide  CsHHOBr2.  [86°].  Prisms  (from 
CS2).  Converted  by  boiling  with  water  into 
coumarone  and  other  products. 

Bromo-coumarone  C8H5BrO.  [36°].  From 
coumarone  dibromide  and  alcoholic  KOH. 
Needles  (from  dilute  alcohol).  V.  e.  sol.  alcohol 
and  ether,  insol.  water  and  alkalis. 

jp-Methoxy-coumarone  C9H802  i.e. 
C6H3(OMe)  <C**^CH  [4:2:1].    (179°).  Formed 
by  dry-distillation  of  the  silver  salt  of  methoxy- 
coumarilic  acid  C.H^OMe^^^C.CO.H  in  a 

stream  of  C02.  Colourless  oil,  having  a  strong 
odour  of  flowers.  Somewhat  heavier  than  water. 
Very  volatile  with  steam  (Will  a.  Beck,  B.  19, 
1784). 

Oxy-methyl-coumarone  C9Hb0.j  i.e. 

[4  J]  C6H3(OH)<C0Ie>CH.  [97°].  Formed,  by 
loss  of  C02,  by  distillation  of  oxy-methyl-cou- 
marilic  acid  CtiH3(OH)<CoIe^C.C02H.  White 

needles.  Sol.  benzene  and  hot  water,  v.  e.  sol. 
alcohol  and  ether.  Dissolves  in  alkalis  without 
alteration.  Sparingly  volatile  with  steam. 
Sublimes  slowly  at  the  ordinary  temperature. 
Gives  a  violet  colouration  on  warming  with 
cone.  H,S04  (Hantzsch,  B.  19,  2929). 

Coumarone-o-carboxylic  acids  are  identical 
with  COUMAKILIC  ACIDS  (q.v.). 

o-COUMAEYL-ALCOHOL.  Glucoside. 
CfiH4(OCtiH1105).C2H.).CH.)OH.  Gluco-coumaryl 
alcohol.  [115°].  Fine  white  needles  (containing 
aq).  V.  sol.  alcohol,  insol.  ether.  Formed  by 
reduction  of  gluco-o-coumaric  aldehyde  with 
sodium  amalgam.  By  emulsin^  it  is  split  up 
into  coumaryl  alcohol  (which  is  an  oil)  and 
glucose  (Tiemann  a.  Kees,  B.  18,  1962). 

CREATINE  C,HqN802  i.e. 

NH,.C(NH).NMe.CH2.CO,H.  Mol.w.131.  Methyl- 
guanido-acetic  acid.  S.G.  1-35.  S.  1-3  at  18°. 
S.  (alcohol)  -016. 

Occurrence. — In  the  muscular  flesh  of  mam- 
malia, birds,  amphibia,  and  fishes  (Chevreul, 


270 


CREATINE. 


J.  Ph.  21,  234 ;  Pettenkofer,  A.  52,  97;  Liebig, 
A.  62,  282;  108,  354;  Heintz,  P.  62,  602;  70, 
460 ;  73,  596  ;  74, 125  ;  C.  R.  24,  500  ;  Gregory, 
C.  J.  1,  25 ;  Dessaignes,  C.  B.  38,  839  ;  41, 
1258 ;  J.  Ph.  [3]  32,  41 ;  A.  97,  339 ;  Schloss- 
berger,  A.  49,  344 ;  66,  80 ;  Price,  C.  J.  3,  229  ; 
Stadeler,  J.  pr.  72,  256).  Occurs  also  in  urine, 
blood,  and  brains  (Verdeil  a.  Marcet,  J.  Ph.  [3] 
20,  89 ;  Miiller,  A.  103,  142  ;  Voit,  J.  1867,  791). 
In  some  cases  where  creatine  has  been  found  it 
may  have  been  formed  from  pre-existent  crea- 
tinin  by  the  process  of  extraction.  Creatinin 
does  not,  however,  appear  to  exist  in  flesh 
(Neubauer,  Fr.  2,  22  ;  Nawrocki,  Fr.  4,  330). 

Synthesis. — By  the  direct  union  of  cyan- 
amide  with  methyl-amido-acetic  acid  (sarcosine) 
in  aqueous  or  alcoholic  solution  (Volhard,  Z. 
[2]  5,  319 ;  Strecker,  J.  1868,  686). 

Preparation. — Finely-chopped  meat  (250  g.) 
is  heated  with  water  (250  c.c.)  at  60°  for  10 
minutes,  the  liquid  is  squeezed  out  and  heated 
till  the  albumen  is  coagulated.  The  filtrate  is 
treated  with  lead  sub-acetate  as  long  as  ppn. 
occurs,  is  filtered,  and  freed  from  excess  of  lead 
by  H2S.  The  filtrate  from  PbS  is  evaporated 
to  a  syrup,  from  which  creatine  slowly  separates; 
a  further  quantity  may  be  ppd.  by  adding  alco- 
hol (2  or  3  vols.)  (Neubauer,  Fr.  2,  22 ;  Mulder 
a.  Monthaan,  Z.  [2]  5,  341). 

Properties. — Monoclinic  prisms  (containing 
aq).  SI.  sol.  water,  v.  si.  sol.  alcohol,  insol.  ether. 
The  aqueous  solution  is  neutral  to  litmus.  Con- 
verted into  its  anhydride  creatinin  by  heating 
with  aqueous  HC1,  with  ZnCl2,  with  H2S04,  or 
even  (although  slowly)  with  water  at  100°. 
Gaseous  HC1  passed  over  creatine  at  100°  also 
forms  creatinin  hydrochloride.  If  5  or  6  drops 
of  a  20  p.c.  solution  of  AgN03  are  added  to  2  c.c. 
of  a  cold  saturated  solution  of  creatine,  and  a 
solution  of  KOH  is  added  so  as  just  to  redissolve 
the  white  pp.  which  is  first  formed,  the  liquid 
presently  solidifies  to  a  transparent  jelly ;  re- 
duction of  silver  takes  place  on  heating  (Engel, 
C.  E.  78,  1707). 

Reactions. — 1.  Boiling  baryta-water  splits  it 
up  into  urea  (or  C02  and  NH3)  and  methyl- 
amido-acetic  acid.  Methyl-hydantoin  is  also 
formed.—  2.  Nitrous  acid  decomposes  it,  giving 
off  half  its  nitrogen  in  the  free  state. — 3.  Alka- 
line NaOBr  gives  off  two-thirds  of  the  nitrogen 
as  such  (Hiifner,  J.  pr.  [2]  1,  7).— 4.  Boiling 
with  water  and  HgO  gives  methyl-guanidine 
and  oxalic  acid. — 5.  When  heated  with  soda- 
lime  it  gives  off  methylamine. 

Salts .— B'2H2S04 :  slender  prisms.— B'HCl. 
— B'HN03:  short  thick  prisms.— B'CdCL,  2aq : 
large  crystals. — B'ZnCl2:  small  crystals,  resolved 
by  hot  water  into  creatine  and  ZnCl2  (Neubauer, 

A.  137,  298).— HgC4H.N302|aq:  white  pp.  from 
creatine,  HgCl2,  and  KOH  (Engel,  C.  R.  80,  885 ; 

B.  8,  546). 

Amphicreatine  C9H19N704.  A  base  occurring 
in  muscular  tissue  (Gautier,  Bl.  [2]  48,  19). 
Yellow  crystals  ;  not  ppd.  by  Cu(OAc)2  or  HgCl2 
but  ppd.  by  sodium  phosphomolybdate.  Its 
hydrochloride  is  crystalline  but  not  deli- 
quescent. Itsplatinochloride  forms  soluble 
tables. 

Isomeride  of  cteatine  v.  ALACREATINE,  vol.  i. 
p.  93. 


Mol.  w.  113.     S.  9  at  16°. 


CEEATININE  C4H7N30  i.e. 

.NMe.CH, 
HN:C<  |      . 

\NH .  CO 

S.  (alcohol)  1  at  16°  (Liebig) ;  -3  at  16°  (Johnson). 
Occurrence. — In  human  urine  to  the  extent 
of  -5  p.c.  (Pettenkofer,  A.  52,  97  ;  Heintz,  P.  62, 
602  ;  73,  595;  74,  125  ;  Liebig,  A.  62,  298,  324; 
Neubauer,  A.  119,  39).  Occurs  also  in  urine  of 
horses,  calves,  and  dogs  (Heintz ;  Voit,  C.  C.  1867, 
504;  Socoloff,  A.  78,  243;  80,  114;  Maly,  A. 
159,  279)  and  in  the  flesh  of  some  fish  (Kruken- 
berg,  J.  Th.  1881,  344). 

Formation. — From  creatine  by  the  action  of 
mineral  acids  or  of  dehydrating  agents. 

Preparation. — 1.  Fresh  human  urine  is  neu- 
tralised with  milk  of  lime  ;  chloride  of  calcium 
added  as  long  as  a  pp.  of  phosphate  of  calcium 
continues  to  form ;  the  filtrate  evaporated  till 
the  salts  crystallise  out ;  32  pts.  of  the  mother- 
liquor  mixed  with  1  pt.  of  chloride  of  zinc  dis- 
solved in  the  smallest  possible  quantity  of  water ; 
the  mixture  set  aside  for  four  days ;  and  the  zinc- 
compound,  which  separates  in  nodules,  washed 
with  cold  water.     The  zinc-compound  is  then 
decomposed  by  boiling  with  Pb(OH)2,  the  filtrate 
is  evaporated,  and  the  mixture  of  creatine  and 
creatinine  digested  with  cold  absolute  alcohol, 
which   dissolves  the   creatinine  only   (Liebig ; 
Dessaignes,  J.  Ph.  [3]  32,  42 ;  Heintz ;  Loebe, 
J.  pr.   82,   170 ;    E6p.   chim.  pure,   1861,   25  ; 
Neubauer,   A.  119,   27;    Socoloff,  A.  78,  243; 
Grocco,  C.  C.  1887,  17).— 2.  From  urine,  after 
i  adding  ^  v°l-  saturated   aqueous   NaOAc,  by 
I  fractional  ppn.  with  HgCl2.     A  spherical  salt 
I  (C4H5HgN3OHCl)43HgCl2  2aq  is  obtained,  which 
i  is  suspended  in  water  and  decomposed  by  H2S. 
|  The  filtrate  on  evaporation  deposits  creatinine 
hydrochloride,  whence  Pb(OH)2  liberates  crea- 
tinine (Johnson,  Pr.  42,  365  ;  43,  493). 

Properties. — Monoclinic  prisms  (anhydrous) 
or  efflorescent  prisms  (containing  2  aq).  Neutral 
to  litmus  (Salkowski,  H.  12,  211).  V.  sol.  hot 
water,  m.  sol.  hot  alcohol.  According  to  John- 
son (Pr.  43,  493)  there  are  two  varieties  of  crea- 
tinine, differing  in  reducing  power,  solubility,  and 
character  of  their  gold  salts.  Each  exists  in 
efflorescent  and  in  tabular  form.  1  part  of 
tabular  creatinine  from  urine  dissolves  in  10*78 
pts.  water  at  17°,  and  in  362  pts.  alcohol  at  17°, 
and  its  Pt  salt  dissolves  in  14-1  pts.  water  at  15°  ; 
on  the  other  hand,  1  pt.  of  tabular  creatinine 
from  creatine  dissolves  in  10*68  pts.  water  at 
16-5°,  and  in  324  pts.  alcohol  at  18-5°,  while  its 
Pt  salt  requires  24'4  pts.  water  at  15°.  According 
to  Liebig,  1  pt.  creatinine  dissolves  in  11-5  pts. 
water  at  16°,  and  in  102  pts.  alcohol  at  16°. 

Reactions. — 1.  In  alkaline  solutions  it  is 
slowly  converted  by  taking  up  water  into  crea- 
tine (Dessaignes,  J.  Ph.  [3]  32,  41). — 2.  Boiling 
with  water  and  HgO  gives  methyl-guanidine. — 
3.  Baryta-water  at  100°  gives  NH3  and  methyl- 
hydantom  (Neubauer,  A.  137,  289).— 4.  KMnO4 
gives  oxalic  acid  and  methyl-guanidine. 

Detection. — 1.  A  small  quantity  of  Fehling's 
solution  at  60°  gives  a  white  flocculent  pp.,  con- 
sisting of  a  compound  of  creatinine  with  cuprous 
oxide.  1  mol.  creatinine  can  reduce  about  f  mol. 
CuO  (Worm-Muller,  /.  Th.  1881,  76 ;  Maschke, 
Fr.  17,  134).  According  to  Johnson  (Pr.  42, 
365  ;  43,  493)  the  creatinine  obtained  from  crea- 
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tine  has  not  the  same  reducing  power  as  that 
from  urine,  the  reducing  effect  of  2  mols.  glucose 
being  equal  to  that  of  5  mols.  of  the  former,  but 
only  4  mols.  of  the  latter.— 2.  If  a  dilute  solution 
of  sodium  nitroprusside  is  added  to  a  solution  of 
creatinine  and  dilute  NaOH  slowly  dropped  in,  a 
ruby-red  colouration  is  produced.  By  this  test 
the  presence  of  creatinine  in  urine  can  be  demon- 
strated. With  creatine  no  colour  is  produced, 
unless  it  is  previously  converted  into  creatinine 
by  boiling  with  a  dilute  acid ;  in  this  way  the 
presence  of  creatine  in  milk  can  be  proved  (Weyl, 
B.  11,  2175).  On  acidifying  and  warming  prus- 
sian  blue  is  formed  (Salkowski,  H.  4,  133  ;  Co- 
lasanti,  G.  17,  129).  According  to  Guareschi 
(C.  C.  1887,  580)  this  reaction  is  given  also  by 
thio-hydantoin,  methyl-hydantoin,  and  other 
compounds  containing  the  group  N.CH2.CO.N. 

Salts. — B'HCl :  prisms  (from  alcohol)  or 
laminae  (from  water). — B'HAuCl4.  According  to 
Johnson  this  salt  when  prepared  from  creatinine 
derived  from  creatine  is  decomposed  by  ether, 
but  when  prepared  from  urinary  creatinine  it  is 
not  affected  by  ether.— B'2H2PtCle  2aq  :  orange 
prisms.  Solubility:  v.  supra. — B'HI :  large 
crystals  (from  water). — B'2H.,SO4:  dimetric tables 
(from  dilute  alcohol). — B'2ZnCl2 :  monoclinic 
prisms  (Schmidt,  A.  61,  332).  Insol.  absolute 
alcohol.  S.  1-86  at  15°  ;  3-65  at  100°.  S.  (98  p.c. 
alcohol) -0108  at  c.  18°;  S.  (87  p.c.  alcohol)  -0174 
(Neubauer).— B',H.,ZnCl4 :  large  crystals,  v.  sol. 
water  and  alcohol  (Dessaignes,  J.  Ph.  [3]  32,43). 
NaOAc  added  to  its  solution  pps.  B'2ZnCl2  (Neu- 
bauer, A.  120,  267). — B'2CdCl2 :  more  soluble  in 
water  than  B'2ZnCl2.— B'.2Hg(N03)2HgO  :  crys- 
talline pp.  formed  by  adding  aqueous  mercuric 
nitrate  to  a  cone,  solution  of  creatinine. — 
(B'AgN03)2Ag20  :  delicate  white  needles  (from 
water). 

(a)-Nitroso-creatinine  (?)  C4H?N402.  [210°]. 
Formed,  together  with  its  isomeride,  by  passing 
nitrous  acid  gas  into  a  cone,  solution  of  creati- 
nine. It  is  much  less  soluble  in  water  than  its 
(£) -isomeride  (Dessaignes,  C.  R.  41,  1258 ;  A. 
97,  339;  Marcker,  A.  133,  305).  Crystalline 
powder,  si.  sol.  cold  -water,  v.  si.  sol.  alcohol. 
HC1  at  100°  converts  it  into  methyl-parabanic 
acid,  NH3,  and  oxalic  acid  (Strecker,  A.  118, 151). 
Br  forms  C4H7BrN402  (?),  a  neutral  crystalline 
substance,  v.  sol.  water.  EtI  at  160°  followed  by 
Ag.,0  gives  extremely  soluble  needles  of  C4H9N04 
[152°].  Salts.  —  B'HCl  aq.  —  B'2H2PtCL.  — 
B'HNO,. 

(jS)-Nitroso-creatinine  C4H8N402.  [195°]. 
Formed  as  above.  Nodules,  v.  sol.  water. 
Salts. — B'HCl:  laminae,  v.  e.  sol. cold  water. — 
B'2H2PtCl6. 

Ethyl-creatinine  C.jH^EtNjjO.  From  creatin- 
ine and  EtI  at  100°,  the  resulting  hydroiodide 
being  decomposed  by  moist  Ag.,0  (Neubauer,  A. 
119,  50 ;  120,  257).  Needles  (containing  |aq). 
V.  e.  sol.  alcohol,  insol.  ether. — B'HCl :  needles, 
v.  e.  sol.  alcohol  and  water,  insol.  ether. — 
B'oH2PtCl8.— B'HI :  needles. 
"  Xantho-creatinine  CdH10N40. 

Occurrence.-— In  muscular  tissue  (Gautier, 
Bl.  [2]  48,  18)  and  in  human  urine,  especially 
during  fatigue  (Monari,  G.  16,  538). 

Properties. — Sulphur-coloured  crystals,  hav- 
ing a  slightly  bitter  taste.  On  warming  it  smells 
like  acetamide.  It  has  a  double  action  on  litmus, 


turning  blue  litmus  red,  and  sensibly  blueing  red 
litmus. 

Reactions. — ZnCl2givesa  similar  pp.  to  crea- 
tine, B'2ZnCl2.  AgN03,  a  flocculent  pp.,  sol.  hot 
water,  crystallising  in  needles.  Ppd.  after  some 
time  by  sodium  phosphomolybdate.  Its  h  y  d  r  o  - 
chloride  forms  feathery  crystals ;  itsplatino- 
chloride  crystallises  in  long  soluble  bundles. 

Chrusocreatinine  v.  p.  171. 

CRENIC  ACID  (Krfvii).  Said  by  Berzelius  (P. 
13,  84  ;  29,  3,  238)  to  occur  in  vegetable  mould 
and  in  the  ochreous  deposits  of  ferruginous 
waters.  The  deposit  is  boiled  with  potash,  and 
the  nitrate  treated  with  HOAc  and  cupric  acetate 
as  long  as  a  dark-brown  pp.  continues  to  form. 
This  pp.  contains  apocrenicacid.  The  nitrate 
is  neutralised  with  ammonium  carbonate,  more 
cupric  acetate  is  added,  and  the  liquid  heated  to 
80° ;  cupric  crenate  is  then  ppd.  Crenic  acid  is 
pale  yellow  and  uncrystallisable  ;  apocrenic  acid 
is  brown  and  si.  sol.  water.  According  to  Mulder 
(A.  36,  243)  crenic  acid  is  C,,H1208,  while  apo- 
crenic acid  is  C24H12012.  Crenic"  acid  dissolves 
ferrous  carbonate  (Boutigny,  C.  R.  58,  247). 

CREOSOL  C8H1002  i.e.  CeH3Me(OMe)(OH) 
[1:3:4].  Mol.  w.  138.  (220°).  S.G.  is  1-0894. 
Occurs  among  the  products  of  the  distillation  of 
beech  wood  and  of  gum  guaiacum  (Hlasiwetz,  A. 
106,  339).  Formed  also  by  distilling  homova- 
nillic  acid  C6H;<(qMe)(OH).CH,.C02H  with  lime 
(Tiemann  a.  Nagai,  B.  10, 206).  Aromatic  liquid, 
si.  sol.  water,  miscible  with  alcohol,  ether,  and 
benzene.  Fe^Cl,.  gives  a  green  colour.  HI  or 
potash-fusion  convert  it  into  C,.H:,Me(OH)2  (Tie- 
mann a.  Koppe,  B.  14,  2025).  PC15"  gives 
CAMe(OMe)Cl  (?)  (185°)  S.G.  1-028  which  gives 
a  green  colour  with  Fe2Cle  and  a  pp.  of  AgCl 
with  AgN03  (Biechele,  A.  151,  115). 

Salts.-KCgH9022aq:  needles,  v.  sol.  water 
and  alcohol.  — KHA'2  aq  :  thin  prisms  ;  decom- 
posed by  water  into  KA'  and  creosol.— BaA'2  3aq  : 
small  scales. 

Methyl  ether  C6H3Me(OMe)2.  (218°).  Oc- 
curs in  beech  wood  creosote  (Tiemann  a.  Men- 
delsohn, B.  8,  1137).  Formed  by  fusing  papa- 
verine  with  KOH  (Goldschmiedt,  M.  4,  705).  Also 
from  creosol,  KOH;  and  Mel.  Gives  no  colour 
with  Fe2Cl6. 

Ethyl  ether  C6H3Me(OMe)(OEt).     Oil. 

Acetyl  derivative  CaH3(OMe)(OAc). 
(247°).  Oil  (Tiemann,  B.  9,  418  ;  10,  58). 

CREOSOL  SULPHONIC  ACID 
CdH2Me(OMe)(OH)(S03H).  From  creosol  and 
cone.  H,S04  at  60°  (Biechele,  A.  151,  109  ;  Tie- 
mann a.  Koppe,  B.  14,  2026).  Hygroscopic 
syrup. — KA' :  needles ;  its  aqueous  solution  is 
coloured  blue  by  Fe2Cl(j.— BaA'2.— PbA'.,. 

CREOSOL  CARBOXYLIC  ACID  v.  Methyl  de- 
rivative Of  Dl-OXY-TOLUIC  ACID. 

CREOSOTE  (/cpe'ay  aA^ iv).—  A  mixture  of  sub- 
stances of  a  phenolic  character,  which  may  be 
extracted  by  alkalis  from  the  tar  obtained  by  the 
dry  distillation  of  wood.  Rhenish  beech  tar 
creosote  contains  phenol,  cresols,  guaiacol, 
phlorol,  and  creosol  (Eeichenbach,  Scliw.  J.  66, 
301,  345  ;  67, 1,  57  ;  68,  352 ;  Ettling,  A.  6,  209  ; 
Laurent,  C.R.  11,  124;  19,  574;  Deville,  A.  Ch. 
[3]  12,  228;  Gorup-Besanez,  A.  78,  231;  86, 
223;  143,  129;  Z.  [2]  4,  393;  Voelckel,  A.  86, 
93  ;  87,  306  ;  Hlasiwetz,  A.  106,  339  ;  Simon,  P. 
32,  129  ;  Hubschmann,  A.  11,  40;  Kone,  A.  16, 
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63 ;  Fliickiger,  Ph.  [3]  2,  1008 ;  Ruot,  Bl.  [2]  8, 
375 ;  H.  Miiller,  Z.  1864,  40  ;  Marasse,  B.  1,  99  ; 
2,  71;  Z.  [2]  4,  502;  5,  348  ;  Frisch,  J.pr.  100, 
223 ;  J.  Williams,  C.  C.  1873,  167  ;  Hofmann, 
B.  8,  66;  Tiemann  a.  Mendelsohn,  B.  8,  1136; 
Clark,  Ph.  [3]  3,  1037  ;  Watzel,  Ar.  Ph.  [3]  10, 
130). 

CBESAUEIN  v.  Anhydride  of  TBI-OXY-TRI- 

TOLYL-CAKBINOL. 

CEESOLS  C7H80  i.e.  CdH4Me(OH).  Mol.  w. 
108.  Oxy-tolucnes.  Methyl  phenols. — The  three 
cresols  occur  in  the  tar  obtained  by  the  destruc- 
tive distillation  of  coal,  beech  wood,  and  pine 
wood  (Schotten  a.  Tiemann,  B.  11,783;  Schulze, 
B.  20,  410;  Duclos,  A.  109,  136;  Marasse,  A. 
152,  64).  They  are  best  obtained  in  a  state  of 
purity  from  the  corresponding  toluidines  by  the 
diazo-  reaction,  or  from  the  toluene  sulphonic 
acids  by  potash-fusion.  A  cresol  is  formed  by 
oxidising  toluene  in  presence  of  A12C16  (Friedel 
a.  Crafts,  C.  R.  86,  884).  Acid  sulphates  of  the 
three  cresols  occur  in  horse's  urine,  and  cresols 
are  converted  into  such  acids  when  given  to 
animals  in  their  food  (Baumann  a.  Herter,  B.  9, 
1389).  The  three  cresols,  by  heating  with  ammo- 
niacal  ZnBr2  and  NH4Br,  or  with  aminoniacal 
ZnCl2  and  NH4C1,  are  converted  into  the  corre- 
sponding toluidines  and  di-tolyl-amines  in  vari- 
able proportion  (Merz  a.  Miiller,  B.  20,  544). 

Azo-  compounds  of  the  three  cresols. — j?-Cresol 
combines  with  diazo-  compounds  as  easily  as 
phenols  not  substituted  in  the  ^-position,  the 
diazo-  residue  entering  the  o-position  to  the  OH. 
Disazo-  compounds  of  ^-cresol  cannot  be  ob- 
tained. In  the  azo-  compounds  of  o-  and 
w-cresol  the  diazo-  residue  takes  the  p-  position 
.to  the  OH.  Both  readily  yield  disazo-  compounds, 
in  which  the  two  azo-  residues  stand  in  the^p-  and 
o-  position  to  the  hydroxyl,  and  hence  are  meta  to 
each  other,  o-  and  w-Cresol  readily  give  nitroso- 
derivatives,  but  ^-cresol  does  not  (Nolting  a. 
Kohn,  B  17,  351). 

o-Cresol  CBH4Me(OH)[2:l].  [30°].  (190-8°). 
S.G.  6£?  1-0053;  g  1-0578.  C.E.  (0°-10°)  -00072 
(Pinette,  A.  243,  37).  H.  F.  50,992  (liquid)  ; 
-3250  (solid)  (Stohmann,  J.pr.  [2]  34,  311). 

Formation. — 1.  By  fusing  toluene  o-sulphonic 
acid  with  KOH  (Engelhardt  a.  Latschinoff,  Z. 
1869,  620).— 2.  From  o-toluidine.— 3.  By  distil- 
ling (1,  2,  #)-oxy-toluic  acids  with  lime. — 4.  By 
heating  carvacrol  with  P2O5,  and  fusing  the  re- 
sulting o-tolyl  phosphate  with  KOH  (Kekule,  B. 
7,  1006). — 5.  By  treating  camphor  with  ZnCl2 
(Beuter,  B.  16,  624). 

Properties. — Crystalline.  Con  verted  by  potash- 
fusion  into  salicylic  acid.  KC103  and  HC1  give 
di-  and  tri-  chlorotoluquinone  (South  worth,  A. 
168,  273).  Br  gives  C.HtBr3Me(OH)  [57°J  (Wer- 
ner, Bl.  [2]  46,  278).  Excess  of  Br  gives 
CaH.2Br3(OBr). 

Salt.— (CtiH4MeO)3Al.  From  o-cresol,  Al,  and 
a  little  iodine  (Gladstone  a.  Tribe,  G.  J.  49,  26). 
Black,  vitreous  mass,  forming  a  dark-green  solu- 
tion in  benzene,  decomposed  by  water  and  by 
alcohol.  On  distillation  it  yields  di-o-tolyl  oxide 
(C6H4Me)2O  (c.  275°),  o-cresol,  and  a  compound 
C,5H14O,  crystallising  in  colourless  plates. 

Benzoyl  derivative  C7H7OBz.     Oil. 

Methyl  ether  C(iH4Me(OMe).  (171-3°). 
S.G.  2  -9957.  S.V.  146-1.  C.E.  (0°-10°)  -00084 
(Pinette,  A.  243,  37;  cf.  Korncr,  Z.  [2]  4,  327). 


(184-8°).  S.G.  § 
•9679.  S.V.  170-9.  C.E.  (0°-10°)  -0009  (Pinette, 
A.  243,  38).  From  alcohol,  EtBr  and  potassium 
cresol  by  boiling  (Staedel,  A.  217, 41).  The  yield 
is  67  p.c.  Also  from  diazo-toluene  sulphate  and 
absolute  alcohol  (Remsen  a.  Orndorff,  Am.  9, 
394).  HN03  converts  it  into  C6H2(N02).,Me(OEt) 
[51°]  and  a  little  C6H.,(NO.,),Me(OH)  [82°]. 

Ethylene  ether  (C7H70)2C2H4.  [79°]. 
White  plates,  si.  sol.  cold  alcohol. 

Propyl  e$fcerC6H,Me(OPr).  (204-1°).  S.G. 
g  -9517.  S.V.  195.  C.E.  (<P-10°J  -00087  (Pinette). 

Butyl  ether  C8H4Me(OC4H9).  (223°). 
S.G.  g  -9437.  S.V.  218-4.  C.E.  (0°-10°)  -00092. 

Heptyl  ether  CHH4Me(OC7H15).  (277-5°). 
S.G.  g  -9243.  S.V.  292-95.  C.E.  (0°-10°)  -00083. 

Octyl  ether  C,.H4Me(OCKH17).  (292-9°). 
S.G.  -9231.  S.V.  317-9.  C.E.  (0°-10°)  -00084. 

Benzyl  ether  v.  vol.  i.  p.  490. 

w-Cresol  C,H4Me(OH).  [4°].  (202-8°).  S.G. 
2  1-0498.  S.V.  123-2.  C.E.  (0°-10°)  -00078 
(Pinette,  A.  243,  40).  MA  1-5316  at  25°.  H.F. 
53,044  (Stohmann,  J.  pr.  [2]  34,  311).  Occurs 
in  coal-tar  cresol,  together  with  its  m-  and  p- 
isomerides  (Schulze,  B.  20,  409  ;  cf.  Ihle,  J.  pr. 
[2]  14,  442).  From  thymol  (100  g.)  and  P2O5 
(40  g.) ;  propylene  being  given  off ;  the  resulting 
7tt-tolyl-phosphoric  acid  being  fused  with  KOH. 
The  yield  is  51  p.c.  (Staedel,  A.  217,  46;  cf. 
Engelhardt  a.  Latschinoff,  Z.  1869,  621  ;  South- 
worth,  A.  168,  268 ;  Tiemann  a.  Schotten,  B.  11, 
769).  Formed  also  by  distilling  w-oxy-uvitic  acid 
with  lime  (Oppenheim  a.  Pfaff,  B.  8,  886),  and 
by  distilling  aluminium  thymol  (Gladstone  a. 
Tribe,  C.  J.  41,  12).  Formed  also  by  the  action 
of  dry  oxygen  upon  toluene  in  presence  of 
A12C16  (Friedel  a.  Crafts,  A.  Ch.  [6J  14,  436). 

Properties. — Liquid.  Can  be  solidified  by 
throwing  a  crystal  of  phenol  into  the  liquid 
cooled  in  a  freezing-mixture  (Staedel,  B.  18, 
3443).  Its  aqueous  solution  is  coloured  bluish- 
violet  by  Fe2Clb..  Fusion  with  KOH  gives  m-oxy- 
benzoic  acid.  HC1  and  KC103  from  di-chloro- 
toluquinone  Br  (3  mols.)  gives  C(JHBr3Me(OH) 
[82°] ;  excess  of  Br  forms  CHHBr3Me(OBr) 
which  liberates  iodine  from  KI  (Werner,  BL  [2] 
46,  276). 

Benzoyl  derivative  C7H?OBz.  [38°]. 
(c.  295°). 

Methyl  ether  C6H4Me.(OMe).  (177-2°). 
S.G.  g  -9891.  S.V.  147-45.  C.E.  (0-10°)  -0001)2 
(Pinette,  A.  243,  40).  H.F.p.  39,748  (C,02  =  94  ; 
H.2)0  -  69)  (Stohmann,  J.  pr.  [2]  35,  24). 

Ethyl  ether  C.H4Me(OEt).  (192°).  S.G. 
g  -965.  S.V.  172.  C.E.  (0°-10°)  -0009  (Pinette, 
A.  243, 41).  From  w-diazo-toluene  sulphate  and 
alcohol  (Remsen  a.  Orndorff,  Am.  9,  394). 

Propyl  ether  C6H,Me(OPr).  (210-6").  S.G. 
g  -9484.  S.V.  196-2.  C.E.  (0°-10°)  -0009. 

Butyl  ether CJELtUe(OG^).  (229-2°).  S.G. 
g  -9407.  S.V.  220-45.  C.E.  (0°-10°)  -00092. 

Heptyl  ether  C(.H4Me(OC,H15).  (283-2°). 
S.G.  g  -9202.  S.V.  296-7.  C.E.  (0°-10°)  -00084. 

Octyl  ether  C(.H4Me(OC8H,7).  (298-9°). 
S.G.  g  -9194.  S.V.  321-95.  C.E.  (0°-10°)  -00086 
(Pinette,  A.  243,  43). 

Benzyl  ether  v.  vol.  i.  p.  490. 

m-Cresyl  ether  v.  DI-W-TOLYL  OXIDE. 

p-Cresol  C,.H4Me(OH).  [36°].  (201-8°).  S.G. 
6±T'  -9962  ;  g  1-0522.  S.V.  123-45.  C.E.  (0°-10 3) 
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•00086  (Pinette,  A.  213,  43).  H.F.  51,100  (solid)  ; 
-2459  (liquid)  (Stohmann,  J.  pr.  [21  34,  311). 

Occurrence. — In  coal-tar  (H.  Buff,  B.  4,  378). 
As  p-toljl  sulphuric  acid  in  urine  of  horses,  of 
cows,  and  sometimes  of  men  (Brieger,  H.  4, 
204). 

Formation. — 1.  By  fusing  its  sulphonate  with 
KOH  (Wurtz,  A.  144,  121;  156,  258).  If  the 
mixture  of  sulphonic  acids  of  crude  cresol  is 
treated  with  excess  of  baryta,  basic  barium  p- 
cresol-sulphonate  is  ppd.  (Armstrong  a.  Field, 
C.  N.  29,  282 ;  Baumann,  H.  6,  185).— 2.  From 
^j-toluidine. — 3.  Got  by  putrefaction  of  ox-brain 
at  40°  (F.  Stockly,  J.pr.  [2]  24,  17).  Found  also 
among  the  products  of  putrefaction  of  horses' 
liver,  tyrosine,  jD-oxy-phenyl-acetic  acid,  andp- 
oxy-phenyl-propionic  acid  (Baumann  a.  Brieger, 
H.  3,  149;  4,  304;  Weyl,  H.  3,  312).— 4.  To- 
gether with  carpene  by  the  dry  distillation  of 
podocarpic  acid  or  its  Ca  salt  (Oudemans,  A.  170, 
259). — 5.  By  heating  p-oxy-phenyl-acetic  acid 
with  CaO  (Salkowski,  B.  12,  1440). 

Preparation. — From  ^-toluidine  by  diazoti- 
sation  in  presence  of  excess  of  H,S04. 

Properties. — Prisms.  Its  aqueous  solution  is 
coloured  blue  by  Fe2Cl6.  Potash-fusion  converts 
it  into  |>oxy-benzoic  acid.  HC1  and  KC103  give 
no  chlorinated  toluquinone  (Southworth,  A.  168, 
271).  Br  (2  mols.)  gives  a  pp.  of  C6H,Br2Me(OH) 
[49°],  but  a  larger  quantity  of  Br  (3  mols.)  gives 
CGH.,Br.,Me(OBr),  while  a  large  excess  forms 
CtiH.;Brs"(OH)  (Werner,  Bl.  [2]  46,  278).  Chloral 
forms  C7H8OC.,HC130  [52°-56°]  (Mazzara,  G.  13, 
272). 

Salt.— (CdH4MeO),Al.  On  distillation  it 
gives  a  small  quantity  of  di-p-tolyl  oxide  and  a 
ketone  C15H140  [168°]  (307°).  S.  (alcohol)  -4  at 
20° ;  2-5  at  78°.  S.  (benzene)  3-3  at  21°.  V.D. 
209-1  (Gladstone,  C.  J.  41,  8). 

Acetyl  derivative  C.H7OAc.  (c.  210°). 
Oil  (Fuchs,  B.  2,  626). 

Benzoyl  derivative  C7H7OBz.  [70-6°]. 
H.F.  69,010  (Stohmann,  /.  pr.  [2]  36,  8 ;  cf. 
Guareschi,  A.  171,  142). 

Lauryl  derivative  C-H7O.C,.2H230.  [28°]. 
(220°)  at  15  mm.  (Kraft  a.  Burger,  B.  17, 1378). 

Myristyl  derivative  C7H7O.C14H270. 
[39°].  (240°)  at  15  mm.  (K.  a.  B.). 

Palmityl  derivative  C7H7O.C16H310. 
[47°].  (258°)  at  15  mm. 

Steary I  derivative  C7H7O.C,8H350.  [54°]. 
(276°)  at  15  mm.  (K.  a.  B.). 

Methyl  ether  C,£4Me(OMe).  (175°).  S.G. 
g-9868.  S.V.  147-7.  C.E.  (0-10°)  -00084  (Pinette, 
A.  243,  44 ;  Korner,  Bull.  Acad.  Belg.  [2]  24, 
154). 

Ethyl  ether  CuH4Me(OEt).  (189-9°). 
S.G.  g  -9662.  S.V.  172-1.  C.E.  (0°-10°)  -00086 
(Pinette,  A.  243,  44).  H.F.p.  46,880  (Stohmann, 
J.pr.  [2]  35,  24).  Formed  (11£  p.c.),  together 
with  aldehyde  and  toluene  (18  p.c.),  by  decom- 
posing p-diazo-toluene  sulphate  with  alcohol 
(Bemsen  a.  Orndorff,  Am.  9,  394).  HN03  (S.G. 
1-5)  converts  it  into  di-nitro-p-cresol  [84°]  and 
its  ether  [75°]  (Staedel,  B.  14,  898).  K.,Cr207 
and  HOAc  form  [4:1]  CtiH4(OEt)CO,H. 

Ethylene  ether  (C6H4MeO),C,H4.  [135°]. 
(297°)  (Fuchs,  B.  2,  624). 

Propyl  ether  C.H,Me(OPr).  (210-4°). 
S.G.  £  -9497.  S.V.  196.  C.E.  (0°-10°)  '00089 
(Pinette,  A.  243,  45). 
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Butyl  ether  CuH,Me(OC4H,,).  (229-5°). 
S.G.  g  -9419.  S.V.  220-8.  C.E.  (0°-10°)  -00092. 

Heptyl  ether  C^MefOC,!!,,).  (283-3°). 
S.G.  §  -9228.  S.V.  297-7.  C.E.  (0°-10°)  -0009. 

Octyl  ether  CLHJCefOCLH..).  (298°). 
S.G.  §  -9199.  S.V.  322-4.  C.E.  (0°-  10°)  -00088. 

Benzyl  ether  v.  vol.  i.  p.  490. 

Nitro-benzyl    ether   v.  ^-ToLYL    NITRO- 

BENZYL    OXIDE. 

p-Cresyl  ether  v.  DI-^-TOLYL  OXIDE. 
Derivatives    of    cresols     v.    AMIDO-CRESOL, 
BROMO-CRESOL,  CHLORO-CRESOL,  IODO-CRESOL,  Ni- 

TRO-CRESOL. 

CRESOL    DICARBOXYLIC    ACIDS  v.   OXY- 

UVITIC,       OXY-METHYL-ISO-PHTHALIC,      and       OXY- 
METHYL-TEREPHTHALIO   ACIDS. 

o-CRESOL-PHTHALElN  C,,H1804  i.e. 
(CtiH3MeOH)2C<C^>CO.     [214°]. 

Preparation.  —  By  heating  o-cresol  (2  pts.), 
phthalic  anhydride  (3  pts.),  and  stannic  chloride 
(2  pts.)  at  120°-125°.  From  the  fused  mass  thus 
obtained  the  undecomposed  cresol  is  separated 
by  steam-distillation  ;  and  the  phthalein  is 
purified  by  recrystallisation  from  alcohol  (Baeyer 
a.  Fraude,  A.  202,  153). 

Properties.—  Flesh-red  crystals,  v.  sol.  alcohol 
and  ether,  m.  sol.  hot  water  ;  sol.  caustic  alkalis 
with  violet  colouration,  showing  a  broad  absorp- 
tion band  in  the  red. 

Reactions.  —  1.  With  bromine  it  forms  a  di- 
bromo-derivative  together  with  a  bromo-oxy-to- 
luyl-benzoic  acid  C02H.CBH4.CO.C6H2MeBr(OH) 
[228°].—  2.  With  nitric  acid  it  gives  a  di-nitro- 
derivative.  —  3.  Zinc-dust  forms  the  correspond- 
ing phthalin.  —  4.  Phthalic  anhydride  and  cone. 
sulphuric  acid  give  oxy-methyl-anthraquinone. 

Di-acetyl  derivative  C22H16Ac204.  [75°]: 
white  amorphous  mass. 

Di-benzoyl  derivative  C22H1BBz.,04. 
[196°]. 

Di-bromo-derivativeC.22HloBr2Or  [255°]. 
Crystalline.  Sol.  alkalis  with  blue,  and  in  cone. 
sulphuric  acid  with  rose-red,  colouration.  Con- 
verted by  phthalic  anhydride  and  sulphuric  acid 
to  bromo-oxy-methyl-anthraquinone. 

Di-nitro-  derivative  C22H,6(NO.,)204 
[248°]:  yellow  crystals.  Sol.  Na.2C03Aq  with 
red-brown  colouration. 

o-Cresol-plitlialin  C!WH2004  i.e. 
(CtiH3Me.OH)2CH.CtiH4.C02H.  [218°].  Prepared 
by  reduction  of  o-cresol  phthalein  with  zinc-dust 
and  KOH  (Fraude,  A.  202,  168;  B.  12,  243). 
Small  concentrically  grouped  needles  ;  sol.  water 
and  alcohol,  slowly  oxidised  to  o-cresol-phthalein 
by  exposure  to  air.  By  the  action  of  H2S04  it 
gives  o-cresol  phthf  lidin. 

Di-acetyl  dirivativeC20H.,s&c.,Or  [139°]. 
Crystalline  powder.  Sol.  acetone.  Converted 
by  cone.  H,S04  into  the  phthalidin. 

Di-bromo-derivativeC.,?Tl}SBY.,04.[2360]. 

^-Cresol-phthtalein    anhydride   Ci2H,603  i.e. 


PW81.       From 

p-cresol,  phthalic  anhydride  and  H2S04  at  160°. 
Excess  of  £>-cresol  is  removed  by  steam,  and  the 
residue  washed  with  boiling  dilute  KHO  (Dvew- 
sen,  A.  212,  340).  Plates  or  prisms  (from  alco- 
hol). Sol.  alcohol,  ether,  and  benzene  ;  v.  sol. 
CHC13;  insol.  ligroin,  KHO  and  weak  acids. 
Cone.  H2S04  gives  a  green  fluorescence.  Sublimes 
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unchanged.  Beduced  by  zinc-dust  and  AcOH 
to  the  phthalin  anhydride.  Fused  with  KHO  it 
yields  -di-oxy-di-methyl  benzophenone.  [105°]. 
Heating  with  cone.  H2S04  yields  methyl-en/£/m>- 
oxy-anthraquinone. 

p-Cresol    phthalin   anhydride    C.,.,H1803  i.e. 
c  TT  MP 
0<^g3Jjg>CH.CtiH4.CO,H.       [210°].      From 

the  preceding  by  reduction  with  zinc-dust  and 
AcOH ;  crystallises  from  CHC13.  V.  sol.  alcohol, 
benzene,  ether,  and  acetic  acid.  Sol.  cone. 
H.,80,  forming  a  brown  solution  (Drewsen,  A. 
212,  340). 

o-CRESOL  SULPHONIC  ACID  C.H8S04  i.e. 
CtiH3Me(OH)(S03H)  [1:2:4].  From  o-toluidine 
sulphonic  acid  by  displacing  NH2  by  OH  through 
the  diazo-  reaction  (Hayduck,  A.  172,  204  ;  174, 
345).  Formed  also  in  small  quantity  by  sul- 
phonating  o--cresol  in  the  cold.  At  high  tem- 
peratures it  is  the  only  product  of  this  sulpho- 
nation  (Engelhardt  a.  Latschinoff,  Z.  1869, 
621 ;  Hantke,  B.  20, 3209).  Does  not  crystallise. 
Potash-fusion  converts  it  into  salicylic  acid,  to- 
gether with  small  quantities  of  (l,2,4)-di-oxy-  j 
benzoic  acid. 

Salts. — BaA'2 l|aq:  extremely  soluble  ag- 
gregates of  monoclinic  prisms  (Hayduck).  — 
BaA'2aq(E.a.L.). — BaA'2:  amorphous  (Hantke). 
— KA'|aq:  short  needles  (from  dilute  alcohol). 

Methyl    derivative 

C6H3Me(OMe)(SO3H).  Formed  by  boiling  o-diazo- 
toluene  sulphonic  acid  with  MeOH.  Syrup.— 
BaA'o  2aq  :  small  laminae. 

Ethyl  derivative  CtiH3Me(OEt)S03H. 
Formed  by  boiling  jp-diazo-toluene  sulphonic 
acid  with  alcohol  (Paysan,  A.  221,  214,  363  ; 
Hayduck,  A.  172,  215).— KA'aq.— BaA'22aq  (P.). 
— BaA'23aq  (H.).— PbA'23aq.  The  amide 
C6H3Me(OEt).S02NH2  crystallises  in  laminae 
[137°];  the  chloride  is  an  oil. 

o-Cresol  sulphonic  acid  CtiH3Me(OH).S03H 
[1:2:5].  From  the  corresponding  toluidine  sul-  j 
phonic  acid  by  boiling  the  diazo-  salt  with  water 
(Nevile  a.  Wintrier,  C.  J.  37,  631).  The  chief 
product  of  the  sulphonation  of  o-cresol  in  the 
cold  (Hantke,  B.  20,  3209).  Very  deliquescent 
needles. 

Reactions. — 1.  At  140°  it  is  split  up  by  water 
into  o-cresol  and  H,S04.— 2.  HN03  (1  part)  with 
water  (2  or  3  parts)  converts  it  into  di-nitro- 
o-cresol,  [86°]. — 3.  Potash-fusion  gives  salicylic 
acid  and  very  small  quantities  of  a  di-oxy-ben- 
zoic  acid  which  is  turned  blue  by  Fe.,Cl6. 

Salts.— BaA'22iaq  (Gerver,  A~  169,  386).  1 
Needles  (from  dilute  alcohol).  Gives  a  violet 
colour  with  Fe2Cl6. — BaA'2:  large  sparingly 
soluble  plates  (Hantke).— K  A':  very  soluble 
pearly  plates  (H.).  —  CuA',5aq:  tables.  — 
PbA'z2*aq  (G.).  Small  needles. 

Ethyl  derivative  CBH,Me(OEt)(S03H) 
[1:2:5].— From  C«H3Me(NH2)S03H,  by  heating 
its  diazo-  derivative  with  alcohol  (Foth,  A.  230, 
306).— BaA'24aq. 

w-Cresofsulphonic  acid  C0H3Me(OH)(SO,H) 
[1:3:6] .  [118°].  From  m-cresol  and  H.,SO',  at 
110°  (Glaus  a.  Krauss,  B.  20,  3089;  cf.  Engel- 
hardt a.  Latschinoff,  X.  1869,  622  ;  Nolting  a. 
Salis,  B.  15,  1862).  Plates  (containing  2aq)  [75°] 
(from  dilute  H2SO,)  or  (containing  l|aq)  [96°] 
(from  cone.  H2SO4).  V.  sol.  water,  alcohol, 
ether,  and  benzene.  Gives  a  violet  colour  with 


Fe^CL.  Cr0.j  gives  toluquinone.— KA'2;Uq : 
stellate  group  of  needles  with  fatty  lustre.— 
CuA'.,3aq:  tufts  of  pale-green  prisms. — BaA'.,aq: 
nodules.— BaC7H6SO42aq. 

2>-Cresol  sulphonic  acid  C6H3Me(OHXS03H) 
[l:4:2j.  [188°].  From  jp-toluidine  sulphonic 
acid  by  the  diazo-  reaction  (Jenssen,  A.  172, 237). 
Long  needles  (containing  5aq)  [99°].  V.  sol. 
water,  alcohol,  and  ether.  Hydrolysed  by  passing 
•steam  through  its  solution,  in  dilute  H2SO4  boil- 
ing above  120°  (Armstrong  a.  Miller,  C.  J.  45, 
148). — BaA'2 :  amorphous,  v.  e.  sol.  water.  Its 
solution  is  coloured  violet  by  Fe.,Cl6. 

Methyl  derivative  Q 
From  the  diazo-  derivative  of  toluidine  sul- 
phinic  acid  by  gently  warming  with  methyl 
alcohol  (Limpricht  a.  Heffter,  A.  221,  352).  Its 
amide  crystallises  in  prisms  [150°]  ;  its  chlor- 
ide is  an  oil. — BaA'2. — KA'. 

Ethyl  derivative  CgH,Me(OEt)(S08H). 
Prepared  as  above,  using  ethyl  alcohol. 
Formed  also  by  warming  diazo-toluene  sul- 
phonic acid  with  alcohol  (Kemsen  a.  Palmer, 
Am.  8,  245).— BaA',3£aq.— KA'.  The  amide 
CdH,Me(OEt)S02NH2  [136°]  (L.  a.  H.) I;  [144°] 
(E.  a.  P.)  crystallises  in  needles.  The  chloride 
is  an  oil. 

£>-Cresol  sulphonic  acid  C6H3Me(OH)(SOaH) 
[1:4:3].  From  p-cresol  and  fuming  H2SO4.  Also 
from  the  corresponding  ^-toluidine  sulphonic 
acid  by  the  diazo-  reaction  (Engelhardt  a.  Lat- 
schinoff, Z.  1869,  619  ;  Pechmann,  A.  173,  203). 
Syrup.  Fe2Cl6  colours  its  solution  blue.  Potash- 
fusion  gives  £>-°xy-benzoic  acid.  —  KA'2aq  : 
laminae. — BaA'0 :  tables.  S.  7  at  17°  (Baumann, 
H.  4,  313).— BaC7H6S042aq.  V.  si.  sol.  water.— 
PbA'.,3aq.— PbA'2l£aq  :  laminae  (from  alcohol). 

Cresol  sulphonic  acid  CrtH3Me(OH)(S03H) 
[l:?2:o;].  Formed  by  fusing  toluene  di-sulphonic 
acid  with  KOH  (Brunner,  Sitz.  W.  [2]  78,  665). 
Feathery  groups  of  crystals  (containing  |aq  at 
100°)  [81°].  Hygroscopic.  V.  sol.  alcohol  and 
ether. — NaA'22aq.— KA'2aq  :  prisms  [c.  228°]. — 
BaA'2aq.  Its  solution  is  turned  blue  by  Fe2Cl6. — 
CaA'2liaq.— PbA',3aq.-CuA'28aq.— ZnA',10|aq. 

Cresol  sulphonic  acids  have  been  obtained 
by  sulphonating  cresols  by  Duclos  (A.  109,  138), 
and  by  Armstrong  a.  Field  (B.  6,  974),  but  not 
sufficiently  characterised. 

p-Cresol  cxo-sulphonic  acid 
CtjH4(OH).CH2S03H  (1:4].    From 
C6H4(NH2).CH2S03H  by  diazo-  reaction  (Mohr, 
A.    221,    221).      Deliquescent  needles;  v.  sol. 
alcohol.     The  aqueous  solution  is  turned  bluish- 
violet  by  Fe2Cl6.— KA',  £aq.— BaA'27|aq. 

Ethyl  derivative  G8H4(OEt).CHs;SO,HL 
Prepared  by  decomposing  the  diazo-  derivative 
of  C6H,(NH2).CH2.S03Hby  boiling  with  alcohol. 
—  BaA'22aq. 

o-Cresol  disulphonic  acid  C6H2Me(OH)(SO:(H), 
[1:2:3:5].  From  o-toluidine  disulphonic  acid  by 
diazo-  reaction  (Limpricht,  B.  18,  2176 ;  H. 
Hasse,  A.  230,  293).  Tables  or  needles.  V.  sol. 
water  and  alcohol.- -  K2A"  l^aq:  very  soluble 
needles.— Ba A"  3.|aq :  small  needles. 

Ethyl  derivative  CHH,Me(OEt)(SO?H)2 
From  the  diazo-  derivative  of  o-toluidine  disul- 
phonic acid  by  boiling  with  alcohol  under  an 
extra  pressure  of  400  mm.— BaA"2^aq. 

w-Cresol  disulphonic  acid 
C0H2Me(OH)(S03H)2.    From  7n-cresol  (1  pt.)  and 
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H.,S04  (5  pts.)  at  130°  (Glaus  a.  Krauss,  B.  20, 
3089).  V.  sol.  water  and  alcohol,  m.  sol.  ether 
and  benzene. — KA'  3aq  :  plates. — BaA'2  |aq. 

p-Cresol  disulphonic  acid 

C?H2Me(OH)(SOsH)2  [I:4:3:2or6].  Fromp-tolui- 
dine  di-sulphonic  acid  by  diazo-  reaction  (Lim- 
pricht,  B.  18,  2178  ;  E.  Eichter,  A.  230,  322). 
Needles.  V.  e.  sol.  water  and  alcohol. — BaA"  4aq : 
needles.— K2A"  |aq  ? :  tables.— Pb A"  3aq  :  v.  sol. 
water. 

^-Cresol  disulphonic  acid 

C8ELMe(OH)(S03H)2  [1:4:3:5].  From  jp-cresol 
sui  phonic  acid  and  fuming  H2S04  (Engelhardt 
a.  Latschinoff,  Z.  1869,  620).— KaA"  3aq  :  crys- 
tals, v.  e.  sol.  water.— BaA"  2£ aq:  needles,  si. 
sol.  water. 

7«-Cresol  trisulphonic  acid 
C6HMe(OH)(S03H).1.       From   m-cresol,  fuming 
H2S04,  and  P2OJ  at'  180°  (Claus  a.  Krauss,  B.  20, 
30"89).     The  Ba'salt  is  v.  sol.  water. 

CRESORCELLIC  ACID  v.  (5:3:2:l)-Di-oxr-o- 

TOLUIC  ACID. 

GRE30RCIN  v.  DI-OXY-TOLUENE. 
CRESORCIN-CARBOXYLIC  ACID  v.  DI-OXY- 

TOLUIC   ACID. 

CRESOTIC  ACID  v.  OXY-TOLUIC  ACID. 

CRESS  OIL.  The  volatile  oil  of  garden-cress 
(Lepidium  sativum)  consists  to  the  extent  of  75 
p.c.  of  phenyl-acetonitrile  (benzyl  cyanide)  (Hof- 
mann,  B.  7,  1293).  The  volatile  oil  of  water- 
cress (Nasturtium  officinalis)  consists  of  phenyl- 
propionitrile  (Hofmann,  B.  7,  520). 

CRESYL  COMPOUNDS  v.  TOLYL  COMPOUNDS. 

CROCETIN  C34H4tiq9.  Formed  by  the  action 
of  dilute  acids  on  crocin,  a  sugar  (crocose)  being 
the  correlative  product  (Kayser,  B.  17,  2231). 
Bed  powder.  V.  sol.  alcohol  and  ether,  nearly 
insol.  water.  Dissolves  in  alkalis  with  a  yellow 
colour.  Like  crocin  it  dissolves  in  H2S04  with 
a  blue  colour,  which  slowly  becomes  violet,  red, 
and  finally  brown.  Stuffs  mordanted  with 
stannous  chloride  acquire,  by  boiling  in  a  solu- 
tion of  crocetin  (from  Gardenia) ,  a  dingy  greenish  - 
yellow  colour,  which  by  treatment  with  ammoni- 
acal  water  is  converted  into  a  brilliant  yellow 
colour,  unaltered  by  light  and  air.  The  yellow 
robes  of  the  Chinese  mandarins  are  dyed  with 
the  fruit  of  the  Gardenia. 

CROCIN  (the  colouring  matter  of  saffron) 
C40H70028.  Appears  to  be  identical  with  the 
colouring  matter  of  Chinese  yellow  pods  (Gar- 
denia grandiflora]  (Eochleder,  J.  pr.  56,  68). 
Yellow  powder.  V.  sol.  water  and  dilute  alcohol, 
si.  sol.  absolute  alcohol,  nearly  insol.  ether. 

Preparation. — The  saffron,  which  has  been 
previously  extracted  with  ether,  is  soaked  in  cold 
water,  the  colouring-matter  is  removed  from  the 
aqueous  solution  by  animal  charcoal,  and  after 
drying  is  extracted  from  the  charcoal  by  means 
of  90  p.c.  alcohol. 

Reactions. — It  dissolves  in  H2SO4  with  a  deep 
blue  colour,  which  gradually  becomes  violet,  then 
red,  and  finally  brown.  HN03  also  produces  a 
blue  colouration,  which  almost  instantaneously 
passes  into  brown.  By  dilute  acids  it  is  split  up 
into  crocetin  C34H4609  and  a  sugar  (crocose) 
CtiH1.,O6  (Kayser,  B.  17,  2228). 

CROCONAMIC  ACID  C5H3N04  i.e. 
C50S  (OH)  (NH2) ,  or  more  probably  C302(NH)  (OH)  2- 
Imido-croconic  acid. — The  ammonium  salt  is 


formed    by  heating   the   di-anilide   of  croconic 
acid  with  aqueous  NH3.     Mono-basic  acid. 

Salt  s. — A'NH4 :  red  prisms  with  bluish  reflex. 
A'Ag  #aq  :  yellow  needles.  —  A'^Ba  3aq  :  sparingly 
soluble  small  yellow  needles. — BaC5HNO,4aq: 
sparingly  soluble  yellow  plates  (Nietzki  a. 
Benckiser,  B.  19,  773  ;  21,  1856). 

CROCONIC  ACID    C5H205  or 

,C(OH).CO 
OC<  |  |     (?). 

\C(OH).CO 

Formation.— I.  From  the  black-residues  ob- 
tained in  the  preparation  of  potassium  by  Brun- 
ner's  method  (Gmelin,  P.  4,  37  ;  A.  37,  58 ; 
1  Liebig,  A.  11,  182  ;  P.  33,  90 ;  Heller,  J.  pr.  12, 
230;  A.  24,  1;  34,  232;  Will,  A.  118,  177). 
When  CO  is  passed  over  melted  potassium  and 
the  product  is  treated  with  water,  a  red  salt, 
potassium  rhodizonate,  is  formed.  A  so- 
lution of  this  salt  changes  on  standing  exposed 
to  air  to  potassium  croconate.  Excess  of  alkali 
converts  rhodizonic  acid  into  croconic  acid  dihy- 
dride,  which  appears  to  be  an  intermediate  body 
in  the  formation  of  croconic  acid  from  rhodi- 
zonic acid  (Nietzki,  B.  20,  1617).— 2.  By  heating 
benzene-tri-quinone  C6O,.  to  100°,  or  by  boiling 
it  with  water,  C02  being  evolved. — 3.  By  exposing 
an  alkaline  solution  of  tetra-oxy-quinone 
C6(OH)402  to  the  air,  oxalic  acid  being  formed 
simultaneously. — 4.  By  evaporating  hexa-oxy- 
benzene  C6(OH)6  with  dilute  KOH  in  an  open 
dish  (Nietzki  a.  Benckiser,  B.  18,  509). 

Preparation. — By  boiling  the  hydrochloride 
of  diamidotetraoxybenzene  CH(NH2)2(OH)4  (1  pt.) 
with  K2C03  (4  pts.)  precipitated  Mn02  (3  pts.) 
and  water  (60  pts.)  foi  |  hour ;  on  adding  Bad., 
to  the  filtrate  acidified  with  HC1  the  sparingly 
soluble  barium  croconate  separates  in  golden- 
yellow  plates ;  the  yield  is  70  p.c.  of  the  theore- 
tical (Nietzki  a.  Benckiser,  B.  19,  293). 

Properties. — Sulphur-yellow  plates  or  grains 
(containing  3aq).  V.  sol.  water,  sol.  dilute  alco- 
hol. Di-basic  acid.  Forms  a  sparingly  soluble 
red  crystalline  anilide.  Heated  with  NH3  it 
gives  the  tri-imide  of  leuconic  acid.  With  hy- 
droxylamine  it  gives  the  penta-oxim  of  leuconic 
acid  C5(NOH)5.  By  H2S  it  is  converted  into 
thio-croconic  acid  C5H204S.  It  is  reduced  by 
SnCl2,  S02,  or  zinc-dust  to  the  colourless  hydro- 
croconic  acid  C5H405,  which  is  readily  reoxidised 
to  croconic  acid.  By  heating  potassium  cro- 
conate with  HI  it  is  reduced  to  '  croconic-acid- 
hydride'  (C10H«0,0?),  whose  salts  are  deep 
coloured ;  by  further  reduction  it  gives  a  colour- 
less substance  which  is  readily  reoxidised  to 
the  hydride.  Croconic  acid  is  oxidised  by  HN03 
to  leuconic  acid  C5O5. 

Salts.— K,A":  long  dark-yellow  needles  (N. 
a.  B.).— K,A"2aq  :  orange  needles  JG.).—HKA": 
brownish-yellow  needles  with  violet  reflex. — 
NaKA"a*aq  :  yellow  rhombic  plates,  become  red 
on  drying.— CaA"3aq:  yellow  powder  (W.). — 
BaA"liaq:  lemon-yellow  powder,  insol.  water, 
v.  si.  sol.  HClAq. — PbA"  2aq :  lemon-yellow  pp., 
insol.  water.  —  CuA"  3aq  :  sparingly  soluble 
orange  needles  with  blue  reflex.— Ag2A"  :  orange 
pp. 

Aniline  salt  A"(NH3Ph)2:  yellow  plates, 
m.  sol.  water. 

Di-anilide  C5(HO),0(NPh)2 :  slender  red 
needles.  Formed  by  heating  the  aniline  salt  with 
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alcohol.  V.  si.  sol.  all  solvents  but  aniline.  Dis- 
solves in  aqueous  alkalis,  and  on  heating  the 
solution  croconic  acid  and  aniline  are  regene- 
rated. Heated  with  aqueous  NH3  it  is  converted 
into  croconamic  acid  C5H3N04  (Nietzki  a. 
Benckiser,  B.  19,  772). 

Mono-phenylhydrazide 
C5(OH)202(N2HPh)  :      [above     300°]  ;      yellow 
needles  ;  v.  sol.  alcohol,  insol.  water.     Di-basic 
acid.— K.A":  nearly  black  coppery  needles,  v. 
sol.  water  with  a  brown  colour. 

Tolylene-o-diamide  v.  CROCONIC-DI-TOLU- 

QTJINOX  ALINE. 

'  Croconic-acid-hydride '  C3H405  or  C^H^O,,, 

yC(OH).CO 
i.e.  CH(OH)-(   |  |     (?).   The'hydrocroconic 

\C(OH).CO 

acid '  of  Lerch  (A.  124,  20).  Formed  by  heating 
potassium  croconate  with  HI.  Its  salts  are  dark- 
coloured.  By  further  reduction  it  is  converted 
into  a  colourless  substance,  which  is  readily 
reoxidised  to  the  hydride.— C5H205Ba  2aq  or 
C10H20,0Ba2  4aq :  deep  orange  crystalline  powder 
or  amorphous  flocculent  pp. — PbC3H205:  red 
pp.  (Nietzki  a.  Benckiser,  B.  19,  297) 

CROCONIC-TOLUQUINOXALINE 


30(OH)2.  Croconic-acid-tolylene- 


o-diamide.  Formed  by  mixing  a  cold  aqueous 
solution  of  croconic  acid  with  a  salt  of  tolylene- 
o-diamine.  Fine  needles,  with  green  reflex.  Sol. 
alcohol  with  a  brown  colour,  insol.  water.  Di- 
basic acid.  —  A"K2  :  black  metallic  needles 
(Nietzki  a.  Benckiser,  B.  19,  776). 

CROCOSE  (saffron-sugar)  CtiH,206.  Trimetric 
crystals.  Sweet  taste.  Dextrorotatory.  Its 
reducing  power  is  half  that  of  dextrose.  Formed, 
together  with  crocetin,  by  the  action  of  dilute 
acids  on  crocin  (Kayser,  B.  17,  2232  ;  cf.  Boch- 
leder  a.  Mayer,  J.  1858,  476 ;  Sitz.  W.  29,  3). 

CROSSOPTERINE.  An  amorphous  alkaloid 
in  the  bark  of  Crossopterix  Kotschyana  (Hesse, 
B.  11, 1546). 

CROTACONZC  ACID  C3H4(C02H)2.  [119°J. 
Solidifies  at  90°.  From  cyano-crotonic  acid 
which  changes  spontaneously  into  acid  ammonic 
crotaconate  (Glaus,  A.  191,  74 ;  B.  10,  822). 

Properties. — Crystals.  Sol.  water,  alcohol, 
and  ether.  At  140°  it  decomposes,  giving  off 
C02  (difference  from  itaconic,  citraconic,  &c.). 
Combines  with  HBr  forming  an  acid 
C3H5Br(C02H)2  [141°]. 

Salts .— (NH4)HA".  —  KHA"  2aq.— K.A"  aq. 
— PbA".— Ag2A". 

Dimethyl  ether  Me2k".  S.G.  ^  1-14.  Sol. 
alcohol  and  ether. 

Isomerides :  CITRACONIC,  ITACONIC,  MESA- 
CONIC,  and  ETHYLIDENE-MALONIC,  ACIDS. 

CROTONIC  ACID   C4HB0.,  i.e. 
CH3.CH:CH.C02H.    Mol.  w."  86.     [72°].     (185° 
cor.).     S.  8  at  19°.     B^    35*71  in  a  4-12  p.c. 
aqueous  solution  (Kanonnikoff). 

Occurrence.— In  crude  wood  vinegar  (Kramer 
a.  Grodzki,  B.  11,  1359).  Its  name  is  derived 
from  croton  oil,  from  which  it  was  erroneously 
supposed  to  be  formed  bysaponification  (Pelletier 
a.  Caventou,  J.  Ph.  4,  289  ;  11,  110  ;  Schlippe, 
A.  105,  1 ;  Geuther,  Z.  [2]  5,  270). 

Preparation. —  1.  By  oxidation  of  crotonic 
aldehyde  (from  acetic  aldehyde)  in  the  air  or 


by  moist  Ag.p  (Kekule",  B.  3,  604;  Z.  [2]  6, 
705).— 2.  From  allyl  cyanide  (v.  vol.  i.  p.  136) 
obtained  from  mustard  oil  (Will  a.  Korner,  A. 
125,  273).—  3.  By  distillation  of  (jS)-oxy-butyric 
acid  (Wislicenus,  Z.  1869,  325).— 4.  By  boiling 
a-bromo-butyric  ether  with  alcoholic  KOH  (Hell 
a.  Lauber,  B.  7,  560). — 5.  From  isocrotonic  acid 
by  intramolecular  change  brought  about  by  heat- 
ing to  175°  (Hemilian,  A.  174,  322).— 6.  From 
malonic  acid  (1  mol.),  paraldehyde  (1  mol.),  and 
excess  of  glacial  acetic  acid  at  100°  (Komnenos, 
A.  218,  149).  The  yield  is  good  (50  p.c.).— 7.  By 
heating  pyruvic  acid  (1  pt.)  with  Ac.,0  (5  pts.) 
and  NaOAc  (5  pts.)  at  170°  (Homolka,  B.  18, 
987). — 8.  By  reduction  of  aceto-acetic  ether 
with  sodium-amalgam  (Beilstein  a.  Wiegand,  B. 
18,  482). 

Properties. — Trimetric  plates  (by  sublimation) 
or  monoclinic  crystals  (from  water) ;  a:b:c 
=  1 : 1-8065  : 1-5125 ;  £  =  131°.  M.  sol.  hot  ligrom. 

Reactions.— I.  Potash-fusion  forms  only 
acetic  acid. — 2.  Not  reduced  to  butyric  acid  by 
sodium  amalgam  (Korner,  J.  1866,  318 ;  A.  137, 
233 ;  cf.  Bulk,  A.  139,  62).— 3.  Br  gives  aj8-di- 
bromo-butyric  acid. — 4.  Cone.  HBr  at  100°  gives 
o-  and  a  little  j8-  bromo-butyric  acid. — 5.  HOC1 
gives  chloro-oxy -butyric  acid. — 6.  Cone.  HNO.< 
gives  acetic  and  oxalic  acids. — 7.  Chromic  acid 
mixture  gives  aldehyde  and  acetic  acid  (Kekule, 
A.  162,  315).— 8.  Aqueous  ammonia  forms 
o-amido-butyric  acid  (Engel,  C.  B.  106,  1677). 

Salts. — KA' :  deliquescent  needles. — KHA/2: 
plates  (from  alcohol)  (Pinner,  B.  17,  2008).— 
NaA'.  S.  (alcohol)  1-4  at  14°.— BaA'2:  easily 
soluble  plates. — CaA'2 :  v.  sol.  cold,  si.  sol.  hot, 
water  (Beilstein  a.  Wiegand,  B.  18,  482).— 
PbA'2 :  stellate  groups  of  needles.—  ZnA'2  2aq 
(Alberti,  B.  9,  1194).— AgA' :  curdy  pp. 

Methyl  ether  MeAf.  (121°).  S.G.  ±  -9806. 
HD  =  1-4138  (Kahlbaum,  B.  12,  344). 

Ethyl  ether  Vik'.  (139°  cor.).  /ID  =  1-424. 
BO,  SO'45  (Bruhl,  A.  235,  8  ;  B.  14,  2798).  S.G. 
if  -9268  ;  |f  -9185.  M.M.  7'589  at  24-4°  (Perkin, 
C.  J.  45,  537). 

Amide.  Syrup  ;  v.  sol.  water  (B.  a.  W.).  A 
crystalline  amide  [c.  151°]  was  obtained  by 
Pinner  (B.  17,  2008)  by  exposing  to  the  air 
the  hydrochloride  of  £-chloro-butyrimido-ether 
CH3.CHCl.CH2.C(OEt).NH2Cl. 

Is o-cro tonic  acid  C4HBO2  i.e. 
CH2:CH.CH,.C02H  (?).    Quartemjlic  acid.    (172° 
cor.).     S.G.  25  1-018.      Occurs  in  crude  wood 
vinegar  (Grodzki  a.  Kramer,  B.  11,  1359). 

Preparation. — Aceto-acetic  ether  is  treated 
with  PC15  and  the  product  poured  into  water. 
The  two  chloro-crotonic  acids  formed  are  dis- 
tilled with  steam.  The  chloro-iso-crotonic  acid 
alone  passes  over.  It  is  reduced  by  sodium 
amalgam,  and  the  iso-crotonic  acid  is  extracted 
by  ether.  On  evaporation  this  leaves  iso-crotonic 
acid  as  a  syrup. 

Properties. — Liquid,  smelling  like  butyric 
acid ;  miscible  with  water.  At  175°  it  changes 
to  the  preceding  isomeride  (Hemilian,  A.  174, 
322). 

Reactions. — 1.  Bromine  acting  on  a  solution 
of  iso-crotonic  acid  dissolved  in  CS2  produces  the 
dibromide  of  ordinary  solid  crotonic  acid  (v.  Di- 
BROMO-BUTYRIC  ACID)  (Kolbe,  J.  pr.  [2]  25,  397). — 
2.  Potash-fusion  gives  only  acetic  acid. — 3.  So- 
I  dium  amalgam  has  no  action. 
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Salts. — CaA'22aq:  very  soluble  needles.— 
BaA'.,2aq:  small  crystals,  v.  e.  sol.  water. — 
PbA'^aq.  [68°].— AgA'. 

Ethyl  ether  EtA.  (136°).  S.G.  12 -927 
(Geuther,  Z.  1871,  243). 

Isomeride  of  crotonic  acid  C4H,.02.  [19°]. 
(181°).  From  vinaconic  acid  (q.v.)  by  distillation 
(Roder,  A.  227,  24). 

Salts.— CaA'2  6aq.— BaA'22aq.—  AgA'. 

Constitution. — From  its  formation,  from 
CH.,:CH.CH(CO.,H).,it  should  be  vinyl-acetic  acid, 
CH;:CH.CH2.CO"2H,  a  formula,  attributed,  with- 
out sufficient  reason,  to  isocrotonic  acid. 

Another  isomeride  of  crotonic  acid  v.  METH- 

ACRYLIC  ACID. 

Dibromide  of  crotonic  acid  v.  DI-BROMO-BUTY- 
RIC  ACID. 

Derivatives  of  crotonic  acid  v.  BROMO-CROTO- 
NIC  ACIDS  and  CHLORO-CROTONIC  ACIDS. 

CROTONIC  ALDEHYDE  C4HdO  i.e. 
CH,.CH:CH.CHO.    Mol.  w.  70.     (105°).     S.G.  * 
1-033. 

Formation. — 1.  By  heating  aldehyde  with 
ZnCl2  and  a  little  water  to  100°,  aldol  being  first 
formed  :  2CH,.CHO  =  CH3.CH(OH).CH.,.CHO 
=  CH3.CH:CH.CHO  +  H20.  Other  dehydrating 
agents  may  be  used  (Lieben,  A.  Suppl.  1,  117 ; 
Kekule,  Z.  [2]  5,572  ;  A.  162,  92  ;  Bauer,  A.  117, 
141 ;  Lieben  a.  Zeisel,  M.  1,  820).  Hence  it 
occurs  in  crude  spirit  (Kramer  a.  Pinner,  B.  3, 
75).— 2.  By  the  distillation  of  aldol  (Wurtz,  C. 
R.  87,  45). — 3.  From  vinyl  bromide  by  succes- 
sive treatment  with  H2S04  and  water  (Zeisel,  A. 
191,  371). — 4.  From  acetylene  by  successive 
treatment  with  H2S04  and  water  (Lagermarck  a. 
Eltekoff,  B.  10,  637). 

Preparation. — Paraldehyde  (1  pt.),  water 
(1  pt.),  and  cone.  HClAq  (2  pts.)  are  kept  at  25° 
for  5  days.  The  liquid  is  then  neutralised  with 
Na2C03,  the  ppd.  dialdane  is  filtered  off,  and  the 
filtrate  extracted  with  ether.  The  ethereal  ex- 
tract is  distilled  under  reduced  pressure,  and  the 
crude  aldol  (£  pt.)  (85°  to  120°  at  200mm.)  is  split 
up  into  water  and  crotonic  aldehyde  (-£  pt.)  by 
distillation  under  ordinary  pressure  (Newbury, 
C.  B.  92,  196;  Am.  5, 113). 

Properties. — Pungent  liquid;  m.  sol.  water. 
Oxidised  in  the  air  or  by  Ag20  to  crotonic  acid. 
It  forms  a  crystalline  combination  with  NaHS03, 
m.  sol.  water,  whence  Na.XJO,  does  not  liberate 
the  aldehyde  (Lieben  a.  Zeisel,  M.  1,  818). 

Reactions. — 1.  PC15  gives  di-chloro-butylene 
(126°).— 2.  By  saturation  with  HC1  in  the  cold 
it  is  converted  into  /8-chloro-butyric  aldehyde 
[97°].— 3.  Br  gives  oily  oj8  -  di  -  bromo  -  butyric 
aldehyde  (L.  a.  Z.).— 4.  01  forms  cg8-di-chloro- 
butyric  aldehyde,  and  finally  a^-di-chloro-butyryl 
chloride  (Zeisel,  M.  7,  359). — 5.  Iron  and  acetic 
acid  reduce  it  to  butyric  aldehyde,  butenyl  alco- 
hol, and  n-butyl  alcohol  (L.  a.  Z.).— 6.  Ac20 
gives  the  di-acetyl  derivative  of  crotonic  orthal- 
dehyde  CH3.CH:CH.CH(OAc)2  (205°-210°).  S.G. 
i*  1-05  (Lagermarck  a.  Eltekoff,  J.  B.  11,  79).— 
7.  Dilute  HC1  at  0°  forms,  by  hydration,  a  little 
aldol,  paraldol,  and  dialdane  (Wurtz,  C.  B.  97, 
1169).  —  8.  Ammonia  forms  tri  -  crotonylene- 
amine  C12H24N4.  At  -  20°  ammonia  passed  into 
an  ethereal  solution  of  the  aldehyde  forms 
CSH](JN,0  (Combes,  C.B.  96, 1862).— 9.  Crotonic 
aldehyde  (1  pt.)  treated  with  aldehyde  (2  pts.) 
and  ZnCl,  at  100°  forms  an  aldehyde  C6H80 


(172°)  Kekute,  A.  162,  105).— 10.  By  heating 
with  HCN  and  saponifying  the  product  penti 
noic  acid  CH2:CH.CH:CH.CO2H  is  formed 
(Lobry  de  Bruyn,  BL  [2]  42,  159). 

Derivative  OH3.CH:CH.CHCl(OEt). 

(134°).    From  di-chloro-butylene  and  alcoholic 
KOH  (Kekule,  A.  162,  99). 

CROTONITRILE  v.  ALLYL  CYANIDE. 

CROTON  OIL.  A  fatty  oil  contained  to  the 
amount  of  50  p.c.in  the  seeds  of  Croton  Tiglium, 
a  euphorbiaceous  plant.  It  is  purgative,  and 
inflames  the  skin  (Schlippe,  A.  105,  1  ;  Mayer, 
N.  Jahr.  pr.  Pharm.  10,  318  ;  Geuther  a.  Froh- 
lich,  Z.[2]  6,  26,  549).  It  contains  glycerides 
of  formic,  acetic,  isobutyric,  isovaleric  (isobutyl- 
formic)  and  tiglic  acids  (E.  Schmidt  a.  J.  Beren- 
des,  A.  191,  94;  B.  10,  835;  Ar.  Ph.  [3]  13, 
213).  The  nature  of  the  purgative  principle  has 
not  been  satisfactorily  made  out  (Senier,  Ph. 
[3]  14,  446 ;  Robert,  Chem.  Zeit.  11,  416). 

CROTONYL  ALCOHOL  v.  BUTENYL  ALCOHOL, 
vol.  i.  p.  639. 

CROrONYLENE  v.  BUTINENE. 

TRI-CROTONYLENE-AMINE    C,.,H.,4N4.    (c. 
190°)  at  40  mm.    Formed  by  heating"  aldol  with 
excess  of  aqueous  NH.}  at  160° ;  or  from  cro- 
tonic aldehyde  and  NH3  at  100°  (Wurtz,  C.  B. 
;  88, 1154).    Efflorescent  prisms  (containing  6aq) ; 
!  si.  sol.  cold  water,  v.  sol.  alcohol.    HC1  at  150° 
resinifies  it. 

Salts. — Crystallise  readily  from  acid  solu- 
tions.—B'3HC1  :  hexagonal  prisms.—  B'3HN03 : 
hexagonal   prisms.— B'H3Cl3(PtCl4)2.— 
B'2HsCl8(PtCl4)3.-B'H,Cl4AuCl3.- 
B'H3Cl3AuCl,2aq.— B',H,Cl8(AuCl3)5. 

CROTONYLENE  GLYCOL  v.  ERYTHRITE  and 

Dl-OXY-BUTYLENE. 

CKOTYL  ALCOHOL  v.  BUTENYL  ALCOHOL. 

CROTYLAMINE  C4H7NH2.  (75°-80°).  Pre- 
pared by  the  action  of  alcoholic  NH3  on  iso- 
butylene  bromide.  Liquid  (Hofmann,  B.  7, 
514  ;  12,  992).-(B'HCl)2PtCl4.  Yellow  scales. 

ISO-CROTYL  BROMIDE  v.  BROMO-BUTYLENE. 

ISO-CROTYL  CHLORIDE  v.  CHLORO-ISOBUTYL- 

ENE. 

CROTYL  IODIDE  v.  IODO-BUTYLENE. 

CROTYL  THIOCARBIMIDE  C4H7N.CS. 
(179°).  From  crotylamine  (Hofmann,  B.  7, 
516).  Pungent  liquid. 

CROTYL  -  THIO  -  UREA  C4H;NH.CS.NH,. 
[85°].  From  the  preceding  and  NH3(H).  Crys- 
talline. 

CRYPTIDINE  CnH,,N.  (274°).  A  homo- 
logue  of  quinoline  occurring  in  coal  tar  (Gre- 
ville  Williams,  Chem.  Gaz.  1856,  283). 

Cryptidine  C^E^N.  (270°).  Prepared  by 
the  dry  distillation  of  xylidine-acrolei'n  (Leeds, 
A.  G.  J.  5,  2).  Eeddish-yellow  oil.  Disagree- 
able odour.  Bitter  taste.— B'HCl:  fine  thin 
tabular  crystals.— B'H2PtClti :  fine  yellow  crys- 
tals. Sol.  water,  insol.  alcohol. 

CRYPTOPHANIC  ACID  C5H9NOa.  An  acid 
said  to  occur  in  normal  human  urine  (Thudi- 
chuni,  C.  J.  23,  116;  34,  81).  The  urine  is 
evaporated  to  one-fourth  of  its  bulk  and  Fe2Cl6 
added.  The  pp.  contains  the  iron  salts  of 
cryptophanic,  paraphanic,  hippuric,  and  benzoic 
acids.  It  may  be  decomposed  by  baryta.  Amor- 
phous gum,  v.  e.  sol.  water. — PbA". — CaA". 

CRYPTOPINE  C.MH,3N05.  [217°].  S.  (alco- 
hol) -08  (Smith).  S.G.  1-35  (Schroder,  B.  13, 
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1075).  A  base  occurring  in  very  small  quantity 
in  opium  (T.  a.  H.  Smith,  Ph.  [2]  8,  595,  716 ; 
Hesse,  A.  Suppl.  8,  299  ;  A.  176,  200 ;  Kauder, 
Ph.  [3]  18,  250).  Ppd.  by  adding  NaOH  to  the 
mother-liquor,  from  which  codeine,  narceine, 
thebaiine,  and  papaverine  have  been  separated. 
Six-sided  prisms  (from  alcohol) ;  when  freshly 
ppd.  it  is  soluble  in  ether,  but  it  slowly  separates 
from  the  solution.  SI.  sol.  boiling  alcohol,  v.  si. 
sol.  benzene  and  ligroi'n,  m.  sol.  chloroform. 
Dissolves  in  excess  of  KOHAq.  Inactive  to 
light.  Cone,  (impure)  H2S04  gives  a  blue  colour 
turned  orange  by  KN03.  Fe^Cl,;  gives  no  colour. 
Not  decomposed  by  HC1. 

Salts. — Separate  from  aqueous  solution  as 
jellies,  but  subsequently  become  crystalline. — 
B'HCl  6aq :  soft  mass  of  crystals  (from  alcohol). — 
B'HCl  5aq.  —  B^H^tCl.,  6aq.  —  B',H2Cr207.— 
B'H,C204.  S.  -3  at  12°.— B'C4H606  4aq.  S.  -15 
at  10°.-B'CtiH2(NO.,),OH  aq. 

Meconate  B'2C;H40.  lOaq :  si.  sol.  boiling 
water. 

Nitro-cryptopine  C21H,,(N02)N05.  [185°]. 
From  cryptopine  and  HN03  (S.G.  1'06)  at  55°. 
Dark-yellow  crystalline  powder.  Insol.  water 
and  KOHAq.  Cone.  H2S04  dissolves  it  with 
blood-red  colour.— B'HCl  3aq.  -  B'2H.,PtCl6  lOaq. 
— B'HNCv— OxalatesB'2H2C204 12aq.  S.6-8  at 
16°  and  B'H2C204  3aq. 

CEYSTALLIN  v.  PROTEIDS. 

CRYSTALLISATION.— The  examination  of 
a  crystal  and  the  determination  of  its  form  and 
properties  may  serve  as  a  means  of  recognising 
and  defining  any  given  body.  But  besides  this 
practical  application,  the  examination  may  help 
to  find  an  answer  to  the  question  :  What  is  the 
connexion  between  the  chemical  constitution 
and  the  crystalline  form  of  bodies  ? 

The  complete  examination  of  the  form  and 
properties  of  a  crystalline  substance  may  de- 
mand a  thorough  knowledge  of  crystallography, 
and  also  skill  in  the  use  of  complicated  and 
costly  instruments  ;  but  a  general  knowledge  of 
the  principles  of  the  subject,  and  of  the  use  of 
a  geological  microscope,  such  as  ought  to  be 
found  in  every  laboratory,  will  very  often  enable 
the  chemist  approximately  to  determine  the 
form  of  a  substance,  the  identity  or  non-identity 
of  two  samples,  or  the  homogeneous  character  of 
his  preparations.  The  following  account  may 
serve  as  a  general  view  of  the  subject,  or  as  an 
introduction  to  a  more  complete  study ;  it  is 
necessarily  incomplete,  and  for  further  details 
special  books  must  be  consulted,  such  as  Groth's 
Physikalische  Krystallographie ;  current  litera- 
ture being  found  in  the  Zeitschrift  fur  Krystal- 
lographie,  and  the  different  mineralogical 
journals. 

A  crystal  may  be  described  as  a  solid  homo- 
geneous body  bounded  by  plane  faces  that  are 
arranged  around  the  body  in  a  certain  regular 
manner,  which  is  constant  for  each  chemical 
compound.  Neither  the  number  of  faces  that 
bound  a  crystal,  nor  the  shapes  of  these  faces, 
are  constant  and  characteristic,  since  both 
may  vary  considerably  with  very  slight  altera- 
tions of  external  conditions  at  the  time  of 
crystallisation ;  but  the  regularity,  or.  the  sym- 
metry which  all  the  faces  bear  to  each  other, 
and  the  manner  in  which  the  faces  occur  in 


groups    or    sets    or   '/orms,'   is   constant   and 
characteristic. 

Single  or  Simple  crystalline  form. — That  all 
the  faces  of  a  crystal  do  not  belong  to  the  same 
form  is  often  strikingly  evident  by  a  difference 
in  colour,  as  in  many  of  the  platinocyanides,  or 
:  in  the  condition  of  the  faces,  some  of  which  are 
smooth  and  lustrous,  while  others  are  dull  or 
streaked  with  numerous  fine  lines,  or  are  rough 
with  little  pittings,  or  appear  to  be  made  up  of 
numerous  scales,  and  then  show  a  pearly  lustre ; 
such  differences  are  to  be  noticed  on  crystals  of 
magnesium  sulphate,  quartz,  salt,  alum,  potas- 
sium ferrocyanide,  potassium  chlorate,  gypsum, 
copper  sulphate,  <fec.  The  same  fact  is  often 
also  to  be  noticed  in  another  way,  viz.  by  the 
appearance  of  splits  or  cleavage  planes  that  run 
parallel  to  certain  faces  but  not  to  others,  as  in 
calcite  and  potassium  ferrocyanide ;  often  where 
such  are  not  manifest  the  crystal  may  be  easily 
split  or  cleaved  parallel  to  certain  faces  but  not 
to  others,  as  with  gypsum,  cane  sugar,  magne- 
sium sulphate,  &c.  Differences  in  the  forms  of 
the  faces  of  crystals  are  often  shown  by  the  way  in 
I  which  the  crystal  during  its  growth  has  inclosed 
i  foreign  substances,  as  bubbles  of  liquid  or  gas, 
|  or  fragments  of  solid  substances  that  were  sus- 
pended in  the  solution,  viz.  the  inclosures  are 
distributed  in  lines  or  planes  parallel  to  certain 
edges  or  planes  of  the  crystal,  but  riot  to  others. 
In  examining  a  crystal  all  such  observations  are 
of  the  greatest  service,  as  they  at  once  give  a 
I  means  of  classifying  the  may-be  numerous  faces 
!  into  their  proper  sets  or  forms. 

A  crystal   may  be  completely  bounded  by 
only  one  set  of  faces,  e.g.  a  cube  of  rock  salt ; 
,  but  there  are  several  crystalline  forms  that  are 
not  capable  of  inclosing  space,  as  the  various 
prisms  and  pinacoids,  or  basal  planes,  and  such 
|  forms  necessarily  never  occur  alone.     The  mini- 
|  mum   number   of   crystalline   forms  that    may 
occur  on  a  crystal  is  limited  only  by  the  con- 
dition that  they  must  completely  inclose  the 
crystal;    the   maximum   number  ,is  unlimited  ; 
'••  but  however  many  there  may  be,  all  are  cor- 
related  by    an   empirical   law,  known   as   the 
rationality  of  indices,    and   the    symmetry  of 
faces  constituting  each   individual  form  is  the 
same. 

This  last  "statement,  though  strictly  true, 
is  apparently  not  so  in  several  cases,  as  certain 
forms  show  externally  a  geometrical  symmetry 
apparently  other  than  that  which  belongs  to 
their  internal  structure  ;  thus  both  salt  and  iron 
pyrites  crystals  often  exhibit  no  other  form  than 
I  the  cube,  and  therefore  are  apparently  possessed 
;  of  the  same  kind  and  amount  of  symmetry,  yet 
other  forms  that  occur  in  these  two  substances 
show  that  iron  pyrites  is  really  possessed  of  a 
lower  degree  of  symmetry  than  sodium  chloride 
(v.  Hemihcdral  forms,  p.  283). 

Symmetry  of  crystalline  forms.— A  solid 
figure  may  be  symmetrical  about  a  point,  or 
about  a  plane,  or  a  number  of  planes.  A 
solid  figure  is  symmetrical  about  a  point  when 
any  number  of  particles  on  the  surface  beinj- 
joined  to  the  central  point  by  straight  lines, 
these  being  produced  to  equal  distances  on  the 
other  side  of  the  centre  shall  exactly  coincide 
with  a  series  of  similar  particles.  This  kind  of 
symmetry  only  demands  that  to  every  face  there 
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be  a  second  and  parallel  one;  it  is  only  met 
with  in  the  asymmetric  (i.e.  without  symmetry) 
crystals,  as,  for  instance,  copper  sulphate  and 
potassium  anlrydrochromate. 

A  solid  figure  is  symmetrical  about  a  plane 
when  from  any  number  of  particles  on  the  sur- 
face perpendiculars  being  drawn  to  the  plane 
and  produced  equal  distances  on  the  other  side 
of  the  plane,  the  points  so  found  shall  exactly 
coincide  with  a  series  of  similar  particles  ;  in 
other  words,  the  one  half  is  the  mirrored  image 
of  the  other,  the  "mirror  being  the  plane  of 
symmetry.  Thus  a  cube  is  symmetrical  about 
the  plane  a  c  g  e.  A.  line  perpendicular  to  the 
plane  of  symmetry  is  called  an  axis  of  symmetry, 
and  about  a  central  point  in  this  axis  the  figure 
is  also  symmetrical.  Thus  (fig.  1),  starting  with 
a  c  g  e  as  a  plane  of  symmetry,  and  a  bf  e  as  any 
given  p&rie,  the  existence  of  ad  he  and  dcgh 
necessarily  follows,  as  the  former  is  the  image 
mirrored  in  the  plane  of  symmetry,  and  the 
latter  is  the  plane  symmetrical  to  the"  first  with 
regard  to  the  central  point ;  the  existence  of 
bcgf  follows  similarly  from  either  or  both  of 
the  last  two  faces. 


FIG.  1. 

Besides  the  above-mentioned  plane  a  c  g  e 
there  are  five  others  that  divide  the  cube  in 
exactly  the  same  fashion,  viz.  the  planes  b  d  h  f, 
b  ah  g,  cfed,  afgd,  and  b  e  h  c,  and  these 
make  therefore  a  set  of  six  planes  of  symmetry  ; 
and  the  corresponding  six  axes  of  symmetry 
are  the  lines  m  n,  op,  q  r,  s  t,  u  v,  and  w  x, 
joining  the  centres  of  the  opposite  edges  (fig.  2). 

A  plane  that  is  at  right  angles  to  two  planes 
of  symmetry  contains  two  axes  of  symmetry,  and 
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must  therefore  itself  be  a  plane  of  symmetry ; 
and  if,  as  in  the  case  now  considered,  the  two  ! 
contained  axes  of  symmetry  are  similar,  then  j 
the  symmetry  of  the  new  plane  is  of  a  higher  ' 
order  than  that  of  the  two  others.  The  above  \ 
six  planes  may  be  taken  two  at  a  time  in  three  j 
different  ways,  and  thus  a  set  of  three  new  I 
planes  of  a  higher  order  are  found ;  they  are 
called  planes  of  principal  symmetry  as  dis-  ! 
tinguished  from  planes  of  ordinary  symmetry ;  ! 
they  are  q  s  r  t,  ivuxv,  and  ompn  (fig.  2),  I 
and  the  corresponding  axes  of  principal  sym- 


I  metry  are  the  lines  A  B,  CD,  and  E  F  (fig.  3). 
As  a  plane  of  principal  symmetry  contains  two, 
and  in  the  hexagonal  system  three,  exactly 
similar  axe.:  of  symmetry,  the  appearance  and 


FIG.  3. 

actual  position  of  a  crystal  is  not  changed  by 
rotating  it  about  the  axis  of  principal  symmetry 
such  that  first  one  and  then  another  of  the 
I  similar  axes  of  ordinary  symmetry  come  to 
occupy  the  same  position.  In  this  way  a  plane 
of  principal  symmetry  may  be  most  readily  dis- 
tinguished from  a  plane  of  ordinary  symmetry. 

Division  of  crystals  into  classes. — A  crystal  can 

I  only  be  possessed  of  a  set  of  three  exactly  similar 

!  axes  of  principal  symmetry,  or  of  one  such  axis,  or 

j  it  must  be  devoid  of  any  such ;  and  all  crystals  may 

accordingly  be  divided  into  three  great  classes': 

(1)  Crystals  possessed  of  three  axes  of  principal 
symmetry  must  necessarily  contain  also  a  set  of 
six  axes  of  ordinary  symmetry  (as  explained 
above  in  the  case  of  the  cube),  and  all  such 
are  said  to  belong  to  the  Regular  system. 

(2)  Crystals   possessing  one  axis  of  principal 
symmetry  must    necessarily    contain    axes  of 
ordinary  symmetry  at  right  angles  to  the  first. 
The  number  of  these  axes  of  ordinary  symmetry 
may  be  either  (1)  a  set  of  three  inclined  to  each 
other  at  one-third  of  four  right  angles,  with,  as 
a  necessary  consequence,  a  second  set  of  three, 
also  inclined  to  each  other  at  one-third  of  four 
right  angles,  but  removed  from  the  first  set  by 
one-sixth  of  four  right  angles,  or  (2)  a  set  of  two 
at  right  angles  to  each  other,  with,  as  a  neces- 
sary consequence,  a  second  set  of  two  also  at 
right  angles  to  each  other,  but  removed  from  the 
first  set  by  half  a  right  angle.     Crystals  satisfy- 
ing the  first  set  of  conditions  are  said  to  belong  to 
the  Hexagonal  system,  and  those  satisfying 
the  second  set  to  the  Quadratic  system.     (3) 
Crystals  destitute  of  any  axis  of  principal  sym- 
metry may  yet  contain  axes  of  ordinary  sym- 
metry, and  the  possible  cases  are  (i)  three  sets 
of  one   axis   each,  i.e.   three  dissimilar   axes, 
which  must  of  necessity  be  at  right  angles  to 
each  other,  (ii)  one  single  axis,  and  (iii)  no  axis 
of  symmetry  at  all.     Crystals  satisfying  these 
three   conditions    are    said    to    belong    to   the 
Rhombic  system,  to  the  Monosymmetric 
(formerly  called  the  monoclinic)   system,  and 
to  the  Asymmetric  (formerly  called  the  tri- 
clinic)  system. 

Thus  all  crystals  may  be  divided  geometri- 
cally into  the  above  six  systems  ;  and  it  is  a  very 
important  fact  that  exactly  the  same  division  is 
effected  by  a  consideration  of  all  the  physical 
properties,  more  especially  the  optical  and  me- 
chanical ones,  viz.  tensional  strength,  the  ther- 
mal and  electrical  properties  being  difficult  of 
investigation,  and  also  by  a  mathematical  dis- 
cussion of  the  possible  ways  of  arranging  a 
number  of  points  in  space.  Crystals  of  the 
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regular  system  behave  optically  like  amorphous 
bodies,  they  are  singly  refractive  and  are  there- 
fore said  to  be  isotropic.  All  other  crystals  are 
doubly  refractive  and  are  called  anisotropic ; 
they  are  divided  into  two  classes  according  as 
they  contain  one  direction  or  no  direction  along 
which  a  beam  of  light  may  travel  and  then 
emerge  from  the  crystal  without  suffering  double 
refraction ;  those  possessed  of  this  axis  of  single 
refraction  are  termed  optically  uniaxial.  The 
hexagonal  and  quadratic  crystals  are  both 
uniaxial,  and  optically  they  are  undistinguish- 
able;  in  both  cases  the  tensional  strength  in 
the  plane  of  principal  symmetry  varies  with  the 
direction  in  which  it  is  determined,  but  while 
hexagonal  crystals  show  three  directions  of  mini- 
mum and  of  maximum  strength,  quadratic  crys- 
tals show  only  two.  Anisotropic  crystals  that 
are  not  uniaxial  have  been  called  optically  bi- 
axial, though  they  have  not  two  directions  that 
are  truly  void  of  the  power  of  doubly  refracting 
light  as  above  defined.  When  a  properly-cut 
section  of  a  biaxial  crystal  is  examined  in 
'  convergent  polarised  light '  the  two  optical  axes 
are  seen  surrounded  by  dark  and  light  rings 
gradually  shading  into  each  other,  and  as  the 
'  interference  figure '  is  not  the  same  for  light 
of  any  two  colours,  so  the  rings,  merging  more 
or  less  completely  into  each  other,  are  fringed 
with  colour,  and  by  a  careful  examination  of 
the  coloured  fringes  it  can  be  determined  to 
which  of  the  last  three  systems  the  crystal  be- 
longs ;  viz.  if  rhombic,  the  figure  is  symmetrical 
about  both  diameters  A  B  and  C  D,  and  con- 
sequently also  about  the  central  point  E  ;  if 
monosymmetric,  the  figure  is  symmetrical  about 
one  or  other  of  the  diameters  or  about  the  cen- 
tral point,  according  to  circumstances  ;  if  asym- 
metric, the  figure  is  void  of  symmetry  (fig.  4). 
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FIG.  4  (diagrammatic). 

In  studying  the  geometrical  properties  of 
crystals,  certain  lines  must  be  taken  within  the 
crystal,  to  which  all  the  faces  may  be  referred  ; 
these  lines,  of  which  there  must  be  three,  are 
called  the  crystallographical  axes,  and  they  are 
represented  by  the  letters  a,  6,  c,  while  the  in- 
clinations which  they  make  with  each  other  are 
represented  where  necessary  by  the  letters  o,  #,  7, 
viz.  0:6  =  7;  a:c  =  ;8;  and  b:c  =  a.  In  each  sys- 
tem the  crystallographic  axes  are  chosen  in  such 
a  way  that  the  different  forms  may  be  most 
simply  expressed.  By  this  is  to  be  understood 
that  each  of  the  different  faces  that  together 


make  a  single  crystalline  form  is  to  be  related 
to  the  axes  in  exactly  the  same  numerical  way, 
or  in  other  words  the  geometrical  symbol  for 
each  of  the  faces  of  a  form  is  exactly  the  same 
if  the  signs  be  omitted  that  denote  a  face  to  be 
at  the  top,  front,  right  hand,  &c.  In  the  regular 
system  the  three  axes  of  principal  symmetry  are 
chosen,  and  as  these  are  all  exactly  similar  and 
equal,  the  expression  a,  b,  c  becomes  a,  a,  a,  and 
as  'a'  stands  thus  alone  it  may  itself  be  con- 
sidered as  unity,  and  the  axial  expression  thus 
becomes  a  =  a  =  a  =  lora  =  l;  the  expression  for 
the  axial  angles  is  always  a  =  &  =  y  =  90°.  In 
the  hexagonal  system  one  set  of  three  axes  of 
ordinary  symmetry  (two  of  these  three  axes 
would  be  sufficient,  but  for  the  sake  of  com- 
pleteness it  is  convenient  to  include  the  third, 
this  is  also  not  without  its  advantages),  and  the 
axis  of  principal  symmetry,  are  chosen ;  as  the 
first  three  are  exactly  alike,  but  are  independent 
of  the  last,  the  expression  for  the  axes  a,  b,  c 
becomes  a,  a,  a,c;  one  of  these  may  be  made 
equal  to  unity,  most  conveniently  a,  and  the 
crystallographical  axes  are  expressed  a:c  =  l:c. 
The  axial  angles  are  in  all  cases  a:c  =  90°  an 
a:a  =  12Q°.  Here  notice  that  any  and  every 
crystal  of  the  regular  system  has  its  axes  repre- 
sented by  a=b  =  c  =  l  and  0  =  0  =  7  =  90°,  and 
these  facts  do  not  therefore  need  to  be  re- 
peatedly stated,  for  they  are  comprehended  in 
the  expression  '  regular  system.'  The  same 
holds  good  with  the  axial  angles  of  any  and 
every  hexagonal  crystal,  viz.  a:a:a  =  120°  and 
arc  =  90°;  but  with  the  relative  lengths  of  the 
axes  it  is  otherwise,  the  ratio  of  a:c  is  not  the 
same  for  any  two  substances,  and  in  describing 
a  hexagonal  crystal  the  crystallographical  con- 
stant, the  axial  ratio  a:c,  must  be  accurately 
measured  and  given  ;  thus  for  example  in  lead 
dithionate  it  is  as  1:1-5160,  while  in  strontium 
dithionate,  which  has  almost  exactly  the  same 
form  and  is  therefore  said  to  be  isomorphous, 
it  is  as  1:1-5024. 

These  crystallographical  axes  are  not  to  be 
considered  as  definite  lines,  having  definite 
lengths,  but  as  directions,  determined  by  the 
symmetry  of  the  crystal,  and  consequently  en- 
dowed with  certain  properties — i.e.  like  axes 
must  be  cut  by  the  like  number  of  faces  at  the 
like  angles— and  upon  which  the  relative  lengths 
of  the  intercepts  cut  off  by  the  various  faces 
may  be  calculated  trigonometrically  from  the 
measurements  of  the  interfacial  angles.  These 
angles  are  always  measured  by  means  of  a  re- 
flecting goniometer,  above  the  centre  of  whose 
graduated  circle  the  edge,  over  which  the  angle 
is  to  be  measured,  is  exactly  placed  by  means 
of  adjusting  screws.  About  the  same  centre 
the  crystal  and  a  collimator  or  telescope  may  be 
made  to  revolve ;  the  position  of  a  beam  of 
light  incident  upon  the  crystal,  and  the  positions 
of  the  reflected  beams  from  the  two  lustrous 
crystal  faces,  are  thus  measured,  and  the  inter- 
facial  angle  determined.  The  method  of  calcu- 
lation may  be  exemplified  by  reference  to  a 
beryl  crystal.  Here  there  are  four  sets  of  faces, 
each  of  which,  of  course,  cuts  the  axes  differ- 
ently, and  one  of  these  manners  of  cutting 
must  be  chosen  as  the  standard  (fig.  5).  The 
basal  faces  (0001)  cut  only  the  vertical  axis, 
the  prismatic  faces  (1010)  cut  only  the  hori- 
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zontal  axes,  and  hence  neither  of  these  forms 
alone  allows  a  determination  of  the  ratio  a:c. 


FIG.  5. 

But  thejfacesof  each  of  the  two  pyramids  (lOll) 
and  (2111)  cut  both  horizontal  and  vertical  axes ; 
for  the  sake  of  simplicity  the  faces  (1011)  are 
chosen  as  those  of  the  primary  pyramid,  and 
the  three  horizontal  axes  are  thus  fixed  as  being 
parallel  to  AA/,  BB'  and  CO'.  The  angle 
1011:0001  having  been  measured  and  found 


FIG.  6. 
150°   3'  20",   a:c    is    easily    calculated    thus; 

tan  (180° -150°  3'  20")  =  °-~,  but  if  oa  =  unity, 

otn 
then 

am  =  ~,  hence  oc  =  ^|  tan  (180°  - 150°  3'  20") 

=  0-4989;  that  is,  a:c  =  1:0-4989  (see  fig.  6). 

If,  however,  the  angle  of  the  pyramid  over 
a  terminal  edge,  i.e.  (10ll):(0!ll)  had  been 
measured  and  found  equal  to  151°  5'  40",  then 
by  describing  from  the  point  a  a  spherical 
triangle  cutting  the  face  of  the  crystal  in  AB 
(fig.  7),  the  plane  of  principal  symmetry  in  AC, 


and  the  plane  of  ordinary  symmetry  in  CB,  the 
side  a  can  be  found  from  the  known  data, 
B  --=1(151°  5'  40"),  6  =  60°,  and  0-90°; 


thus  sin  c  =  --     hence  c  =  63°  25/  20"» 
sin  B 


=  tan_  _1°  42'  40"  x  sin  82°  46'  25", 

"  si'n~7°l3r36" 
hence  \a  =  13°  15'  25",  and  a  =  26°  30'  50"  ; 


and  lastly 


=  tan   of   20°    30'   50",   from 


axis  a 

which  the  value  for  the  vertical  axis  c  =  0-4989 
is  again  found. 

For  any  given  crystal  the  axial  ratios  are 


thus  exactly  determinable,  but  where  any 
arbitrary  choice  has  been  made,  as  in  this 
instance,  then  the  same  is  adopted  by  all  sub- 
sequent observers  unless  good  reasons  are  found 
for  making  an  alteration. 

In  the  quadratic  system  one  of  the  two  sets  of 
two  axes  of  ordinary  symmetry,  and  the  axis  of 
principal  symmetry,  are  chosen ;  the  axial 
angles  are  in  all  cases  90°  ;  the  expression  a,  b, 
c,  thus  becomes  a,  a,  c,and,  as  in  the  hexagonal 
system,  the  axial  ratio  a:c  has  to  be  actually 
determined  in  every  individual  case.  In  the 
rhombic  system  the  three  axes  of  ordinary  sym- 
metry are  chosen ;  the  axial  angles  are  in  all 
cases  90° ;  as  these  three  axes  are  not  similar,  the 
expression  a,  6,  c,  remains  as  such ;  making 
one  equal  to  unity,  the  other  two  constants  have 
to  be  determined  in  every  individual  case.  In 
themonosymmetric  system  the  axis  of  symmetry 
is  chosen  as  one  crystallographical  axis  ;  the 
other  two  axes  must  lie  in  the  plane  of  symmetry, 
but  otherwise  their  positions  are  perfectly  arbi- 
trary ;  for  simplicity's  sake,  they  are  chosen 
parallel  to  two  well-defined  edges  or  faces  on 
the  crystal;  in  this  system  a,  b,  c,  are  quite 
independent  and  have  to  be  determined,  b  is 
generally  the  axis  of  symmetry  and  is  made 
equal  to  unity ;  the  inclinations  of  b:a  and  b:c 
are  in  all  cases  90°,  but  the  inclination  of  a:c 
(axial  angle  0)  is  variable  and  must  be  deter- 
mined. In  the  asymmetric  system  the  crystallo- 
graphic  axes  are  chosen  quite  arbitrarily  ;  gene- 
rally however  they  are  chosen  parallel  to  three 
prominent  edges  of  the  crystal ;  they  are  quite 
independent  of  each  other,  therefore  of  unequal 
lengths,  and  moreover  no  two  of  them  are  in- 
clined at  right  angles  to  each  other  ;  for  asym- 
metric crystals  there  are  thus  five  constants  to 
be  determined. 

Relation  of  faces  to  axes.  Rationality  of 
indices.— When  a  number  of  sets  of  faces  on  a 
crystal  are  referred  to  the  axes  whose  relative 
lengths  have  been  found  as  just  explained,  it  is 
noticed  that  the  intercepts  cut  off  can  in  all 
cases  be  expressed  as  some  simple  multiple  or 
sub-multiple  of  the  fundamental  axial  lengths. 
This  is  known  as  the  rationality  of  the  indices. 
Thus  in  the  case  of  the  beryl  crystal  (fig.  5), 
while  the  faces  of  the  primary  pyramid  cut  the 
axes  a:a:a:c  at  the  distances  l:oo  :1:0'4989,  those 
of  the  faces  (2lll)  cut  at  1:2:2:0-9978;  here 
1  is  1  x  1,  2  is  2x1,  and  0-9978  is  2  x  0-4(J89, 
and  the  numbers  1,  2, 2, 2  are  here  indices.  The 
indices  are  generally  expressed  by  very  simple 
numbers,  as  1,  2,  3,  4,  5,  6,  £,  ^,  | ,  &c.,  but  in 
some  cases  the  ratios  are  not  so  simple. 

The  indices  of  a  face  may  be  measured  in 
two  ways— the  one  known  as  Neumann's  system, 

!  and  the  other  as  Miller's.  Let  the  relative 
lengths  of  any  set  of  primary  axes  be  expressed 

i  by  the  letters  a,  b,  c,  and  let  there  be  another 
face  on  the  crystal  which  cuts  the  axes  at  some 
other  distances,  say  2a,  3&,  4c,  from  their  centre. 
According  to  Neumann  the  indices  of  this  face 

are    ?^,  — ,  -  i.e.  2,  3,  4  ;    following  Miller, 

a      b      c 
however,   the    indices    are  the    reciprocals   of 

those  of  Neumann,  viz.    -'          -.-?-,  ^4>s>  ?> 
2a     30      4c 

or,  simplifying,  the  expression  becomes  6,  4,  3. 
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Of  course  there  will  be  more  than  one  face  hav- 
ing this  symbol,  the  number  depending  on  the 
symmetry  of  the  crystal,  but  the  relative  posi- 
tions of  any  of  these  may  be  exactly  denoted  by 
the  following  device.  In  all  the  systems  the 
extremities  of  the  axes  forming  the  front  upper 
right  corner  are  called  positive,  and  are  simply 
written  a,  b,  c,  &c.,  while  the  opposite  extremities 
are  called  negative,  and  are  written  a,  5,  c,  &c. 
Thus  taking  the  pyramid  of  the  beryl  crystal, 
and  using  Miller's  symbols,  we  have  the  axes 
and  faces  numbered  as  in  figs.  8  and  9. 


FIG.  9. 


The  axial  ratios  once  determined,  it  is  pos- 
sible from  them  and  the  symmetry  to  say  at 
once  what  forms  are  possible,  and  to  calculate 
their  interfacial  angles,  &c. ;  but  what  forms 
will  actually  occur,  under  any  conditions,  can- 
not be  predicted ;  their  existence  depends  on 
external  conditions,  as  presence  of  impurities  in 
the  solution,  nature  of  the  solvent,  temperature, 
and  speed  of  growth.  Mineralogists  and  crystal - 
lographers  often  pay  too  much  attention  to  the 
finding  of  new  or  numerous  forms  upon  speci- 
mens without  attempting  to  determine  what 
were  the  conditions  necessary  for  the  production 
of  these  forms,  which  is  the  only  point  of  real 
interest. 

The  following  may  serve  as  an  example  of 
the  way  in  which  the  symmetry  of  a  crystal 
determines  the  number  and  position  of  the  faces 
of  a  form.  In  fig.  10  the  tliree  similar  crystal- 
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FIG.  10. 


lographic  axes  of  the  beryl  crystal  (fig.  5)  are 
represented  by  the  lines  a,,  a2,  and  a3,  while  the 
principal  axis  c  is  perpendicular  to  the  plane  of 
the  paper.  Suppose  a  face  of  the  hexagonal 
pyramid  to  be  present  in  the  front,  upper,  middle 
segment,  i.e.  1011,  then  this  demands  the  exist- 
ence of  a  face  1101,  because  the  plane  passing 
through  axis  a,  and  the  vertical  axis  c  is  a  plane 
of  symmetry ;  the_  presence  of  1101  demands 
the  existence  of  0111,  because  the  plane  con- 
taining a.-,  and  c  is  a  plane  of  symmetry ;  further, 
these  three  faces  demand  the  existence  of  other 
three,  viz.  0111, 1 101, 1011,  because  the  plane  aAc 
is  a  plane  of  symmetry ;  and  lastly,  these  six 
planes  demand  the  presence  of  other  six  on  the 
under  part  of  the  crystal,  viz.  lOll,  0111,  1101, 
1011,  0111,  1101,  because  the  plane  containing 
axes  a,,  a2>  a3  is  a  plane  of  symmetry.  And  with 
these  twelve  faces  the  form  is  complete,  for  the 


other  three  planes  of  symmetry  belonging  to  this 
system  are  already  satisfied. 

It  would  be  very  tedious  and  redundant  to 
denote  this  or  any  other  form  by  writing  the 
symbols  of  all  its  faces,  and  it  is  therefore 
customary  to  write  the  symbols  of  only  one, 
generally  one  in  the  front,  upper,  right  corner, 
and  to  inclose  it  in  brackets  thus  (1011)  for  the 
pyramid  in  question.  The  general  shape  of  a 
form  is  not  essentially  altered  by  varying  the 
indices  within  certain  limits ;  thus  J3031)  and 
(1013)  (figs.  11  and  12)  as  well  as  (1011)  (fi's.  9), 


FIG.  11. 

represent  hexagonal  pyramids,  though  the  form 
(3031)  is  very  high  and  pointed,  while  the  form 
(1013)  is  proportionally  low  and  flat-looking. 
TheSe  may,  all  be  expressed  by  one  general 


FIG.  12. 

symbol  (mQml)  (where  m  has  any  value  between 
0  and  oo ),  and  are  said  to  be  particular  forms 
of  one  general  form  (mOiTil) ;  thus  fig.  12  repre- 
sents the  particular  _form  for  a  crystal  of  beryl 
when  w  =  £,  for  1013  is  the  same  as  ^0|,  i.e. 
mOral. 

But  if  the  index  m  has  the  value  of  0,  then 
the  six  upper  faces  of  the  pyramid  fall  together 
into  one  plane,  and  so  also  do  the  six  lower 
faces,  so  that  the  form  (0001)  consists  only  of 
two  faces  parallel  to  each  other  and  also  to  the 
plane  of  principal  symmetry ;  if  m  has  the 
value  of  oo ,  then  each  of  the  upper  six  faces 
becomes  coincident  with  the  subjacent  bottom 
face,  and  the  formjoo  Oa5~l),  or,  as  it  is  more 
usually  written,  (1010),  consists  of  six  faces,  all 
parallel  to  the  axis  of  principal  symmetry,  and 
consequently  not  limited  towards  either  end  ; 
these  two  forms  (0001)  the  basal  plane,  and  (10lO) 
the  prism,  may  be  called  open  forms,  and  can 
never  occur  alone  on  a  crystal.  They  contain 
no  variable  quantity,  and  may  therefore  be 
called  fixed  forms,  while  the  pyramid  is  a  vari- 
able form. 

These  two  forms,  the  basal  plane  and  the 
prism,  though  derivable  from  the  pyramid  and 
related  to  it  in  position,  are  obviously  quite  dis- 
tinct forms,  and  all  are  so  far  independent  of  each 
other  that  any  one  may  or  may  not  occur  on  a 
crystal  in  conjunction  with  the  others.  By 
varying  the  indices  in  every  possible  manner,  as 
just  indicated,  it  is  easy  to  determine  the  shapes 
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and  number  of  all  such  fundamental  or  general 
forms  for  every  system  ;  and  indeed  it  is  only 
possible  to  grasp  the  relationships  existing  be- 
tween them  by  regarding  them  as  being  derived 
from  one  perfectly  general  form  (mnl).  The 
number  of  individual  forms  is  very  limited  ;  the 
following  is  a  complete  list  of  their  symbols  and 
names. 

Regular  system.—  (mnl),  (mini),  (mnO), 
(mmO),  (111),  (001),  (110),  called  respsctively 
hexakis  octahedron,  triakis  octahedron,  tetrakis 
hexahedron,  trapezohedron,  octahedron,  cube  or 
hexahedron,  and  dodekahedron  ;  the  last  three 
are  fixed  forms. 

He  x  a  g  o  n  a  I  s  y  s  t  e  m.  —  (mpnl)  ,  (Note  :  in  the 
symbols  for  all  hexagonal  forms 


where  the  ratio  —   varies 


(mpnO),  in  both  these  cases  the  ratio  ™  varies 

n 

only  between  1  and  2;  (mOml),  (1010),  (2mmml), 
(2110),  and  (0001),  called  respectively  the  di- 
hexagonal  pyramid  and  prism,  the  hexagonal 
pyramids  and  prisms  of  the  first  order,  and  of 
the  second  order,  and  the  basal  plane. 

Quadratic  system. — (mnl)    and     (mnO), 

between   I  and  oo ; 

(mml),  (mmO),  (mOl),  (mQO),  and  001 ;  the 
forms  are  called  the  diquadratic  pyramid 
and  prism,  the  quadratic  pyramid  and  prisms 
of  the  first  order,  and  of  the  second  order,  and  the 
basal  plane. 

Rhombic  system.— (mnl),  (mnO),  (001), 
called  respectively  pyramids  prisms  or  domes, 
and  basal  plane  or  pinacoids. 

Mo  noclinicsyste  m. — The  same  forms  exist 
as  in  the  rhombic  system,  but  here,  owing  to  low 
order  of  symmetry,  all  the  pyramids  and  some 
of  the  domes  are  composed  of  independent  halves, 
which  are  distinguished  as  +  or  — ,  or  by  more 
fully  denoting  _the  position  of  the  face ;  thus 
(mnl)  and  (mnl). 

Asymmetric  system. — The  same  forms 
exist  as  in  the  rhombic  system,  but  here,  owing  to 
the  lack  of  symmetry,  all  the  pyramids  are  com- 
posed of  independent  _quarters,  thus  (mnl), 
(mnl),  (mnl),  and  (mnl),  and  all  the  prisms 
and  domes  are  composed  of  independent  halves, 
thus  (mnO)  and  (mnO). 

The  forms  just  described  are  collectively 
called  holohedral  or  whole  or  complete-faced 
forms,  to  distinguish  them  from  other  forms 
known  as  hemihedral  or  half -faced,  and  tetarto- 
hedral  or  quarter-faced. 

Hemihedral  forms  may  be  considered  as 
derived  from  the  holohedral  forms  by  re- 
solving these  by  a  set  or  sets  of  planes  of  sym- 
metry into  a  number  of  equal  segments,  when 
the  faces  contained  in  any  one  segment  belong 
to  the  one  hemihedral  form,  while  those  con- 
tained in  the  adjacent  segment  or  segments 
belong  to  the  other  hemihedral  form,  and  so  on 
all  round  the  crystal. 

The  hemihedral  forms  of  the  hexagonal  sys- 
tem being  very  important  will  be  taken  by  way 
of  Example.  Any  holohedral  hexagonal  form 
may  be  divided  into  segments  in  three  different 
ways :  — 

Firstly,  by  the  plane  of  principal  symmetry 
and  one  of  the  two  sets  of  three  planes  of 
ordinary  symmetry  ;  making  then  the  adjacent 


faces  independent,  the  rhombohedral  hemihedral 
forms  are  produced.  Numbering  the  faces  of 
the  most  general  form,  the  dihexagonal  prism,  as 
in  fig.  13  it  is  seen  that  the  faces  are  divided 
thus : 

123456789     10     Hi3 


FIG.  13. 
The  two  forms 
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and 
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12.   .56.   .9 10.     . 
are  known  as  the  +  and  —  scalenohedrons  (figs. 
14  and  15),  which  differ  from  each  other  in  posi- 


FIG.  14. 


FIG.  15. 


tion  and  in  physical  properties.  Just  as  in  the 
holohedral  division,  so  here,  the  indices  of  only 
one  face  is  written  within  brackets  to  denote 
the  whole  form,  but  to  distinguish  it  from  the 
symbol  of  the  original  pyramid  the  prefix  K  is 
added  ;  thus  the  symbols  for  the  two  scaleno- 
hedrons are  K(mpTil)  and  K(pnm1).  By 
varying  the  values  of  these  indices  m,n,p  in 
every  possible  way,  or  by  dividing  all  the  other 
holohedral  forms  into  segments  in  the  same 
fashion,  it  is  found  that  there  are  produced  two 
other  new  forms,  the  +  and  —  rhombohedrons 
/c(raOral)  and  K(Qmml),  figs.  16  and  17  ; 
while  the  following  forms  already  mentioned  in 
the  holohedral  division  appear  again  without 
apparent  alteration,  viz.  (mpnQ),  (1010), 
(2wwral),  (2110),  and  (0001).  But  the  con- 
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stancy  of  these  latter  forms  in  both  divisions  is 
not  real,  as  the  physical  properties  are  different ; 
this  is  especially  to  be  seen  in  the  manner 
in  which  they  yield  to  the  action  of  solvents, 
whereby  little  pittings  or  etch-figures  are  pro- 
duced which  vary  in  their  symmetry  according 
as  the  forms  are  holohedral  or  hemihedral.  It 


FIG.  16. 

is  to  be  understood  that  practically  the  holo- 
hedral and  hemihedral  forms  are  perfectly  dis- 
tinct, that  is,  a  given  substance  shows  the  forms 
of  only  one  of  the  two  classes,  never  those  of  the 
other.  For  example,  calcite  frequently  occurs 
in  the  form  of  the  scalenohedron  (3121),  fig.  14, 
and  is  therefore  obviously  hemimorphous,  but  it 
also  frequently  occurs  in  the  form  of  fig.  18,  and 


FIG.  17. 


FIG.  18. 


this  may  be  either  a  holohedral  or  a  hemihedral 
crystal,  but  the  fact  that  such  crystals  cleave 
with  the  utmost  readiness  parallel  to  the  faces 
of  the  positive  rhombohedron  K  (mOinl)  at 
once  removes  it  from  the  class  of  holohedral 
crystals  ;  its  hemimorphous  nature  is  also  proved 
by  other  physical  properties. 

A  holohedral  hexagonal  form  may  be  divided 
into  segments,  secondly,  by  means  of  the  two 
sets  of  three  planes  of  ordinary  symmetry, 
whereby  the  pyramidal  hemihedral  forms  are 
produced  ;  for  example  :  — 


The  uncrossed  faces  Tr(pnml)  are  represented 
on  a  crys'.al  of  apatite  by  figure  19  where 
ir(pnml)  =  7r(2l3l).  All  other  forms  are  exter- 
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FIG.  19. 

nally  the  same  as  in  the  holohedral  division, 
with  the  exception  of  ir(pnmQ).  These  two  new 
forms  are  called  the  pyramid  and  prism  of  the 
third  order. 

Thirdly,  by  means  of  the  two  sets  of  three 
p'anes  of  ordinary  symmetry  and  the  plane  of 


principal  symmetry,  whereby  the  trapezohedral 
hemihedral  forms  are  produced  ;  for  example  :— 

i234&6?8$10iil2 
12345^78910  11  19. 

These  forms  are  distinguished  by  the  prefix 
T,  the  crossed  faces  being  r(mpnl)  ;  such  forms 
have  not  been  actually  observed. 

The  tetartohedral  forms  before  referred  to 
may  be  considered  as  being  produced  by  the 
superposition  of  two  different  hemihedrte  upon 
the  same  crystal.  As  there  are  in  the  hexagonal 
system  three  classes  of  hemihedrie,  there  can  be 
obtained  two  or  perhaps  three  different  classes 
of  tetartohedrie.  In  the  following  schemes  the 
faces  suppressed  by  the  rhombohedral,  pyra- 
midal, and  trapezohedral,  hemihedrEe  are  re- 
spectively crossed  /,  —  ,  or  \. 

First,  the  rhombohedral  tetartohedrie  is  pro- 
duced thus  :  — 


The  faces  of  a  dihexagonal  pyramid  remaining 
uncrossed,  viz.  2468]oI1J>  form  a  rhombohedron  of 
the  third  order,  written  Kir(mnpl),  which  is  ex- 
hibited in  fig.  20  of  a  copper  silicate  _  (dia- 
spore)  crystal,  where  the  indices  are/£7r(14.13.1.6). 


Fi«.  20. 


FIG.  21. 


Secondly,  the  trapezohedral  tetartohedrie  is 
produced  thus  :  — 

X2H£$6XM10Hl« 

jr  J|  8  V?  jl  7'  *  f  tt  11  19, 

the  form  (tr(npml)  consisting  of  the  six  un- 
crossed faces  yyon  being  known  as  the  trigonal 
trapezohedron,  and  in  the  figure  representing  a 
quartz  crystal  the  faces  of  such  a  form,  viz. 
/cr(5161)  are  shown  (fig.  21). 
Thirdly,  the  scheme 


shows  a  form  bounded  by  six  faces  meeting  the 
vertical  axis  above,  but  no  face  meeting  it  below. 
It  is  doubtful  whether  this  tetartohedrie  has 
been  observed  ;  for  exactly  the  same  form  would 
be  produced  by  making  either  of  the  forms 
ir(mpnl)  or  r(mpnl)  hemimorphous  or  half- 
sided. 

Hemimorphism  may  be  described  as  the  di- 
viding of  the  faces  of  a  crystalline  form  into  two 
independent  halves,  the  one  half  cutting  the  one 
extremity  of  an  axis  of  symmetry,  and  the  other 
half  the  other  extremity  of  the  same  axis.  Hemi- 
morphism is  to  be  found  in  the  first  five  systems  in 
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holohedral,  hemihedral,  and  tetartohedral,  divi- 
sions alike;  it  is  supposed  to  be  due  to  asymmetry 
of  the  atoms  in  the  molecule,  and  the  solutions  of 
the  substances  showing  this  phenomenon,  as  tar- 
taric  acid,  milk,  sugar,  &c.,  are  generally  optically 
active.  It  is  to  be  noticed  that  some  divisions 
of  crystals  are  necessarily  hemimorphous.  Thus 
the  hexagonal  trapezohedral  tetartohedral  forms 
are  hemimorphous  to  the  axes  of  ordinary  sym- 
metry. 

The  hexagonal  crystals  are  thus  divided  into 
the  following  six  or  seven  distinct  classes : 
(a)  holohedral ;  (6)  hemihedral,  and  that  of  three 
kinds,  rhombohedral,  pyramidal,  and  trapezo- 
hedral ;  and  (c)  tetartohedral,  and  that  of  at  least 
two  kinds,  rhombohedral  and  trapezohedral,  and 
possibly  another ;  and  lastly  to  each  of  these  six 
classes  there  may  or  may  not  be  assimilated  also 
hemimorphism,  making  in  all  twelve  or  possibly 
thirteen  divisions  of  hexagonal  crystals,  in  only 
one  of  which  can  any  substance  ever  crystallise. 

These  six  or  seven  classes  are  to  be  considered 
as  being  due  to  the  different  arrangements  of  the 
molecules  in  the  crystal,  but  among  these  dif- 
ferent molecular  arrangements  there  are  certain 
regularities  common  which  group  them  all  to- 
gether into  one  general  system.  It  is  to  be  noted 
that  all  hemihedral  and  tetartohedral  divisions 
are  invariably  possessed  of  fewer  planes  of  sym- 
metry or  of  planes  of  a  lower  degree  of  symmetry 
than  are  the  holohedral  forms  ;  thus  the  trape- 
zohedral hemihedral  forms  and  all  tetartohedral 
forms  of  the  hexagonal  system  are  possessed  of 
no  plane  of  symmetry  whatever,  i.e.  as  denned 
at  the  commencement  of  this  article  ;  but  such 
forms  do  not,  therefore,  belong  to  the  asymmetric 
system,  for  in  the  first  place  they  show  a  perfect 
regularity  in  the  recurrence  of  equal  faces  and 
angles  in  sets  of  three  or  of  six,  which  an  asym- 
metric crystal  can  never  do,  and  secondly  they 
show  none  of  the  physical  properties  of  these 
crystals,  but  properties  that  are  either  identical 
with  those  of  the  hexagonal  holohedral  crystals, 
or  are  in  the  main  of  the  same  kind,  differing 
only  just  so  much  as  might  be  expected  from 
the  lower  degree  of  symmetry  they  possess. 

Just  as  hexagonal  crystals  are  divided  into  a 
number  of  distinct  classes,  so  also  are  the  crys- 
tals of  the  other  systems  as  far  as  their  varying 
symmetry  allows.  Thus  regular  crystals  are 
either  (a)  holohedral,  (b)  hemihedral,  and  that  of 
three  kinds,  viz.  tetrahedral,  pentagonal,  or  pla- 
gihedral,  or  (c)  tetartohedral  of  one  kind  only ; 
the  quadratic  crystals  are  subdivided  exactly  like 
the  hexagonal  ones ;  the  rhombic  crystals  are 
either  (a)  holohedral  or  (b)  hemihedral ;  and  the 
monosymmetric  and  asymmetric  crystals  can 
show  neither  hemihedrie  nor  tetartohedrie. 

There  still  remains  another  regularity  met 
with  in  the  forms  of  crystals,  viz.  the  symmetri- 
cal growth  of  two  or  more  crystals  as  one  indi- 
vidual. Such  a  complex  is  called  a  twin  or  tril- 
ling, and  in  such  the  component  individuals  are 
definitely  related  as  regards  position,  viz.  the  one 
crystal  generally  occupies  such  a  position  that 
were  it  rotated  through  180°  about  a  particular 
line,  called  the  twin  axis,  all  its  faces  &c.  would 
then  be  exactly  parallel  to  those  of  other  crys- 
tals. The  plane  at  right  angles  to  the  twin  axis 
is  called  the  twin  plane,  and  in  many  instances 
the  two  individuals  meet  in  this  plane,  and  it  is 


then  also  termed  the  contact  plane ;  but  in  other 
instances  the  two  individuals  penetrate  each 
other  in  a  perfectly  irregular  manner,  and  there 
is  then  no  definite  contact-plane.  The  formation 
of  a  twin  crystal  is  probably  explained  by  ex- 
treme viscosity  of  the  solvent,  or  of  an  insufficient 
lapse  of  time  between  the  separation  of  two 
molecules  from  a  solution  and  their  approximation 
to  form  a  single  solid  particle,  and  for  either  of 
which  reasons  the  molecules  would  not  be  able 
to  become  exactly  parallel,  which  must  be  the 
most  stable  position,  but  would  take  up  the  next 
most  stable  position  by  reason  of  the  molecule 
being  originally  more  nearly  in  that  position.  As 
a  plane  of  symmetry  for  the  external  form  is  also 
a  plane  of  symmetry  of  the  intermolecular  force, 
which  varies  with  the  direction  in  which  it  is 
exercised,  so  a  plane  of  symmetry  can  never  be 
a  twin  plane,  else  the  two  individuals  would  be 
exactly  parallel ;  that  is,  they  would  be  identi- 
cal :  further,  as  the  arrangement  of  the  mole- 
cules, and  consequently  the  external  form,  de- 
pends on  this  same  intermolecular  force,  so  the 
twin  plane  and  axis  are  invariably  connected  with 
the  external  form ;  generally  the  twin  plane  is  a 
possible  crystalline  face,  and  often  one  that  is 
expressed  by  a  very  simple  symbol.  Twin  or 
complex  crystals  are  often  characterised  by  re- 
entering  angles,  but  these  are  frequently  either 
so  small  as  to  be  unnoticeable  or  are  not  present, 
and  the  crystal  then  affects  a  symmetry  that  it 
does  not  really  possess. 

The  following  figs,  represent  rhombic  arago- 
nite  crystals ;  fig.  22,  a  simple  crystal,  and  fig.  23, 
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FIG.  22. 


FIG.  23. 


a  twin,  showing  re-entering  angles,  the  twin  plane 
being  the  prism  face ;  and  lastly,  fig.  24  represents 


FIG.  24. 

a  trilling,  showing  only  the  forms  (110)  and  (001), 
which  externally  appears  very  like  a  hexagonal 
crystal,  except  that  two  of  the  vertical  faces  are 
a  little  nicked  because  the  angle  of  the  prism 
(110)  is  not  exactly  120°.  The  real  nature  of 
such  compound  crystals  is  most  easily  detected 
by  their  optical  properties,  a  section  cut  parallel 
to  the  base  at  once  resolving  itself  in  a  parallel 
beam  of  polarised  light  into  a  number  of  seg- 
ments distinguished  from  each  other  by  differ- 
ence of  colour  or  luminosity,  and  whose  relative 
positions  can  readily  be  determined  by  optical 
examination. 
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Besides  representing  the  form  of  crystals  by 
parallel  projections,  as  in  the  various  figures, 
these  forms  are  often  also  represented  in  a  totally 
different  manner,  viz.  by  spherical  projection. 
From  a  central  point  within  a  crystal,  imagine 
a  sphere  of  any  radius  described,  and  from  its 
centre  a  line  let  fall  perpendicularly  on  to  every 
crystalline  face  and  produced  until  it  cuts  the 
surface  of  the  sphere.  The  positions  of  the 
faces  are  thus  recorded  by  as  many  points  upon 
the  surface  of  the  sphere,  and  their  positions 
may  very  conveniently  be  represented  upon  a  flat 
surface  by  making  a  diametral  section  of  the 
sphere  bringing  the  recording  plane  and  one  ex- 
tremity of  the  diameter  at  right  angles  to  that 
plane  into  the  point  of  view,  whereby  great  labour 
in  drawing  and  calculating  is  saved,  as  all  great 
circles  on  the  sphere  appear  in  the  projection  as 
straight  lines  or  as  arcs  of  circles.  In  the  regu- 
lar, hexagonal,  and  quadratic,  systems  the  dia- 
metral section  is  always  drawn  parallel  to  the 
plane  of  principal  symmetry,  in  the  rhombic 
system  to  the  basal  plane,  in  the  monosymmetric 
and  asymmetric  systems  it  is  drawn  perpen- 
dicular to  the  faces  of  the  prisms.  Thus  the 
beryl  crystal,  fig.  5,  as  far  as  the  sphere  lies  in 
the  plane  of  this  paper,  appears  as  in  fig.  25, 
and  the  position  of  the  three  faces,  when  drawn 
upon  the  plane  of  principal  symmetry,  as  in 
fig.  26 ;  the  one  straight  line  joining  the  three 


the  faces  of  a  crystal,  beyond  those  mentioned 
on  p.  278.  A  crystal  once  formed  in  a  solution 
and  continuing  to  increase  in  size,  every  face,  or 
at  least  every  face  of  any  set  of  faces,  would  re- 
ceive a  deposit  of  the  same  thickness,  and  an 
ideally  perfect  crystal  as  represented  in  the 
figures  would  result,  were  it  not  that  the  liquid 
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FIGS.  25   and  26. 

points  shows  that  they  are  in  the  same  zone, 
that  is,  are  all  parallel  to  one  common  direction, 
and  therefore  their  intersecting  edges  are  paral- 
lel, and  this  fact  is  very  easily  noticed  or  tested 
when  the  crystal  is  mounted  on  the  goniometer 
for  measuring.  The  completed  projection  ap- 
pears as  in  fig.  27,  where  zones  are  all  indi- 
cated by  the  various  lines  circular  or  straight. 
This  method  of  projection  also  allows  of  the 
positions  of  optical  axes,  cleavage  planes,  &c., 
being  shown. 

It  now  only  remains  to  mention  a  few  points 
concerning  the  growth  and  actual  appearance  of 


in  depositing  the  solid  substance  altered  its 
specific  gravity,  and  currents  being  thus  gene- 
rated different  parts  of  the  crystal  are  thus  sub- 
jected to  different  conditions,  and  the  several 
faces  receive  unequal  deposits  of  new  material. 
In  consequence,  the  intersections  of  the  similar 
faces  and  their  superficial  extent  are  often  very 
dissimilar,  though  every  face  always  remains 
exactly  parallel  to  its  original  position,  and 
the  interfacial  angles  are  constant.  This  so- 
called  distortion  is  often  brought  about  or  in- 
creased by  the  crystal  becoming  attached  by  an 
end  or  side  to  other  crystals,  or  to  the  contain- 
ing vessel.  Thus  fig.  28  represents  an  alum 
crystal  that  has  lain  on  the  flat  bottom  of  the 
containing  vessel,  and  fig.  29  represents  the  ideal 


FIG.  28. 


FIG.  29. 


form  such  as  may  be  obtained   by   constantly 
changing  the  position  of  the  growing  crystal. 

When  new  material  is  very  quickly  presented 
to  a  growing  crystal,  it  is  often  noticed  that  the 
acuter  solid  angles  grow  extremely  rapidly,  shoot- 
ing out  into  long  needle-like  points,  and  often 
other  acicular  points  will  start  from  along  the 
first,  and  thus  fern-like  forms  are  produced ;  all 
such  growths  are  termed  crystalline  skeletons ; 
when  the  rate  of  deposit  becomes  less  the  needles 
almost  cease  to  grow  in  the  direction  of  their 
length,  but  increase  continually  in  breadth  and 
thickness  until  they  touch  each  other,  and  the 
crystal  returns  to  its  original  appearance,  though 
almost  invariably  it  will  contain  a  great  number 
of  larger  or  smaller  cavities,  filled  with  the 
mother-liquor,  and,  as  already  mentioned,  these 
cavities  exhibit  an  arrangement  or  a  form  that 
corresponds  with  the  general  symmetry  of  the 
crystal.  Some  substances,  as  ammonium  chloride, 
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metallic  silver,  &c.,  are  very  prone  to  form  such  j 
dendritic  forms,  while  with  other  substances,  as 
platinum-potassium  chloride,  if  existing  crystals 
were  not  able  to  take  up  the  new  material,  a 
multitude  of  minute  crystals  would  at  once 
form.  The  direction  of  these  skeleton  arms  is 
always  coincident  with  some  crystallographic 
direction,  and  they  are  in  reality  made  up  of 
numerous  crystals,  in  exactly  parallel  position. 
It  has  been  mentioned  that  the  faces  of  crystals 
are  often  striated ;  the  strire  consist  of  numerous 
alternating  faces  of  one  or  more  forms  ;  thus 
nitre  crystals  are  vertically  striated  on  the  prism 
and  pinacoid  faces  by  reason  of  these  faces  being 
repeated  alternately  very  many  times. 

Finally  it  may  be  useful  briefly  to  describe 
such  a  microscope  as  is  used  for  the  examination 
of  minute  or  growing  crystals,  or  for  the  exami- 
nation of  rock  sections.  In  this  connexion 
reference  should  be  made  to  the  papers  of 
Behrens  (Royal  Micros.  Soc.  Journ.,  1882)  and 
others,  on  the  microchemical  reactions  by  which 
minute  fragments  of  minerals  &c.  may  be  ana- 
lysed qualitatively  by  converting  their  consti- 
tuents into  crystalline  precipitates  that  may  be 
recognised  under  the  microscope.  The  essential 
parts  of  the  microscope  are  the  same  as  in  every 
other  instrument,  the  parts  specially  concerned 
in  crystallographic  work  being  the  following. 
The  stage  can  be  rotated  freely  about  the  optical 
centre  of  the  instrument,  and  is  brought  exactly 
into  that  position  by  a  couple  of  adjusting 
screws ;  the  circumference  is  graduated  into 
degrees,  and  fractions  can  be  read  by  a  vernier. 
The  eye-pieces  contain  crossed  (rectangular) 
threads,  and  these  always  occupy  a  fixed  position 
by  reason  of  a  pin  in  the  eye-piece  and  a  notch 
in  the  outer  tube.  Plane  angles  of  crystals  that 
lie  suitably,  the  angles  between  the  lines  of  inclo- 
sures  &c.,  are  easily  measured  by  the  rotating 
stage  and  the  cross  of  the  eye-piece.  The  fine 
adjustment-screw  for  focussing  is  of  known  pitch, 
and  is  provided  with  a  head  divided  on  its  circum- 
ference. By  using  a  high  power  and  a  rather  thick 
specimen  it  is  easy  to  determine  the  refractive 
index  not  only  of  solids  but  of  liquids  (Sorby). 
In  the  eye-piece  can  be  fitted  a  micrometer  scale, 
and  by  using  this  and  the  micrometer  screw  the 
interfacial  angles  of  minute  crystals  can  be 
measured,  though  the  method  is  one  that  would 
only  be  used  if  the  goniometric  measurement 
were  not  possible.  During  the  cutting  or  grind- 
ing of  sections,  especially  rock  sections,  the 
crystals  often  cleave,  and  the  positions  of  the 
planes  of  cleavage  are  at  once  determined  from 
the  fine  parallel  hair-like  cracks  in  the  specimen. 
Underneath  the  stage  a  polarising  prism  is 
quickly  put  into  position  so  that  its  polarising 
plane  is  parallel  to  one  of  the  cross  threads  in 
the  eye-piece  ;  crystals  may  then  be  examined 
for  dichroism.  Above  the  stage,  and  most  con- 
veniently over  the  eye-piece,  a  second  polarising 
prism  may  be  placed  or  rapidly  removed;  it  may 
.be  rotated  about  the  central  axis,  and  the  amount 
of  rotation  is  approximately  shown  on  a  small 
divided  circle.  When  the  two  prisms  are  crossed, 
isotropic  and  anisotropic  crystals  are  at  once  dis- 
tinguished, unless  the  crystalline  plate  is  at  right 
angles  to  the  optical  axis,  but  in  this  case  the 
interference  figure  can  be  obtained  as  described 
below ;  further,  if  the  crystal  be  anisotropic, 


twinning  is  generally  at  once  recognised,  and,  with 
the  help  of  the  rotating  stage,  the  relationships 
of  the  different  parts  are  determined,  by  com- 
paring the  depolarising  directions  among  them- 
selves and  with  the  edges  of  the  crystal ;  simi- 
larly in  a  simple  anisotropic  crystal  the  angles 
between  the  depolarising  directions  and  the  edges 
may  be  measured,  and  the  system  of  crystallisa- 
tion thus  determined  when  the  examination  of 
the  external  form  alone  would  not  have  been 
conclusive ;  and  even  when  the  external  form  has 
been  destroyed,  or  when  it  has  been  lost  by 
reason  of  the  crystal  growing  until  it  filled  the 
whole  space  that  happened  to  be  at  its  disposal, 
the  examination  of  the  cleavage  cracks,  lines  of 
inclosures,  and  depolarising  directions,  is  often 
sufficient  to  determine  the  crystalline  system. 
The  relationship  between  depolarising  directions 
and  edges  may  be  used  for  discriminating  between 
i  different  substances  crystallising  in  the  mono- 
symmetric  or  asymmetric  systems,  as  the  various 
felspars.  Finally  anisotropic  crystals  lying  in 
suitable  positions  can  be  examined  for  their 
interference  figures  by  removing  the  eye-piece, 
but  retaining  both  polarising  prisms,  placing  a 
small,  very  short,  focus-lens  above  the  lower 
prism  and  directly  below,  but  quite  close  to,  the 
crystal,  and  lastly  using  a  short  focus  objective 
and  bringing  it  down  rather  close  to  the  speci- 
men. The  interference  figures  thus  observed  are 
certainly  very  small,  and  an  extra  lens  is  some- 
times inserted  above  the  objective  to  magnify 
them,  but  the  angle  of  view  is  thereby  diminished. 
Uniaxial  and  biaxial  crystals  are  thus  at  once 
distinguished,  and  if  the  former  show  any  marked 
amount  of  circular  polarisation,  or  the  latter  any 
marked  amount  of  dispersion  for  the  various 
colours,  these  phenomena  can  also  be  noticed, 
especially  if  use  is  made  of  red  and  blue  glasses 
to  simplify  the  phenomena;  such  glasses  are 
also  used  in  the  measurement  of  the  angles  be- 
tween depolarising  directions  and  crystalline 
edges.  H.  B. 

CUBEBS. — The  fruit  of  Piper  Cubcba,  a  na- 
tive of  Java.  It  contains  a  volatile  oil  (from 
which  '  camphor  of  cubebs '  may  be  separated), 
a  crystalline  substance  cubebin,  an  acid  resin 
cubebic  acid,  and  an  indifferent  resin  (Monheim, 
J.  chim.  Med.  11,  352 ;  Blanchet  a.  Sell,  A.  6, 
294;  Miiller,  A.  2,  90;  Winckler,  A.  8,  203; 
Soubeiran  a.  Capitaine,  A.  31,  190;  34,  311; 
J.  Ph.  26,  75 ;  Aubergier,  Rev.  Scient.  4,  220; 
Schmidt,  Ar.  Ph.  [2]  191,  1 ;  Schaer  a.  Wyss, 
Ar.  Ph.  [3]  6,  316 ;  Oglialoro,  G.  5,  467). 

Oil  of  Cubebs.  Contains  dipentinene,  the 
hydrochloride  of  which  C10Hl(i2HCl  melts  at 
49°,  but  consists  chiefly  of  hydrocarbons  boiling 
between  250°  and  270°,  amongst  which  is  a 
sesquiterpene  CnH2l  (275°).  V.D.  6-73  (calc. 
7-05),  whose  hydrochloride  CI5H.,,2HC1  melts  at 
[118°]  (Wallach,  A.  238,  80)  or  [131°]  (S.  a.  C.). 

Camphor  of  Cubebs  C^H^O.  [67°].  (148°). 
j  Occurs  only  in  old  cubebs.  Trimetric  crystals 
(from  alcohol-ether).  Laevorotatory.  At  230° 
it  is  split  up  into  water  and  cubebene  C,5H,, 
(Schmidt,  B.  10,  189  ;  cf.  Berthelot,  Bl.  [2]  11,  3). 

Cubebin  CIOH1008 

i.e.    pi]CH2<°>CaH3(C3H50)?     [125°].      S. 

(alcohol)  1-31  at  12°.    S.  (ether)  3-75.   Extracted 
by  alcohol  from  cubebs  after  removal  of  the 
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essential  oil  by  steam  distillation  (Schuck,  N. 
Rcpert.  Pharm.  1,  213 ;  Steer,  A.  36,  331 ; 
Weidel,  Site.  W.  74  [2]  377 ;  Schar,  Ar.  Ph.  [3] 
25,  531). 

Properties. — Small  needles  (from  alcohol) ; 
v.  si.  sol.  water.  Cone.  H2S04  colours  it  crimson. 
HC1  and  HI  have  no  action  on  it. 

Reactions. — 1.  KMn04  on  warming  oxidises  it 
to  oxalic  acid  and  a  resin,  from  which,  after  ex- 
tracting with  CHC13,  a  crystalline  residue  of 
piperonylic  acid  C8H604  [228°]  is  obtained. — 
2.  When  heated  with  acetic  anhydride  and  sodium 
acetate  to  140°  C.  it  yields  C20H18O5  [78°],  which 
can  be  obtained  pure  by  crystallisation  from 
alcohol  (Porneranz,  M.  8,  466).  —  3.  Potash-fusion 
gives  C02,  HOAc,  and  protocatechuic  acid. — 

4.  HN03    gives    oxalic    and    picric    acids. — 

5.  Nitrous  acid  gives  yellow  crystals  of  nitro- 
cubebin     C10H,,(N02)03,    which    dissolves    in 
aqueous  KOH,  forming  a  violet  solution. — 6.  Br, 
added  to  a  solution  of  cubebin  in  chloroform, 
gives  C10H.Br302,  which  separates  from  boiling 
xylene  in  white  crystals. 

Benzoyl  derivative  CIOH9Bz03.  [147°] 
(Pomeranz,  M.  9,  323). 

Cubebic  acid  C14Hlti04  (Schulze,  Ar.  Ph.  [3] 
2,  388) ;  C,,HI407  (Schmidt,  Ar.  Ph.  [2]  191,  1). 
A  resinous  acid  extracted  from  cubebs  by  ether, 
freed  from  volatile  oil  by  steam-distillation,  and 
purified  by  re-crystallisation  of  its  Ba  salt  (Ber- 
nazik,  C.  C.  1864,  191).  Amorphous,  insol. 
water  and  acids,  v.  sol.  alcohol,  ether,  and  al- 
kalis. 

CUDBEAR.  A  name  given  to  a  variety  of 
archil,  being  also  prepared  from  lichens,  chiefly 
of  the  genus  Lecanora. 

CUMALIC  ACID  v.  COUMALIC  ACID. 

CUMAEHYDEIN  v.  GOTO  BARK. 

i|/-CUMENE  C6H3(CH,)3  [1:3:4].  i-Tri-metliyl- 
benzene.  Mol.  w.  120.  (169^°  i.V.)  (Jacobsen, 
B.  19,  2513).  S.G.  2  -8043 ;  22  -8530.  H.F.p. 
1310.  H.F.v.  -1590  (Th.).  Dielectric  constant 
2-431  at  14°  (Negreano,  C.  R.  104,  423).  •/*„ 
1-484.  Occurs  in  all  kinds  of  petroleum  (Ameri- 
can, Kussian,  &c.)  (Engler,  B.  18,  2234 ;  cf. 
Mansfield,  C.  J.I,  244;  A.  69,  179  ;  Kitthausen, 
J.pr.  61,  79  ;  Beilstein  a.  Kogler,  A.  137,  317). 

Formation. — 1.  From  bromo-w-xylene  and 
bromo-_p-xylene  by  treatment  with  Mel  and 
sodium  (Fittig,  A.  139,  187;  151,  257,  286).— 
2.  From  di-bromo-toluene,  Mel,  and  sodium 
(Jannasch,  A.  176,  286).— 3.  From  phorone 
(derived  from  acetone)  by  treatment  with  P205 
(Jacobsen,  B.  10,  855).— 4.  From  toluene,  MeCl, 
and  A12C16  (Friedel  a.  Crafts,  A.  Ch.  [6]  1,  461). 
5.  By  boiling  pseudo-cumyl-hydrazine  with 
aqueous  CuS04  (Haller,  B.  18,  92). 

Preparation. — The  mixture  of  ^-cumene  and 
mesitylcne  obtained  by  the  distillation  of  coal  tar 
is  sulphonated  by  agitation  with  coldconc.  ELS04; 
on  adding  water  a  portion  of  the  »|/-cumene  sul- 
phonic  acid  is  ppd.,  the  remaining  acids  are  con- 
verted successively  into  their  Ba  salts,  chlorides, 
and  amides,  and  the  latter  are  separated  by  crys- 
tallisation from  alcohol,  in  which  the  amide  of 
v|/-cumene  sulphonic  acid  is  sparingly  soluble. 
The  sulphamide  is  then  converted  into  i//-cumene 
by  heating  with  fuming  aqueous  HC1  at  175° 
(Jacobsen,  B.  9,  256).  The  sulphonic  acids  of 
<j/-cumene  and  mesitylene  may  also  be  sepa- 
rated by  heating  with  HClAq  at  100°  for  one 


hour,  when  the  latter  only  undergoes  hydrolysis 
(Armstrong,  B.  11,  1697).  ^-Cumene  sulphonic 
acid  is  decomposed  by  distillation  with  dilute 
H2S04  in  a  current  of  steam,  hydrolysis  begin- 
ning at  115°  (Armstrong  a.  Miller,  C.  J.  45, 148). 
Reactions. — 1.  Keadily  attacked  by  halogens. 
In  the  dark  1  mol.  of  bromine  produces  mono- 
(eso)-bromo-pseudo-cumene  CsH2Me3Br  [73°]  ; 
further  bromination  yields  di-  and  tri-(eso)- 
!  bromo-pseudo-cumene  (CtiHMe3Br  and  C6Me.,Br3) 
'  of  melting-points  [61°]  and  [226°]  respectively. 
Direct  sunshine  acts  like  heat,  causing  the  sub- 
stitution to  take  place  in  the  CH3  groups  ;  1  mol. 
Br  produces  a  liquid  co-bromo-(pseudo)-cumene 
(pseudo-cumyl  bromide)  C6H3(CH3)2.CH,Br  ;  2 
mols.  bromine  produce  Wj-ovdi-bromo-pseudo- 
cumene  CtiH:j(CH:j)(CH,Br)2  which  melts  at  97° 
(Schramm,  B.  19,  216).— 2.  Converted  by  boil- 
ing with  A1.,C16  into  toluene,  m-xylene,  a  little  p- 
xylene,  mesitylene,  durene,  and  isodurene  (An- 
schiitz,  A.  235,186). — 3.  Methylene  chloride  and 
A12C16  give  durene,  tetra-methyl-anthracene  [c. 
163°],  hexa-methyl-anthracene  [c.  220"]  and 
CJSH18  [c.  290°]  (Friedel  a.  Crafts,  A.  Ch.  [6]  11, 
263). — 4.  Gives  a  tri-nitro-  derivative  [1856]. — 
5.  Dilute  HN03  gives  two  di-methyl-benzoic 
acids  and  a  little  C6H3Me(C02H)2. 

^-Cumene  hexahydride  C9HIS.  (137°).  S.G. 
§'•7812;  2o°  -7667.  From  ^-cumene,  HI,  and  P. 
HN03  gives  tri-nitro-^-cumene.  Br  and  ALBr,; 
give  tri-bromo-^-cumene  (Konovaloff,  C.C.  1887, 
1133).  Probably  identical  with  nonaphtheiie. 

Cumene  CHH12  i.e.  CuH5Pr.  Isopropyl-benz- 
ene.  Mol.  w.  120.  (153°  i.V.).  S.G.  2  -8776  ;  ^ 
•8577  (Silva,  Bl.  [2]  43,  317) ;  2  -8798  ;  2»  -8587 
(Patern6  a.  Pisati,  O.  3,  574). 

Formation. — 1.  By  distilling  cuminic  acid 
with  baryta  or  lime  (Gerhardt  a.  Cahours,  A. 
Ch.  [3]  1,  87,  372;  14,  107;  A.  38,  88;  cf.  A. 
220,  27). — 2.  From  isopropyl  bromide,  benzene, 
and  Al^rg  (Gustavson,  B.  11,  1251 ;  B.  Meyer, 
J.pr.  [2]  34,  98).  In  the  same  way  from  n-pro- 
pyl  bromide,  inasmuch  as  w-propyl  bromide  is 
converted  by  heating  with  AlJBr6  into  isopropyl- 
bromide  (Kekule  a.  Schrotter,  B.  12,  2280).— 

3.  By  acting  with  isopropyl  chloride  or  w-propyl 
chloride  on  benzene  in  presence  of  aluminium 
chloride  (Silva  ;  Glaus  a.  Schulte,  B.  19,  3012).  - 

4.  As  a  by-product  by  the  action  of  allyl  chloride 
on  benzene   in  presence   of  A12C16. — 5.  By  the 
action  of  di-chloro-acetone  in  presence  of  A12C16 
on  benzene  as  a  by-product  (Silva).— 6.   From 
benzylidene  chloride  and  ZnMe2  (Liebmann,  B. 
13,  45). — 7.    From    iso-propyl    iodide,    bromo- 
benzene,  and  sodium  (Jacobsen,  B.  8,  1260). 

Reactions. — 1.  Chromic  mixture  gives  benz- 
oic  acid. — 2.  Br  and  Al.2Br6  give  CtiBr6,  isopropyl 
bromide,  and  tri-bromo-propane  (c.  218°). 

Cumene  tetrahydride  C9H]6.  (155°).  Occurs 
in  small  quantity  in  oil  of  resin  (Kenard,  A.  CJi. 
[6]  1,  239). 

Cumene  hexahydride  C9H,8.  (c.  149°).  S.G. 
22  -787.  Occurs  in  oil  of  resin  (Benard,  A.  Ch. 
[6]  1,  229  ;  cf.  Pelletier  a.  Walter,  A.  Ch.  [2]  67, 
99). 

n  -  Cumene  C^H^Pr.  n  -  Propyl  -  benzene. 
(158-5°).  S.G.  Q  -88  (Spica,a.8,  408) ;  f  -8702 
Schiff).  C.E.  (9-8  to  158-5)  -001184.  V.D.  4-14 
(for  4-14).  S.V.  161-8  (Schiff,  A.  220,  93). 

Formation. — 1.    From   n-propyl    bromide, 
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bromo-benzene,  and  sodium  (Fittig,  Schaffer  a. 
Konig,  A.  149,  324).— 2.  From  benzyl  chloride 
and  ZnEt2  (Paternoa.  Spica,  G.  7,  21).— 3.  From 
A12C16,  benzene  and  allyl  chloride  (Wispek  a. 
Zuber,  A.  218,  378) ;  according  to  Silva  (BL  [2] 
43,  318)  the  product  is  isopropyl-benzene. — • 
4.  A  product  of  the  action  of  ethylidene  chloride 
on  toluene  in  presence  of  A1.,C18  (Anschiitz  a. 
Eomig,  B.  18,  665). 

Reactions. — 1.  In  CS2  solution  it  combines 
with  Cr02Cl2,  forming  a  chocolate  pp. 
PhPr2CrO.,Cl2  converted  by  water  into  phenyl- 
propionic  aldehyde  (Etard,  A.  Ch.  [5]  22,  252). 
2.  Chromic  mixture  gives  benzoic  acid. — 3.  By 
the  action  of  bra-mink  (1  mol.)  in  the  dark  or  in 
presence  of  3  p.c.  of  iodine  in  diffused  daylight, 
a  mixture  of  o-  and  £>-bromo-propyl-benzene 
C6H4Br(C3H7)  is  obtained.  By  the  action  of 
bromine  (1  or  2  mols.)  in  direct  sunshine,  the 
side  chain  is  substituted  in  the  ^-position  giving 
C6H5.CHBr.CH2.CH3  or  CHH3.CBr2.CH2.CH3.  If 
the  j8-mono-bromo-propyl-benzene  is  treated 
at  100°  in  the  dark  with  another  mol.  of  bro- 
mine, oj3-di-bromo-propyl-benzene  is  produced 
0«H5.OHBr.CHBr.CH,  [65-5°]  (Schramm,  B.  18, 
1274). 

References. — BROMO-CUMENE,  CHLORO-CUMENE, 
NITRO-CUMENE,  &c.  V.  also  Azo-  and  HYDRAZO- 
COMPOUNDS. 

iJ/.CUMENE     CAEBOXYLIC    ACID    v.    Cu- 

MINIC  ACID. 

vJ/.CUMENE-SULPHONIC  ACID 
C6H2Me,(SOsH)  [1:3:4:2].  Obtained  by  debromi- 
nation  of  di-bromo-pseudo-cumene-sulphonic 
acid  C6Me3Br2(S03H)  [1:3:4:5:6:2]  by  the  action 
of  zinc-dust  and  aqueous  NH3  upon  the  sodium 
salt.  It  is  formed,  together  with  the  isomeride 
(1:3:4:5)  and  other  products,  by  the  prolonged 
action  of  cone.  H2S04  upon  durene  (q.v.)  or  its 
mono-sulphonic  acid.— NaA' :  very  soluble  small 
flat  needles  or  plates. 

Amide  C6H2Me3(S02NH2) :  [113°];  small 
flat  needles  or  plates ;  v.  e.  sol.  alcohol  (Jacob- 
sen,  B.  19,  1222). 

^-Cumene-sulphonic  acid  C6H2Me3(S03H) 
[1:3:4:5].  Obtained  by  debromination  of  bromo- 
pseudocumene-sulphonic  acid  by  the  action  of 
zinc-dust  and  aqueous  NH.,  upon  the  sodium 
salt  (Jacobsen,  B,  19,  1218),  or  by  sodium- 
amalgam  (Kelbe  a.  Pathe,  B.  19,  1556).  It  is 
formed,  together  with  the  isomeride  [1:3:4:2]  and 
other  products,  by  the  prolonged  action  of  cone. 
H.,S04  upon  durene  (q.  v.)  or  its  mono-sulphonic 
acid. 

Salts. — NaA'aq:  needles,  v.  sol.  hot  water.— 
KA'aq:  similar  to  the  preceding.  —  AgA'aq: 
sparingly  soluble  white  plates. — BaA'  aq  :  plates, 
sparingly  sol.  cold  water  (K.  a.  P.).— BaA'2 :  thin 
prisms ;  sol.  hot  water,  si.  sol.  cold  (J.). 

Amide  C6H2Me3(S02NH2) :  [172°]  (J.) ; 
[179°]  (K.  a.  P.) ;  needles  or  very  small  prisms  ; 
v.  sol.  alcohol. 

i|/-Cumene  sulphonic  acid  C6H2Me3S03H 
[1:2:4:5].  [112°].  Formed  by  dissolving  \J/- 
cumene  in  cone.  H,SO,  at  80°,  and  crystallised 
from  dilute  H2S04"  (Jacobsen,  A.  184,  199). 
Cubes,  si.  sol.  dilute  H2S04.  Converted  by 
potash-fusion  into  C6H2Me2(OH)CO,H,  whence, 
by  distillation  with  lime,  7w-xylenol  CdH.,Me2(OH) 
[1:3:4]  is  got.  Fusion  of  the  K  salt  with  sodium 
formate  gives  CBH2Me3.CO.,K  (lleuter,£.  11,29).  , 
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By  the  action  of  bromine  upon  the  aqueous 
solution  76  p.c.  is  converted  into  bromo-pseudo- 
cumene  C6H2Me3Br  [1:2:4:5],  the  remainder 
yielding  bromo-pseudo-cumene-sulphonic  acid 
C6HMe3Br.S03H  [1:2:4:3:5]  (Kelbe  a.  Pathe,  B. 
19,  1546). 

Salts.— NaA'  5aq  :  transparent  plates,  loses 
4aq  in  the  air.— NaA'aq:  white  plates  (from 
cone,  solution).  —  KA'aq:  sparingly  soluble 
prisms. — AgA'aq:  sparingly  soluble  needles. — 
BaA',.  S.  4-5  at  11-5°  (J.).— BaA'2  aq  (Fittig  a. 
Ernst,  A.  139,  188). 

_  Chloride    C6H2Me3S02Cl.      [61°].      Mono- 
clinic  prisms  (from  ether). 

Amide  C6H2Me3S02NH2.  [176°]  (K.a.P.); 
[181°]  (Jacobsen,  B.  19,  2513).  S.  -014  at  0° ; 
•26  at  100°.  Large  prisms,  sol.  hot,  si.  sol.  cold 
alcohol.  Cone.  HC1  at  176°  splits  it  up  into 
NH3,  H.,S04,  and  ^-cumene.  Potassium  perman- 
ganate gives  C(iH.,(CO,H)Me2(SO.,Na2)  [1:2:4:5], 
C6H2(C02H)2Me(SO,NH2)  [1:4:2:5],  and  finally 
CfiH2(C02H)3(S02NH2)  (Jacobsen  a.  H.  Meyer,  B. 
16,  190).  By  heating  with  a  small  quantity  of 
HC1  there  is  formed  (C6H2Me3S02)2NH  [177°], 
which  is  soluble  in  alkalis. 

Cumene-(a)-sulplumic  acid  C8H,(C3H7).S03H. 
Isopropyl-benzene  sulphonic  acid.  Formed  in 
largest  quantity  by  sulphonating  cumene  in  the 
cold.  By  warming  to  100°,  or  by  several  weeks' 
standing  with  the  excess  of  H2S04  it  is  in  great 
part  converted  into  the  ()8)-acid  (Glaus  a.  Tonn, 
B.  18,  1239).  Small  deliquescent  scales.  Potas- 
sium permanganate  in  presence  of  KOH  forms 
(CH3)2C(OH).CflH4.S03H(R.Meyer,  A.  219,  300) 

Salts.— KA'.— BaA'2aq:  laminae.  S.  4-6  at 
16°,  5-6  at  60°,  50  at  100°.— PbA'2  aq :  pearly 
scales. — CaA'2  2aq.— SrA'2  2aq.  S.  100.  On 
heating  the  solution  saturated  in  the  cold  to 
100°  a  crystalline  pp.  of  SrA'2  is  formed. — 
MgA'2  7aq.—  AgA'. 

Amide  C6H4£r.S02NH2.  [108°]  (M.;  Spica, 
G.  9,  433) ;  [112°]  (C.  a.  t.).  Converted  into 
^)-oxy-benzoic  acid  by  treatment  with  KMn04 
and  fusion  of  the  product  with  potash. 

Cumene- (/8) -sulphonic  acid  CfiH4(C3H7)SO?H. 
Formed,  together  with  a  smaller  quantity  of  the 
(a) -sulphonic  acid,  by  heating  cumene  with  an 
excess  of  ordinary  H2S04  on  the  water-bath  (Glaus 
a.  Tonn,  B.  18,  1239  ;  Spica,  G.  9,  433).  Small 
needles.  V.  sol.  water.  By  fusion  with  sodium 
formate  it  is  converted  into  a  curninic  acid  which 
gives  phthalic  acid  on  oxidation  (Glaus  a.  Schulte, 
B.  19,  3012). 

Salts.— AgBa3iaq  :  small  needles ;  S.  20  at 
16° ;  more  soluble  than  the  Ba  salt  of  the  preced- 
ing acid. — A'2Pb  2aq  :  easily  soluble  microscopic 
needles. — A'2Mg  8aq  :  soluble  pearly  plates. — 
A'2Zn  7aq :  easily  soluble  glistening  needles. — • 
A'2Cu  8aq :  easily  soluble  large  green  needles. 

Chloride  C9Hn.S02Cl:  yellow  oil. 

Amide  C9Hn.S02NH2:  [127°  uncor.]  (C.  a. 
T.) ;  [96°]  (S.) ;  glistening  needles. 

w-Cumene  sulphonic  acid  CdH,Pr.SO:<H. 
From  w-cumene  and  ELS04.  According  to  Pa- 
terno  a.  Spica  (G.  8,  408)  both  the  o  and  j?  acids 
are  formed. 

Salts.— KA'iaq  (from  alcohol).— CaA'2. — 
BaA'2  (Fittig,  A.  149,  330). 


Amide    Ci;H4Pr.SO,NH.,.      [110°]. 

(from  water)  (B.  Meyer,"4.  2~19,  298). 


Scales 
U 
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^-CUMENOL  C6H2(CH3)3OH[5:4:2:1].  [72°]. 
(235°).  H.F.  p.  68,540  (Stohmann,  J.  pr.  [2]  34, 
318). 

Formation. — 1.  Formed  by  diazotising  ^-cu- 
midine  [62°]  and  boiling  the  diazo-  compound 
with  water  (Liebermann  a.  Kostanecki,  B.  17, 
885  ;  Auwers,  B.  17,  2976 ;  Krohn,  B.  21,  884). 
2.  By  fusing  ^-cumene  sulphonic  acid  with  KOH 
(Eeuter,  B.  11,  29). 

Properties. — Slender  flexible  needles,  very 
volatile  with  steam.  Insol.  cold  water.  Fe2Cl6 
does  not  colour  its  solutions.  Gives  a  bromo- 
derivative  [32°]  and  a  di-bromo-derivative  [150°]. 

Benzoyl  derivative C6H2Me3(OBz).  [63°]. 
H.F.  87,240  (Stohmann,  J.  pr.  [2]  36,  8). 

Methyl  ether  C6H2(CH,)sOMe.  (214°) 
(H.) ;  (211°)  (Auwers,  B.  18,  2657)  ;  colourless 
liquid.  Formed  by  heating  sulphate  of  diazo- 
pseudo-cumene  with  methyl-alcohol  (Hofmann, 
B.  17,  1918). 

Ethyl  ether  C6H2(CH3)3OEt :  (224°);  co- 
lourless liquid.  Formed  by  heating  sulphate  of 
diazo-pseudo-cumene  with  ethyl-alcohol. 

Isoamyl  ether  CtiH2(CH3)3OC5Hn  :  (265°). 

Sulphate  C6H.,Me3(OS04H).  From  <J/-cu- 
menol  and  H2S04  (Keuter,  B.  11,  29).  Small 
crystals ;  decomposed  by  water  into  »J>-cumenol 
and  H2S04  even  in  the  cold.— BaA'2 :  slightly 
soluble  leaflets.— KA'.—ZnA'2. 

^-Cumenol  C6H2Me3(OH)[l:3:4:2].  [62°]. 
(233°).  Formed  from  pseudo-cumene-sulphonic 
acid  (1:3:4:2)  by  KOH  fusion  (Jacobsen,  B.  19, 
1223).  Long  needles  (from  ether).  Fe2Cl6  gives 
no  colouration. 

^-CumenolC6H2Me3(OH).  [95°].  (231°  i.V.). 
From  the  corresponding  cumidine  [36°]  bydiazo- 
reaction  (Edler,  B.  18,  630).  Formed  also  by 
fusing  the  corresponding  sulphonic  acid  with 
potash  (Jacobsen,  B.  19,  1219).  Long  prisms. 
Gives  no  colour  with  Fe2Cl6.  It  gives  a  di-bromo- 
derivative  [152°]. 

^-Cumenol  C6H2Me3(OH).  (217°).  From  the 
diazo-  compound  of  ^/-cumidine  (224°)  by  boiling 
with  dilute  H2S04  (Engel,  B.  18,  2230).  Oil. 
Gives  no  colouration  with  Fe2Cl6. 

o-Cumenol  C6H4Pr.OH.  o-Isopropyl-phenol. 
[15°].  (212°  i.V.).  S.G.  £1-0124.  From  o-cumi- 
dine  by  displacing  NH2  by  OH  through  the 
diazo-  reaction  (Fileti,  G.  16,  113).  Formed  also 
by  potash-fusion  from  cumene  o-sulphonic  acid 
(Spica,  G.  9,  433).  Its  aqueous  solution  is 
coloured  violet  by  Fe2Cl6.  It  gives  a  bromo-  and 
a  tri-nitro-  derivative.  Sodium  and  C02  gives 
cumenol  carboxylic  acid  and  di-oxy-di-isopropyl- 
diphenyl-carboxylic  acid.  PBr5  gives  bromo- 
cumene  and  (C6H4PrO)3PO  (c.  378  at  280  mm.), 
whence  alcoholic  KOH  forms  (CKH4PrO),(HO)PO. 

Acetyl  derivative  C6H4PrOAc.  (229°). 
S.G.  1*03.  Liquid,  decomposed  by  prolonged 
boiling  with  water. 

Methyl  ether  C6H4PrOMe.     (199°  cor.). 

Ethyl  ether  C6H4PrOEt.  (209°  cor.). 
S.G.  §  -9444. 

^-Cumenol  CeH,Pr(OH)  [1:4].  [61°].  (229° 
cor.).  From  cumene  jp-sulphonic  acid  by  potash- 
fusion  (Patern6  a.  Spica,  G.  6,  535).  Formed 
also  by  heating  C6H3(CO2H)Pr(OH)  [1:3:6]  with 
cone.  HC1  at  180°  (Jesurun,  B.  19,  1416). 
Fe2Cl6  colours  the  alcoholic  solution  green. 

Acetyl  derivative  C6H.PrOAc.  (244° 
cor.).  S.G.  2  1-026. 


Methyl  ether  CttH4Pr.OMe.  (213°  cor.). 
S.G.  2  -962. 

Ethyl  ether  C6H4Pr.OEt.  (245°).  S.G.  °- 
1-026. 

o-tt-Cumenol  CBH4Pr(OH)[l:2].  o-Propyl-phe- 
nol.  (c.  225°  cor.).  S.G.  2 1-015.  From  allyl  iodide 
and  phenol  in  presence  of  zinc  and  aluminium 
foil  (P.  F.  Frankland  a.  T.  Turner,  C.  J.  43, 
358)  :  C6H.OH  +  C3H5I  =  HI  +  C3H..C6H4OH  and 
C3H,.C6H4OH  +  2HI  =  C3H7.C(jH4OH  + 1,.  Formed 
also  by  fusing  the  corresponding  sulphonic  acid 
with  potash  (Spica,  G.  8,  418).  Liquid;  its 
aqueous  solution  is  turned  violet  by  Fe.2Cl6.  C02 
acting  on  its  sodium  derivative  at  140°  gives  o- 
oxy-propyl-benzoic  acid. 

Methyl  ether  C6H,Pr.OMe.  (208°  cor.). 
S.G.  £  -9694. 

w-n-Cumenol  C6H4Pr(OH)[l:3].  [26°].  (228° 
i.V.).  From  oxy-^-cuminic  acid  and  cone. 
HClAq  at  190°  (Jacobsen,  B.  11, 1062).  Crystals, 
v.  si.  sol.  water.  Fe2Clc  colours  its  alcoholic  so- 
lution green. 

_p-w-Cumenol  C6H4Pr(OH)[l:4].  (231°  cor.). 
S.G.  2  1-009.  Formed  by  fusing  the  correspond- 
ing n-cumene  sulphonic  acid  with  potash  (Spica, 
G.  8,  411).  Formed  also  by  diazotising  amido- 
propyl-benzene  and  boiling  the  product  with 
water  (Louis,  B.  16,  109).  Oil.  SI.  sol.  cold 
water,  v.  sol.  alcohol  and  ether.  Fe2Cl6  gives  at 
first  a  violet  and  then  a  permanent  green  coloura- 
tion. C02  on  the  Na  derivative  gives  p-oxy-H- 
cuminic  acid. 

Acetyl  derivative  C6H4Pr(OAc).  (243° 
cor.).  S.G.  a  1-029 ;  is"  -942. 

Methyl  ether  C6H,Pr(OMe).  (215°  cor.). 
S.G.  2  -964;  ieo  .912.  Yields  anisic  acid  on  oxi- 
dation. 

The  same  ether  appears  to  be  formed,  to- 
gether with  anisole,  by  the  action  of  boron-fluor- 
ide on  anethol  (Landolph,  B.  13,  145). 

Isomerides  of  cumenol  v.  MESITOL  and  HEMI- 

MELLITHOL. 

Derivatives  of  cumenol   v.  AMIDO-CUMENOL, 
BBOMO-CUMENOL,  NITEO-CUMENOL,  &c. 
Di-cumenol  v.  DI-OXY-DI-CUMYL. 
CUMENOL-CARBOXYLIC  ACID  v.  OXY-CU- 

MINIC  ACID. 

CUMENOL  SULPHONIC  ACID 

C6H3Pr(OH)(S03H).  From' cumenol  and  H,S04 
(Jacobsen,  B.  11,  1062).  The  Ba  salt  forms  crys- 
talline crusts.  Its  solution  is  coloured  violet  by 
Fe2Cl6. 

CUMENYL.  A  name  sometimes  applied  to 
the  radicle  cumyl  C9HM. 

CUMENYL-ACRYLIC  ACID  v.  ISOPKOPYL-CIN- 

NAMIC  ACID. 

CUMIC  v.  CUMINIC. 

CUMIDIC  ACID  v.  XYLENE  DICAKBOXYLIC  ACID. 

o-CUMIDINE  C9H13N  i.e.  C6H4i?r(NH2)[l:2]. 
(215°).  Formed  by  distilling  amido-cuminic 
acid  with  baryta  (Fileti,  G.  13,  379).  Formed 
also,  together  with  the  following,  by  nitrating 
cumene  and  reducing  the  product  (Constam  a. 
Goldschmidt,  B.  21, 1157).  Converted  by  passing 
over  red-hot  PbO  into  indole. 

Salts .— B'HCl :  large  prisms.—  B'H,C204  aq : 
[173"];  long  prisms. 

Acetyl  derivative  C9HnNHAc.  [72°]. 
Tufts  of  needles. 

;>Cumidine  C6H4Pr(NH2)[l:4].  (225°)  (N.); 
(219°)  (C.  a.  G.).  S.G. -953.  Formed  by  reducing 
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nitro-cumene  (from  cuminic  acid)  (Nicholson, 
A.  65,  58).  From  aniline,  isopropyl  alcohol, 
and  ZnCl2  at  270°  (Louis,  B.  16,  111).  May  be 
solidified  by  cold.  —  B'HCl.  —  B',H2PtCl6.  — 
B'HN03.— B'2H2S04.— B'2C2N2  :  long  needles 
(Hofmann,  4.  66, 145) .  Oxalate  B'.,H.,C.,0, 2aq : 
[159°]  (Constam  a.  Goldschmidt,  #."21,  1157). 

Acetyl  derivative  C,,H,  ,NHAc  [102°]. 

i|/-Cumidine  C6H2Me3(NH,)  [1:3:4:5],  [36°]. 
Formed  by  reduction  of  nitro-(pseudo)-cumene 
[20°]  (Edler,  B.  18,  630).  Colourless  crystals. 
Easily  volatile  with  steam. 

Salt  s.— B'HCl :  fine  felted  needles.— B'HN03: 
small  glistening  plates.  The  oxalate  and  sul- 
phate are  sparingly  soluble  in  cold  water. 

Acetyl  derivative  [194°];  long  prisms; 
nearly  insol.  ether. 

^-Cumidine  C(iH2Me3(NH>)[l:2:4:5].  [68°] 
(Auwers,  B.  18,  2661) ;  [63°]  (H.).  (235°).  Crys- 
talline solid. 

Formation. — 1.  Occurs  in  the  crude  cumidine 
obtained  by  heating  xylidine  hydrochloride  with 
methyl  alcohol  at  a  high  temperature  under 
pressure  (Hofmann  a.  Martius,  B.  4,  747 ;  13, 
1730 ;  Hofmann,  B.  15,  2895 ;  cf.  Nolting  a. 
Forel,  B.  18,  2680). — 2.  By  nitration  and  reduc- 
tion of  pseudocumene  (Schaper,  Z.  1867,  13). 
Large  prisms.  Nitrous  acid  converts  it  into 
CdH2Me3.N2.C6HMe3(NH.,),  whence  may  be  ob- 
tained CtiH2Me3.N2.C6HMe3N2Br3  [124°], 
CfiH,MeJ.N2.CtjHMe3.N3  [91°], 

CaH2Me3N<^>C6HMe3  [85°]  and 

C6H2Me3.N2.C6HMes.N2H  [153°]  (Zincke  a. 
Jaencke,  B.  21,  546). 

Salts. — B'HCl:  thick  prisms,  sol.  water,  si. 
sol.  dilute  HCl.-B'2H2CLPtCl4:  fine  needles, 
decomposed  by  boiling  water  (De  Coninck.  Bl. 
[2]  45,  131).— B'2H2SnCl4 :  laminae.— B'H3P04 
(Lewy,  B.  19,  2729). 


(360°) ;  thick  white  needles  ;  v.  sol.  alcohol  and 
acetic  acid,  insol.  water  (Auwers,  B.  18,  2661 ; 
cf.  Nolting  a.  Baumann,  B.  18,  1145). 

Formyl  derivative  C6H2Me3.NH.COH : 
[121°]  ;  colourless  prisms  ;  v.  sol.  alcohol  and 
ether,  nearly  insol.  water. 

Thioformyl  derivative 
C8H,Me,.NH.CSH.    Formed  by  heating  the  for- 
my  1  "derivative  with  P,SS  (Senier,  B.  18,  2296). 

ij/- Cumidine  CtiH2Me3.NH2.     (224°). 

Preparation.— The  solid  hydrochloride  ob- 
tained by  adding  cone.  HC1  to  crude  coml.  cumi- 
dine is  basified  with  NaOH  and  fractionated. 
The  fraction  c.  225°-227°  is  boiled  with  acetic 
acid  for  twelve  hours,  and  the  product  crystal- 
lised from  alcohol ;  a  small  quantity  of  acetyl- 
mesidine  crystallises  out,  and  the  mother-liquors 
contain  the  acetyl  derivative  of  the  new  cumi- 
dine, which  is  obtained  pure  by  several  crystal- 
lisations from  water,  and  finally  converted  into 
the  base  by  saponification  with  solid  KOH. 

Salts. — B'HCl :  white  needles  ;  v.  sol.  water, 
nearly  insol.  cone.  HC1.  The  platino-chloride  is 
insol.  water,  si.  sol.  alcohol.  The  nitrate  is  less 
soluble  than  the  sulphate. 

Acetyl  derivative  CHH.,Me3.NHAc : 
[112°] ;  crystalline  solid  (Engel,  B.  18,  2229). 

Cumidine  C6H2Me3(NH2)[l:2:3:4]?  Hemi- 
mellithidine ?  Amido-c-tri-metJiyl-benzene. 

(240°).      From    o-xylidine    hydrochloride    and 


MeOH  at  310°   (Nolting  a.  Forel,  B.  18,  2680). 
Liquid. 

Acetyl  derivative  CttH2Me3(NHAc). 
[above  180°]. 

^-Cumidine  CttH2Me3.NH2[l:3:4:2].  (236°  un- 
cor.).  Liquid  at  —  15°.  Obtained  from  nitro-i/>- 
cumidine  (from  tri-nitro-^-cumene)  by  elimina- 
tion of  the  NH2  group  by  the  diazo-  reaction 
and  reduction  of  the  nitro-^-cumene  [30°],  which 
is  obtained  with  SnCl2  (Mayer,  B.  20,  971). 
Probably  identical  with  the  >|/-cumidine  obtained 
by  Nolting  and  Forel  (B.  18,  2680)  by  nucleal 
methylation  of  the  o-xylidine  CttH.,Me2NH2[2:3:l]. 

Acetyl  derivative  CaH2Me3(NHAc). 
[186°]. 

n-Cumidine  v.  AMIDO-PHENYL-PBOPANE,  vol.  i. 
p.  179. 

Isomeride  of  cumidine  v.  PHENYL-PROPYL- 
AMINE. 

CUMILIC  ACID  C20H2403  i.e. 
(C6H4(C3H7))2C(OH).C02H  ?      [120°].     Prepared 
by  fusion  of  cuminil  with  KOH  ;  yield  70  p.c. 
(Bosler,  B.  14,  326).    Fine  white  needles.     Sol. 
alcohol,  ether,  and  benzene,  si.  sol.  water. 

CUMINAL-ACETONE    v.    METHYL    PBOPYL- 

STYBYL  KETONE. 

Di-cuminal-acetone    v.   DI-PBOPYL-DI-STYBYL 

KETONE. 

CUMINDIGO  v.  Di-isopBOPYL-iNDiao. 

CUMINIC  ALCOHOL  v.  CUMINYL  ALCOHOL. 

o-w-CUMINIC  ACID  C10H,.,02  i.e. 
CtiH4Pr(C02H)  [1:2].  o-n-Propyl-benzoic  acid. 
Mol.  w.  164.  [58°].  From  phthalyl-propionic 
acid,  cone.  HIAq  (lOpts.),  and  red  phosphorus 
(1  pt.)  (Gabriel  a.  Michael,  B.  11,  1014).  Slen- 
der leaflets. 

p-w-Cuminic  acid  CtiH4.Pr(CO2H)  [1:4].  p-n- 
Propyl-benzoic  acid  [140°]. 

Formation.  —  1.  From  #-bromo-n-propyl- 
benzene,  sodium,  and  C02  (B.  Meyer,  J.  pr.  [2] 
34,  102).—  2.  From  C,.H4PrPr  by  oxidation  (Pa- 
tern6  a.  Spica,  B.  10,  1746).—  3.  From  C6H4Pr2 
and  dilute  HN03  (H.  Korner,  A.  216,  228). 

Properties.  —  Laminaa  (from  water)  or  needles 
(from  dilute  alcohol).  81.  sol.  boiling  water. 
Volatile  with  steam.  KMn04  gives  terephthalic 
acid. 

Salts.  —  CaA'o  3aq  :  slender  satiny  needles.  — 


SrA'22.iaq.—  BaA'^  2aq.—  PbA'2  2aq.—  AgA'. 

Nitrile  C6H4Pr.CN.  [227°].  From  _p-propyl- 
phenyl  thiocarbimide  and  copper  powder  at  220° 
(Francksen,  B.  17,  1229).  Liquid.  Saponified 
by  cone.  HClAq  at  200°. 

o-Cuminic  acid  C6H4£r.C02H  [1:2].  Formed 
by  fusing  a  salt  of  cumene-(/3)-sulphonic  acid 
with  an  excess  of  sodium  formate  ;  the  yield  is 
10  p.c.  Sublimable.  Volatile  with  steam.  V. 
sol.  alcohol,  ether,  &c.,  insol.  cold  water.  Oxi- 
dation with  KMn04  gives  o-phthalic  acid.  Its 
alkaline  salts  are  excessively  soluble.  -A'  Ag: 
insoluble  white  pp.  —  A'2Ca  2aq  :  small  soluble 
needles.  —  A'.3a  2aq  :  soluble  needles.  -  -A'2Mg  6aq: 
very  soluble  needles.  —  A'2Pb  aq  :  very  sparingly 
soluble  white  powder.  —  A'2Cu2^aq:  very  spar- 
ingly soluble  blue-green  amorphous  pp. 

Chloride  C6H4Pr.COCl  :  yellowish  oil,  v. 
sol.  ether  and  chloroform. 

Amide  CKHtPr.CO.NH2:  [124°  uncor.]; 
small  needles  ;  v.  sol.  alcohol  and  ether,  v.  si. 
sol.  water  (Glaus  a.  Schulte  im  Hof,  B.  19, 
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p-Jso-cuminic  acid  C6H4Pr(CO.,H)  [1:4]. 
[117°]  (M.).  H.C.v.  1,239,000  (Berthelot  a.  Lou- 
guinine,  A.  Ch.  [6]  13,  333). 

Formation. — 1.  From  bromo-iso-propyl-benz- 
ene,  Na,  and  CO2  (B.  Meyer,  J.  pr.  [2]  34,100).— 
2.  By  the  oxidation  of  cuminic  aldehyde  or  oil 
of  cumin  (Gerhardt  a.  Cahours,  A.  Ch.  [3]  1, 70 ; 
Beilstein  a.  Kupffer,  B.  6,  1184 ;  A.  170,  302 ; 
Lippmann  a.  Lange,  B.  13,  1660 ;  Meyer,  A. 
219,  244).— 3.  Cymene  when  taken  internally 
passes  into  the  urine  as  cuminic  acid  (Nencki  a. 
Ziegler,  B.  5,  749  ;  cf.  Hofmann,  A.  74,  342). 

Properties.— From  water  (3  pts.)  and  alco- 
hol (1  pt.)  it  separates  in  triclinic  needles: 
a:b:c  =  -6742:1:  -8072;  a  =86°  55',  0  =  101°  12', 
7  =  106°  55'  (Groth;  cf.  Panebianco,  G.  10,  81). 
V.  si.  sol.  cold  water,  v.  sol.  alcohol  and  ether. 
Converted  into  cumene  by  distillation  over  lime. 
Chromic  mixture  oxidises  it  to  terephthalic  acid. 
KMn04  forms,  as  an  intermediate  product,  oxy- 
propyl-benzoic  acid  (CH3)2C(OH).C6H4.C02H 
(Meyer). 

Salts.— BaA'22aq:  laminae.  S.  -996  at 
20-5°.— CaA'2  5aq :  needles.  S.  -81  at  20-5°.— 
MgA'26aq:  lamina?.  S.  -825  at  20-5°.— AgA'. 

Ethyl  ether  EtA.'.     (240°).    V.D.  6-65. 

Phenyl  ether  PhA'.  [58°].  From  potas- 
sium-phenol and  the  chloride  of  the  acid  (Wil- 
liamson a.  Scrugham,  Pr.  7,  18).  Also  formed 
by  distilling  cuminyl-salicylic  acid  (Kraut,  J. 
1858,  406  ;  Ar.  Ph.  [2]  96,  271). 

Eugenyl  e^erC6H3(C3H5)(OMe)A'.  Tables 
(Cahours,  A.  108,  323 ;  A.  Ch.  [3]  41,  491). 

Anhydride  (C6H4Pr.CO)20.  Oil  (Gerhardt, 
A.  87,  77;  A.  Ch.  [3]  37,304). 

Peroxide  (C6H4Pr.CO)202.  Needles  (from 
ether).  Explodes  when  heated  (Brodie,  P.  121, 
372 ;  Pr.  12,  655). 

ChlorideCeH.pr.COCl.  (257°).  S.G.^1-07. 
Liquid  (Cahours,  A.  70,  45  ;  A.  Ch.  [3]  23,  347). 

Amide  C6H4Pr.CONH2.  [154°]  (P.);  [c. 
157°]  (G.).  Formation. — 1.  By  heating  ammo- 
nium cuminate  (Field,  A.  65,  49). — 2.  From  the 
nitrile  and  alcoholic  KOH. — 3.  From  the  anhy- 
dride and  NH,  (Gerhardt,  A.  87,  167).— 4.  By 
heating  cuminic  acid  (164  g.)  with  potassium  sul- 
phocyanide  (50  g.)  for  5  hours  with  inverted  con- 
denser at  240°,  and  then  for  1  hour  at  300°.  The 
nitrile  is  formed  at  the  same  time  (Fileti,  G.  16, 
281). — 5.  By  the  action  of  chloroformamide 
OC(NH2)C1  upon  cumene  in  presence  of  A12C16 
(Gattermann  a.  Schmidt,  A.  244,  54;  B.  20, 
860).  Properties. — Biaxial  crystals,  insol.  cold 
water,  si.  sol.  ether,  v.  sol.  alcohol  and  hot  benz- 
ene. When  boiled  with  water  and  yellow  HgO 
it  forms  (C6H4Pr.CONH)2Hg  l|aq,  which  crys- 
tallises in  needles  [190°]. 

Anilide  CBH4Pr.CONHPh.  Long  satiny 
needles  (from  alcohol).  81.  sol.  alcohol  (Cahours, 
A.  Ch.  [3]  23,  349). 

Benzene  sulphamide 

C6H4Pr.CO.NH.SO.;Ph.  [161°].  From  cuminyl 
chloride  and  the  amide  of  benzene  sulphonic 
acid  (Gerhardt  a.  Chiozza,  A.  Ch.  [3]  46,  151). 
Prisms.  AgN03  and  a  little  NH3  give  needles 
of  C6H4Pr.CO.NAg.S02Ph,  which  forms  a  crys- 
talline compound  with  NH3  (1  mol.).  The 
benzoyl  derivative  C6H4Pr.CO.NBz.S02Ph 
is  formed  as  a  crystalline  mass  by  treating 
AgNBz.S02Ph  with  cuminyl  chloride. 


o-Oxy  -ben  z  amide 

C6H4Pr.CO.NH.CO.C6H4.OH.  From  salicylamida 
and  cuminyl  chloride.     Needles. 

Nitrile  C6H4Pr.CN.  (244°  i.V.).  S.G. -^ 
•765.  Formed  by  heating  the  amide  (Field, 
Mem.  Chem.  Soc.  3,  408  ;  A.  65,  51),  or  by  heat- 
ing cuminic  acid  (2  mols.)  with  KCyS  (1  mol.) 
(Letts,  B.  5,  674  ;  Fileti,  G.  16,  282).  Formed 
also  by  treating  potassium  cuminate  with  CyBr 
(Cahours,  A.  Ch.  [3]  52,  201;  A.  108,  326). 
Liquid,  si.  sol.  water,  v.  e.  sol.  alcohol  and  ether. 

vf/-Cuminic  acid  C6H2Me3(C02H)  [1:2:4:5]. 
Durylic  acid.  Tri-methyl-benzoic  acid.  [149°]. 

Formation. — 1.  By  boiling  durene  with  dilute 
HN03  (Jannasch,  Z.  1870,  449)  or  with  the  cal- 
culated quantity  of  Cr03  in  HO  Ac  (Gissmann,  A. 
216,  205). — 2.  By  fusing  potassium  t//-cumene 
sulphonate  with  sodium  formate  (Keuter,  B.  11, 
31).— 3.  From  the  nitrile  (Nef,  A.  237,  3).— 
4.  By  hydrolysis  of  its  amide  (v.  infra). 

Preparation. — Durene  is  boiled  for  3  or  4 
hours  with  dilute  HN03  (1  vol.  of  HN03  (1-4  S.G.) 
to  3  vols.  water).  The  product  is  filtered  off, 
extracted  with  Na2C03,  and  the  solution  precipi- 
tated with  HC1.  The  crude  acid  is  filtered  off, 
treated  with  tin  and  HC1  to  remove  nitro-  com- 
pounds, and  distilled  with  steam.  The  yield  is 
40-50  p.c.  of  the  durene  (Nef,  B.  18,  2801). 

Properties. — Needles  (from  benzene).  V.  si. 
sol.  boiling  water,  v.  e.  sol.  alcohol  and  ether. 
Volatile  with  steam. 

Salts. — CaA'2 2aq. — BaA'2 7aq :  prisms. 

Amide  C6H2Mes.CONH2.  [201°].  From  $- 
cumene  and  chloroformamide  C1.CONH2  in  pre- 
sence of  A12C16  (Gattermann,  A.  244, 54).  Needles 
(from  dilute  alcohol). 

Nitrile  [58°].  (250°).  Formed  by  the  ac- 
tion of  CuS04  and  KCN  upon  diazo-pseudo- 
cumene  (Haller,  B.  18,  93).  Long  colourless 
needles.  V.  sol.  alcohol,  ether,  benzene,  and 
ligroin,  insol.  water. 

(a)-Cuminic  acid  C6H2Me3(C02H)  [1:2:3:5]. 
[216°].  (a}-Isodurylic  acid.  Formed  together 
with  the  (0)  and  (7)  isomerides  by  oxidation  of 
isodurene  with  HN03.  Distillation  with  lime 
yields  hemimellithol.  —  A'2Ba  4aq :  long  fine 
needles.  —  A'Ca5aq  (Jacobsen,  B.  15,  1855; 
Bielefeldt,  A.  198,  384). 

(j8) -Cuminic  acid  C6H2Me3(C0.2H)  [1:3:5:2]. 
(ft)-Isodurylic  acid.  Mesitylene  carboxylic  acid. 
[151°].  Formed  together  with  the  (a)  and  (7) 
isomerides  by  oxidation  of  iso-durene  with 
HN03  (Jacobsen,  B.  15,  1855).  Distils  without 
decomposition.  Thick  glistening  prisms.  On 
distillation  with  lime  it  gives  mesitylene. 
CaA'2  2aq  :  microscopic  needles. 

(7)-Cummic  acid  C«H2Me3(C02H)  [1:2:4:6]. 
^-Cumene  carboxylic  acid.  (y)-Isodurylic  acid. 
[85°].  Formed  together  with  the  (a)-  and  (0)- 
isomerides  by  oxidation  of  isodurene  with  HNO3 
(Jacobsen,  B.  15,  1855).  Distils  without  decom- 
position. Volatile  with  steam.  Needles.  Sol. 
alcohol,  ether,  and  hot  water,  nearly  insol.  cold 
water.  On  distillation  with  lime  it  gives  pseudo- 
cumene. 

Salts. — A'KX:  extremely  soluble  amorphous 
solid.  —  A',,Bax  :  uncrystallisable.  —  A'2Ca  2aq : 
microscopic  needles. 

c-Cuminic  acid  C6H2Me3(C02H)[l:2:3:4].  Tri- 
methyl-benzoic  acid.  [168°].  Formed  by  oxida- 
tion of  the  consecutive  tetra-methyl-benzene 
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(prehnitene)  by  boiling  for  12  hours  with  dilute 
HN03.  Long  glistening  prisms.  V.  e.  sol.  hot 
alcohol.  Volatile  with  steam.  By  distillation 
with  lime  it  yields  the  consecutive  tri-methyl 
benzene  (hemimellithene)  (Jacobsen,  B.  19, 1214). 
References.  —  AMIDO-CUMINIC  ACID,  BBOMO- 

CUMINIC    ACID,   NlTBO-CUMlNIC    ACID,   OxY-CUMINIC 

ACID. 

CUMINIC  ALDEHYDE  CIOH,.,0  i.e. 
CtiH4(C3H7).CHO  [1:4].  Cuminol.  Isopropyl- 
bcnzoic  aldehyde.  Mol.  w.  148.  (237'5°  cor.) 
(Schiff) ;  (222°  cor.)  (Lippmann  a.  Strecker,  Sitz. 
W.  [2]  78,  570).  S.G.  *  -9832;  lif  -9727.  V.D. 
5-24  (calc.  5-13).  Occurs,  together  with  cymene, 
in  oil  of  cumin  (from  Cuminum  Cyminum),  and 
in  the  volatile  oil  from  the  seeds  of  the  water- 
hemlock  (Cicuta  virosa).  It  is  separated  from 
these  oils  by  KHS03  (Gerhardt  a.  Cahours, 
A.  Ch.  [3J  1,  60  ;  Bertagnini,  A.  85,275 ;  Kraut, 
A.  98,  366;  Trapp,  A.  108,  386).  Formed  by 
boiling  C,H7.CBH4.CH.,C1  with  lead  nitrate  and 
water  (En-era,  O.  14,  278).  Formed  also  by 
treating  cymene  (1  mol.)  with  Cr02Cl2  (3  mols.) 
in  CSo,  without  cooling,  and  decomposing  the 
product  with  water  (Etard,  C.  R.  90,  534).  The 
cuminic  aldehyde  (220°)  so  formed  is  perhaps 
identical  with  ordinary  cuminic  aldehyde.  On 
oxidation  it  gives  a  cuminic  acid  [129°],  whence 
potash-fusion  gives  p-toluic  acid. 

Properties. — Oil,  smelling  like  oil  of  cumin. 
Oxidises  in  the  air,  becoming  resinous. 

Reactions.— I.  Cold  fuming  HN03  gives  p- 
iso-cuminic  acid.  Hot  HN03  forms  nitro-iso- 
cuminic  acid. — 2.  Chromic  acid  mixture  gives 
^-iso-cuminic  and  finally  terephthalic  acid.  —3. 
Cl  and  Br  act  by  substitution. — 4.  NH3  forms 
hydrocumin-amide  a  thick  liquid  (Gerhardt 
a.  Cahours;  Borodin,  B.  6,  1253).  According 
to  Uebel  (A.  245,  303)  it  is  a  stellate  mass  [65°] 
which  may  be  reduced  by  sodium  amalgam  to 
cuminyl-amine  and  di-cuminyl-amine,  and  is 
converted  by  dilute  acids  into  NH3  and  cuminic 
aldehyde.  Sieveking  (A.  106,  357)  could  not 
obtain  it.  Aqueous  NH3  at  130°  forms  an  isome- 
ric  base  C.JOH.((iN2  [205°]  which  forms  a  sparingly 
soluble  sulphate  [192°]. — 5.  Ammonium  sulphide 
forms  (C,0H,,S)^. — 6.  Boiling  aqueous  and  alco- 
holic potash  form  cuminyl  alcohol  and  ^?-iso- 
cuminic  acid. — 7.  Potash-fusion  gives  p-iso-cu- 
minic  acid  and  cymene.— 8.  Heating  with  potas- 
sium forms  CIOH,,OK(?)  (Chiozza,  A.  87,  302; 
cf.  Church,  P.  M.  [4]  25,  522).— 9.  In  ethereal 
solution  it  is  partly  converted  by  treatment  with 
sodium  amalgam  into  the  sodium  derivative  of 
hydrocuminoinC(iH1Pr.CH(OH).CH(OH).CtiH4Pr 
[135°]  (M.  Wallach,  A.  226,  78;  cf.  Claus, 
A.  137,  104).— 10.  Acetamide  at  175°  gives 
CdH4(C3H7)CH(NHAc)2  [212°]  (Eaab,  B.  8, 
1150). — 11.  Benzamide  gives  in  the  same  way 
CtiH4(C3H7)CH(NHBz)2  [224°]  which  crystallises 
from  alcohol  in  needles,  insol.  water  (E.). — 
12.  Ethylene  -  diamine  at  120°  gives 
(C3H7.C(iH4.CH:N)2C2H4  [64°]  (Mason,  B.  20, 
267).  —  13.  Hydrogen  cyanide  and  HC1  give 
CaH4(C3H7).CH(OH).C02H.— 14.  Distillation  over 
ZnCl2  gives  cymene  (Louguinine,  Z.  1867,  351). 
15.  With  butyric  aldehyde  and  butyric  anhydride 
it  gives  C3H7.CaH4.CH:CEt.C02H  (Perkin). 

Combination. — CIOHI2(OH)(S03Na)  aq : 
needles,  sol.   water,  insol.  cold  alcohol,  ether, 
and  aqueous  NaHS03. 


D  i  -m  ethyl-  amid  o-anilide 
CaH4(C3H7).CH:N.C(.H4(NMe2) :  [99°] ;  small  glis- 
tening crystals  (from    alcohol)    (Nuth,  B.   18, 
573). 

Oxim  CIOH12.NOH.     [52°].    Formed  by  the 
action  of  hydroxylamine  on  cuminic  aldehyde 
(Westenberger,  B.  16,  2994).     SI.  sol.  water. 
Derivatives  of  cuminic  orthaldehyde. 
Diacetyl  derivative  C6H4(C3H7)CH(OAc)2. 
Obtained  by   the  action  of  silver  acetate   on 
CdH4(C3H7)CHCl2  (from  cuminol  and  PC1-).  Crys- 
tals (Sieveking,  A.  106,  258). 

Di-benzoyl  derivative 
CtiH4(C3H7).CH(OBz)2.     [88°].      Needles   (Tiitt- 
scheff,  A.  109,  368). 

Di-thymyl   derivative 
CdH4(C3H7).CH(OC10H13)2.     [157°].    From 
CttH4(C3H7).CHCl2,  thymol,   and  KOH   (Engel- 
|  hardt  a.  Latschinoff,  Z.  1869,  43).     Tables. 

Cuminoin  C20H2402  i.e. 

CtiH4(C3H7).C(OH)H.Cq.CtiH4(C3H7).  [101°].  Pre- 
pared by  boiling  cuminic  aldehyde  with  alcoholic 
KCN  ;  the  yield  is  about  45  p.c.  (Bosler,  B.  14, 
323).  Slender  white  needles ;  sol.  alcohol, 
ether,  and  benzene,  si.  sol.  water  and  ligrom. 
It  reduces  Fehling's  solution  in  the  cold.  Alco- 
holic KOH  gives  a  violet  colouration. 

Acetyl  derivative  C.,0H,30(OAc) :  [75°]; 
tables  or  prisms  (Widmann,  .B.~14,  609). 

Hydrocuminoin 
C3H7.CaH4.CH(OH).CH(OH).CtiH4.C3H7.     [135°]. 

Formation. — 1.  From  cuminom  and  sodium 
amalgam. — 2.  From  cuminic  aldehyde  by  treat- 
ing its  ethereal  solution  with  sodium  amalgam 
|  or  with  alcoholic  HC1  and  zinc  (Claus,  A.  137, 
104 ;  Eaab,  B.  10,  54).— 3.  Its  di-acetyl  deriva- 
tive is  formed  by  heating  cuminic  aldehyde  with 
NaOAc  and  Ac20  at  160°  (Widmann,  B.  19,  256). 

Properties. — Small  needles  (from  dilute  alco- 
hol). Insol.  water.  Oxidised  by  cone.  HN03  to 
cuminom.  Pentachloride  of  phosphorus  gives 
C3H..C6H4.CHC1.CHC1.C(.H4.C3H7  [185°]. 

Di-acetyl  derivative  C20H24Ac202.  [144°]. 

Deoxy-cuminoin 

C3H7.C(jH4.CH2.CO.C(jH4.C3H7.  [58°].  From  cu- 
minic aldehyde  by  treatment  with  zinc  and  alco- 
holic HC1  (B.).  Slender  laminae  (from  dilute 
alcohol) ;  v.  si.  sol.  water. 

Cuminil  C^H.^  i.e. 

CtiH4(C3H7).CO.CO.C6H4(C3H7).  [84°].  Yellow 
prisms.  Sol.  alcohol,  ether,  and  benzene,  v.  si. 
sol.  water.  Distils  undecomposed.  Prepared  by 
oxidation  of  cuminom  with  chlorine.  On  fusion 
with  caustic  potash  it  gives  rise  to  cumilic  acid 
(C3H7.CaH4)2C(OH).C02H  [120°]  (Bosler,  B.  14, 
325). 

Isocuminic  aldehyde  CIOH120.  [80°J.  (220°). 
Formed  together  with  the  liquid  aldehyde 
by  the  action  of  water  upon  the  compound 
C10H,  ,2Cr02Cl2,  obtained  from  cymene  derived 
from  turpentine  (Etard,  A.  Ch.  [5]  22,  259).  Solid 
resembling  camphor.  Oxidised  by  the  air  to  a 
cuminic  acid  [51°]. 

CUMINOL  v.  CUMINIC  ALDEHYDE. 

CUMINUEIC  ACID  C12H15N03  i.e. 
[4:1]C6H4(C3H7).CO.NH.CH2.C02H.  [168°].  Oc- 
curs  in  the  urine  of  animals  who  have  been  given 
doses  of  cymene  (Jacobsen,  B.  12,  1512).  Pre- 
pared by  the  action  of  cuminyl  chloride  on  gly- 
cocol-silver (Cahours, A.Ch. [3] 53, 356).  Glisten- 
ing scales  or  large  plates..  Insol.  cold  water,  v. 
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sol.  hot  water  and   alcohol.     On  heating  with 

HC1  to  120°  it  decomposes  into   glycocol  and 

cuminic  acid  [117°]. 

Salts.—  BaA'2  aq  :    leaflets  or  flat  needles; 

S.  '45  at  6°.  —  CaA'2  3aq :  fine  needles,  si.  sol. 

cold  water.— KA'  and  NaA' :    very  soluble  fine 

needles. 

DI-CUMINYL  C20H26  i.e. 

C3H7.CtiH4.CH2.CH2.C6H4.C3H7.      (above      360°). 

From  cuminyl  chloride  and  sodium  (Cannizzaro 

a.  Eossi,  A.  121,  251).    Plates. 

CUMINYL  ALCOHOL  C10HH0  i.e. 

C6H4Pr.CH2OH  [4:1].     Mol.  w.  150.    (247°  cor.). 

S.G.  n  -978.    Formed,  together  with  cuminic 

acid,  by  boiling  cuminic  aldehyde  with  alcoholic 

potash  (Kraut,  A.  92,  66 ;  192,  224 ;  Fileti,  G. 

14,  498).  Liquid,  miscible  with  alcohol  and  ether. 

Boiling  with  zinc-dust  converts  it  into  w-cymene, 

the  Pr  changing  to  Pr.    Boiling  alcoholic  KOH 

forms  cuminic  acid  and  cymene.     Boiling  with 
small  quantities  of  dehydrating  agents  converts 

it  into  di-cuminyl  oxide. 

CUMINYL-AMIDO-PHENOL 
HO.C6H4.NH.CH2.C6H4Pr.  Oxy-phenyl-cuminyl- 
amine.  [108°].  Formed  by  reducing  with  sodium 
amalgam  the  product  obtained  by  the  action  of 
cuminol  on  amidophenol  (Uebel,  A.  245,  297). 
Greyish  white  plates.  V.  e.  sol.  alcohol,  ether. 

Salts.— C16H17NH(ONa).  V.  sol.  water,  giv- 
ing a  red  solution.— B'HCl.  White  plates.  V.  sol. 
alcohol,  hot  water,  m.  sol.  cold  water. 

Nitrosamine  C16H17OHN.NO.  Yellowish 
brown  crystalline  substance.  V.  sol.  alcohol, 
ether. 

CUMINYL-AMINE  C10H15N  i.e. 
C6H4(C3H7).CH2.NH2[1:4].  Exo-amido-cumene. 
Isopropyl-benzyl-amine.  (226°  at  724  mm.). 
Prepared  by  reduction  of  the  oxim  of  cuminic 
aldehyde,  C6H4(C3H7).CH:NOH  (5  pts.),  with  so- 
dium amalgam  (150  pts.)  and  acetic  acid  (12  pts.) 
in  alcoholic  solution  at  40°-50°  ;  the  yield  is 
good  (Goldschmidt  a.  Gessner,  B.  20,  2413). 
Formed  also,  together  with  di-  and  tri-cuminyl- 
amine,  by  heating  cuminyl  chloride  with  alco- 
holic NH3  at  100°  (Eossi,  C.  R.  51,  570; 
A.  Suppl.  1,  141).  Also  from  thio-cuminic  amide 
C,H7.C6H4.CS.NH2,  zinc  and  alcoholic  HC1 
(Czuinpelik,  B.  2,  185).  Colourless  liquid,  of 
basic  smell.  Nearly  insol.  water.  Absorbs  C02 
from  the  air,  and  solidifies  to  a  crystalline  car- 
bamate. 

Salts. — B'HCl :  glistening  colourless  plates, 
v.  sol.  water  and  alcohol. — B'2H2Cl2PtCl4 :  nearly 
insoluble  yellow  pp. 

Acetyl  derivative  C10H13(NHAc) :  [65°]; 
pearly  plates ;  v.  sol.  alcohol,  ether,  and  benzene, 
si.  sol.  hot  water  and  hot  ligroin. 

Di-cuminyl-amine  (C3H7.CdH4)2NH.  [168°]. 
(c.  290°  at  100  mm.).  Formed  as  above  (11.). 
Formed  also  by  the  action  of  sodium  amalgam 
on  the  product  of  the  action  of  dry  NH3  on  cu- 
minic aldehyde  (Uebel,  A.  245,  309).  Crystals, 
insol.  water,  v.  sol.  alcohol  and  ether.  Forms 
a  crystalline  nitrosamine. 

Salts.— B'HCl:  plates  (from  alcohol);  v. 
si.  sol.  cold,  m.  sol.  hot,  water,  v.  e.  sol.  alcohol. 
— B'2H,PtCl6 :  yellow  needles. 

Tri-cuminyl-amine  (C:JH7.C6H4)3N.  [82°]. 
Formed  as  above  (E.).  Its  hydrochloride  forms 
needles,  insol.  water. 


CUMINYL-CARBAMATE 
NH2.C02.CH2.C(iH4.C3H7.  [89°].  Formed,  to- 
gether  with  w-chloro-cymene,  by  passing  cyano- 
gen chloride  into  cuminyl  alcohol  (Spica,  G.  5, 
394).  Prisms,  not  volatile  with  steam.  SI.  sol. 
cold,  v.  sol.  hot,  water. 

CUMINYL  CHLOKIDE  v.  W-CHLORO-CYMENE. 

CUMINYL-ETHYL  OXIDE  C6H4Pr.O.Et. 
(227°).  From  w-chloro-cymene  and  alcoholic 
KOH  (Errera,  G.  14,  282). 

CUMINYLIDENE-ACETONE 
CH3.CO.CH:CH.C6H4Pr.  (181°  at  23  mm.).  From 
acetone  (20  pts.),  cuminic  aldehyde  (20  pts.), 
water  (300  pts.),  alcohol  (170  pts.),  and  NaOH 
(2  pts.)  in  the  cold  (Claisen  a.  Ponder,  A.  223, 
147).  Thick  yellowish  oil. 

Di-cummylidene-acetone(CtiH4Pr.CH:CH),CO. 
[107°].  From  cuminic  aldehyde  (20  pts.),  ace- 
tone (4  pts.),  water  (300  pts.),  alcohol  (250  pts.), 
and  NaOH  (2  pts.),  in  the  cold  (C.  a.  P.).  Long 
light-yellow  prisms  (from  alcohol). 

CUMINYLIDENE-AMLDO-PHENOL 
HO.C6H4N:CH.C6H4Pr.  [183°].  Formed  by  the 
action  of  amidophenol  on  an  alcoholic  solution 
of  cuminol  (Uebel,  A.  245,  296).  Green  pris- 
matic needles  (from  alcohol).  Is  converted  by 
sodium  amalgam  into  cuminyl  amido-phenol. 

CUMIN  YLIDENE     CHLOKIDE    v.     wco-Di- 

CHLORO-CYMENE. 

DI-CUMINYLIDENE-ETHYLENE-DIAMINE 

C22H28N2  i.e.  C2H4(N:CH.C6H4Pr),.  Di-isopropyl- 
benzylidene-ethylene  diamine.  [64°].  Formed 
by  heating  ethylene  diamine  (1  mol.),  with 
cuminic  aldehyde  (2  mols.)  to  120°.  Long  white 
needles.  Easily  soluble  in  alcohol,  benzene, 
chloroform,  and  petroleum-ether.  Decomposed 
into  its  constituents  by  acids  or  by  heating  with 
water  (Mason,  B.  20,  270). 

CUMINYLIDENE-DI-METHYL-p-PHENYL- 
ENE  DIAMINE  Pr.CtiH4CH:NC6H4NMe,.  [100°]. 
Formed  by  the  action  of  Pr.C6H4.CHO  on  di- 
methylaniline  (Uebel,  A.  245,  299).  Lemon- 
yellow  needles.  V.  sol.  alcohol  and  ether,  insol. 
water.  Is  decomposed  by  acids  or  alkalis  into 
its  components. 

CUMINYL  -  DI  -  METHYL  -  p  -  PHENYLENE 
DIAMINE  Pr.CtiH4.CH2.NH.CBH4.NMe2.  [39°]. 
Formed  by  reducing  cuminylidene-di-methyl-^- 
phenylene-diamine  with  sodium  amalgam  in  an 
alcoholic  solution  (Uebel,  A.  245,  300).  Colour- 
less prismatic  plates.  V.  e.  sol.  alcohol  and  ether. 
Gives  a  nitroso-  derivative  [87°],  crystallising  in 
yellow  needles.  The  hydrochloride  is  v.  sol. 
water,  v.  e.  sol.  alcohol,  and  si.  sol.  ether. 

DI-CUMINYL  OXIDE  C20H,G0  i.e. 
(CtiH,Pr.CH2)20.     (350°). 

Formation.— I.  From  CdH4Pr.CH,ONa  and 
CtfH4Pr.CH,Cl  (Fileti,  G.  14,  496).— 2.  By  distil- 
ling cuminyl  alcohol  with  dilute  H2S04. — 3.  One 
of  the  products  of  the  action  of  alcoholic  potash 
on  cuminic  aldehyde. 

Properties.—  Oil.  Boils  at  350 3  with  partial 
decomposition  into  cuminic  aldehyde  and  cymene. 

CJMINYL-PHENOL  C16H1S0  i.e. 
C3H7.CtiH4.CH2.CliH4OH.        (300°)    at    60    mm. 
Formed  by  treating   a  mixture  of  phenol   and 
cuminyl  alcohol  with  HO  Ac  and  H.,S04  (Paterno 
a.  Fileti,  G.  5,  383). 

CUMINYL  TH10CARBIMIDE 
C  .H4Pr.CH.2NCS.     (245°-270°).    From  di-cumi- 
nyl-thio-urea  and  P.,O,  (Baab,  B.  10,  52). 


CUMYL  PROPYL-BENZYL   KETONE. 
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CUMINYL-THIO-TJBEA 

C6H4(C3H7).CH,.NH.CS.NH,[1:4].  Propyl-benzyl- 
tliio-urea.  [c.  110°].  Formed  by  mixing  solutions 
of  ammonium  sulphocyanide  and  cumyl-amine 
hydrochloride,  and  evaporating  to  dryness.  Co- 
lourless plates  (Goldschmidt  a.  Gessner,  B.  20, 
2416). 

Di-cuminyl-thio-urea 

{CtiH6(C3H7).CH2.NH}2CS[l:4].  Di-p-propyl-di- 
benzyl-thio-urea.  [128°].  Formed  by  the  action 
of  alcoholic  sulphide  of  carbon  upon  cumylamine 
CAfCjH^CIL.NH,,  Glistening  needles  (Eaab, 
B.  10,  53  ;  Goldschmidt  a.  Gessner,  B.  20, 2415). 

CUMINYL-UEEA  CUH1BON2  i.e. 
C(iH4(C3H7).CH2.NH.CO.NH2  [1:4].    Propyl-ben-  \ 
zyl-urea.     [135°].     Formed  by  warming  a  solu- 
tion of  cumylamine  hydrochloride  with  potassium 
cyanate.     Slender  white  needles  (from  hot  water) 
(Eaab,  B.  8,  1151 ;  Goldschmidt  a.  Gessner,  B. 
20,  2414). 

Di-cuminyl-urea  (C3H7.C6H4.CH2.NH)2CO. 
[122°].  From  euminyl  cyanate  and  cuminyl 
amine  (Eaab,  B.  10,  52).  Small  needles. 

CUMONITHILE  v.  Nitrile  of  CUMINIC  ACID. 

CUMOPHENOL  v.  CUMENOL. 

CUMOQUINOLINE  V.  (tSO)-PROPYL-QUINOLINE. 

^/-CUMOQUINONE  CdHMe3O2  [2:3:5:4:1]. 
[11°].  Formed  by  oxidising  isoduridine 
C^HMe^NH,)  [2:3:5:4:1].  Needles  (from  water). 
Liquid  above  11°.  Eeduced  by  S02  to  hydro- 
cumoquinone  CdHMe,(OH)2  [169°]  (Nolting  a. 
Baumann,  B.  18,  1152). 

4/-CUMOQUINONE  CAEBOXYLIC  ACID 
C6Me302.C02H  (1:3:4:2:5:6).  [128°].  Formed 
by  oxidising  an  aqueous  solution  of  the  chloride 
of  di-amido-tri-methyl-benzoic  acid  with  Fe2Cl6 
(Nef,  A.  237,  11).  Golden  yellow  needles.  V. 
sol.  alcohol,  ether,  chloroform,  m.  sol.  petroleum 
ether. 

Reactions.— Liberates  C02  from  carbonates  ; 
sol.  alkalis  and  ammonia  with  yellow  colour. 
Hydroxylamine  yields  an  unstable  quinone  oxim. 
HN03  (1.4)  yields  nitro-tri-methyl-quinone.  Ee- 
duced by  zinc-dust  and  aqueous  NaOH  to  di-oxy- 
tri-methyl-benzoic  acid.  The  Ag,  Pb,  Ba,  and 
Cu  salts  are  all  yellow. 

EthylelherC.OMe^O^t.  [51°].  Yellow 
needles.  V.  sol.  alcohol  and  ether,  m.  sol.  ligrom. 

CUMOSTYEIL  v.  (Py.  3)-OxY-(.B.  3)-isopBO- 

PYL-QUINOHNE. 

CTJMYL.  This  name  is  sometimes  given  to 
the  radicles  cuminyl  CaH,,.CH2  and  cuminoyl 
C,,Hn.CO,  but  it  is  used  in  this  dictionary  to  de- 
note the  radicle  C9HM  ;  cumyl  being  propyl- 
phenyl,  while  »|/-cumyl  is  w-tri-methyl-phenyl. 

CUMYL-ACEYLIC  ACID  C12H14O2  i.e. 
C6H4(C3H7)CH:CH.CO,H  [4:1].  Isopropyl-cin- 
namic  acid.  [158°].  From  cuminic  aldehyde, 
NaOAc,  and  Ac.,0  (Perkin,  C.  J.  31,  388;  Wid- 
mann,  B.  19,  25~5).  Needles  (from  alcohol).  V. 
sol.  alcohol  and  HOAc,  si.  sol.  boiling  water. 
Split  up  by  heat  into  C02  and  isopropyl-styrene. 
Aqueous  CrO3  gives  cuminic  aldehyde.  Sodium 
amalgam  gives  j8-cumyl-propionic  acid. 

Salts.— xNHjA':  asbestos-like  crystals,  m. 
sol.  water.— CaA'2 :  needles,  si.  sol.  water ;  ab- 
sorbs oxygen  at  100°. — SrA'2  2aq. — AgA' :  bulky 

}P' Chloride  CKH4Pr.CH:CH.COCl.     [c.  25°]. 
Amide  C.H.Pr.CH^H.CONH,.     [186°]. 


Derivatives  v.  AMIDO-,  NITRO-,  and  OXY-CUMYL- 

ACRYLIC  ACID. 

Di-bromide  CsH^C.H^.CHBr.CHBr.CCvH. 
[190°].  Small  white  balls.  Sparingly  sol.  in 
hot  benzene  (Widmann,  B.  19,  258). 

^/-CUMYL-AMIDO-CEOTONIC  ACID 
Me3C8H2NH.C(Me):CHCO,Et.  Formed  by  the 
action  of  acetoacetic  ether  on  CHH,,Me3(NH,) 
[1:2:4:5]  (Conrad  a.  Limpach,  B.  21,  528).  Vis 
cous  mass.  Yields  on  distillation  di-cumyl-ura 
and  a  quinoline  derivative. 

Methyl  ether  Me  A'.  [60°].  Formed  bj 
the  action  of  methyl  acetoacetate  on  «J/-cumidin< 
(Conrad  a.  Limpach,  B.  21, 528).  White  crystals 
(from  alcohol).  Yields  a  quinoline  derivative  or 
distillation. 

CTJMYL-ANGELIC  ACID  C14HI802  i.e. 
CMH4(C3H7)CH:CEt.CO.H.  [123°].  From  cuminic 
aldehyde,  butyric  anhydride,  and  sodium  buty- 
rate  (Perkin,  C.  J.  31,  403).  Needles  (from  al- 
cohol). Forms  a  crystalline  dibromide. 

CUMYL  BEOMIDE  v.  BBOMO-CUMENE. 

CUMYL  CHLOEIDE  v.  CHLOBO-CUMENE. 

CUMYL-CEOTONIC  ACID  CnHI6O2  i.e. 
C(iH1(C:tH7).CH:CMe.C02H.  [91°].  From  cuminic 
aldehyde,  propionic  anhydride,  and  NaOAc  (Per- 
kin, C.  J.  31,  403 ;  35,  137).  Nodules  (from  al- 
cohol) or  prisms  (from  light  petroleum). — AgA' : 
bulky  pp. 

Di-6row^eC6H4(C3H.)CHBr.CMeBr.CO.,H. 
[140°-150°].  Prisms.  Converted  by  KOH  into 
allyl-isopropyl-benzene. 

^-CUMYLENE-w-DIAMINE  CtiHMe3(NH,)2 
[1:3:4:2:6].  [84°].  Formed  by  reduction  of  nitro- 
ip-cumidine  (from  tri-nitro-^-cumene)  or  of  the 
corresponding  nitro-«|/-cumidine  sulphonic  acid. 
Long  thick  needles.  Fe2Cl6  gives  a  dark  red 
colouration.  Gives  the  Bismarck -brown  and 
chrysoidine  reactions.  The  hydrochloride  forms 
white  plates  (Mayer,  B.  20,  970). 

Isomerides  v.  DI-AMIDO-CUMENE. 

CUMYLENE  BEOMIDE  v.  DI-BBOMO-CUMENE. 

DI4-CUMYL-ETHYLENE-DI-KETONE 
[5:4:2:1].  C6H2Me3.CO.CH2.CH,.CO.C6H2Me3 
[1:2:4:5].  [120°].  Formed  by  the  action  of  sue - 
cinyl-chloride  upon  ^-cumene  (over  2  mols.)  in 
presence  of  A12C16.  On  oxidation  it  gives  tri- 
methyl-benzoic  acid  [150°]  (Glaus,  B.  20,  1378). 

^-CUMYL-ETHYL-KETONE-co-CAEBOXYLIC 
ACID  C6H2Mes.CO.CH,.CH2.C02H  [5:4:2:1]. 
[105°  uncor.].  Its  chloride  is  formed  by  the 
action  of  succinyl  chloride  (1  mol.)  upon  »|/-cumene 
(1  mol.)  in  presence  of  A12C16.  Small  colourless 
crystals  (Glaus,  B.  20,  1378). 

i|/-CUMYL-HYDEAZINE  C(iH  ,(CHS)3.NH.NH2 
[1:3:4:6].  [120°].  Formed  by  reduction  of  the 
sulphite  of  diazo-pseudo-cumene  with  zinc-dust 
and  acetic  acid,  and  heating  the  sulphite  which 
is  formed  with  dilute  HC1  (Haller,  B.  18,  91). 
Colourless  needles,  v.  sol.  alcohol  and  ether, 
nearly  insol.  water.  By  boiling  with  aqueous 
CuSO,  it  is  converted  into  pseudo-cumene. 

CUMYLIDENE  -  ETHYLENE  -  ANILINE    v. 

Dl  -  PHENYL   -    1//-CUJIYL    -    METAPYRAZOL    -    TETRA- 
HYDR1DE. 

CUMYLIZIN  -  ACETO  -  ACETIC    ETHEE    v. 

ACETO-ACETIC-ETHER-CUMYL-HYDRAZIDE. 

DI-CUMYL  DI-KETONE  is  Cuminil  v.  CU- 
MINIC ALDEHYDE. 

CUMYL  PEOPYL-BENZYL  KETONE  is  De- 

oxy-cuminoin  v.  CUMINIC  ALDEHYDE. 
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CUMYL   MEIIOAPTAN. 


^ .  CUMYL  MERCAPTAN  CMH,.,S  i.e. 
CaH2Me3(SH)  [1:2:4:5].  [87°].  (235°).  Formed 
by  reduction  of  »J/-cumene  sulphonic  chloride 
(Beilstein  a.  Kogler,  A.  137,  322).  Laminae 
(from  alcohol).— (C6H2Me3S),Hg  :  needles  (from 
alcohol)  (Kadloff,  B.  11,  32). 

CUMYL  METHYL  KETONE  C6H4Pr.CO.CH,. 
(253°  i.V.).  S.G.  l£  -976.  From  cumene,  AcCl, 
and  ALC16  (Widmann,  B.  21,  2225). 

Ox'im  CfiH4Pr.C(NOH).CH3.  [71°].  Trime- 
tric  tables  (from  ligrom). 

^-CUMYL-PROPIONIC  ACID  C12Hla02  i.e. 
C6H4(C,Hj).CH2.CH,.C02H.  [76°].  From  cumyl- 
acrylic  acid  and  sodium-amalgam  or  HI  (Perkin, 
C.  J.  31,  388 ;  Widmann,  B.  19,  2773).  Laminae 
(from  ligrom).— Ag A/. 

iff  -  CUMYL  BISULPHIDE  (C6H,Me3)2S2. 
[115°].  From  \J/-cumyl  mercaptan  and  i|/- cumene 
sulphonic  acid  in  alcohol  (Radloff,  B.  11,  32). 

DI-^-CUMYL-THIO-UREA 
SC(NH.C6H2Me3)2.     [146°].    Formed  by  heating 
^-cumidine  (224°)  with  CS2.    Prismatic  crystals. 
Sol.  hot   alcohol,   si.   sol.   ether,    insol.    water 
(Engel,  B.  18,  2233). 

$  -  CUMYL-UREA  C6H2Me3.NH.CO.NH2. 
Formed  by  mixing  aqueous  solution  of  (<r)-cumi- 
dine  hydrochloride  and  potassium  cyanate.  White 
needles.  Sol.  hot  alcohol,  si.  sol.  ether,  insol. 
water.  Decomposes  at  c.  227°  without  melting, 
evolving  NH3  and  giving  di-  (<r)  -curnyl-urea  (E  ngel, 
B.  18,  2232). 

o-Cumyl-urea  [2:1]  C6H4Pr.NH.CO.NH2. 
[134°].  Small  needles  (Constam  a.  Goldschmidt, 
B.  21,  1157). 

^-Cumyl-urea  [4:1]  CdH4Pr.NH.CO.NH2. 
[152D].  Slender  needles  (C.  a.  G.). 

Di  -  $  -  cumyl  -  urea  OC(NH.C6H2Me3)2. 
[above  290°].  White  silky  needles.  Sublimable. 
SI.  sol.  alcohol.  Formed  by  heating  the  mono- 
cumyl-urea,  NH3  being  evolved  (Engel,  B.  18, 
2233). 

Di-iJ/-cuinyl-urea 

Me3C6H2NH.CO.NH.C6H2Me3  [above  300°].  Is 
a  product  of  the  distillation  of  the  ethyl  or 
methyl  ether  of  ^-cumyl-amido-crotonic  acid 
C6H2Me3.NH.CMe:CH.C02H  (Conrad  a.  Lim- 
pach, B.  21, 528).  White  needles,  insol.  ordinary 
solvents. 

CUPREfNE  v.  CINCHONA  BASES. 

CUPRONINE  v.  NABCOTINE. 

CURARINE  C18H35N  (?)  Occurs  as  sulphate 
in  curara  or  urari,  a  resinous  arrow-poison  used 
by  the  South  American  Indians,  and  said  to  be 
obtained  by  boiling  a  climbing  plant  of  the  genus 
Strychnos  with  water.  Deliquescent  prisms ; 
v.  sol.  water  and  alcohol,  m.  sol.  chloroform, 
insol.  ether.  It  is  coloured  red  by  cone. 
H2S04.  HN03  gives  a  purple-red  colour.  K2S04 
and  H2S04  give  a  violet  colour  like  that  from 
strychnine.— B'2H2PtCl6 :  yellowish  white  pp. 
-  P  i  c  r  a  t  e  B'CaH,(N02)3OH  :  yellow  pp. 
(Ronlin  a.  Boussingault,  A.  Ch.  [2]  39,  24; 
A.  von  Humboldt,  A.  Ch.  [2]  39,  30;  Pelletier  a. 
Petroz,  A.  Ch.  [2J  40,  213  ;  Pelouze  a.  Cl.  Ber- 
nard, C.  E.  31,  553  ;  40,  1327  ;  Keynoso,  C.  R. 
39, 697 ;  Pelikan,  C.  R.  44,  507 ;  Milleroux,  C.  R. 
47,  973 ;  Preyer,  Bl.  [2]  4,  238  ;  Dragendorff,  Z. 
[2]  3,  28;  Bert,  C.  C.  1865,958;  Schnetzler, 
N.  Arch.  ph.  nat.  24,  318;  Fliickiger,  N.  Repert. 
Pharm.  22,  65;  Koch,  C.  C.  1871,  219;  Salomon, 


]  Fr.  10,  454  ;  Bcehm,  C.  C.  1887,  520  ;  Sachs,  A. 
191,  254  ;  Villiers,  J.  Ph.  [5]  11,  653). 

CURCUMIN  C14H1404.  [178°].  The  colour- 
ing matter  of  turmeric  root,  from  which  it 
may  be  obtained  by  extracting  with  ether 
after  removing  an  oil  by  ligrom  (Vogel,  Schiv.  J. 
18,  212 ;  Pelletier  a.  Vogel,  J.  Ph.  1815,  259 ; 
Vogel,  jun.,  A.  44,  297 ;  Daube,  B.  3,  609 ; 
Schiitzenberger,  BL  [2]  5,  194  ;  Jackson  a. 
Menke,  Am.  4,  79 ;  6,  77 ;  P.  Am.  A.  17,  110). 
Stout  needles  (from  alcohol) ;  nearly  insol.  water, 
benzene,  CS2,  and  ligroin ;  sol.  HO  Ac,  alcohol, 
and  ether.  Its  ethereal  solution  exhibits  green 
fluorescence.  Its  alkaline  solutions  are  brown, 
but  it  is  reppd.  unaltered  by  acids.  Salts  of  Ba, 
Ca,  and  Pb  give  brown  pps.  in  the  alkaline 
solution.  Paper  stained  with  curcumin  and 
moistened  with  boracic  acid  becomes,  according 
to  Daube,  orange  after  drying ;  turmeric  paper 
b3comes  crimson  under  these  conditions ;  in 
either  case  the  colour  is  turned  bluish-bla«k  by 
alkalis.  Treatment  with  boracic  acid  and  cone. 
H2S04  gives  '  rosocyanin,'  of  which  the  solu- 
tions are  magenta  and  the  J  metallic  salts  blue. 
Chromic  acid  mixture  oxidises  curcumin  to  tere- 
phthalic  acid  (Gajevsky,  B.  6, 196).  According  to 
Kachler  (B.  3,  713)  distillation  over  zinc-dust 
yields  anthracene. 

Metallic  derivatives  CJ4H13K04:  very 
dark  crimson  amorphous  body,  sol.  water  and 
alcohol. — C14H,2K204 :  orange-red  needles,  sol. 
water,  insol.  ether.  Long  boiling  with  EtI  forms 
a  di-ethyl  derivative. 

Acetyl  derivative  C14H13Ac04.  Brown 
mass,  sol.  alcohol  and  HOAc,  si.  sol.  ether  and 
benzene,  insol.  CS2. 

Diacetyl  derivative  CHH12Ac204.  [154°]. 
Formed  by  heating  curcumin  with  Ac20  and 
NaOAc.  Yellow  trimetric  plates.  Cone.  H2S04 
forms  a  blood-red  solution  with  green  reflex. 

p-Bromo-benzyl    derivative 
C14H13(C6H3BrMe)04.     [78°].    From    potassium 
curcumin  and  £>-bromo-benzyl  bromide  in  alco- 
hol.    Yellow  crystals,  sol.  alcohol  and  HOAc. 
Oxidised  by  KMn04  to  vanillin. 

CUSCAMINE  v.  CINCHONA  BASES. 
CUSCONIDINE  v.  CINCHONA  BASES. 
CUSCONINE  v.  CINCHONA  BASES  and  ABICINE. 
CUSPARINE   C19H17N03.    [92°].     An  alka- 
loid present  in  the  Angustura  bark  (from  Cus- 
paria  febrifuga).     An  ethereal  solution  of  this 
bark  'yields    with    oxalic    or    sulphuric    acids 
pps.  of  the  corresponding,  salts  as  yellow  crys- 
talline  substances,   which    yield   on   decompo- 
sition the  alkaloid.    Long  colourless  needles,  sol. 
petroleum.      Decomposed   by    potash    into    an 
aromatic  acid,  and  another  alkaloid  [250]  (Kor- 
ner   a.  Bohringer,    G.   13,    363 ;    cf.    Saladin, 
J.  chim.  med.  1833,  9,  388  ;  Herzog,  Ar.  Ph.  [2] 
93,  146). 

Salts. — The  sulphate,  hydrochloride, 
and  oxalate  are  sparingly  soluble,  the  tar- 
trate.  is  readily  soluble  in  water.   The  platino- 
chlorideisan  orange  yellow  pp. 
CYAMELIDE  v.  CYANIC  ACID. 
CYAMELURIC  ACID  v.  CYANIC  ACID. 
CYAMIDO-  =CYANAMIDO-. 
CYANAMIDE  v.  CYANIC  ACID. 
Di-cyan-diamide  v.  CYANIC  ACID. 
CYANAMIDE-CARBOXYLIC  ACID 
x  Cy.NH.COoH.     Only  some  salts  of  this  dibasic 
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acid  are  known  (G.Meyer,  J.pr.  126,  419).  The 
acid,  when  liberated,  splits  up  into  C02  and 
cyanamide. 

Salts. — CyNNa.C02Na.  Formed  by  passing 
carbonic  acid  into  a  boiling  alcoholic  solu- 
tion of  sodium  cyanamide :  2CyNNaH  +  C02 
=  CyNH2  +  CyNNa.C02Na.  Amorphous  powder, 
insoluble  in  alcohol,  soluble  in  water.  May  be 
obtained  in  groups  of  microscopic  needles  by 
dropping  its  aqueous  solution  into  alcohol.  Con- 
verted by  fusion  into  the  isomeric  sodic  cyan- 
ate.—  CyNK.C02K.  Got  by  passing  CO2  into  boil- 
ing alcoholic  potassic  cyanamide.  Kesembles  the 
foregoing  sodium  salt. — { CyN(C02) }  Ca,  5aq.  In 
a  similar  way  from  calcium  cyanamide,  by  pass- 
ing C02  into  its  alcoholic  solution.  Thin  white 
needles,  slightly  soluble  in  water.  Its  aqueous 
solution  is  decomposed  by  heat  into  CaC03  and 
cyanamide. —  { CyN(C02) }  Sr,  2|aq.  Gritty  crys- 
talline powder,  resembling  the  calcium  salt. — 
{CyN(CO.,)}Ba,  l£aq.  Eesembles  the  strontium 
salt. 

Reactions. — A  solution  of  the  potassium  salt 
gives : — 1.  With  silver  nitrate  a  pp.  of  silver 
cyanamide  and  evolution  of  C02. — 2.  With  basic 
lead  acetate  a  white  pp.  of  lead  carbonate,  cyan-  ! 
amide  being  in  solution. 

Ethyl  ether  CN.NH.C02Et.  From  cyan- 
amide  di-carboxylic  ether  and  alcoholic  KOH 
(Bassler,  J.  pr.  [2]  16,  146).  Syrup.  Keadily 
polymerises.— B"2HC1 :  crystalline  powder,  v. 
sol.  water  ;  converted  by  boiling  water  into  allo- 
phanic  ether.— CN.NNa.C02Et  [241°]  :  needles  ; 
split  up  by  heat  into  NaCyO  and  EtN.CO.— 
CN.NK.C02Et.  [199°].  Converted  by  EtI  at 
150°  into  CN.NEt.CCXEt  (2133).— 
HO.Cu.NCy.C02Et.— CN.NAg.C02Et. 

Cyanamide  di-carboxylic  ether 
CN.N(CO.,Et)2.  [33°].    From  sodium  cyanamide 
and  Cl.C02Et  (Bassler,  J.pr.  [2]  16, 134).  Prisms. 
Insol.  water.     Boiling  water  decomposes  it  into 
C02,  alcohol,  and  cyanamide  carboxylic  ether. 

CYANAMIDO-BENZOIC  ACID 
CN.NH.C6H4.C02H  [1:3].  [above  200°].  Flat 
pearly  needles  (containing  £  aq).  Sol.  hot  water, 
alcohol  and  ether,  nearly  insol.  cold  water  and 
benzene.  Formed  by  the  action  of  cyanogen 
chloride  on  an  alcoholic  solution  of  w-amido- 
benzoic  acid. 

Reactions. — Heated  with  baryta-water  to 
140°  it  decomposes  into  m-amido-benzoic  acid 
C02,  and  NH3.  It  is  not  altered  by  boiling  with 
water,  and  only  slowly  with  NaOH.  Heated  to 
140°  alone  it  evolves  cyanic  acid  leaving  a  white 
amorphous  insoluble  substance.  Boiled  with 
dilute  HC1  it  is  converted  into  m-uramido- 
benzoic  acid.  With  ammonium  sulphide  it  gives 
w-thio-uramido-benzoic  acid.  On  heating  the 
barium-salt  polymeric  substances  are  formed. 
It  combines  with  aniline  to  form  a  di-phenyl- 
guanidine-carboxylic  acid. 

Salts.—  The  salts  of  the  alkalis,  alkaline 
earths,  and  of  Zn,  Hg,  Ni  and  Co  are  easily 
soluble.  Fe-jCls  gives  a  yellow  amorphous  pp. 
AgN03  gives"  a  white  gelatinous  pp.  and  CuSO4 
gives  a  brown  fiocculent  pp.  (Traube,  B.  15, 
2113). 

DICYANAMIDO-BENZOYL  v.  vol.  i.  p.  155. 

^-CYANAMIDO-PHENYL-ACETIC     ACID 
CN.NH.C6H4.CH2.CO,H.  [134°].     Formed  by  the 
action  of  cyanogen  chloride  onp-amido-phenyl- 


acetic  acid  in  alcoholic  solution  (Traube,  B.  15, 
2121).  Colourless  plates  or  tables.  V.  sol. 
water,  alcohol  and  ether.  It  is  very  unstable. 
Dilute  HC1  converts  it  into  ^-uramido-phenyl- 
acetic  acid.  CuS04  gives  a  brown  pp.  soluble 
in  alcohol. 

CYANANILINE  (C^NH,)^.^. 

Formation. — By  the  action  of  aniline  upon 
oximido-ether : 

EtO.C(NH).C(NH).OEt-i-  2PhNH2 
=  PhNH,C(NH).C(NH).HNPh  +  2HOEt      (Senf, 
J.pr.  [2]  35,514). 

Preparation. — 1.  Aniline  (1  pt.)  is  dissolved 
in  alcohol  (5  pts.)  and  cyanogen  is  passed  in 
(Hofmann,  A.  66,  129;  73,  180).— 2.  Aniline 
(10g.)  is  dissolved  in  alcohol  (30g.)  and  water 
(60g.)  is  then  added.  On  passing  cyanogen  gas 
into  the  solution  cyananiline  separates;  it  is 
purified  by  solution  in  dilute  H.,S04  and  reppn. 
by  NH3  (Senf,  J.pr.  [2]  35,  514). 

Reactions. — 1.  Dry  nitrous  acid  gas  passed 
into  ether  containing  cyananiline  in  suspension 
forms  the  nitrate  B"2HN03.  Nitrous  acid  gas 
passed  into  a  solution  of  cyananiline  in  65  p.c. 
acetic  acid  forms  oxanilide,  (1,  3,  4)-di-nitro- 
phenol,  and  phenyl-carbamine.  Nitrous  acid 
gas  passed  into  a  solution  of  cyananiline  in 
glacial  HOAc  forms  the  same  products,  and 
..also  di-p-nitro-oxahilide.—  2.  Sodium  amalgam 
forms  NH3,  aniline,  and  formic  acid. — 3.  Bro- 
mine in  chloroform  solution  at  0°  forms  un- 
stable amorphous  C14H,3N4Br5,  which  is  prob- 
ably(CttH4Br.NH.C(NH).C(NH).NH.CtiH4Br)HBr3 
being  reduced  by  S02Aq  to  di-bromo-cyananiline. 
Bromine  in  boiling  glacial  HOAc  forms  di-p- 
bromo-cyananiline.  Bromine-water  forms  tri- 
bromo-aniline.— 4.  Mel  at  120°  gives  dimethyl- 
aniline. — 5.  Phthalic  anhydride  gives  phthal- 
anil,  CtiH4(CA)NPh  (Senf,  J.pr.  [2]  35,  527). 

Salts.— B"2HN03:  [192C] ;  decomposed  on 
melting,  with  evolution  of  phenyl-carbamine. — 
B"H2C12.— B"H2PtCl6.— B"2HAuCl4.— B'H,,Br2. 

Di-p-bromo-cyananiline  C,4H12N2Br2  i.e. 
C6H4Br.NH.C(NH).C(NH).NH.CttH4Br.  [245°]. 
From  cyananiline  and  bromine ;  or  by  the  union 
of  ^-bromo-aailine  and  cyanogen  (Senf,  J.  pr. 
[2]  35,  530).  White  plates  (from  alcohol). 

CYANATES  (METALLIC).  Cyanic  acid  has 
the  composition  HCNO ;  several  isomerides  of 
this  composition  may  exist  (v.  CYANIC  ACID).  The 
metallic  cyanates  are  probably  salts  of  the  acid 
NC.OH.  A  polymeride  of  cyanic  acid,  H,C3N:)03, 
exists ;  this  acid  is  known  as  cyanuric  acid. 
Isomerides  of  this  composition  are  possible ; 
cyanuric  acid  very  probably  has  the  constitution 
(CN)3(OH)3  (v.  p.  310),  and  the  metallic  cyan- 
urates  are  salts  of  this  acid  (v.  CYANURATES). 
Another  polymeride  of  cyanic  acid  is  also 
known,  Cyamelide  (v.  CYANIC  ACID). 

CYANATES.  Metallic  cyanates  are  most  pro- 
bably all  salts  of  the  acid  CN.OH.  They  are 
produced  in  the  following  among  other  reactions : 
(1)  by  passing  cyanogen  into  solution  of  an 
alkali  or  alkaline  earth  ;  (2)  by  heating  alkaline 
carbonates  to  low  redness  in  cyanogen,  or  with 
mercuric  cyanide ;  (3)  by  fusing  alkaline  cyan- 
ides or  ferrocyanides  with  an  easily  reduced 
oxide,  such  as  Pb02,  or  with  a  nitrate ;  (4)  by 
electrolysis  of  KCNAq;  some  cyanates  are  ^ob- 
tained  from  KCNOAq  by  double  decomposition. 
Most  metallic  cyanates  are  soluble  in  water,  the 
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cyanates  of  Cu,  Pb,  Hg,  and  Ag  are  only  slightly 
soluble.  Alkali  cyanates  are  not  decomposed 
by  heating  to  dull  redness  in  dry  air  ;  in  moist 
air  they  give  carbonates  of  NH4  and  the  alkali. 
Cyanates  of  the  alkaline  earths,  and  of  most 
heavy  metals,  are  decomposed  by  heat  to  C02 
and  cyanide  of  the  metal  (v.  Drechsel,  J.  pr.  [2] 
16,  201).  Acids  decompose  cyanates,  forming 
C02  and  NH3,  sometimes  with  a  little  un- 
changed cyanic  acid ;  some  acids  ppt.  solid  K 
cyanurate  from  KCNOAq. 

Ammonium  cyanate  (NH4)CNO.  Obtained 
by  passing  NH3  into  an  ethereal  solution  of 
HCNO,  or  by  bringing  together  dry  NH3  and 
HCNO  vapour.  Very  soluble  in  water.  Easily 
changed  into  its  isomeride  urea  (Liebig  a. 
Wohler,  P.  20,  369,  395  ;  A.  59,  291). 

Potassium  cyanate  KCNO.  S.G.  2-05.  H.F. 
[K,  C,  N,  0]  =  102,300;  [KCN,  0]  =  72,000; 
[KCNO,  Aq]=  -5,200  (Berthelot,  C.  R.  91,  82). 

Formation. — 1.  By  heating  KCN  in  air,  or  in 
presence  of  an  easily  reduced  oxide. — 2.  By 
passing  cyanogen  into  KOHAq,  or  over  heated 
K2C03  (Wohler,  G.  A.  73,  157).— 3.  By  electro- 
lysing KCNAq  (Kolbe,  A.  64,  236).— 4.  By  defla- 
grating KN03  with  K4Fe(CN)6,  or  Hg(CN)2,  or 
nitrogenous  charcoal  (W.,  G.  A.  73,  157). 

Preparation.  —  4  parts  dry  pulverised 
K4Fe(CN)6  are  mixed  with  3  parts  dry  pulverised 
K2Cr207 ;  a  little  of  the  mixture  is  placed  in  a 
porcelain  or  iron  dish,  which  is  heated  consider- 
ably below  redness  until  the  mixture  becomes 
like  tinder  and  blackens ;  the  rest  of  the  mix- 
ture is  then  thrown  in  little  by  little,  each  quan- 
tity being  allowed  to  blacken  before  the  next  is 
added  (complete  oxidation  of  KCN  to  KCNO  is 
thus  ensured).  After  cooling,  the  contents  of 
the  dish  are  added  to  successive  quantities  of 
boiling  alcohol,  as  much  being  added  to  each 
quantity  of  alcohol  as  suffices  to  saturate  the 
latter  ;  the  alcoholic  solution  is  cooled,  and  the 
crystals  of  KCNO  are  dried  between  paper,  and 
then  in  vacua  over  H2S04.  The  yield  is  about 
42  p.c.  of  the  K4Fe(CN)6  used  ;  if  carefully  con- 
ducted the  KCNO  contains  about  1  p.c.  impuri- 
ties (Bell,  C.  N.  32,  99  ;  modification  of  method 
of  Liebig  a.  Wohler,  A.  38,  108 ;  41,  289  ;  v.  also 
Clemm,  A.  66,  382). 

Properties.  —  Small  colourless  odourless 
laminae,  resembling  KC103 ;  fuses  below  redness 
to  a  colourless  liquid,  soluble  in  water,  fairly 
soluble  in  boiling  hydrated  alcohol ;  insoluble 
in  absolute  alcohol. 

Reactions. — 1.  Unchanged  by  heat;  but  if 
water  is  present  the  salt  is  decomposed  to  K2C03 
and  NHS.— 2.  Eeduced  to  KCN  by  heating  in 
hydrogen,  or  with  potassium,  iron,  or  carbon. — 
3.  Melted  with  sulphur  gives  K2S,  KSCN,  and 
K2S04. —  4.  Sulphuric  acid  forms  K2S  and 
KSCN  with  some  NH4  sulphide.— 5.  Heated  in 
hydrochloric  acid  gas,  KCland  NH4Clare  formed. 
6.  Sodium  amalgam  reacts  with  a  neutral  solu- 
tion to  produce  formamide  (HCO.NH2). 

The  other  cyanates  have  not  been  much 
studied.  Insoluble  cyanates,  e.g.  of  Pb  or  Ag, 
may  be  obtained  by  proceeding  as  directed  for 
preparation  of  KCNO,  but  exhausting  the  heated 
mass  with  very  cold  water,  removing  K2Cr04  by 
Ba(NOs)jAq,  and  ppg.  by  solution  of  a  nitrate 
of  the  metal.  The  following  cyanates  have  been 
isolated. 


Barium  cyanate  Ba(CNO)2  (Wohler,  A. 
45,  357).  By  adding  alcohol  to  a  mixture  of 
KCNOAq  and  Ba  acetate ;  crystalline. 

Calcium  cyanate  has  not  been  crystallised ; 
obtained  by  passing  HCNO  vapour  into  milk  of 
lime. 

Cobalt-potassium  cyanate  Co(CNO)2.2KCNO 
(Blomstrand,  J.  pr.  [2]  3,  207).  Dark  blue 
quadratic  crystals  ;  obtained  by  adding  KCNOAq 
to  Co  acetate  solution. 

Copper  cyanate,  not  crystallised  ;  by  mixing 
solution  of  Cu  acetate  and  Ba  cyanate. 

Lead  cyanate  Pb(CNO)2  (Wohler,  G.  A.  73, 
157 ;  Williams,  J.  pr.  104,  255).  Crystalline, 
nearly  insoluble  in  hot  water. 

Silver  cyanate  AgCNO  (W.,  G.  A.  73,  157). 

I  By   adding  AgNO3Aq   to   KCNOAq;    S.G-.   4-0; 

j  somewhat   soluble  in  boiling  water ;    dissolved 

and  decomposed  by  dilute  HNO:,Aq;    decom- 

red  by  heating,  to  Ag  mixed  with  C  and  some 
Soluble  in   NH3Aq,  giving   a  double  com- 
pound which  loses  NH,  in  the  air. 

Sodium  cyanate  NaCNO.  Kesembles  KCNO  ; 
crystalline. 

Thallium  cyanate  T1CNO  ;  tablets,  sol.  water, 
insol.  alcohol  (Kuhlmann,  A.  126,  78). 

M.  M.  P.  M. 
CYANBENZINE  v.  Paranitrile  of  PHENYL 

ACETIC  ACID. 

CYANBUTINE   v.   Paranitrile    of    VALERIC 

ACID. 

CYANCONIINE  C9H,  ,N,.  (205°).  S.G.  -93. 
Cyanethine  heated  with  HC1  gives  '  oxy-cyan- 
coniine  '  (v.  infra),  whence  PC15  forms  '  chloro- 
cyanconiine,'  which  is  reduced  to  cyan-coniine. 
This  name  is  given  to  the  base  by  E.  v.  Meyer 
(J.  pr.  [2]  22,  286),  although  it  is  not  formed  in 
any  way  from  coniine. 

Properties. — This  base  dissolves  somewhat 
in  water,  forming  an  alkaline  liquid,  but  it  sepa- 
rates again  if  the  solution  is  warmed.  It  is  a 
colourless  liquid  of  narcotic  odour.  It  boils  at 
205°.  It  is  volatile  with  steam.  It  is  poisonous, 
and  its  physiological  effects  resemble  those  due 
to  coniine.  Its  aqueous  solution  gives  with  silver 
chloride  crystalline  needles  of  a  double  salt : 
B'HgCl,,  iaq.  [c.  90°]. 

Combinations. — 1.  With  ethyl  iodide  at  100° 
forms  a  compound,  whence  by  AgCl  and  PtCl4 
sharp  yellow  prisms  of  (B'EtCl).jPtCl4  may  be 
got. — 2.  With  acetyl  chloride  it  gives  unstable 
needles,  probably  B'AcCl. 

Reactions. — Eeduced  by  Zn  and  HC1  to  a 
new  base  C18H30N4,  which  forms  a  zinc  double 
salt  (E.  v.  Meyer,  J.pr.  [2]  26,  340). 

Oxy-cyanconiine  C,,H14N20.  [157°].  S.  -75 
at  25°.  S.  (alcohol  of  90  p.c.)  8  at  18°. 

Preparation. — 1.  This  base  is  got  by  heating 
(20  g.  of)  cyanethine  (q.  v.)  with  cone.  HC1 
(30  c.c.)  for  3  hrs.  at  190°.  The  product  is  eva- 
porated, mixed  with  ammonia,  and  the  pp.  crys- 
tallised from  water. — 2.  It  may  also  be  got  by 
passing  N203  into  a  solution  of  cyanethine 
in  glacial  acetic  acid  (v.  Meyer,  /.  pr.  [2]  26, 
342). 

Properties. — Bunches  of  glittering  needles 
(from  water),  long  striated  prisms  (from  alcohol), 
or  dendritic  aggregates  (by  precipitation).  May 
be  sublimed.  Sol.  chloroform,  benzene,  and 
ether. 

Reactions* — 1.  Heated  with    ethyl  iodide  it 
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forms  a  syrup,  whence  by  successive  treatment 
with  Ag.,0,  HC1,  and  PtCl,,  trimetric  crystals  of 
(B'EtCl)2PtCl4  are  formed.  Hence  it  is  a  tertiary 
base.— 2.  With  acetyl  chloride  forms  a  peculiar 
compound  B'AcCl,  not  decomposed  by  ammonia 
(M.).— 3.  Not  affected  by  heating  with  Ac2O  at 
180°.— 4.  With  PC15  at  140°  it  gives  off  HC1. 
Product  shaken  with  solution  of  NaOH  and 
extracted  with  ether,  is  found  to  be  an  oil 
C9HI3N2C1.  This  reaction  looks  as  if  the  base 
contains  hydroxyl.  It  is  converted  by  NH3  at 
220°  into  cyanethine :  0,H,aN9GI  +  2NH3 
=  NH4C1  +  C9H13N2.NH2.  Alcoholic  potash 
rapidly  removes  its  chlorine  forming  a  new  base : 
C9H13N,C1  4-  KOEt  =  KC1  +  CHH13N2.OEt.  The 
new  base  is  an  oil  smelling  of  herbs  and  boiling 
at  230°.  Its  platinum  salt  crystallises  in  octa- 
hedra  (B'HCl)2PtCl4.  Heating  with  fuming  HC1 
at  210°  it  is  converted  into  the  original  oxy-cyan- 
coniine  :  C9H13N,OEt  +  HC1  =  EtCl  +  C9H14N20. 
These  various  reactions  point  to  the  presence  of 
hydroxyl  in  oxy-cyanconiine  and  of  amidogen  in 
cyanethine.  The  chlorinated  base  C9H13C1N2 
may  be  reduced  by  Zn  and  HC1.  The  zinc 
double  salt  of  a  new  base  is  thus  got  : 
ZnCl2,ClsH80N42HCl.  If  this  salt  be  treated 
with  solution  of  NaOH  and  shaken  with  ether, 
the  ether  leaves,  on  evaporating,  cyanconiine 
C9H14N2,  in  the  form  of  an  oil.  The  base 
C18H30N4,  which  is  first  formed  in  the  reduction 
of  chloro-cyanconiine,  is  readily  oxidised  by 
Ag2O  to  cyanconiine.' — 5.  With  CICOJEt  oxy- 
cyanconiine  forms  a  liquid  carboxylic  ether, 
which  is  decomposed  by  cone,  mineral  acids 
into  the  oxy-base  C02  and  alcohol  (E.  v.  Meyer, 
J.pr.  [2]  30,  121). 

Salts. — Sol.  water.  Solutions  acid  to  lit- 
mus. —  B'HCl  (at  110°).  —  (B'HCl)  J»tCl4.  — 
B'HN03.— B'H,C2O4.  Prisms. 

Oxy-cyanconiine  can  occasionally  act  as  an 
acid,  for  it  forms  a  silver  salt  C9HJ3AgN2O,  sol. 
HN03  and  NH3. 

Methyl  derivative  C9H13MeN20.  [77°]. 
(276°).  S.  8  at  18°.  Mel  (5  pts.)  is  heated  with 
oxy-cyanconiine  (2  pts.)  at  150°.  Crystals  of 
C9H13MeN20,HI  are  got.  NaOH  sets  the  base 
free.  It  forms  white  needles.  Insol.  potash. 

Salts.  —  (B'HCl)2PtCl4 :  yellow  trimetric 
prisms.  —  HgCl-jB',  f  aq  :  needles  grouped  in 
stars. 

Ethyl  derivative  C0H13EtN20.  [43°]. 
(268°). 

Salts.— (B'HCl).,PtCl4 :  tablets.— 
HgCl,B',  |aq. 

Ethylene  derivative  C2H4(C9H13N20)2. 
[154°].  S.  -01  at  24°.  From  ethylene  bromide 
(7  pts.)  and  the  base  (2  pts.)  at  170°. 

Salt .— B"(HCl)2PtCl4 :  prisms. 

Constitution.  —  Since  methyl-,  ethyl-,  and 
ethylene-oxy-cyanconiine  are  insol.  strong  potash, 
it  would  appear  that  the  alkyls  have  entered  an 
hydroxyl  (E.  v.  Meyer,  J.pr.  [2]  26,  352).  But 
this  is  not  the  hydroxyl  corresponding  to  the  Cl 
of  chlore-cyanconiine,  because  the  product  of 
the  action  of  KOEt  upon  it  is  a  different  body 
to  the  ethyl  oxy-cyanconiine  here  described. 
Nevertheless,  EtI  and  Mel  acting  upon  oxy- 
cyanconiine  in  presence  of  alcoholic  potash  form 
the  above  ethyl-  and  .methyl-oxy-cyanconiines. 
The  isomeric  methoxy-cyanconiine  from  MeOK 
and  chloro-cyanconiine  boilr  at  225°.  The 


ethoxy-base  boils  at  230°.    E.  v.  Meyer  thinks 
the  isomerism  can  be  explained  thus : 
ethoxy-cyanconiine  C9H,.,N2(OEt) 

ethyl-oxy -cyanconiine  C9H , ,,N (N E t)  (OH) . 

CYANETHINE  C,,H15N3.  [190°].  S.  -073  at 
17°.  S.  (alcohol  of  90  p.c.)  5-8.  According  to 
!  E.  v.  Meyer  (J.  pr.  [2]  35,  84)  cyanethine  is 
not  the  paranitrile  of  propionic  acid  C3N3Et3, 
since  this  body,  obtained  by  reducing  a-di-chloro- 
propionic  nitrile,  has  quite  other  properties. 

Preparation. — Propionitrile  (240  g.)  is  added 
gradually  to  sodium  (30  g.),  in  a  flask  full  of 
carbonic  acid.  A  violent  reaction  occurs  a  few 
minutes  after  the  addition  of  each  portion.  The 
excess  of  propionitrile  is  distilled  off.  The  re- 
tort is  broken  up  and  the  contents  treated  with 
water.  The  insoluble  cyanethine  is  crystal- 
lised from  90  p.c.  alcohol.  The  yield  is  50  p.c. 
(Frankland  a.  Kolbe,  C.  J.  1,  69 ;  E.  v.  Meyer, 
i  J.  pr.  [2]  22,  262).  One  third  of  the  sodium  be- 
comes sodic  cyanide ;  for  every  molecule  of 
sodic  cyanide  formed  one  molecule  of  ethane  is 
given  off.  If  ether  be  used  as  a  diluent,  there 
is  formed  an  intermediate  product  Me.CHNa.CN, 
which  on  being  treated  with  water  yields  an 
oil  which  gradually  crystallises,  and  has  the 
same  percentage  composition  as  cyanethine,  but 
is  polymeric  with  it  [48J]  (258°).  The  compound 
;  Me.CHNa.CN,  heated  with  propionitrile  to  150°, 
yields  cyanethine  (E.  v.  Meyer,  J.  pr.  [2]  37, 412). 

Properties.  —  Monoclinic  crystals  (from 
alcohol). 

Eeactions.—l.  With  ethyl  iodide  at  160° 
forms  B'Etl,  a  syrup,  whence  by  moist  Ag20  an 
alkaline  liquid  may  be  got,  and  on  adding  HC1 
and  PtCl4  a  well  crystallised  double  salt 
(B'EtCl)2PtCl4  is  obtained.  But  if  the  iodide  be 
treated  with  Ag20,  and  the  resulting  alkaline 
solution  be  shaken  with  ether,  the  latter  is  found 
to  contain  ethyl-cyanethine  C9H14EtN3.  [45°]. 
(260°). — 2.  Excess  of  strong  hydrochloric  acid 
converts  it  into  cyanconiine  C9H,5N3  +  H^O  +  HC1 
=  H4NC1  +  C9HJ4ON2.  It  is  precipitated  by  am- 
monia.— 3.  This  same  body  is  formed  bypassing 
N203  into  a  solution  of  cyanethine  in  glacial 
acetic  acid. — 4.  With  ClC02Et  it  forms  cyanethine 
carboxylic  ether  C9H13N2NH(C02Et).  This  is  a 
solid  which  melts  at  a  low  temperature  and 
boils  at  (247°).  It  is  converted  by  boiling 
alkali  into  cyanethine,  alcohol,  and  C02.  Its 
aqueous  solution  gives,  with  AgN03,  a  pp. 
C9H,3N2NAg(C02Et),aq.  Cyanethine  carboxylic 
ether  is  decomposed  by  aniline  with  formation 
of  an  anilide  C9H13N2.NH.CO.NHPh  [184°].  This 
is  a  very  stable  body,  not  decomposed  by  hot 
alcoholic  potash,  but  when  heated  in  a  current 
of  HC1  it  gives  off  phenyl  cyanate,  becoming 
cyanethine 

C0HnN2.NH.CO.NHPh  =  C9HI3N2.NH2+CO.NPh 
1  (E.  v.  Meyer  a.  Biess,  J.  pr.  [2]   30,  115).— 
5.  Combines  at  100°  with  phenyl  cyanate 
C9H13N2.NH2  +  CONPh  =  C9H13N2.NH.CO.NHPh. 

Salt  s .—B'HCl  aq.— B'2H2PtCl6.— B'HN03 : 
large  prisms,  neutral  to  litmus. 

Combination.— B'2AgN03  (at  120°) :  crystal- 
line pp. 

Mono-acetyl  derivative  C9H14AcN3. 
[59°]. 

Tri-chloro-cyanethine  C9H12C13N3.  [110°] 
Obtained  by  passing  Cl  into  a  solution  of  cyan- 
ethine in  chloroform.  Resembles  tri-bromo- 
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cyanethine  in  its  properties.  N2O3  passed  into 
its  solution  in  glacial  acetic  acid  forms  tri- 
chloro-oxy-cyanconiine  C9H10(OH)C13N,  [132°]. 
This  latter  may  be  reduced  by  HI  to  the  oxy- 
cyanconiine. 

Bromo-cyanethine  C9H14BrN3.     [153°]. 

Preparation. — Cyanethine  (30  g.)  is  dissolved 
in  HBr  and  an  equivalent  of  Br  (30  g.)  is  added. 
A  perbromide  of  hydrobromide  of  cyanethine 
separates  as  an  oil,  which  soon  solidities.  The 
whole  is  heated  in  sealed  tubes  at  100°  for 
5  hours.  On  cooling,  crystals  of  the  hydrobrom- 
ide of  bromocyanethine  separate.  The  base  is 
got  by  adding  NH3  to  an  aqueous  solution  of 
these  crystals  (C.  Riess,  J.  pr.  [2]  30,  146). 

Properties.  —  Needles.  Penetrating  odcfur ; 
v.  si.  sol.  water. 

Salts. -B'HNO.,.  Trimetric.— (B'HCl)2PtCl4. 
— B'HClAuCl3.  — B'HBr. 

Reactions.— I.  Boiled  with  alcoholic  NaOEt 
it  forms  ethoxy-cyanethine  (q.  v.). — 2.  Fuming 
HC1  at  200°  displaces  amidogen  by  hydroxyl, 
the  product  being  C9H]2BrN2(OH),  [171°].  The 
salts  of  this  bromo-oxy-cyanconiine  are  decom- 
posed by  water.— 3.  With  aniline  at  200°  it 
forms  C9HH(NPhH)N3,phenyl-amido-cyanethine. 
This  is  insol.  water,  but  crystallises  from  alcohol 
in  plates,  [125°]. — 4.  Zinc  and  HC1  reduce  it  to 
cyanethine. — 5.  N203  passed  into  its  solution  in 
glacial  HO  Ac  forms  bromo-oxy-cyanconiine 
[172°]  (E.  v.  Meyer,  J.  pr.  [2]  26,  358). 

Tri-bromo-cyanethine  CsH12Br3N3.  [126°j. 
This  is  formed  when  bromine  acts  on  cyanethine 
dissolved  in  chloroform.  It  forms  pearly  plates 
insol.  water,  sol.  alcohol,  ether,  and  chloroform. 
It  dissolves  in  strong  acids,  but  is  reppd.  by 
water.  By  passing  N203  into  a  solution  of  the 
base  in  glacial  acetic  acid,  the  corresponding 
'  tri-bromo-oxy-cyanconiine '  may  be  formed  : 
C9H10(OH)Br:iN2,  [149°]. 

lodo-cyanethine  C9H14IN3.     [152°J. 

Preparation. — Iodine  simply  combines  with 
cyanethine,  forming  a  per-iodide.  Substitution 
takes  place  in  presence  of  HN03,  as  follows: 
cyanethine  (1  pt.)  is  dissolved  in  excess  of  dilute 
H.SO,,  iodine  (1|  pt.)  is  added,  and  then  the 
liquid  is  digested  on  the  water-bath  while  cone. 
HNO3  is  run  in  until  all  the  iodine  has  dis- 
appeared. From  the  filtrate  NaOH  throws  down 
iodo-cyanethine. 

Properties.— Sol.  acids  and  dilute  alkalis. 
Decomposed  by  boiling  NaOH. 

Salt.— B',HCl,AuCl3. 

Reactions. — 1.  Iodine  added  to  its  acid  solu- 
tions throws  down  glittering  green  plates  of  a 
periodide. — 2.  Unlike  the  chloro-  and  brorno- 
derivatives,  it  is  not  affected  by  passing  N203 
into  its  solution  in  glacial  acetic  acid.— 3.  Never- 
theless fuming  HN03,  acting  upon  its  solution 
in  glacial  acetic  acid,  does  produce  iodo-oxy- 
cyanconiine:  C9H12IN2(OH).  This  maybe  crys- 
tallised from  alcohol.  It  melts  at  [157°]. — 
4.  Dilute  HN03  or  cone.  HC1  (at  180°)  con- 
vert iodo-cyanethine  into  oxy-cyanconiine, 
C9H13(OH)N2,  [156°]  (Riess,  J.pr.  [2]  30,  168). 

Methyl-cyanethine  C9H14MeN3.  [74°]  (c. 
257°).  From  cyanethine  and  Mel  at  160°  (E.  v. 
Meyer,  J.  pr.  [2]  26,  343).  V.  sol.  water,  form- 
ing an  alkaline  solution  from  which  it  may  be 
extracted  by  ether.  It  separates  as  an  oil  when 
its  solution,  saturated  in  the  cold,  is  warmed. 


Cyanethine  itself  is  very  slightly  soluble.  Methyl- 
cyanethine  affects  the  brain-cells,  producing 
muscular  contraction.  Chloral,  chloroform,  and 
morphia  are  antidotes. 

Combinations.  —  B'2,AgN03.  Pp.  sol.  hot 
water,  separating  as  plates.— B',(HCl).,PtCl4. 

Reaction.— 1.  Heated  with  HC1  at  180°  it 
splits  up  into  methylamine  and  oxy-cyanconiine : 
C9H13N2(NHMe)  +  H20  =-•  C9H13N.,(OH)  +  NH2Me. 

Methoxy  -  cyanethine  C!)HH(OMe)N3,  aq. 
[130°J.  Resembles  ethoxy-cyanethine  in  prepa- 
ration, properties,  and  salts.  It  also  exchanges 
NH2  for  OH  when  acted  on  by  N203,  the  product 
being  the  mono-methyl  derivative  of  di-oxy- 
cyanconiine  C9H12(MeO)N2(OH).  This  forms 
the  salts :  B',HCl,AuCl3.— C9HnAg(MeO)N2(OH) 
(C.  Riess,  J.pr.  [2]  30,  153). 

Ethoxy-cyanethine  C9H14(OEt)N3.     [115°]. 

Preparation.  —  From  sodic  ethylate  and 
bromo-cyanethine  (Riess,  J.pr.  [2]  30,  148). 

Properties. — Trimetric  plates.  Sublimes  at 
100°.  More  soluble  in  cold  than  in  hot  water. 
Its  solution  is  alkaline  to  test-paper.  Separated 
by  KOH  from  its  aqueous  solution.  Sol.  alcohol, 
ether,  chloroform,  and  acids. 

Reactions. — 1.  An  aqueous  solution  of  the 
free  base  precipitates  the  hydrates  of  copper  and 
lead  from  their  salts. — 2.  N203  passed  into  a 
solution  of  the  base  in  glacial  acetic  acid  forms 
the  corresponding  ethyl  derivative  of  di-oxy- 
cyanconiine:  C9H,2(OEt)N2OH.  This  melts  at 
[51°]  and  forms  a  silver  derivative, 
C9HnAg(OEt)N2OH.— 3.  Heated  with  cone.  HC1 
at  200°,  it  appears  to  form  di-oxy-cyanconiine : 
C9H12(OH)2N2  [151°],  a  silver  salt, 
C9HnAg(OH).,N2,  being  analysed. 

Salt  s.— (B',HCl),PtCl4.—  (B'.HCl)  AuCl3. 

Combinations.  — B',  AgNO3. 

CYANETHOLINE  v.  supposed  Ethyl  ether  of 
Normal  CYANIC  ACID. 

CYANHYDRIC  ACID  HCN.  (Hydrocyanic 
acid.  Prussic  acid.  Formonitrile.)  Mol.  w. 
26-98.  [ - 15°].  (For  melting-points  of  mixtures 
of  HCN  and  E^O  v.  Gautier,  A.  Ch.  [4]  17,  120). 
(26-5°).  S.G.  (Liquid)  at  7°  =  -7058,  at  18° -6969. 
V.D.  -966  at  40°,  -942  at  77°,  -936  at  96°,  -924  at 
158°,  -903  at  198°  (Gautier,  A.  Ch.  [4]  17,  119). 
/*D  =  1-263  at  17°  (Bussy  a.  Buignet,  A.  Ch.  [4] 
3,  231).  /*D  for  mixture  of  HCN  and  H,0 
(17°)  (B.  a.  B.,  I.e.);  ratio  2HCN:H.,0  =  1-282, 
2HCN:2IL,0  =  1-297 ;  2HCN:3H20~  =  1-306, 
2HCN:4H20  =  1-308.  H.F.  [C,  N,  H]  =  -  27,480 ; 
[C'N2,H2]  =  10,740  ;  H.C.  [CNH,0|]  =  158,620 
(Th.  2,  389).  Heat  of  neutralisation  [HCNAq, 
NaOHAq]=  2,770  (Th.  1,  295).  H.V.  =  5,700 
(Berthelot,  A.  Ch.  [4]  6,  432).  HCy  is  an  ex- 
tremely weak  acid ;  the  affinity  is  so  small  that 
the  compound  can  scarcely  be  classed  as  an  acid 
(v.  Ostwald's  Lehrbuch  der  allgemeinen  Chemie, 
2,  849).  Contraction  of  volume  occurs  on  mixing 
with  water  ;  v  =  vol.  of  HCN,  v'  =  vol.  of  H20, 
v"  =  vol.  of  mixture  ;  then  (B.  a.  B.,  I.e.). 


Ratio  of  HCN  :H20 

2:1 

2:1-5 

2:2 

2:2-5 

2:3 

2:3-5 

2:4 


v+v' 
•0328 
•0541 
•0603 
•0611 
•0623 
•0535 
•0468 
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Lowering  of  temperature  occurs  on  mixing 
with  water  (B.  a.  B.,  I.e.). 

Ratio  of  HCN:HaO  Fall  of  temp. 


2:1 

2:1-5 

2:2 

2:2-5 

2:3 

2:3-5 

2:4 


8-5 

9 

9-25 

9-25 

9-75 

8-25 

7-75 


Maximum  contraction  and  maximum  fall  of 
temperature  occur  when  the  acid  and  water  are 
mixed  in  the  ratio  2HCN:3H20. 

Vapour-pressure  of  liquid  HCN  at  13-25° 
=  472  mm.  (B.  a.  B.,  I.e.). 

Prussic  acid  was  discovered  by  Scheele  in 
1782  ;  it  was  examined  by  Berthollet,  Proust,  and 
others ;  the  pure  acid  was  prepared  by  Gay-Lussac 
in  1821  (A.  Ch.  77,  128 ;  95,  136). 

Occurrence. — In  tobacco-smoke  (Vogel  a. 
Keischauer,  D.  P.  J.  148,  231 ;  Vohl  a.  Euren- 
berg,  A.  147,  130).  Among  the  products  of  oxi- 
dation of  many  carbon  compounds  by  HN03 
(Gill  a.  Mensel,  Z.  1869.  65).  As  a  product  of 
the  action  of  KMn04Aq  on  thialdine  and  analo- 
gous compounds,  also  of  boiling  NaOHAq  on  aro- 
matic nitro- compounds  (Guareschi,  B.  12,  1699  ; 
Post  a.  Hiibner,  B.  5,  408).  As  a  product  of  the 
distillation  with  water  of  parts  of  plants  contain- 
ing amygdalin  (q.  v.  vol.  i.  p.  205). 

Formation. — 1.  By  subjecting  cyanogen  and 
hydrogen  to  the  electric  discharge  (Boillot,  C.  R. 
76, 1132) ;  or  by  heating  the  mixture  to  500°-550° 


(Berthelot,  Bl.  33,  2) ;  or  by  dissolving  cyanogen 
in  water  and  allowing  to  stand  (Wohler,  P.  15, 
627;  v.  also  CYANOGEN). — 2.  By  the  action  of  the 
induction-spark  on  a  mixture  of  acetylene  and  ni- 
trogen (Berthelot,  C.  R.  67,  1141 ;  Dewar,  Pr. 
29,  188  ;  30,  85),  or  on  a  mixture  of  N  with  hy- 
drocarbons which  yield  C^  (Berthelot,  I.e. ; 
Perkin,  C.  N.  21,  66).— 3.  By  rapidly  heating 
NH4  formate  or  formamide  with  Po05  (Lorin,  A. 
132,  255  ;  Handl,  W.  A.  B.  32,  252 ;  42,  747 ; 
Hofmann,  J.  pr.  91,  61).—  4.  By  burning  moist 
methylamine  (Tollens,  Z.  1866.  516).— 5.  By  | 
passing  CHC13  vapour  with  NH3  through  a  hot 
tube,  or  by  heating  CHC13  and  alcoholic  NH3  to 
180°-190°  (Heintz,  A.  100,  369) ;  or  by  mixing 
CHC13  with  KOHAq  and  NH,Aq  (Hofmann,  A. 
144,  116).— 6.  By  decomposing  Hg(CN)2  by  | 
HClAq  or  H2S04Aq,  preferably  in  presence  of 
NH4C1,  and  purifying  by  passing  through  CuCO., 
and  CaCL  (Gay-Lussac;  Bussy  a.  Buignet,  A.  Ch. 
[4]  3, 250).— 7.  By  decomposing  Hg(CN)2  by  H2S, 
or  by  shaking  with  H2SO4Aq  and  Fe  filings."— 
8.  By  decomposing  AgCN  by  HClAq. 

Preparation. — 1.  A  cold  mixture  of  12  parts 
water  with  9  parts  H2S04  is  poured  on  to  8  parts 
coarsely  powdered  K4Fe(CN)6  in  a  capacious 
flask ;  the  flask  is  connected  with  two  bottles 
containing  calcium  chloride  placed  in  a  bath  of 
cold  water ;  the  exit  tube  from  the  bottles  passes 
into  a  dry  flask  surrounded  by  snow  and  salt. 
The  mixture  is  warmed,  and  HCN  passes  into  the 
CaCLj-bottles  ;  after  about  £  hour  the  water  sur- 
rounding the  CaCl2-bottles  is  warmed  to  30°  or 
so,  when  dry  HCN  passes  into  the  flask  in  the  \ 
freezing  mixture,  and  is  there  liquefied  (Pessina, 
Traite  de  Phannacie  de  Soubeiran,  2,  337 ;  cf.  ] 


Wohler,  A.  73,  218).  Great  care  must  be  taken, 
as  HCN  is  frightfully  poisonous ;  the  CaCl2 
used  should  be  dissolved  (after  use)  in  a  large 
quantity  of  water,  HCN  is  evolved  during  solu- 
tion. If  HCNAq  is  to  be  prepared,  10  parts 
K4Fe(CN)6  may  be  distilled  with  about  4  parts 
H2S04  and  a  convenient  quantity  of  water  in  a 
flask  with  very  good  condenser ;  the  distillate 
may  be  rectified  by  distilling  over  MgO.— 2.  A 
solution  of  HCN  of  determined  strength  can  be 
prepared  by  mixing  KCN  and  tartaric  acid  in  the 
ratio  KCN:H2.C4H4O6  with  a  measured  volume  of 
water;  HCNAq  and  KH.C4H406  are  formed,  al- 
most the  whole  of  the  latter  is  ppd.  If  4  parts 
pure  KCN  are  added  to  9  parts  tartaric  acid  in 
60  parts  water,  and  shaken  in  a  stoppered  bottle 
nearly  filled  by  the  liquid,  and  then  allowed  to 
stand  for  12  hours,  the  liquid  contains  3-6  p.c. 
HCN  (Clarke,  A.  1,  44  ;  cf.  Liebig,  A.  41,  288). 

Properties. — A  mobile,  colourless  liquid,  hav- 
ing a  peculiar  and  very  penetrating  odour ;  does 
not  redden  litmus ;  intensely  poisonous ;  one  drop 
of  the  anhydrous  acid  is  instantly  fatal  if  swal- 
lowed. Inhalation  of  minute  quantities  of  va- 
pour suffices  to  kill,  even  when  mixed  with  air  the 
vapour  is  extremely  poisonous ;  soluble  in  water, 
alcohol,  and  ether  (for  temperature  and  volume 
changes  on  dissolving  in  water,  v.  ante).  Evapo- 
ration in  air  suffices  to  freeze  part  of  the  acid, 
crystals  thus  formed  are  transparent  orthorhom- 
bic  prisms.  HCN  or  HCNAq  is  unstable ;  brown, 
humus-like  products  are  formed  (v.  also  Reactions 
No.  2) ;  addition  of  traces  of  formic  acid  or  a 
mineral  acid  serves  to  prevent  this  decomposi- 
tion. Burns  in  air  with  blue  flame.  HCNAq  is 
a  very  weak  acid  ;  its  affinity  is  almost  nothing ; 
cyanides  are  generally  very  easily  decomposed 
by  acids. 

Reactions. —  1.  Passed  through  a  tube  heated 
to  dull  redness,  H,  CN,  C,  and  N  are  formed  (De- 
ville  a.  Troost,  J.  1863.  307) ;  heated  to  about 
100°  HCN  forms  a  black  mass,  which  at  a  higher 
temperature  gives  NH3  and  NH4.CN  (Girard, 
C.  R.  83,  344) ;  passed  over  red  hot  iron  HCN  is 
decomposed  intoH,C,  andN  (Gay-Lussac,  A.  Ch. 
95,  200).— 2.  Even  in  the  cold  HCN  or  HCNAq 
easily  undergoes  change  ;  brownish,  humus-like 
bodies  are  formed  ;  according  to  Gautier  (A.  Ch. 
[4]  17,  119)  perfectly  pure  HCN  does  not  undergo 
change,  but  if  a  trace  of  NH3  is  present  decom- 
position proceeds  with  formation  of  azulmic  acid 
(q.  v.  vol.  i.  p.  429).  Traces  of  alkali  hasten  the 
decomposition  of  HCN  (hence  if  the  CaCl2  used 
for  drying  contain  CaO  the  acid  produced  soon 
begins  to  change),  traces  of  acids  retard  the 
change ;  among  the  products  is  the  polymeride 
H3C3N3  (v.  TBICYANHYDBIC  ACID,  p.  302).  In 
presence  of  water  NH4  formate  is  produced. — 
3.  A  series  of  electric  sparks  passed  through 
HCN  causes  partial  decomposition  to  N  and 
C2H2  with  separation  of  a  little  C,  after  a  time 
the  C2H2  and  N  begin  to  recombine.  An  electric 
current  passed  through  HCNAq  evolves  H  at  the 
negative  electrode  with  formation  of  cyanide  of 
the  metal  forming  the  positive  electrode ;  if  the 
HCNAq  is  cone,  and  mixed  with  H.,S04,  C02  and 
NH3  are  produced  (Schlagdenhauffen,  J.  1863. 
305).— 4.  Mixed  with  oxygen,  and  brought  to  a 
flame,  violent  explosion  occurs  with  production 
of  C02,  H20,  N,  and  traces  of  HN03.— 5.  Potas- 
sium permanganate  in  alkaline  solution  oxidises 
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HCNAq  to  HCNOAq  (Pean  de  Saint-Gilles,  A.Ch. 
[3]  55,  374).— 6.  Chlorine  reacts  with  HCN  in 
daylight  to  form  03N3C1, ;  with  HCNAq  it  forms 
CNC1  and  HC1  (Bischofi,  B.  5,  80).  According 
to  Wurtz  (A.  79, 280)  Cl  also  forms  C2N2C12.CNH ; 
if  the  HCN  is  in  alcoholic  solution  a  crystalline 
compound  C8HI5C1N2O4  is  said  to  be  produced 
(cf.  Wurtz,  I.e.  and  Bischoff,  Z.c.). — 7.  Bromine 
forms  CNBr  and  HBr.— 8.  Iodine  with  HCNAq 
gives  CN  and  HIAq.— 9.  Hydrogen  (nascent) 
forms  CH3NH2 ;  the  same  compound  is  produced 
by  passing  HCN  vapour  and  H  over  hot  spongy 
Pt  (Menduis,  A.  121,  129 ;  Linnemann,  A.  145, 
38 ;  Debus,  A.  128, 200).— 10.  Potassium  heated 
with  HCN  gives  KCN  and  H. — 11.  Keaction  with 
water,  v.  beginning  of  this  article.—  12.  Heated 
with  hydriodic  acid,  NH,  and  CH4  are  produced 
(Berth elot,  J.  1867.  347). — 13.  Cone,  mineral 
acids  form  formic  acid  and  NH3 ;  boiling  solu- 
tions of  alkalis  react  similarly ;  very  cone.  HClAq 
in  the  cold  produces  formamide  (Claisen  a.  Mat- 
thews, B.  16,  308) ;  with  HC1  and  alcohols,  alkyl 
salts  of  formic  acid  are  produced  (Volhard,  A. 
176,  135).— 14.  With  alkalis  in  solution,  alkali 
cyanide  is  formed;  on  heating  alkali  formate 
and  NH3  are  produced. — 15.  Some  metallic  ox- 
ides form  cyanides  and  H20,  e.g.  ZnO,  HgO; 
others  give  oxy-cyanides,  e.g.  Pbp,  CdO ;  some 
evolve  cyanogen,  e.g.  Pb02  (Liebig,  A.  35,  3). — 

16.  Some  metallic  salts  are    decomposed    by 
HCNAq  giving  cyanides,  e.g.  many  acetates,  some 
salts  of  Ag  and  Cu,  some  alkaline  carbonates. — 

17.  Alkali  polysulphides  form  sulphocyanides. 
Combinations. — 1.  With  wafer  hydrates  are 

perhaps  formed,  but  none  has  been  isolated  ;  the 
contraction  and  lowering  of  temperature  (v. 
beginning  of  this  art.)  point  to  formation  of 
2HCN.3H20  ;  the  change  of  M.  P.  on  addition  of 
water  seems  perhaps  to  indicate  a  hydrate 
HCN.H20  (Gautier,  A.  Ch.  [4]  17, 120).— 2.  With 
hydrogen  peroxide  to  form  oxamide,  C202(NH2)2 
(Attfield,  C.  J.  [2]  1, 94).— 3.  With  hydrogento  form 
CH,NH2  (v.  Beactions,  No.  9).— 4.  With  the  haloid 
acids  :  HCN  saturated  with  HC1  gas  at  - 10°, 
and  then  heated  to  35°-40°  forms  crystals  of 
NCH.HC1,  insol.  ether,  sol.  water,  alcohol,  and 
acetic  acid ;  the  dry  compound  dissociates  in 
vacuo  (Gautier,  C.  B.  65,  410) ;  dry  HC1  passed 
into  a  mixture  of  HCN  and  C2H3O.OC2H5  at 
— 10°  to  - 15°  forms  white  prismatic  crystals  of 
2NCH.3HC1,  insol.  ether,  CHC13,  and  acetic 
acid,  sol.  water  with  decomposition  (Claisen  a. 
Matthews,  B.  16,  308).  The  compound 
2NCH.3HBr  is  produced  similarly  to  the  hydro- 
chloride  (Gal,  C.  R.  61,  643 ;  Gautier,  A.  Ch. 
[4]  17, 141 ;  C.  a.  M.,  I.e.).  When  HI  gas  is  passed 
into  HCN  the  compound  NCH.HI  is  formed, 
crystallises  from  alcohol  in  rhombohedra,  sub- 
limes at  300°-400°  with  but  slight  decom- 
position ;  insol.  ether,  sol.  cold  water ;  soon 
changes  to  HI  and  NH4  formate  (Gautier,  C.  B. 
61,  380  ;  Gal,  C.  B.  61,  643).- 5.  With  metallic 
chlorides :  anhydrous  HCN  combines  with  several 
metallic  chlorides  with  production  of  much  heat ; 
the  compounds  are  decomposed  by  water ;  the 
following  have  been  obtained :  (1)  TiCl4.2NCH 
(Wohler,  A.  73,  226) ;  (2)  SnCl4.2NCH  (Klein,  A. 
74,  85) ;  (3)  SbCl5.3NCH  (Klein,  Z.c.)  ;  (4) 
Fe2Cl6.4NCH  (Klein,  Z.c.).  BC13  seems  to  form  a 
compound  with  HCN  (v.  Martius,  A.  109,  81). 
6.  HCN  combines  directly  with  very  many 


aldehydes,  e.g.  with  acetic  aldehyde  it  forma 
C,H,O.NCH  (v.  the  different  aldehydes). 

Detection  and  Estimation.  —  1.  Addition  of 
KOHAq  followed  by  FeS04Aq  containing  some 
ferric  salt  ppts.  Prussian  blue  mixed  with 
Fe(OH)2  and  Fe(OH)3 ;  addition  of  HC1  dis- 
solves the  Fe  hydroxides  and  leaves  Prussian 
blue.  If  there  be  very  -little  HCN  or  cyanide 
present,  a  blue-green  liquid  is  formed,  which  on 
standing  deposits  bluish  flocks.  This  test  will 
detect  ^\Q  grain  of  HCN  in  a  very  dilute  liquid 
(Taylor,  A.  65,  263).— 2.  To  the  liquid  to  be 
tested  are  added  a  few  drops  of  yellow  NH4 
sulphide,  the  liquid  is  evaporated  on  the  steam- 
bath,  (NH4)SCy  is  thus  formed  ;  a  few  drops  of 
water  are  added  and  a  drop  of  Fe2Cl6Aq,  when 
blood-red  Fe(SCy),  is  formed.  This  test  will 
detect  5^0  grain  HCN  in  a  very  dilute  liquid 
(Taylor,  Z.c.).— 3.  AgN03Aq  pps.  white  AgCN, 
e.  sol.  NH3Aq,  unblackened  by  light,  sol.  cone, 
boiling  HN03  with  evolution  of  C02.  Other 
tests  are  founded  on  (1)  the  insolubility  of 
Cu.2(CN)2  in  dilute  HClAq  (Lassaigne,  A.  Ch.  27, 
200) ;  (2)  the  production  of  a  blood-red  colour 
on  heating  KCNAq  with  picric  acid  (Braun,  Fr. 
1864.  464 ;  Vogel,  C.  C.  1866.  400  ;  (3)  the  blue 
colour  produced  by  Cu  salts  with  tincture  of 
guiacum  in  presence  of  HCN  (Schonbein,  Fr. 
1869.  67  ;  Vogel,  Z.c. ;  Eckmann,  Fr.  1870.  429  ; 
Link  a.  Mockel,  Fr.  1878.  455).  Insoluble 
cyanides  may  be  fused  with  dry  Na2S203, 
dissolved  in  water,  and  tested  with  Fe2Cl,;Aq 
(Frohde,  C.  C.  1863. 698).  In  cases  of  suspected 
poisoning,  HCN  is  separated  by  distillation  after 
acidifying  the  matter  with  tartaric  acid.  (For 
details,  a  manual  of  analysis  must  be  consulted.) 

HCN  may  be  estimated  by  ppg.  as  AgCN, 
from  solutions  slightly  acidulated  by  HN03,  by 
addition  of  AgN03 ;  haloid  acids  must  be  absent; 
the  pp.  is  washed,  dried  at  100°,  and  weighed. 
Liebig's  volumetric  method  may  be  used  when 
haloid  acids  are  present  (A.  77, 102) ;  the  solu- 
tion is  made  strongly  alkaline  by  KOHAq,  and 
standardised  AgN03Aq  is  added  until  a  permanent 
turbidity  is  produced ;  the  compound  AgK(CN)2 
is  produced  but  remains  dissolved  until  addition 
of  excess  of  silver  forms  insoluble  AgCN.  1  c.c. 
of  decinormal  silver  solution  (10-8  grams  Ag  per 
litre)  =  -0054  gram  HCN. 

Constitution.  —  Cyanhydric  acid  may  be 
(1)  HCN  or  (2)  HNC;  formula  (1)  represents 
the  atom  of  H  as  directly  associated  with  the  C 
atom,  while  formula  (2)  represents  the  atoms  of 
H  and  N  as  directly  associated.  The  reactions 
of  this  acid  with  alkalis  show  that  the  H  atom 
is  acidic  ;  the  fact  that  the  acid  combines 
directly  with  the  haloid  acids  favours  the  for- 
mula N.CH,  which  suggests  the  properties  of  a 
derivative  of  NH3.  The  formation  of  the  acid 
by  the  reaction  of  CHCL,  with  KOHAq  is  in 
keeping  with  the  formula  N.CH;  this  formula 
also  suggests  the  production  of  CH3NH2  by  the 
reaction  of  hydrogen  with  N.CH  ;  the  production 
of  H.CO.jNH.,  when  cyanhydric  acid  reacts  with 
H20  cannot  decide  between  the  formulae  N.CH 
and  C.NH.  On  the  whole  cyanhydric  acid  is  best 
regarded  as  the  nitrile  of  formic  acid ;  the  for- 
mula is  written  N.CH. 

POLYMEBIDE   OF    CYANHYDRIC    ACID.      TriCyan- 

hydric  acid.  H3C3N3.  Produced  by  spontaneous 
polymerisation  of  HCN,  or  of  cone.  HCNAq,  in 
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presence  of  alkalis,  also  from  KCN  (Lange,  B.  6, 
99  ;  Wippermann,  B.  7,  767  ;  Lescoeur  a.  liigault, 
C.  R.  89,  310).  Prepared  by  treating  the  brown 
substance  produced  when  HCN  is  allowed  to 
change  in  air,  with  much  ether,  crystallising,  dis- 
solving in  ether,  shaking  with  animal  char, 
crystallising,  and  re-crystallising  from  hot  water. 
Triclinic  crystals ;  v.  sol.  alcohol,  less  sol.  ether. 
Solubility  in  water  -55  at  34°,  5-5-5  at  100°.  | 
Begins  to  decompose  at  140°,  melts  at  about 
180°,  and  deflagrates  at  a  higher  temperature. 
When  slowly  heated  with  water  forms  HCN 
and  the  products  of  decomposition  of  this  acid 
(H.C02H,  NH3,  &c.).  Heated  with  BaOAq,  with 
HClAq,  or  HIAq,  produces  C02,  NH3,  and  glycocoll 
(Wippermann,  B.  7,  767) ;  hence  tricyanhydric 
acid  appears  to  be  the  nitrile  of  amido-malonic 
acid,  CN.CH(NH2).CN  (c/.Bajyer,  A.  131,  297). 

M.  M.  P.  M. 

DICYANHYDEIN  v.  DI-CYANO-PIIOPYL  AL- 
COHOL. 

CYANIC  (SULPHO)  ACID.  SULPHOCYANIC 
ACID  AND  POLYMERIDES.  (Thiocyanic  acid. 
Hydro-sulphocyanic  acid.  Sulphocyanhydric 
acid.  Sulphocarbimide.)  Only  one  isomeride 
of  the  composition  HCNS  is  known,  and  it  is 
probably  normal  sulphocyanic  acid  HS.CN ;  the 
acid  HN.CS  has  not  been  isolated  although 
ethereal  salts  derived  from  it  are  known.  A 
polymeride  of  sulphocyanic  acid,  viz.  H2S2N2C2,  is 
known,  and  the  methylic  salt  of  trisulphocyanic 
acid  (H3C3N3S3)  is  also  known  (cf.  CYANIC  ACID). 

The  metallic  salts  of  the  form  MS.CN  are 
described  as  SULPHOCYANIDES  in  the  article 
CYANIDES. 

Preparation. — 1.  Dilute  solutions  of  HS.CN 
are  obtained  by  distilling  excess  of  a  sulpho- 
cyanide  with  dilute  H2S04Aq  ;  more  cone,  solu- 
tions are  obtained  by  distilling  KS.CN  with  cone. 
H3P04Aq,  or  by  the  reaction  of  H2S  with 
Hg(SCN),  or  Pb(SCN)2  (Hermes,  /.  pr.  97,  465  ; 
Zimmermann,  A.  199,  1). — 2.  Sulphocyanic 
acid  is  obtained  by  gently  heating  a  small  quan- 
tity of  Hg(SCN)2  in  a  stream  of  dry  H2S  (Wohler, 
G.  A.  69,  271) ;  explosions  may  occur  if  large 
quantities  are  used  (Hermes,  I.e.). 

Properties.— A.  colourless,  strongly  smelling, 
liquid ;  crystallises  when  surrounded  by  snow 
and  salt.  An  aqueous  solution  containing  12-7 
p.c.  of  the  acid  has  S.G.  1-04  at  17°  (Hermes, 
I.e.).  HSCy  is  a  very  strong  acid ;  the  affinity 
is  nearly  equal  to  that  of  HC1  (v.  Ostwald's 
Lehrbuch  der  allgemeinen  Chemie,  2,  849). 

Reactions. — 1.  Decomposed  by  heat  to  HCN 
and  persulphocyanic  acid  (H2C2N2S3).  Stable 
in  dilute  aqueous  solution  (about  5  p.c.) ;  the 
anhydrous  acid  polymerises  on  standing.  On 
distilling  the  aqueous  acid  the  greater  part  is 
vapourised  unchanged.— 2.  Heated  with  mineral 
acids,  is  decomposed  to  HCN  and  H2C2N.,S3,  or 
to  C02,  NH3,  and  CS2  or  H.S ;  the  products  of 
decomposition  vary  with  the  concentration  of  the 
solution  of  HS.CN  used  (cf.  Volckel,  A.  43,  74). 
3.  Decomposed  by  sulphydric  acid  (H0S)  to 
CS,  and  NH3  (Volckel,  I.e.).— 4.  Oxidisers,  e.g. 
KMnO4Aq,  produce  HCN  and  H2S04  (Pean,  C.R. 
46,  626).— 5.  With  zinc  and  sulphuric  acid,  re- 
acts to  form  H2S,  NH3,  NH2(CH3),  and  (CH,),S3 
(Hofmann,  B.  1.  179).— 6.  Heated  with  fairly 
cone,  sulphuric  acid,  COS  and  NH3  are  pro- 
duced (Than,  A.  Suppl.  5,  236).  —  7.  Organic 


acids  react  to  form  COS  and  amides,  or 
sometimes  nitriles,  e.g.  HS.CN  +  C2H,O.OH 
=  COS  +  C2H3O.NH2  (Letts,  B.  5,  669  ;  Kekule, 
B.  6, 113). 

The  metallic  salts  of  sulphocyanic  acid  are 
described  as  SULPHOCYANIDES  under  CYANIDES. 
The  ethereal  salts  of  normal  sulphocyanic  acid, 
of  the  type  Et.S.Cy,  are  described  as  ETHYL,  Ac., 
SULPHOCYANIDE  ;  the  ethereal  salts  derived  from 
isosulphocyanic  acid,  of  the  type  Et.N.CS,  are 
described  as  ETHYL,  &c.,  THIO-CARBIMIDE. 

POLYMERIDES  OF  SULPHOCYANIC  ACID. 

I.  Disulphocyanic  acid  H2S2C2N2  (Fleischer, 
A.  179,  204).    Prepared  by  adding  alcoholic  so- 
lution of  KOH  to  persulphocyanic  acid  (H.,C2N2S3; 
obtained  by  adding  3  vols.  H2S04Aq,  S.G.  1-34, 
to  cone.  NH4.SCNAq,  and  crystallising  the  crys- 
tals which  separate  from  hot  water) ;  the  crystals 
which  separate  are  K2C2N2S2,  they  are  collected 
and  decomposed  by  dilute  H2S04Aq ;  the  acid 
separates    as  a  wax-like    yellow  mass,  which 
hardens  after  a  time.     Sol.  alcohol,  nearly  insol. 
water;   when  the  solution  is  heated  HSCN  is 
formed. 

II.  Trisulphocyanic  acid ;   this  acid  is  not 
known,  but  its  methylic  salt,  Me3S3C3N3,  is  ob- 
tained     along      with     methyl      thiocarbimide 
[Me.N.CS  (q.  v.)],   by  heating  Me.S.Cy  to  180° 
(Hofmann,  B.  13, 1349). 

For  metallic  salts  of  disulphocyanic  acid  v. 
CYANURATES  and  SULPHOCYANURATES,  p.  360. 

M.  M.  P.  M. 

CYANIC,  DICYANIC,  AND  TBICYANIC 
ACIDS  and  their  derivatives. — HISTORICAL  INTRO- 
DUCTION.— Very  soon  after  his  inquiry  into  the 
constitution  of  Prussian  Blue,  an  investigation 
which  had  enriched  science  with  the  discovery  of 
Prussia  Acid,  Scheele  (1786,  Opuscula  2, 76)  con- 
ducted a  series  of  experiments  with  a  view  to 
determine  the  nature  of  a  specimen  of  urinary 
calculus.  The  calculus  happened  to  be  of  the 
acid  variety.  The  outcome  of  this  work  was  the 
discovery  of  Uric  and  Cyanuric  or  Pyro-uric 
acids.  This  is  the  earliest  record  of  an  oxygen 
compound  of  cyanogen.  Scheele,  however,  did 
not  realise  that  he  had  in  his  hands  a  hitherto 
unknown  chemical  compound.  Distilling  some 
of  the  calculus  he  obtained  among  other  products 
a  brown  sublimate,  which  admitted  of  purifica- 
tion by  resublimation.  The  properties  of  this 
sublimate  are  those  now  known  to  belong  to 
cyanuric  acid.  Moreover,  cyanuric  acid  may  be 
obtained  by  the  mode  of  procedure  described.  To 
Scheele  the  sublimate  appeared  to  resemble  sue- 
cinic  acid.  Pearson  (1798,  Tr.  34)  repeated  these 
experiments,  and  observed  in  addition  most  of 
the  characters  of  cyanuric  acid  known  at  the 
present  day,  but,  like  Scheele,  this  observer  did 
not  recognise  the  sublimate  as  a  new  substance, 
and  was  content  to  note  its  similarity  to  benzoic 
acid.  Henry  (1818,  Thomson's  Systeme  de 
Chemie,  2,  198)  was  the  first  to  point  out  the 
independent  nature  of  the  acid,  and  the  earliest 
analysis  was  made  by  Chevallier  and  Lassaigne 
(1820,  A.Ch.  13,  155). 

At  the  same  tune  that  the  cyanuric  acid  of 
Scheele  was  being  studied,  the  first  observations 
were  made  of  three  important  classes  of  com- 
pounds— the  fulminates,  the  cyanates,  and  the 
thiocyanates.  Brugnatelli  (1798,  A.  Ch.  27,  331) 
prepared  '  Fulminating  Silver,'  which,  however, 
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he  regarded  as  oxalate,  and  Howard  (1800,  Tr. 
204)  about  the  same  time  described  the  manufac- 
ture and  properties  of  'Fulminating  Mercury.' 
That  sulphur  is  capable  of  combining  directly 
with  potassium  cyanide,  forming  '  Thiocyanate,' 
was  first  distinctly  observed  by  Porret  (1814,  Tr. 
527),  the  reaction  having  been  studied  previously 
by  Buchholz  (1798,  Beitrag  zur  Erweiterung  und 
Berichtigung  der  Chemie,  1,  88).  The  predic- 
tion of  Gay-Lussac  of  a  class  of  cyanates  was 
verified  by  Vauquelin  (1818,  A.  Ch.  9,  115,  22, 
134),  who  found  Ammonium  Cyanate  among  the 
products  of  the  spontaneous  decomposition  of 
cyanogen  in  water. 

The  discovery  of  the  first  compound  of  cyanic 
acid  was  soon  folio  wed  by  that  of  other  cyanates 
and  of  the  acid  itself.  Wohler  (1822-24,  G.  A. 
71,  95 ;  73,  157 ;  P.  1,  117)  analysed  many  of 
these,  including  the  silver  salt,  from  which  he 
derived  the  formula  of  the  acid.  A  little  later, 
when  heating  some  cyanuric  acid,  this  chemist 
noticed  that  a  gas  was  given  off,  having 
a  peculiar  pungent  odour.  This  proved  to  be 
free  Cyanic  Acid,  and  by  a  suitable  cooling  ap- 
paratus Wohler  succeeded  in  liquefying  it.  The 
free  cyanic  acid  thus  obtained  was  examined  in 
an  important  memoir  by  Liebig  and  Wohler 
(1830, P.  20, 369),  and  its  constitution  established 
so  far  as  the  exigencies  of  the  time  required. 
Liebig  reverts  to  this  question  again  in  1838  (A. 
26,  122),  pointing  out  that  cyanic  acid  does  not 
form  double  salts  and  is  monobasic. 

In  the  meantime  a  study  of  the  fulminating 
mercury  of  Howard  had  furnished  Liebig  with 
some  interesting  results.  These  were  published 
in  1823  (G.  A.  75,  393)  and  in  conjunction  with 
Gay-Lussac  in  Paris  in  1824  (A.  Ch.  25,  285). 
From  the  silver  salt,  which  was  obtained  in  a 
condition  sufficiently  pure,  the  composition, 
molecular  weight,  and  basicity  of  fulminic  acid 
were  ascertained.  The  free  acid  was,  however, 
not  isolated.  Later  (1838,  A.  26,  122)  Liebig 
points  out  the  relation  of  fulminic  acid  to  its 
isomerides,  cyanic  and  cyanuric  acids.  It  is 
shown  to  form  double  salts  and  to  be  dibasic. 

In  the  hands  of  Berthollet  (1787,  A.  Ch.  I, 
35)  and  Gay-Lussac  (1815,  A.  Ch.  90,  200)  chlo- 
rine had  been  made  to  act  upon  prussic  acid  with 
the  formation  of  gaseous  Cyanogen  Chloride. 
Serullas  (1828,  A.  Ch.  38,  390),  now  employing 
the  same  agents  in  the  presence  of  sunlight,  ob- 
tained a  crystalline  solid  now  known  to  be  Cyan- 
uric  Chloride.  By  the  prolonged  action  of  water 
this  compound  was  found  to  decompose,  forming 
hydrochloric  acid  and  a  new  solid,  named  by 
Serullas  Cyanic  Acid.  This  cyanic  acid  was 
perceived  to  be  quite  distinct  from  the  cyanic 
acid  of  Wohler,  but  Serullas  does  not  seem  to 
have  compared  it  with  the  pyro-uric  acid  of 
Scheele.  Nevertheless,  the  properties  noted  by 
Serullas  agree  in  all  respects  with  those  given  by 
Pearson  for  Scheele's  acid.  The  analysis  made 
by  Serullas,  though  not  inaccurate  for  the  time, 
entirely  overlooked  the  hydrogen. 

Wohler  made  the  next  step  forward  by  the 
discovery  of  a  new  compound,  Cyanuric  Acid, 
among  the  products  of  the  action  of  heat  on 
urea  (1829,  P.  15,  622).  This  cyanuric  acid  was 
at  once  compared  both  with  the  pyro-uric  acid  of 
Scheele  and  with  the  cyanic  acid  of  Serullas. 
Its  properties  were  found  to  agree  with  both  of 


the  earlier  known  substances,  and  when  careful 
analyses  were  made  of  all  three  they  proved  to 
be  identical.  The  subject  is  finally  discussed 
by  Liebig  and  Wohler  (1830,  P.  20,  369),  where 
it  is  suggested  that  the  term  cyanuric  acid  should 
be  adopted  for  the  single  compound  whether  ob- 
tained by  the  distillation  of  uric  acid  (Scheele), 
the  action  of  water  on  cyanuric  chloride  (Serullas), 
or  the  action  of  heat  on  urea  (Wohler)',  and  that 
the  name  cyanic  acid  should  be  retained  for  the 
pungent  liquid  which  Wohler  had  found  as  a 
decomposition  product  of  cyanuric  acid,  and  of 
which  Vauquelin  had  previously  prepared  the 
ammonium  salt. 

The  question  of  the  constitution  of  cyanic 
acid  and  its  isomerides  is  the  subject  of  another 
memoir  by  Liebig  (1838,  A  26, 145).  The  basicity 
of  cyanuric  acid,  which  had  been  a  matter  of 
controversy  between  Wohler  and  Liebig,  is  finally 
decided  by  the  discovery  of  a  triargentic  salt,  and 
it  is  shown  to  have  the  formula  H3C3N3O32H2O. 
The  analogy  is  pointed  out  between  the  acids  of 
phosphorus  as  elucidated  by  Graham  (1833,  Tr. 
253)  and  the  three  isomerides : — monobasic 
cyanic  acid  HCNO,  dibasic  fulminic  acid  H22CNO, 
and  tribasic  cyanuric  acid  H33CNO. 

The  Thiocyanic  Acid,  of  which  Porret  pre- 
pared the  potassium  salt,  was  isolated  by  Wohler 
in  1829  (C.  A.  69,  271),  and  in  the  same  year 
Liebig  (P.  15,  563)  came  across  a  solid  substance 
among  the  products  of  the  action  of  water  on 
cyanuric  chloride  which,  in  conjunction  with 
Wohler,  he  found  again  (1830,  P.  20,  386)  as  a 
product  of  the  decomposition  of  cyanic  acid  with 
water.  This  compound  isomeric  with  cyanuric 
acid,  but  insoluble,  was  called  '  insoluble  cyanuric 
acid  '  or,  later,  Cyamelide. 

About  this  time,  too,  Liebig  (1834,  A.  10,  10) 
by  acting  on  ammonium  thiocyanate  by  heat 
produced  a  substance  called  Melam,  and  from 
this,  by  the  action  of  dilute  soda,  a  base  was 
formed  richer  in  the  elements  of  ammonia.  This 
base  was  regarded  by  Liebig  as  the  amide  of 
cyanuric  acid,  and  was  called  from  its  parent 
substance  Melamine  (1834,  A.  10,  18).  Another 
base  nearly  related  to  these,  Mellone,  was  ob- 
tained by  the  action  of  heat  onmelam,  and  from 
mellone,  by  treatment  with  nitric  acid  Liebig 
(1834,  A.  10, 34)  prepared  an  acid,  Cyanilic  Acid, 
which  proved  to  be  an  isomeride  of  cyanuric  acid, 
distinguished  from  the  latter  acid  chiefly  by  its 
crystalline  form  and  solubility. 

The  thirty-five  years  following  1840  were  very 
largely  devoted  to  the  discovery  of  ethereal  deri- 
vatives of  cyanic  and  cyanuric  acids,  and  to  a 
study  of  their  structure  with  a  view  to  rendering 
intelligible  the  very  remarkable  metameric  series 
of  compounds  which  were  brought  to  light.  But 
aside  from  this  main  current  of  research  there 
are  many  other  discoveries  of  scarcely  less  im- 
portance. Two  of  these  call  for  attention  at 
once — the  study  of  the  action  of  heat  on  nitrate 
of  urea  by  Pelouze  (1842,  A.  44,  106)  and  Wiede- 
mann  (1848,  A.  68,  324),  and  the  interesting  re- 
action between  cyanic  acid  and  aldehyde  whereby 
Liebig  and  Wohler  (1846,  A.  59,  296)  prepared 
the  compound  known  as  Trigenic  Acid. 

Three  important  series  of  alkyl  derivatives 
were  discovered  during  the  years  1847-48; 
the  cyanic  and  cyanuric  e'thers  of  Wurtz,  and 
the  thiocyanic  ethers  of  Cahours.  By  acting 
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on  alkyl  potassium  sulphate  with  a  salt  of  cyanic 
acid,  Wurtz  (1848,  C.  E.  26,  368 ;  27,  241)  ob- 
tained Alkyl  Cyanates,  and  using  a  cyanurate 
instead  of  a  cyanate  he  succeeded  in  preparing 
a  series  of  Alkyl  Cyanurates.  Both  these  classes 
of  ethers  when  decomposed  by  water,  in  presence 
of  dilute  acids  or  alkalis,  give  amines  and  carbon 
dioxide,  showing  that  they  have  a  similar  struc- 
ture. The  discovery  of  the  ethers  of  Wurtz  was 
partly  anticipated  by  Cahours  (1847,  A.  Ch.  18, 
261),  who  by  the  analogous  reaction  of  alkyl 
calcium  sulphate  with  potassium  thiocyanate 
obtained  Alkylthiocyanates.  The  thiocyanic 
ethers  do  not  admit  of  their  constitution  being 
studied  by  decomposition  with  water,  but  the 
same  end  is  attained  if  they  be  subjected  to  the 
reducing  action  of  nascent  hydrogen.  The  thio- 
ethers  of  Cahours  give  by  this  treatment  mer- 
captan  and  hydrocyanic  acid,  showing  that  the 
alkyl  radicle  is  attached  to  the  sulphur  and  not 
to  the  nitrogen. 

The  study  of  ethereal  derivatives  must  now 
give  way  to  the  consideration  of  several  new  re- 
actions which  were  brought  to  light  at  this  time. 
Debus  (1849,  A.  72,  18)  in  his  work  on  ethyl 
thiocarbamate  or  xanthogenamide  NH2.CS.OEt 
orNH2.CO.SEt  was  led  to  the  discovery  of  a  re- 
action by  which  this  compound  breaks  down 
into  mercaptan  andcyanuric  acid.  If  the  consti- 
tution of  xanthogenamide  were  better  known,  an 
important  insight  might  thus  be  obtained  into 
that  of  cyanuric  acid.  Notwithstanding  the 
attempts  of  Bineau  (1839,  A.Ch.  70,  251)  to  pre- 
pare an  amide  of  cyanic  acid  homologous  with 
the  cyanuramide  or  melamine  of  Liebig,  no  such 
compound  was  isolated  until  Cloez  and  Can- 
nizzaro  instituted  their  inquiry  in  1851  (C.  R. 
32,  62).  These  chemists  obtained  Cyanamide 
by  acting  upon  cyanogen  chloride  with  am- 
monia. A  very  remarkable  property  of  the 
cyanamide  thus  obtained  is  the  ease  with  which 
it  undergoes  polymerisation.  The  result  of  this 
intramolecular  rearrangement,  as  shown  by 
Beilstein  and  Geuther  (1858,  A.  108,  99;  123, 
241)  is  the  formation  of  the  dicyanogen  homo- 
logue  Dicyandiamide.  An  isomeric  series  of 
homologous  amides  is  thus  completed  corre- 
sponding to  "the  three  classes  of  mono-,  di-,  and 
tri-  cyanogen  compounds.  Employing  amines 
instead  of  ammonia  in  the  reaction  of  Cloe'z  and 
Cannizzaro,  the  alkyl  cyanamides  were  prepared 
by  Cahours  and  Cloez  (1854,  C.  R.  38,  354). 

Another  instance  of  polymerisation  was  an- 
nounced at  this  time  by  Liebig  (1855,  A.  95,  282). 
When  fulminating  mercury  is  allowed  to  stand 
in  presence  of  water  it  gradually  changes  its 
colour  and  other  properties.  These  changes  [ 
were  found  to  correspond  to  an  entire  rearrange- 
ment of  the  molecule,  the  dicyanic  fulminic 
acid  having  polymerised  to  tricyanic  Fulminuric 
Acid.  The  new  acid  is  metameric  with  cyanuric 
acid,  but  in  its  basicity  and  in  other  respects  it 
is  quite  distinct  from  that  compound.  Fulmin-  : 
uric  acid  was  discovered  independently  by 
Schischkow  (A.  97,  53;  101,  213),  whose  atten- 
tion was  also  directed  to  the  constitution  of  the 
isomeric  fulminic  acid  from  which  it  is  derived. 
Mercuric  fulminate,  according  to  Schischkow 
(J.  R.  16,  276),  is  Hg(CN)2.C2(N02)2.Hg,  and  ful- 
minic acid  (HCN)2.C2H22NO2.  On  the  other 
hand  Kekule  (A.  101,  200  ;  105,  279),  in  view  of 
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other  reactions,  regarded  fulminic  acid  as  nitro- 
acetonitril  CH2N02CN. 

Eeturning  once  more  to  the  ethers,  a  reaction 
must  be  noticed  that  was  first  studied  by  Cloez 
(1857,  C.  R.  44,  482),  which  in  the  hands  of 
Hofmann  and  other  later  investigators  has  done 
much  to  give  order  to  the  knowledge  of  cyanic 
derivatives.  Cloez  caused  cyanogen  chloride  to 
act  on  sodium  ethylate,  and  obtained  a  compound 
which  he  called  Cyanetholine  and  which  has 
sometimes  been  regarded  as  consisting  of  a 
cyanic  ether  isomeric  with  that  of  Wurtz.  Gal 
(1866,  C.  R.  61,  527),  who  observed  its  decom- 
position products,  correctly  so  regarded  it,  and 
moreover  judged  that  it  was  related  to  the  cyanic 
ethers  of  Wurtz  in  the  same  manner  that  the 
nitriles  are  related  to  the  isonitriles. 

Still  another  reaction  was  announced  at  this 
time  for  the  preparation  of  ether!.  Habich  a. 
Limpricht  (1859,  A.  109,  111)  discovered  that 
silver  cyanurate  and  alkyl  iodides  react,  forming 
cyanuric  ethers  identical  with  those  of  Wurtz. 

The  Cloez  reaction  was  now,  in  1870,  the 
subject  of  an  important  investigation  by  Hof- 
mann and  Olshausen  (B.  3,  269).  No  cyanic 
ether  was  found,  but,  instead,  these  observers 
succeeded  in  preparing  a  series  of  Cyanuric  Ethers 
metameric  with  those  of  Wurtz.  The  methyl 
analogue  of  the  cyanetholine  of  Cloez  and  Gal 
proves  to  be  a  mixture  containing  cyanuric  ether 
and  an  amido-  derivative.  Cyanic  ethers  homo- 
logous with  these  cyanuric  ethers  and  metameric 
with  the  cyanic  ethers  of  Wurtz  have  never  been 
isolated.  Hofmann  and  Olshausen  were  led  to 
predict  the  formation  of  a  series  of  cyanuric  ethers 
in  this  reaction  from  its  analogy  to  that  of  Cloez 
and  Cannizzaro  for  cyanamide  and  Cahours  and 
Cloez  for  alkyl  cyanamides,  thus : — 


C1|CN  +  (NH)H|H  (Cloez  and  Cannizzaro) 


Cl|CN  +  (NH)Et|H  (Cahours  and  Cloez) 


Cl|CN  +  OEt|H  (Hofmann  and  Olshausen). 


Now  in  the  second  reaction  the  alkyl  cyanamide 
was  known  to  polymerise  readily  at  the  moment 
of  its  formation  to  alkyl  melamine.  Just  in  the 
same  manner,  thought  Hofmann  and  Olshausen, 
might  the  product  of  the  third  reaction,  which 
differs  only  in  containing  oxygen  for  imidogen, 
polymerise  at  the  moment  of  its  formation  to  a 
cyanuric  ether.  This  hypothesis  was  confirmed 
by  experiment. 

The  cyanuric  ethers  thus  obtained  when 
submitted  to  the  action  of  water  in  presence  of 
dilute  acids  or  alkalis  give  cyanuric  acid  and 
alcohol,  showing  that  the  alkyl  radicle  is  at- 
tached to  the  oxygen  and  not  to  the  nitrogen, 
as  it  would  seem  to  be  in  the  case  of  the  Wurtz 
ethers.  It  would  thus  appear  that  the  Wurtz 
ethers  are  substituted  imide  compounds,  while 
those  of  Hofmann  and  Olshausen  are  substituted 
hydroxyl  derivatives.  The  reaction  of  both 
with  water  then  becomes  clear,  thus : — 


Hofmann  and  Olshausen. 
C^SOK' 
03H3H3 

(CN)830H|3R'OH~ 


Wurtz. 
C303N3R'3 
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The  difference  between  these  two  classes   of 
ethers  may  be  represented  by  the  formulae : — 

/OB'  /'NB' 

(ON)^OE'  (CO)3NB' 

\OB' 


or  better  still  by  the  use  of  ring  formulae,  a  de- 
vice which  is  especially  useful  when  more  com- 
plex reactions  have  to  be  studied.  The  ether 
corresponding  to  the  hydroxyl  acid  is  of  course 
the  normal  or  ortho-ether,  while  the  imide  sub- 
stituted ether  is  the  iso-ether  :— 

Normal  ether  of  Hofmann  and  Iso-ether  of  Wurtz . 

Olshausen. 

COB'  CO 


B'OC'I     IcOB'  OC'v     ICO 

N  NB' 

In  the  same  manner  the  normal  cyanic  ether 
which  in  the  Cloez  reaction  is  probably  formed 
in  the  first  instance,  but  which  has  not  been  iso- 
lated, may  be  supposed  to  be  related  to  the 
cyanic  ether  of  Wurtz  : — 

(CN).OB'  (CO):NB' 

Hypothetical  normal  cyanic  Isocyanic  ether  of 

ether.  Wurtz. 

And  the  decomposition  by  water  of  the  two 
ethers  may  be  represented  : — 

CNOB'  CONB' 

HOH  OH2 


Decomposition  of  hypothetical 
normal  ether. 


Decomposition  of 
iso-ether. 


A  very  interesting  instance  of  intramolecular 
change  was  announced  by  Hofmann  and  Olshau- 
sen in  this  same  memoir.  It  was  noticed  that 
the  melting-point  of  trimethyl  normal  cyanurate 
changed  on  continued  heating.  In  the  first  place 
it  melts  at  132°,  but  after  heating  for  some  time 
the  melting-point  rises  and  remains  constant  at 
175°.  Metastasis  was  suspected,  and  it  was  found 
that,  while  before  the  application  of  heat  the 
cyanurate  gave  when  decomposed  with  water 
alcohol  and  cyanuric  acid,  after  that  operation 
its  decomposition  products  were  carbon  dioxide 
and  amine.  The  normal  ether  had  changed  into 
the  corresponding  iso-ether  of  Wurtz.  Such  in- 
stances of  intramolecular  migration  from  nor- 
mal to  iso-  in  the  case  of  alkyl  derivatives  of 
cyanogen  compounds  are  now  known  to  be  of 
frequent  occurrence. 

Of  thethio-analogues  of  these  isomeric  ethers, 
one  series  had  been  discovered  by  Cahours.  On 
reduction  with  nascent  hydrogen  they  gave  mer- 
captan  and  hydrocyanic  acid.  These  were  the 
analogues  of  the  hypothetical  normal  cyanic 
ethers.  The  series  of  isomeric  thiocyanates 
corresponding  to  the  cyanic  ethers  of  Wurtz 
were  synthesised  by  Hofmann  (1868,  B.  1,  25  a. 
169  ;  2,  452  ;  7,  814;  8,  106),  and  constitute  the 
'  mustard  oils '  of  which  ordinary  mustard  oil  is 
a  member.  When  the  mercury  salt  of  mono- 
alkyldithiocarbamic  acid  is  distilled  it  loses 
mercuric  sulphide,  and  sulphuretted  hydrogen 
and  alkyl  thio-isocyanate  passes  over.  The 
thio-isocyanic  ethers  give  on  treatment  with 
nascent  hydrogen  not  mercaptan  and  hydro- 


cyanic  acid  but  amines  and  thio-aldehyde.    The 
two  reactions  may  be  seen  thus  : — 
Normal  thio-ether  of  Cahours.    Isothio-ether  of  Hofmann. 
CN.SB'  CS:NB' 

HTT  TT  TT 

xl  ±1,>      ±±2 

CNHjB/SH  HCHS"  j  NH^F 

The  following  discoveries  also  belong  to  this 
period  : — The  production  of  isocyanic  ethers  from 
isonitriles  by  direct  oxidation  accomplished  by 
Gautier  (1869,  C.  E.  67,  804).  The  discovery  of 
Dicyanic  Ethers  and  Alkyl  Melamines  by  Hof- 
mann (1861,  A.  Suppl.  1,  51 ;  B.  3,  765 ;  1869,  B. 
2,  602;  3,  264).  The  former  by  polymerisation 
of  phenyl-isocyanate  in  presence  of  triethyl- 
phosphine,  and  the  latter  by  desulphurisation 
of  monoalkylthio-urea  in  which  case  alkyl  cyan- 
amide  is  doubtless  first  formed  and  then  changed 
into  the  polymeric  melamine.  Finally,  the  ex- 
periment of  Beilstein  (1860,  A.  116,  357),  which 
showed  that  cyanuric  acid  treated  with  phos- 
phorus pentachloride  gives  cyanuric  chloride. 
Cyanuric  chloride  is  thus  seen  to  be  related  to 
cyanuric  acid  precisely  in  the  same  way  as 
acetyl  chloride  for  example  is  related  to  acetic 
acid.  It  may  be  obtained  from  the  acid  by 
substitution  of  its  hydroxyl  by  chlorine  when 
treated  with  phosphorus  pentachloride,  and,  as 
Serullas  was  the  first  to  show,  the  chloride  by 
treatment  with  water  loses  its  chlorine  and  again 
assumes  hydroxyl  in  its  place,  becoming  cyanuric 
acid. 

A  period  is  now  reached,  commencing  about 
the  year  1875  and  extending  to  the  present  day, 
during  which  the  activity  of  investigators  in  this 
subject  has  been  directed  in  the  main  to  the 
question  of  the  constitution  of  cyanic  and  cyan- 
uric  acids.  To  these  must  be  added  melamine, 
for  just  as  the  acids  give  rise  each  to  two  parallel 
series  of  metameric  ethers,  so,  as  it  will  appear, 
does  melamine.  This  isomerism  has  not  yet  been 
found  among  the  alkyl  cyanamides  or  dicyanic 
diamides.  It  will  be  seen  that  in  the  case  of 
the  parent  hydrogen  compounds  no  reactions 
have  been  discovered  which  permit,  as  in  the 
case  of  their  alkyl  derivatives,  the  assertion 
that  the  one  is  normal  or  of  the  hydroxyl  type, 
and  the  other  iso-  or  of  the  imide  type. 

The  discussion  was  inaugurated  by  Nencki 
(1876,  B.  9,  232),  who,  working  on  the  compound 
aceto-guanidine,  found  that  by  a  series  of  reactions 
it  is  converted  finally  into  cyanuric  acid.  In  a 
second  communication  (B.  9,  244)  he  suggested 
an  explanation  of  these  reactions  assuming  the 
imide  nature  of  cyanic  acid.  This  procedure  led 
of  course  to  the  view  that  cyanuric  acid  is  iso- 
I  or  imide  in  its  constitution.  Further  evidence  in 
'  favour  of  the  imide  structure  of  both  cyanic  and 
I  cyanuric  acids  is  found  according  to  Fleischer 
(B.  9,  436)  in  the  desulphurisation  of  ammonium 
thiocarbamate  NH,.CO.SNH4  by  which  reaction 
either  urea  or  iso-cyanate  should  result :  experi- 
ment showed  that  ordinary  ammonium  cyanate 
was  formed.  Weith  (B.  9,  454)  then  joined  the 
|  controversy,  and  proposed  an  altogether  new  set 
of  formulas  for  the  compounds  obtained  by  Nencki 
from  aceto-guanidine.  Nevertheless,  while  point- 
ing out  that  the  imide  nature  of  the  acids  was 
not  proven,  he  considered  the  weight  of  evidence 
to  be  in  favour  of  that  view.  Michler  (B.  9,  715) 
advanced  another  reaction  to  support  the  iso- 
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theory,  the  distillation  of  w-diphenylurea,  which 
yields  cyanic  acid  and  diphenylamine.  This 
reaction  has,  however,  no  more  value  as  proof 
than  the  action  of  heat  on  urea  itself. 

So  far  the  evidence  had  been  very  largely  in 
favour  of  the  iso-  hypothesis.  Claus  (B.  9,  721) 
now  joined  issue  with  the  preceding  observers. 
He  questioned  the  value  of  the  little  understood 
guanidine  reactions  of  Nencki  as  proof  of  con- 
stitution, and  showed,  as  Weith  had  indeed  al- 
ready done,  that  with  equally  probable  assump- 
tions the  changes  observed  by  Nencki  might  be 
explained  so  as  to  support  the  opposite  view. 
Similarly  he  contended  against  Fleischer  that  the 
formula  for  ammonium  thiocarbamate  is  by 
no  means  established,  and  if  the  alternative 
hydroxyl  formula,  NH2.CS.ONH4,  be  used,  the 
reaction  supports  the  normal  hypothesis.  To 
these  criticisms  both  Nencki  and  Fleischer  re- 
plied, Fleischer  (B.  9,  988)  defending  the  for- 
mula which  he  had  employed  for  thiocarbamic 
acid,  and  Nencki  (B.  9,  1008)  considering  at 
length  the  evidence  for  and  against  the  two  con- 
tending theories.  The  leading  points  are  as  fol- 
lows :  For  the  imide  or  iso-  formula. — 1.  The 
easy  breaking  down  of  cyanic  acid  by  the  action 
of  water  into  ammonia  and  carbon  dioxide 
CONH  +  OH2  =  C02  +  NH3.— 2.  The  conversion 
of  cyanic  acid  into  formamide  by  the  action  of 
nascent  hydrogen  CO:NH  +  H2  =  H.CO.NH2.— 
3.  The  reaction  of  Wurtz  in  which  cyanates 
and  cyanurates  yield  iso-  and  not  normal  ethers 
(CON)K  +  KR'S04  =  CONR'  +  K2S04.  For  the 
hydroxyl  or  normal  formula.—  1.  If  in  order  to 
explain  all  the  reactions  of  these  bodies  it  is 
found  necessary  to  assume  an  intra-molecular 
change,  it  is  easier  to  imagine  it  taking  place 
from  the  normal  to  the  iso-  than  from  the  iso- 
to  the  normal  atomic  arrangements,  since  it  is 
known  with  what  ease  normal  cyanic  and  cyan- 
uric  derivatives  change  to  the  iso-  condition,  and 
thus  to  suppose  that  in  the  Wurtz  reaction  normal 
ether  is  at  first  formed  and  that  it  immedi- 
ately changes  to  iso-ether. — 2.  Finally,  Beilstein 
had  shown  that  cyanuric  chloride,  the  normal 
structure  of  which  does  not  admit  of  question,  is 
the  chloride  corresponding  to  cyanuric  acid. 
Nencki  admits  that  the  acetoguanidine  reactions 
tell  equally  for  both  theories.  Nencki  concludes, 
however,  with  Weith  that  the  weight  of  evidence 
is  in  favour  of  the  imide  structure.  The  discus- 
sion was  continued  by  Claus  (B.  9,  1165),  Flei- 
scher (B.  9,  1459),  and  Nencki  (B.  9,  1552),  but 
little  further  advance  was  made. 

The  fundamental  distinction  between  mono-, 
di-,  and  tri-cyanic  acids  which  Liebig  so  clearly 
pointed  out  has  been  confirmed,  and  its  value 
appreciated  more  and  more.  It  may  be  that 
fulminic  acid  is  not  the  dicyanic  acid  homo- 
logous with  cyanic  and  cyanuric  acids,  and  that 
this  has  yet  to  be  discovered.  Indeed,  there  may 
be  many  such  mono-,  di-,  and  tri-cyanogen  series 
to  which  the  numerous  isomerides  of  cyanic  acid 
of  which  the  constitution  is  at  present  so  little 
known  will  contribute  members. 

By  the  help  of  this  conception  a  place  is 
ready  for  the  Thiodicyanic  Acid  discovered  in 
1876  by  Fleischer  (A.  179,  204),  and  perhaps 
for  several  new  isomerides  of  cyanic  acid  which 
have  now  to  be  noticed.  It  was  just  at  this 
time  that  Herzig  (B.  12,  170)  announced  the 


discovery  of  o-  and  £-Cyanuric  Acids.  These 
new  acids  were  said  to  be  obtained  by  the  action 
of  hexabromacetone  on  urea.  It  has,  however, 
recently  been  shown  (Senier,  C.  J.  49,  693  ;  49, 
743)  that  both  these  acids  are  merely  ordinary 
cyanuric  acid  disguised  by  traces  of  impurities. 
The  isomerism  of  the  cyanamido-carbonic  acid 
discovered  by  J.  Meyer  (1878,  J.  pr.  18,  419) 
is  merely  coincidental,  that  compound  having 
nothing  further  in  common  with  cyanuric  deri- 
vatives. Four  isomerides,  however,  remain  to  be 
noted,  all  derived  from  fulminic  acid.  The  first 
is  Isofulminuric  Acid.  It  was  prepared  by  Ehren- 
berg  (1884,  J.  pr.  30,  38)  by  acting  on  an  ethereal 
solution  of  free  fulminic  acid  with  ammonia. 
The  remaining  three  isomerides  were  discovered 
by  Scholvien  (1885,  J.  pr.  32,  461),  and  all  arise 
out  of  the  action  of  dilute  sulphuric  acid  on  ful- 
minates. They  are  Meta-fulminuric  Acid,  j8-Iso- 
f  ulminuric  Acid,  and  Iso-cyanilic  Acid.  Metallic 
salts  of  each  were  described,  but  no  alkyl  or 
other  derivatives. 

In  the  present  state  of  their  history  it  would 

be  premature  to  speculate  as  to  the  constitution 

!  of  this  remarkable  group  of  isomerides.    It  may, 

I  however,  be  worth  while  to  bear  in  rnind  that  the 

1  possible  metamerides  of  cyanuric  acid  are  very 

:  great,  especially  when  mixed  types   are    con- 

sidered, as,  for  instance,  the  two  conceivable  in- 

termediate acids  between  normal  and  iso-cyan- 

uric  acid   (cf.  Senier,  Inaug.  Dissert.,  Berlin, 

[1887]  28). 

A  further  study  of  these  f  ulminuric  acids 
may  help  to  clear  up  the  constitution  of  fulminic 
acid  itself,  for  like  the  latter  acid  some  of  them 
evolve  hydroxylamine  when  decomposed  by 
water  in  presence  of  hydrochloric  acid.  It  was 
on  this  account  that  Steiner  (1883,  B.  16,  1484) 
suggested  the  following  isonitroso-  formula  for 

C=NOH 
fulminic   acid    ||  ,  whereas  he  had  pre- 

C=NOH 

viously  (1876,  B.  9,  782)  been  an  adherent  of 
Kekule  (1857,  A.  101,  200  ;  105,  279),  who  re- 
garded it  as  nitroacetonitrile.  The  recent  work  of 
Divers  ([1885]  C.  J.  47,  79)  has  led  to  another 

N=CH 

formula  0<T        I       •   According  to  Armstrong, 
^ 


C=N.OH 


the  essential  facts  are  best  represented  for  the 

«C—  OH 

present  by  one  of  the  following,  Nf^  | 

\C 

N=CH 
or   I      |  (C.  J.  47,  79). 

0-C=N.OH 

In  the  next  place  two  announcements  call  for 
notice  which  have  an  interesting  bearing  on  the 
constitution  of  cyanuric  acid.  The  first  is  the 
production  of  melanurenic  acid,  a  derivative  of 
cyanuric  acid,  by  Bamberger,  by  the  action  of 
water  on  dicyandiamide  (Inaiuj.  Dissert.,  Berlin 
1880  ;  B.  16,  1074  ;  16,  1459  ;  16,  1703).  Bam- 
berger ascribes  to  dicyandiamide  the  formula 
C:NH.NH2:NHCN  as  preferable  to  Baumann's 

formula  (1873,5.6,1375),  (CNH)<™>(CNH). 

The  second  is  the  study  of  the  absorption  spec 
trum  of  cyanuric  acid  which  led  Hartley  (1882, 
C.t7.41,  48)  to  the  conclusion  that  it  has  a  ring 
formula  and  doubly-linked  atoms.  This  is  of 
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course  quite  in  accord  with  the  normal  or  hy- 
droxyl  theory. 

There  remain  to  be  considered  the  important 
researches  of  Hofmann,  Klason,  Ponomareff, 
Mulder,  and  Kathke.  These  investigations  are 
for  the  most  part  contemporaneous.  They  also 
largely  supplement  one  another ;  and  although 
they  do  not  explicitly  support  the  same  hypo- 
thesis, they  do  not  take  the  form  of  a  discussion. 
Only  an  outline  of  the  more  important  features 
of  this  work  can  be  attempted  here. 

Commencing  with  Mulder  in  the  year  1882  : 
the  Cloe'z  reaction  was  the  first  to  engage  the 
attention  of  this  observer  (R.  1,  41,  191 ;  2,  133 ; 

3,  287).     The  results  in  the  ethyl  series  were 
similar  and  parallel  to  those  in  the  methyl  series 
of  Hofmann  and  Olshausen.   The  most  interest- 
ing observation  is  that  normal  cyanic  and  cyan- 
uric  ethers  give  bromine  addition  compounds, 
while  the  isocyanic  and  cyanuric  ethers  form  no 
such  combinations.     This,  according  to  Mulder, 
becomes  a  test  by  which  the  one  structure  can  be 
distinguished  from  the    other.     Now  cyanuric 
acid  does  not  combine  with  bromine,  and  hence 
it  is  regarded  as  iso-  in  constitution.     The  com- 
pound with  cyanuric  ethyl  ether  has  the  formula 
C3N303Et3Br6.    By  the  use  of  this  test  Mulder 
was  led  in  1885  to  recognise  the  diethyl  cyanuric 
ether  of  Habich  and  Limpricht  as  an  iso-  com- 
pound (R.  4,  91).     Subsequent  observation  has, 
however,  not  confirmed  the  value  of  this  reaction 
as  a  test  in  all  cases. 

Many  attempts  have  been  made  to  discover 
among  the  metallic  cyanates  and  cyanurates 
isomeric  differences  like  those  found  among  the 
ethers.  An  investigation  of  Calmels  in  1884 
(C.  R.  99,  239)  would  seem  to  show  that  metallic 
cyanides  analogous  to  the  nitriles  andcarbamines 
exist,  but  hitherto  no  one  has  found  evidence  of 
a  similar  isomerism  among  the  metallic  cyanates 
or  cyanurates.  The  experiments  of  Mulder  in 
1882  (B.  15,  69)  with  this  object  proved  as 
fruitless  as  those  of  Bannow  (1871,  B.  4,  254 ; 
13,  2201)  had  been. 

Mulder  suggested  new  formulae  for  bromide 
and  chloride  of  cyanogen  N33CBr  and  N33CC1, 
and  in  a  series  of  communications  in  1885-6  (R. 

4,  47  ;  4,  151 ;  5,  65 ;  5,  84  ;  5,  99)  studied  the 
properties  of  the  bromide.     The  curious  fact  was 
noted  that  pure   cyanogen   bromide   does   not 
polymerise,  but  that  this   change  takes  place 
readily  in  presence  of  a  trace  of  free  bromine. 
Two   curious    addition    products    of    cyanogen 
bromide   with    ethyl    cyanurate    are   described 
C3N303Et:;2BrCN  and  C3N303Et3BrCN  (cf.  Senier, 
Inaug.  Dissert.,  Berlin,  1887,  34). 

As  in  the  case  of  Mulder,  so  the  work  of 
Ponomareff  commenced  with  a  study  of  the 
cyanetholine  of  Cloe'z.  This  chemist  in  1882 
(B.  15, 513)  arrived  at  results  in  accordance  with 
those  of  Hofmann  and  Olshausen,  and  proposed 
the  use  of  mercuric  chloride  to  distinguish  iso- 
from  normal  cyanuric  compounds.  This  reagent 
gives  crystalline  addition  compounds  with  nor- 
mal derivatives,  that  in  the  case  of  normal 
ethyl  cyanurate  being  (CN)330Et,HgCl2.  Unfor- 
tunately, like  the  corresponding  bromine  test  of 
Mulder,  this  mercuric  chloride  test  has  been 
shown  to  be  inapplicable  to  all  cases  (Hofmann, 
1885-6,  B.  18,  2796  ;  19,  2093). 

The  study  of  the  formation  of  cyanuric  ethers 


and  the  preparation  of  alkoyl  derivatives  in  the 
hands  of  Ponomareff  threw  additional  light  on 
their  structure.  Hofmann  and  Olshausen  had 
prepared  the  cyanuric  ethers  by  the  Cloe'z  reac- 
tion, using  cyanogen  chloride.  The  method  was 
simplified  by  Ponomareff  in  1885  (B.  18,  3261), 
who  employed  the  already  polymerised  cyanuric 
chloride.  By  this  means  he  obtained  normal 
cyanuric  ethers  which  gave  cyanuric  chloride 
again  when  treated  with  phosphorus  pentachlor- 
ide,  and  gave  melamine  by  the  action  of  am- 
monia. In  the  next  place  this  observer  studied 
the  reaction  of  Habich  and  Limpricht,  by  which 
only  isocyanuric  ethers  had  been  obtained.  By 
allowing  the  alkyl  iodide  to  act  on  silver  cyan- 
urate at  a  low  temperature  there  was  always 
formed  together  with  the  isocyanurate  some 
ether  that  gave  a  crystalline  compound  with 
mercuric  chloride,  and  hence  was  judged  by  Po- 
nomareff to  be  normal  ether.  The  experiment 
was  afterwards  repeated  by  Hofmann  and  the 
crystalline  mercuric  chloride  compound  examined 
(1886,  B.  19,  2093),  but  it  was  proved  that  the 
mercuric  chloride  was  combined  not  with  normal 
but  with  iso-  ether.  In  the  same  memoir  Pono- 
mareff described  the  first  alkoyl  derivative  of 
cyanuric  acid,  triacetyl  cyanurate.  The  corre- 
sponding tribenzoyl  cyanurate  was  obtained  soon 
afterwards  by  Senier  (1886,  C.  J.  49, 313). 

The  reaction  between  dicyandiamide  and 
carbon  dioxide  already  pointed  out  as  giving 
rise  to  a  mixed  cyanuric  acid  and  mela- 
mine, melanurenic  acid,  was  made  the  basis 
of  an  interesting  communication  from  Kathke 
in  1885  (B.  18,  3102).  This  inquirer  noted  that 
when  such  compounds  as  H20  or  NH3  or  C02, 
which  can  divide  into  two  divalent  radicles,  for 
instance  H2  +  0,  H2  +  NH,  and  0  +  CO,  combine 
to  form  addition  compounds  with  cyanogen  deri- 
vatives, they  do  so  in  accordance  with  a  general 
law,  the  one  residue  joining  the  carbon  and 
the  other  the  nitrogen.  Thus  nitriles  take  up 
the  residues  of  water  or  sulphuretted  hydrogen, 
giving  acid  amides  or  thio-amides,  or  they  take 
up  ammonia  or  amines  forming  amidines.  To 
this  class  of  reactions  belongs,  according  to 
Eathke,  the  conversion  of  dicyandiamide  into 
melanurenic  acid,  and  also  the  parallel  reaction 
announced  for  the  first  time  between  dicyandi- 
amide and  thiocyanic  acid,  where  combination 
to  thioammeline  takes  place.  Using  Bamberger's 
formula  for  dicyandiamide,  the  reactions  may  be 
represented  thus : — 


C 

HNA 

HNcl 


S 


N 


HN 


CNH  = 


NHH 

Dicyan- 
diamide 


Thio- 
cyanic acid 

0 


N 


HNCl 

NHH 

Dicyan- 
diamide 


+    CO    = 


Carbon 
dioxide 


HNC 


The  bearing  of  these  reactions  on  the  consti- 
tution of  cyanuric  acid  and  melamine  is  evident. 
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Ammeline  and  melanurenic  acids  are  amido- 
acids  between  melamine  and  cyanurio  acid,  and 
if  the  above  expressions  be  the  true  ones,  both 
the  acid  and  melamine  are  imido-  or  iso-  and  not 
normal  compounds.  The  following  formula 
showing  cyanuric  acid  and  melamine  both  as 
normal  and  iso-  compounds  will  assist  in  making 
this  clear : — 


COH 


Normal 


CNH2 


HOC1'       I  COH 


Acid 


CO 


Iso- 


oc     Jco 
YH 

Acid 


Helamlne 
CNH 

HN/NNH 

HNC'      JCNH 


JH 

Melamine. 


According  to  Hofmann  the  weight  of  evidence 
is  in  favour  of  the  view  that  both  these  com- 
pounds are  normal  in  constitution.  Kathke 
pointed  out  that  these  two  reactions  must  be 
considered,  and  whether  the  formula  of  Bam- 
bergei  be  employed  or  the  alternative  one  of 
Baumann,  they  both  lead  to  the  conclusion  that 
thio-ammeline  and  melanurenic  acid  are  iso- 
compounds,  and  indirectly  to  the  iso-  nature  of 
cyanuric  acid  and  melamine.  One  class  of  re- 
actions requires  the  one  formula,  another  class  of 
reactions  the  other.  In  Kathke's  view  it  is  im- 
possible to  find  a  formula  to  account  for  both 
classes  of  reactions.  It  seems  that  the  position 
of  the  hydrogen  atoms,  unlike  that  of  the  alkyl 
radicles,  is  not  stable,  and  that  indeed  both  for- 
mulae may  be  employed  side  by  side.  In  the 
same  manner  Eathke  recommends  the  use  of  two 
formulae  for  hydrocyanic  acid,  acetacetic  ether, 
the  lactam  and  lactim  groups,  thio-urea,  and 
other  similar  cases. 

In  another  communication  (1887,  B.  20, 1056) 
this  standpoint  was  developed  further,  and  in 
view  of  the  discovery  of  several  triphenylmela- 
mines  Rathke  suggested  the  addition  of  a  third 
imicle  type  for  alkyl  inelamines,  thus  : — 


CNHR' 


N 


R'HNCU     ICNHR' 

Normal 
CNH 


CNR' 


HNC 


CNH 


1st  iso-. 


R'NC,     ICNR' 

NH 

2nd  iso-. 


The  radicles  attached  directly  to  the  ring  as  in 
the  first  iso-  form  are  said  to  be  in  the  eso-  posi- 
tion, while  those  attached  to  side  chains  as  in 
the  second  iso-  form  are  termed  exo-.  This  sys- 
tem was  suggested  in  order  to  account  for  the 
instances  of  complex  isomerism  in  the  qase  of 


phenylmelamines,  which  Hofmann  was  the  first 
to  point  out.  In  the  communications  following, 
Rathke  ([1887-8],  B.  20, 1065  ;  21,  867  ;  21, 874) 
announced  several  new  complex  derivatives,  the 
constitution  of  which  he  studied  by  means  of 
this  hypothesis.  These  are  Phenyl  Thiamme- 
line,  Triphenyl  Ammeline,  Monophenyl  Iso-cy- 
anuric  acid,  Diphenyl  Melamine,  and  Triphenyl 
Melamine. 

No  inquirer  in  this  department  of  chemical 
research  has  been  more  unwearied,  and  none 
has  been  more  successful,  than  Hofmann.  As 
early  as  1857,  in  conjunction  with  Cahours  (A. 
102,  293),  he  discovered  allyl  cyanate,  and  from 
that  time  to  this  he  has  reverted  to  the  subject 
again  and  again.  The  earlier  communications 
have  been  already  noticed,  but  there  remain  a 
series  of  exhaustive  critical  memoirs  which  have 
appeared  during  the  last  few  years  of  which  only 
the  barest  outline  can  be  given.  They  are  an 
attempt  to  settle  the  question  of  the  constitution 
chiefly  of  cyanuric  acid  and  melamine,  but  they 
bring  into  their  service  numerous  new  reactions 
and  classes  of  compounds. 

In  one  of  the  first  of  these,  in  1881  (B.  14,2728), 
1  Hofmann  described  a  new  reaction  in  which  iso- 
ethers  are  among  the  products.  It  is  the  action 
of  heat  on  alkyl  acetyl  urea.  Together  with 
i  isocyanic  ether  di-  and  tri-alkyl  isocyanurate  are 
j  formed.  In  another  paper  in  1880  (B.  13,  1349) 
some  interesting  instances  of  intramolecular 
!  change  are  described.  Just  as  the  cyanic  methyl 
ether  at  first  formed  in  the  Cloe'z  reaction  was 
found  by  Hofmann  and  Olshausen  to  polymerise 
to  methyl  cyanurate,  so  the  same  change  is  now 
effected  in  the  case  of  methyl  thiocyanate,  which 
is  converted  into  methyl  thiocyanurate,  and  also 
(1885,  B.  18,  765)  in  that  of  phenyl  isocyanate, 
which  becomes  phenyl  isocyanurate.  The  general 
tendency  of  the  normal  to  pass  over  into  the  more 
stable  iso-  atomic  arrangement  finds  another 
example  here,  for  together  with  the  trimethyl- 
thiocyanurate  some  of  the  iso-  compound  is 
always  formed.  Hofmann  called  attention  to 
the  fact  that  pure  methyl-thiocyanate  does  not 
polymerise  by  heat  alone,  but  does  so  in  presence 
of  a  little  hydrochloric  acid.  It  will  be  remem- 
bered that  in  the  same  manner  Mulder  found 
that  cyanogen  bromide  only  admitted  of  poly- 
merisation when  mixed  with  some  other  sub- 
stance, as,  for  instance,  with  free  bromine.  The 
action  of  such  agents  as  hydrochloric  acid  and 
free  bromine  in  these  instances,  and  the  still 
more  remarkable  action  of  triethylphosphine  or 
pyridine  (Snape,  1886,  C.  J.  49,254),  which  con- 
vert phenyl  isocyanate  only  into  dicyanate,  while 
if  certain  dry  salts  are  substituted,  sodium  ace- 
tate, sodium  formate,  or  sodium  carbonate,  the 
intramolecular  re-arrangement  goes  as  far  as  the 
production  of  cyanurate ;  these  are  facts  of 
which  chemistry  in  its  present  state  of  develop- 
ment offers  no  explanation. 

From  methyl-thiocyanurate  thus  obtained 
Hofmann  isolated  in  1885  for  the  first  time  free 
Thiocyanuric  Acid  (B.  18,  2196).  The  methyl 
ether,  by  treatment  with  sodium  sulphide,  is 
converted  into  the  sodium  salt,  methyl  mercap- 
tan  being  formed  at  the  same  time,  and  the 
sodium  salt,  when  treated  with  hydrochloric  acid, 
has  its  sodium  replaced  in  three  stages,  forming 
two  intermediate  acid  sodium  thio-cyanurates, 
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and  finally  free  thio-cyanuric  acid.  The  sodium 
salt  of  thiocy  anuric  acid  may  be  also  prepared  from 
cyanuric  chloride  by  the  action  of  sodium  mer- 
captide. 

Pursuing  the  inquiry  still  further  into  the 
behaviour  of  this  thio-  analogue  of  cyanuric 
acid,  the  action  of  ammonia  and  amines  on  the 
trimethyl  ether  was  investigated  in  1885  (B. 
18,  2755).  Water  decomposes  the  ether  in  ac- 
cordance with  the  general  reaction  into  cyanuric 
acid  and  mercaptan,  and  it  was  thought  that 
ammonia  might  similarly  give  mercaptan  and 
melamine,  thus : — 

(CN)s3SMe  +  3H(HO)   =(CN)330H  +3MeSH 
(CN)33SMe  +  3H(NH2)  =  (CN)33NH2  +  3MeSH' 

Experiment  proved  this  to  be  the  cass.  Mela- 
mine  is  thus  advantageously  prepared.  The 
reaction  takes  place,  however,  in  three  stages, 
two  intermediate  compounds  being  formed  — 
mono-amido-  and  di-amido-  ether— thus : — 


Me          /NH2  /NH2 

Me         3\SMe         3\SMe 
ether  intermediate  compounds 


XNH2 


33-2 
\NH2 

melamine. 


The  action  of  substituted  ammonias  was  now 
tried,  and  corresponding  alkyl  melamines  and 
intermediate  alkyl  amido-  ethers  resulted. 

Melamine  and  alkyl  melamines  are  also 
produced,  as  was  expected,  from  cyanuric  chlor- 
ide, and  ammonia  or  amines,  and  in  this  case, 
too,  a  series  of  intermediate  amido-  and  alkyl 
amido-  cyanuric  chlorides  was  obtained,  thus  : 

/Cl  /NH,           /NH2             /NH2 

3^C1  (CN)Ad     (CN)3f  NH2  (CN)3^NH2 

\C1  \C1             \C1               \NH2 

cyanuric  intermediate  compounds          melamine. 
chloride 

The  second  of  these  intermediate  compounds 
was  identified  as  Liebig's  chlorcyanamide  (1834, 
A.  10,43),  and  its  phenylamido-  analogue  as  the 
compound  described  by  Laurent  (1848,  A.  Ch. 
[3]  22,  97)  under  the  name  chlorcyanilide. 

The  alkyl  melamines  obtained  by  these  re- 
actions were  at  once  compared  with  those  which 
Hofmann  had  himself  prepared  sixteen  years 
before  by  desulphurisation  of  substituted  thio- 
ureas,  and  were  found  to  be  metamerides.  Here, 
then,  were  two  metameric  series  of  alkyl  mela- 
mines just  as  there  are  two  series  of  alkyl 
cyanates  and  cyanurates  and  their  thio-  ana- 
logues. One  might  be  normal  and  the  other  iso-, 
corresponding  to  the  normal  and  iso-  cyanates 
or  cyanurates.  Their  constitution  was  now  to 
be  solved.  It  was  feared  that  the  action  of 
water  would  give  no  clue  to  the  structure  of 
these  compounds,  because  on  the  assumption  of 
either  constitution  cyanuric  acid  and  amine 
would  probably  be  produced.  Thus  : 

(CN)33NHMe  +  3H20  =  (CN).30H  +  3NH2Me 
alkyl-n-melamine  cyanuric  acid       amine 

(CNMe),3NH  +  3H20  =  (CO)33NH  +  3NH2Me 
a'kyl-iso-melamine  cyanuric  acid        amine. 

It  is  true  that  in  the  one  case  the  acid  at  first 
formed  ought  to  be  normal  and  in  the  other  iso-, 
but  all  experience  had  shown  that,  whatever 
might  be  the  constitution  of  the  acid  in  the  first 
moment  of  its  existence,  it  was  always  found 
when  examined  to  be  one  and  the  same  cyanuric 


acid.  Experiment  confirmed  this  expectation, 
and  it  became  necessary  to  seek  some  other 
method. 

This  was  found  by  Hofmann  in  1885  (B.  18, 
2781)  in  a  reaction  between  cyanuric  chloride 
and  secondary  amines.  In  this  reaction  neither 
melamine  nor  its  primary  alkyl  derivatives,  but 
secondary  alkyl  melamines  were  produced  — 
Hexa-alkyl  Melamines.  These  were  prepared, 
and  it  was  seen  that  an  examination  of  the 
decomposition  products  when  acted  upon  by 
water  would  decide  whether  they  were  normal  or 
iso-  compounds.  Thus  : 

(CN)33NMe2  +  3H20  -  (CN)330H  +  3NHMe2 

alkyl-n-melamine  cyanuric  acid    secondary 

amine 

(CNMe)33NMe  +  3H20  =  (CO)83NMe  +  3NH2Me 

alkyl-iso-melamine  methyl-iso-     monamine. 

cyanurate 

Here  was  a  distinction  that  could  be  observed, 
and  experiment  showed  that  the  first  equation 
represents  the  reaction  which  takes  place.  The 
new  alkyl  melamines  are  to  be  regarded,  then, 
as  normal  derivatives,  and  the  iso-  structure  is 
reserved  for  the  metameric  compounds  derived 
from  substituted  ureas. 

What,  then,  is  the  constitution  of  melamine 
itself  ?  When  the  close  analogy  existing  between 
the  reactions  by  which  the  normal  alkyl  mela- 
mines are  produced,  and  that  by  which  melamine 
itself  may  be  obtained  is  perceived,  there  cannot 
remain  much  doubt  as  to  its  normal  constitution, 
thus  :  — 

(CN)3C13  +  3H(NMe2)  =  (CN)33NMe2  +  3HC1 
(CN)SC1S  +  3H(NHMe)  =  (CN)83NHMe  +  3HC1 

(CN)3C13  +  3H(NH2)  =  (CN)33NH2  +  3HC1. 
Moreover  the  normal  constitution  of  cyanuric 
chloride  must  not  be  forgotten.  From  it  are 
derived  only  normal  ethers,  and  from  normal 
ethers,  as  Hofmann  himself  shows,  cyanuric 
chloride  may  be  reproduced  by  the  action  of 
phosphorus  pentachloride.  Two  subsequent  me- 
moirs (B.  18,  3217  ;  19,  2061)  contain  a  descrip- 
tion of  many  new  derivatives  of  normal  and  iso- 
cyanuric  acid  and  melamine.  Kesidues  in  the 
position  which  Eathke  afterwards  proposed  to 
designate  by  the  denomination  eso  are  shown  to 
exist  in  some  of  these  complex  derived  com- 
pounds. This  is  notably  the  case  with  the 
triphenylmelamine  which  Hofmann  designates 
unsymmetrical,  and  which  Kathke  would  term 
diesotriphenylmelamine.  It  has  the  formula 
C  NHPh 


PhN 
I 
HNC 


N 
! 

CNH 
/ 
[Ph, 


and  is  composed  of  two  iso-melamine  and  one 
normal  melamine  group.  The  cyanuric  ethers 
were  submitted  to  a  careful  re-examination  in  the 
first  of  these  papers,  and  their  melting-points 
and  boiling-points  re-determined  and  corrected, 
and  in  most  cases  their  crystalline  form  sub- 
mitted to  exact  measurements. 

The  question  of  the  constitution  of  cyanuric 
acid  was  considered  by  Hofmann  mainly  in  one  of 
the  memoirs  already  referred  to  (B.  18,  2791). 
It  was  pointed  out  in  the  first  place  that  the  con- 
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stitution  of  the  normal  and  iso-  series  of  alkyl 
derivatives  is  established  beyond  question  by  the 
perfectly  distinct  products  which  they  give  when 
subjected  to  the  decomposing  action  of  water. 
The  normal  ethers  break  down  into  cyanuric  acid 
and  alcohol,  the  iso-  ethers  into  carbon  dioxide 
and  amine.  So  far,  then,  as  the  decomposition 
of  the  ethers  is  evidence,  cyanuric  acid  is  a  nor- 
mal compound.  But,  on  the  other  hand,  no  one 
has  succeeded  in  preparing  normal  ethers  from 
cyanuric  acid.  Iso-  ethers,  as  in  the  methods  of 
Wurtz  and  Habich  and  Limpricht,  are  always 
obtained.  So  far,  then,  as  the  formation  of  the 
ethers  is  evidence,  cyanuric  acid  is  an  iso-com- 
pound.  Consideration  of  these  reactions  leaves 
the  question  an  open  one.  Other  reactions  must 
be  studied.  It  is  argued  that  cyanuric  acid  is 
iso-  because  of  its  formation  from  urea  and  cer- 
tain allied  compounds  ;  but  this  assumes  a  con- 
stitution for  urea  which  is  by  no  means  finally 
established  ;  and  which,  indeed,  as  Hofmann 
points  out,  has  been  directly  questioned.  Again 
to  cyanuric  acid  is  assigned  the  iso-  structure, 
because  of  its  homology  with  cyanic  acid,  which  is 
assumed  to  be  iso-.  If  cyanic  acid  were  really 
iso-  this  argument  would  have  great  weight ;  but 
Hofmann  showed,  especially  by  means  of  its 
close  analogy  to  normal  thio-cyanic  acid,  that 
cyanic  acid  is  probably  normal  in  constitution. 
It  is  admitted,  however,  by  Hofmann  that  in 
order  to  explain  all  the  reactions,  whichever  view 
be  accepted,  an  intra-molecular  rearrangement 
has  sometimes  to  be  assumed.  For  instance, 
maintaining  the  normal  hypothesis  such  a  change 
has  to  be  supposed  in  the  case  of  the  reactions  of 
Wurtz  and  Habich  and  Limpricht.  It  is  shown, 
however,  that  instances  of  this  change  from  nor- 
mal to  iso-  are  of  frequent  occurrence,  whereas 
there  is  scarcely  a  case  on  record— only  one 
which  Hofmann  himself  in  a  later  memoir  pointed 
out— of  the  opposite  change.  This  then  is  an 
argument  in  favour  of  the  normal  hypothesis. 
But  perhaps  the  strongest  of  all  arguments  in 
support  of  the  normal  view  is  the  relation  of 
cyanuric  acid  to  cyanuric  chloride.  This  chlo- 
ride is,  for  reasons  already  given,  unquestionably 
a  normal  compound.  Now  phosphorus  penta- 
chloride  behaves  towards  normal  cyanuric  ethers 
in  a  manner  precisely  parallel  to  its  action,  as 
shown  by  Beilstein,  on  cyanuric  acid  itself.  In 
both  cases  cyanuric  chloride  results.  Again,  from 
cyanuric  chloride  and  alcohol  (sodium  ethylate) 
normal  ether  is  obtained,  and  in  the  parallel 
reaction  between  cyanuric  chloride  and  water 
(sodium  hydroxide)  cyanuric  acid  results.  Thus :  — 

(CN)330B'  +  3PC15  =  (CN)3C13  +  3POC13  +  3B'C1 
(CN)330H  +  3PC15  =  (CN)3C13  +  3POC13  +  3HC1 
and 

(CN)3C13  +  3B'OH  =  (CN)330B'  +  3HC1 
(CN)3C13  +  3HOH  =  (CN)330H  +  3HC1. 

This  analogy  receives  important  support  from 
the  corresponding  thio-  derivatives.  It  is  scarcely 
conceivable  that  intramolecular  change  takes 
place  in  one  series  of  these  reactions  and  not 
in  the  other,  and  indeed  the  composition  of  the 
chloride  of  iso-cyanuric  acid  is  probably  such 
that  it  would  be  impossible  for  it  by  metastasis 
to  be  converted  into  cyanuric  chloride;  at  all 
events  Hofmann  shows  that  the  action  of  phos- 
phorus pentachloride  on  iso-  ether  leads  to  the 


formation  of  a  chloride  having  an  altogether 
different  composition.  In  another  memoir  in 
1886  (B.  19,  2084)  Hofmann  continues  this  dis- 
cussion. Klason  in  the  meantime  had  offered 
another  explanation  of  Bathke's  dicyandiamide 
and  thiocyanic  acid  reaction,  which  led  to  the 
normal  and  not  the  iso-  structure  for  thio-arame- 
line.  Hofmann  adopted  this.  With  regard  to 
the  use  of  more  than  one  formula  as  suggested 
by  Bathke,  Hofmann  can  only  admit  this  prac- 
tice if  it  be  meant  to  imply  that  a  compound 
behaves  in  one  reaction  as  if  it  had  one  consti- 
tution, and  in  another  reaction  as  if  its  consti- 
tution were  a  different  one.  The  identity  of  a 
substance  requires  that  in  its  quiescent  state  it 
be  regarded  as  one  and  the  same  thing.  The 
only  way  out  of  the  difficulty  with  regard  to  the 
constitution  of  cyanuric  acid  is  to  adopt  that 
formula  which  explains  the  most  reactions,  and 
to  assume  in  the  others  that  metastasis  takes 
place.  Hofmann  therefore  adopts  the  view  that 
cyanuric  acid  is  a  normal  or  hydroxyl  compound. 

There  now  remain  to  be  considered  a  series 
of  important  communications  from  the  Swedish 
chemist,  P.  Klason  (or  Claesson,  as  it  is  written 
in  the  Swedish  memoirs).  The  field  indepen- 
dently worked  out  by  this  observer  is  covered 
very  largely  by  that  of  Hofmann,  and  has  already 
been  noticed.  This  is  true  also  with  regard  to 
the  view  to  be  taken  of  the  constitution  of  cyanic 
and  cyanuric  acids  and  melamine.  The  leading 
points  which  remain  must  now  be  briefly 
stated. 

In  an  early  communication  in  1885  (B.  18, 
496  B.)  some  important  improvements  were  sug- 
gested in  the  preparation  of  cyanuric  chloride, 
and  the  discovery  of  Cyanuric  Iodide  was  an- 
nounced. A  series  of  normal  melamines  was 
described  a  little  later  (B.  18,  497  B.),  and  it 
was  shown  that  thio-ammeline  was  normal  and 
not  iso-,  as  Bathke  had  maintained.  Klason 
proved  this  by  its  synthesis  from  Liebig's  chlor- 
cyanamide  (normal  diamido-cyanuric  chloride), 
by  the  action  of  sodium  sulphydrate.  The  fact 
that  cyanamide  by  polymerisation  gives  ordinary 
normal  melamine  leads  to  the  view  that  it  also 
is  normal  (B.  18,  499  B.).  On  the  other  hand 
Klason  considered  the  only  known  series  of  alkyl 
cyanamides  to  be  iso-  compounds  because  they 
polymerise  to  alkyl  iso-  melamines.  Maintaining 
the  normal  structure  for  cyanic  and  cyanuric 
acids  Klason  (1886,  J.  pr.  33,  126)  submitted  the 
reasoning  of  Nencki  and  the  more  recent  argu- 
ments of  Bathke  to  a  detailed  criticism.  It  was 
shown  that  another  formula  can  be  ascribed 
equally  well  to  acetoguanidine,  and  that  this 
leads  to  the  normal  formula  for  cyanuric  acid. 
This  is  the  case  also  with  Bathke's  reaction 
between  dicyandiamide  and  thiocyanic  acid,  for 
Klason  maintained  that  the  diamide  is  a  normal 
and  not  an  iso-  compound.  The  case  of  Bam- 
berger's  reaction  is  admittedly  different.  In 
order  to  explain  that  reaction,  metastasis  has 
undoubtedly  to  be  assumed.  Subsequent  exami- 
nation of  the  melam  compounds  by  Klason  (1886, 
J.  pr,  33,  285)  showed  that  ordinary  melam  is  a 
mixture  of  true  melam  and  a  new  compound 
melem,  and  that  ordinary  ammelide  is  a  mixture 
of  melanurenic  acid  and  ammeline.  It  was  there- 
fore proposed  to  apply  the  name  ammelide  to 
melanurenic  acid,  in  which  case  the  compounds 
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between  cyan  uric  acid  on  the   one  hand  and 
melamine  on  the  other  would  be  as  follows : — 

X)H  XNH,  xNH2  NH, 

(CN)3f  OH  (CN)3(-OH'  (CN):J(-NH3 
\OH          \OH  \OH 

cyanuric  acid  ammelide    ammeline  melamine. 

MONOCYANOGEN   GROUP. 

Normal  cyanic  acid  CNOH  i.e.  (C:N).OH. 

Formation. — 1.  By  the  action  of  heat  on 
cyanuric  acid  (Wohler,  G.  A.  71,  95  ;  73,  157  ; 
P.  1,  117 ;  Liebig  a.  Wohler,  P.  20,  369).— 2. 
In  place  of  cyanuric  acid  a  mixture  of  P205  and 
urea  may  be  employed  (Weltzien,  A.  107,  219) 
or  a  mixture  of  uric  acid  with  Mn02  or  H2S04 
(Dobereiner,  G.  A.  74,  121),  or  mercuric  urate 
may  be  heated  alone.— 3.  Cyanic  acid  is  also 
formed  when  ethyl  thiocarbamate  is  subjected 
to  distillation.  CO.NH2.SEt  =  CNOH  +  EtSH 
(Debus,  A.  72,  1;  75,  127;  82,  253). 

Cyanic  acid  cannot  be  isolated  by  treatment 
of  its  metallic  or  alkyl  salts  with  hydrous  acids  or 
water,  for  the  moment  it  is  liberated  it  takes  up 
the  elements  of  water  and  appears  as  NH3  and 
C02. 

Preparation. — Anhydrous  cyanuric  acid  is 
heated  nearly  to  redness  in  a  current  of  C02. 
This  is  conveniently  accomplished  in  a  tube 
bent  at  right  angles,  the  charged  arm  of  which 
can  be  placed  in  a  combustion  furnace.  The 
vapour  of  cyanic  acid  is  led  into  a  suitable  con- 
denser surrounded  by  a  freezing  mixture.  More 
or  less  polymeric  cyamelide  is  always  formed 
and  condenses  as  a  snow-white  solid  in  the 
cooler  parts  of  the  tube  (Wohler)  (Baeyer,  A. 
114,  156). 

Properties. — A  thin  colourless  liquid  which 
reddens  litmus  and  has  an  extremely  pungent 
odour  suggestive  of  glacial  acetic  acid.  The 
vapour  causes  a  copious  flow  of  tears  and  the 
liquid  applied  to  the  skin  quickly  raises  a  blister. 
S.G.  (2)  1-140;  (-22)  1-156  (Troost  a.  Haute- 
feuille,  J.  1868,  314).  V.D.  1-50  (calc.  =1-49) 
(T.  a.  H.).  H.C.  98,470  (T.  a.  H.).  Cyanic  acid 
changes  readily  into  the  isomeric  cyamelide  or 
'  insoluble  cyanuric  acid.'  At  0°  this  transforma- 
tion takes  place  quietly  in  the  course  of  an 
hour,  but  at  higher  temperatures  the  action  be- 
comes explosive.  The  heat  evolved  by  this 
atomic  rearrangement  is  17,630  gram-units 
(T.  a.  H.,  J.  1869,  99).  In  ice-water  cyanic  acid 
dissolves  without  decomposition  until  a  certain 
degree  of  concentration  is  attained. 

Reactions. — 1.  In  presence  of  triethyl  phos- 
phine  it  polymerises  to  cyanuric  acid  (Hofmann, 
C.  S.  Mem.  13,  322).— 2.  Acted  on  by  water  it 
immediately  splits  into  NH3  and  C02. — 3.  Alco- 
liol  reacts  on  cyanic  acid  forming  allophanic 
ether  2CNOH  +  EtOH  =  CO.NH,.NH.COOEt,— 
4.  With  epichlorhydrin  C3H5OC1  it  combines 
to  form  chloroxypropyl  carbamic  anhydride 
xNH 

\0— C3H3C1  (Thomsen,  B.  11,2136).— 5.  By 
the  action  of  aldehyde  trigenic  acid  is  produced 
2CNOH  +  CH3CHO  =  C4H7N3O2  +  C02  (Liebig  a. 
Wohler,  A.  59,  296 ;  Herzig,  M.  2,  398).— 6.  So- 
dium amalgam  reacts  on  CNOK,  producing 
formamide  (Basarow,  B.  4,  409). — 7.  When  dry 
HC1  is  passed  over  CNOK  or  better  CNOAg 


cyamelide  is  formed  and  a   liquid  cyanic  acid 
hydrochloride  CNOH,  HC1  distils  over  (Wohler, 

A.  45,    357). — 8.    With    chloral   cyanic    acid 
vapour  combines  to  form  cyanic  acid  chloral 
(CC1SCHO)2CNOH,  and  with   chloral  hydrocy- 
anide  it  also  combines  to  form  the  compound 
(CC13CHO,HCN)CNOH    (Bischoff,    B.    5,   86; 
Cech,  B.  8,  1174;  9,  1253;  10,  880;  Wallach, 

B.  8,  1327). 

HALOGEN  DERIVATIVES. 

Cyanogen   chloride  CNC1  i.e.  (CiN).Cl. 

Formation. — By  the  action  of  Cl  on  aqueous 
hydrocyanic  acid  (Berthollet,  A.  Ch.  1,  35 ;  Gay- 
Lussac,  A.  Ch.  90,  200),  or  on  certain  metallic 
cyanides  in  presence  of  water  (Serullas,  A.  Ch. 
[2]  35,  291,  337  ;  cf.  Wohler,  A.  73,  219  ;  Cahours 
a.  Cloez,  A.  90,  97 ;  Cloez,  A.  102,  354  ;  Klein, 
A.  74,  85  ;  Martius,  A.  109,  79  ;  Langlois,  A.  Ch. 
[3]  61,  481). 

Preparation. — About  15  grams  of  Hg(CN)2are 
placed  in  a  3-litre  bottle  and  partly  covered  with 
water.  Cl  is  then  led  in  till  the  whole  of  the 
air  is  displaced,  and  the  bottle  is  set  aside  in  a 
dark  place  for  24  hours.  The  colour  of  the  Cl 
gradually  disappears,  its  place  being  taken  by 
colourless  gaseous  cyanogen  chloride.  Several 
such  bottles  may  be  charged  and  set  aside  at  the 
same  time.  For  most  purposes  the  gas  thus 
prepared  may  be  at  once  made  use  of.  If,  how- 
ever, it  is  desired  to  isolate  the  pure  chloride  the 
bottle  must  be  placed  in  a  freezing  mixture,  when 
crystals  of  CNC1  form,  and  these  by  a  series  of 
operations  are  separated  in  a  pure  state  (Serullas) 
(Wohler).  Explosions  having  sometimes  occurred 
by  the  above  method  (Weith,  B.  7, 1745),  the  re- 
action between  aqueous  HCN  kept  in  a  freezing 
mixture  and  Cl  is  preferred  by  some  chemists 
(Gautier,  A.  141,  122).  In  any  case  the  greatest 
care  is  requisite,  on  account  of  the  extremely 
poisonous  nature  of  this  gas,  to  prevent  its  escape 
into  the  atmosphere  of  the  laboratory. 

Properties. — At  ordinary  temperatures  it  is  a 
colourless  gas  with  a  pungent  odour  and  irrita- 
ting action  on  the  eyes.  Exceedingly  poisonous. 
At  —12°  to  —15°,  or  at  0°  under  a  pressure  of  4 
atmospheres,  it  condenses  to  a  colourless  liquid, 
and  at  — 18°  it  crystallises  in  prisms.  V.D. 
-2-124  (calc.  =  2-128)  (Salet,  A.  136,  144;  cf. 
Wurtz,  A.  79,  284;  Eegnault,  J.  1863,  65,  67, 
70).  C.H.  (Berthelot,  J.  1871,  79;  1874,  114). 
Polymerises  spontaneously  but  gradually  into 
(CN)3C13.  S.  25  ;  50  (ether),  100  (alcohol).  The 
aqueous  solution  does  not  redden  litmus,  and 
gives  no  pp.  with  AgN03. 

Reactions. — 1.  Potassium  heated  in  CNC1  gas 
gives  KCN  and  KC1,  and  antimony  in  a  similar 
j  manner  forms  a  chloride  and  liberates  cyanogen. 
'  2.  With  aqueous  KHO  it  is  converted  into 
CNOK  and  KC1.— 3.  Alcohols  dissolve  CNC1, 
j  and  on  standing  a  reaction  gradually  takes  place 
with  the  formation,  among  other  products,  of 
carbonic  and  carbamic  ethers  (Wurtz). — 4.  With 
sodium  alkylate  CNC1  reacts,  forming,  in  the 
first  instance,  normal  cyanic  ethers,  which,  how- 
ever, immediately  polymerise  to  the  correspond- 
ing cyanuric  compounds  (Cloez,  C.  R.  44,  482 ; 
Hofmann  a.  Olshausen,  B.  3,  271).— 5.  With 
ammonia  cyanamide  and  NH4C1  are  formed, 
and  in  the  same  manner  alkyl  ammonias  form 
alkyl  cyanamides  (Cloez  a.  Cannizzaro,  A.  78, 
229 ;  90,  95). 
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Combinations.— 1.  With  other  halogen  com- 
pounds: SbCl.CNCl  (Klein,  A.  74,  87);  BC13 
CNC1  (Martius,  A.  109,  79)  ;  Fe,Cl6  2CNC1  (K.) ; 
TiCl4CNCl  (Wohler,  A.  73,  220)  ;  EtCNCNCl 
(Henke,  A.  106, 286) ;  the  compound  (CNC1)2HCN 
(Wurtz,  A.  79,  281)  is  said  not  to  exist  (Vogt, 
A.  155,  170).— 2.  With  NH..OH,  HC1,  PH3HI, 
C02NH2,  &o.  (Traube,  B.  18,  462). 

Cyanogen  bromide  CNBr  i.e.  (C:N).Br. 

Formation.  —By  the  action  of  Br  on  Hg(CN)., 
(Serullas,  A.  Ch.  [2]  34,  100 ;  35,  294  a.  315)  or 
on  HCNAg  (Lowig,  Das  Brom  und  seine  che- 
mischen  Verhaltnisse,  Heidelberg,  1829,  69),  or 
on  a  cold  solution  of  KCN  (Langlois,  A.  Ch.  [3] 
61,  482). 

Preparation. — When  1  part  of  Br  is  allowed 
to  flow  gradually  on  2  parts  of  Hg(CN)2  in  a 
retort  surrounded  with  ice  CNBr  and  HgBr2  are 
formed  with  great  evolution  of  heat.  The  CNBr 
sublimes  in  needles,  contaminated  at  first  with 
free  Br,  but  ultimately  the  Br  flows  back  and 
enters  completely  into  combination.  Gentle  heat 
is  then  applied,  and  the  CNBr  sublimed  into  a 
receiver  surrounded  with  ice  (Serullas). 

Properties.  —  CNBr  sublimes  in  colourless 
needles,  which  after-wards  change  to  cubes  (S.). 
[  +  4°]  (Lowig);  [above  16°]  (S.)  ;  [not  even  at 
40°]  (Bineau,  A.  Ch.  [2]  68,  425) ;  [48°]  (Senior, 
priv.  com.) ;  [52°]  (Mulder,  R.  4, 151).  (61°)  (750 
mm.)  (M.).  H.F.  (Berthelot,  J.  1871,  80). 
Vapour  pungent  and  irritating,  resembling 
CNC1.  V.  sol.  H.20  and  alcohol.  Forms  a 
crystalline  hydrate  less  fusible  than  the  anhy- 
drous compound. 

Reactions. — 1.  Heated  in  a  closed  tube  from 
130°-140°  it  is  converted  into  (CN),Br3.— 2.  With 
KHOAq  it  forms  KBr,  KCN,  and  KBr03(S.)(L.). 
3.  Ammonia  gas  reacts  with  the  formation  of 
CNNH2  and  NH4C1. 

Cyanogen  iodide  CNI  i.e.  (C=N).I. 

Formation.—  By  the  action  of  I  on  mercuric, 
silver,  or  other  metallic  cyanides  (Davy,  G.  A. 
54,  384  ;  Wohler,  G.  A.  69,  281 ;  Serullas,  A.  Ch. 
[2]  27,  184 ;  29,  184 ;  34,  100  ;  35,  293  a.  344 ; 
Van  Dyk,  R.  P.  21,  223).  CNI  sometimes  occurs 
as  an  impurity  in  commercial  iodine  (Scanlan, 
C.  S.  Mem.  3,  321 ;  F.  Meyer,  Ar.  Ph.  [2]  51,  29; 
Klobach,  Ar.  Ph.  [2]  60,  34). 

Preparation.  —  1.  Iodine  is  dissolved  in  a 
warm  cone,  solution  of  KCN  until  the  liquid,  on 
cooling,  solidifies  to  a  crystalline  mass.  On 
gently  heating  the  CNI  sublimes,  and  it  may  be 
purified  by  recrystallisation  from  alcohol  or  ether 
(Liebig,  Glum.  Org.  1,  180).— 2.  2  pts.  of  iodine 
dissolved  in  ether  are  added  to  1  pt.  of  Hg(CN)2. 
Keaction  takes  place,  and  the  CNI  goes  into 
solution  in  the  ether,  from  which  it  may  be 
obtained  by  evaporation  (Linnemann,  A.  120, 
36). 

Properties. — Long,  delicate,  colourless  needles, 
or  from  its  solution  in  alcohol  or  ether  in  four- 
sided  laminae  (Herzog,  Ar.  Ph.  [2]  61,  129).  It 
has  a  pungent,  penetrating  odour  and  acrid 
taste.  It  is  very  poisonous.  Sol.  water,  more 
sol.  alcohol,  still  more  sol.  ether  and  volatile 
oils.  No  one  has  hitherto  succeeded  in  converting 
it  into  the  polymeric  (CN)8I8.  H.F.  (Berthelot, 
J.  1871,  79  ;  1874,  114)  (cf.  E.  Meyer,  J.  pr.  [2] 
36,  292). 

Reactions. — 1.  KHO  reacts,  forming  KCN, 
KI,  and  KI03  (Serullas).— 2.  NH3  converts  it 


into  CNNH,  and  NH.I.-3.  With  ZnR'2  or  A1R'3 
alkyl  nitriles  and  metallic  iodides  are  formed 
(Calmels,  Bl.  43,  82).— 4.  It  dissolves  in  alkaline 
sulphites  with  the  formation  of  HI,  HCN,  and 
alkaline  sulphates  (Strecker,  A.  148,  95). 

Combinations. — When  4  pts.  of  I  are  dis- 
solved in  a  solution  of  1  pt.  of  KCN  in  2  pts.  of 
water  long  colourless  crystals  separate,  which 
after  recrystallisation  from  ether  have  the  com- 
position KI,4CNI,4aq.  [120°-130°]  (Langlois, 

A.  Ch.  [3]  60,  220). 

METALLIC  DERIVATIVES  v.  CYANATES,  p.  297.  .. 

ALKYL  DERIVATIVES.  Normal  cyanic  ethers. 
Normal  cyanic  ethers  have  never  been  isolated. 
The  reaction  between  sodium  alcoholate  and 
cyanogen  chloride  (Cloez,  C.  R.  44,  482),  which 
was  supposed  to  yield  normal  cyanic  ethers, 
proved  when  further  investigated,  both  in  the 
methyl  series  (Hofmann  a.  Olshausen,  B.  3,  271) 
and  in  the  ethyl  series  (Mulder,  R.  2,  133), 
to  give  no  cyanic  ether,  but  instead  a  mixture 
of  alkyl  cyanurate  and  amido-  derivatives. 
There  is  not  much  doubt  that  in  this  reaction 
normal  cyanic  ethers  are  formed  in  the  first 
instance,  but  they  polymerise  almost  imme- 
diately to  their  cyanuric  hornologues  (cf.  Pono- 
mareff,  B.  15,  515  ;  Mulder,  R.  1,  210  ;  3,  306). 

ALKOYL  DERIVATIVES. 

Acetyl   cyan  ate  C3H3N02  i.e.  (C-N).OAc. 

Silver  cyanurate  acts  upon  acetyl  chloride, 
forming  what  is  probably  a  polymeric  form  of 
this  compound.  When  this  is  subjected  to  dis- 
tillation liquid  acetyl  cyanate  or  cyanogen 
acetate  is  obtained,  together  with  acetonitrile 
and  cyanogen.  Water  decomposes  it  into 
acetamide  and  C02  (Schiitzenberger,  A.  123, 271). 

Normal  thiocyanic  acid  v.  THIOCYANIC  ACID. 

Normal  cyanamide  CH2N2  i.e.  (CiN).NH2. 

Formation. — 1.  By  the  action  of  CNC1,  CNBr, 
or  CNI  on  NH3.  CNC1  +  2NH3  =  CNNH2  +  NH4C1 
(Bineau,  A.  Ch.  [2]  67,  368;  70,  251;  Cloez  a. 
Cannizzaro,  A.  78,  229).— 2.  CNNNa,  is  the  end 
product  of  the  reaction  between  NH.,Na  and  C02, 

(a)  NH2Na  +  C02  =  NH2.CO.ONa, 

(b)  NH2.CO.ONa  =  CNONa  +  H20, 

(c)  CNONa  +  NH2Na  =  CNNNa,  +  H20 
(Beilstein   a.   Geuther,  A.  108,   93;"   Drechsel, 
J.pr.  [2]  16,  203).— 3.  By  the  action  of  sodium 
on  urea,  ammonium  carbamate,  or  ammonium 
carbonate   CO(NH,)2+  Na  =  CNNH2  +  H  +  NaHO 
(Fenton,  C.  J.  41,  262).  -4.  By  desulphurisation 
of  thio-urea  by  means  of  HgO.    CS(NH,)2-H.,S 
=  CNNH2  (Volhard,  J.  pr.  [2]  9,  25;  Baumann, 

B.  6,  1371;  Mulder  a.  Smit,  B.  7,  1636). 
Preparation. — Moist   freshly  ppd.   mercuric 

oxide,  which  has  been  purified  by  boiling  with 
NaHOAq  and  then  with  water,  is  added  in  small 
portions  at  a  time  to  an  unsaturated  cold  solu- 
tion of  thio-urea  in  water.  Excess  of  HgO  is 
avoided,  otherwise  insoluble  mercuric  cyanamide 
is  formed  (Engel,  BL  24,  273).  The  operation  is 
continued  until  all  the  thio-urea  is  desulphurised, 
which  may  be  ascertained  by  the  liquid  ceasing 
to  give  a  black  pp.  when  a  drop  of  it  is  tested 
with  NH3AgNO3.  The  sulphide  pp.  is  then  fil- 
tered off  and  the  filtrate  concentrated  as  quickly 
as  possible  by  evaporation,  the  latter  part  of  the 
process  being  conducted  in  a  vacuum  over 
H2SO4.  From  the  residue,  ether- extracts  cyan- 
amide  and  leaves  dicyandiamide,  which  is  also 
formed,  undissolved  (Volhard ;  Drechsel,  J.  pr. 
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[2]  11,  298  ;  21,  79).  Another  method  employs 
an  alcoholic  instead  of  an  aqueous  solution  of 
thio-urea  (Baumann,  B.  6, 1376 ;  Pratorius,  J.pr. 
[2]  21,  131).  It  is  noteworthy  that  pure  thio- 
urea  does  not  admit  of  complete  desulphurisation 
in  this  reaction,  the  presence  of  traces  of  such 
a  substance  as  CNSNH4,  however,  renders  the 
action  of  the  HgO  perfectly  easy  (Traube,  B.  18, 
461). 

Properties. — Cyanamide  is  a  white  crystalline 
compound  [40°].  When  melted,  however,  it  may 
be  cooled  far  below  40°  without  solidification 
taking  place.  This,  however,  is  at  once  effected 
by  contact  with  a  pointed  solid  body.  V.  sol. 
water,  alcohol,  and  ether ;  si.  sol.  CS.2,  CHC13,  and 
benzene.  Heated  above  40°  it  passes  into  the 
homologous  ra-di-cyandiamide  (CN)22NH2,  and  at 
about  150°  it  solidifies  with  evolution  of  heat, 
forming  n-tri-cyantriamide  or  melamine,  together 
with  other  products  (Drechsel,  J.pr.  [2]  13,  331). 
Cyanamide  suffers  this  intramolecular  condensa- 
tion with  great  readiness.  The  change  takes  place 
at  once  when  a  solution  containing  ammonia  is 
evaporated,  or,  again,  when  an  alcoholic  solution 
is  heated  together  with  phenol.  In  these  cases 
the  dicyanogen  homologue  results.  More  slowly 
cyanamide  polymerises  into  dicyandiamide 
simply  by  standing. 

Reactions. — 1.  CNNH2  is  reduced  by  nascent 
H(Zn  and  HC1),  with  the'formation  of  NH3  and 
MeNH2.  (a)  CNNH2  +  H2  =  CNH  +  NH3, 
(b)  CNH  +  H4  =  MeNH2  (Drechsel).— 2.  Heated 
with  KNOnAq  a  violent  reaction  takes  place  with 
evolution  of  nitrogen  and  production  of  carbon 
dioxide  and  di-cyandiamide  4CNNH2  +  4KN02 
=  2K2C03  +  H2O  +  8N  +  (CN),2NH2  (Drechsel).— 
3.  The  addition  of  HN03  to  an  ethereal  solution 
causes  it  to  combine  with  a  molecule  of  water, 
forming  urea,  which,  being  insoluble  in  the  ether, 
ppts.  Sulphuric,  phosphoric,  salicylic  and  lactic 
acids  behave  in  a  similar  manner  (Baumann,  B. 

6,  1373 ;  Pratorius).— 4.  With  haloid  acids  direct 
addition  compounds  are  formed. — 5.  With  H2S, 
or  better  with  yellow  ammonium  sulphide,  cyan- 
amide  combines  to  form  thio-urea. — 6.  AgN02 
reacts  on  CNNH2  forming  AgCN  and  a  yellow 
flocculent    pp.     CNNAg2.   3CNNH2  +   4AgNO., 
=  CNN  Ag2  +  AgCN  +  AgN03  +  C02  +  6N  +  3H20" 

7.  With  glycocoll  CNNH2  yields  glycocyamine 
(Strecker,  Handw.  d.  Ghent.  [2]  3, 286),  and  with 
methyl-glycocoll    CH2(NHMe)COOH    it    forms 
creatine.— 8.  CNNH2  dissolves  in  aldehyde,  and 
after  standing  the  mixture   becomes  resinous, 
and  contains    the   compound    (CN)33NC2H4,  aq 
triethylidene  melamine  (Knop,  A.  131,  253). — 
9.    Heated  with   oxalic    ether    formomelamine 
(CN)3(NH2),NHCHO  results.— 10.  At  high  tem- 
peratures   it    combines    with    NH4C1,   forming 
guanidine  hydrochloride  C(NH)2NH,,HC1,  and 
with  NH3OHC1    forming   oxyguanidine  hydro- 
chloride  C(NOH)2NH,,HC1.    In  the  same  man- 
ner,   with    (CN)SNH4    guanidine    thiocyanate 
C(NH)2NH2,HSCN   is   obtained.  —  11.   CNNH2 
combines  directly  with  CN,  forming  a  yellow 
powder   (Hofmann,  J.   1861,   530).  — 12.  With 
CNOK    cyanamide    combines    to  form    mono- 
potassium     amidodicyanate     (CN)2.NH2.OK.  — 
13.  Alloxanthin  reacts  on  cyanamide,  forming 
iso-uric  acid  (Mulder,  B.  6,  1236).  — 14.  With 
guanidin  it  combines  to  form  diguanid. 

Combinations. — With  haloid  acids  (Drechsel, 


J.  pr.  [2]  11,  315  ;  Mulder,  B.  7,  1634). 
CNNH22HC1  is  produced  as  a  crystalline  pp.  when 
anhydrous  HC1  is  conducted  into  an  ethereal 
solution  of  cyanamide.  V.  sol.  water,  sol.  alco- 
hol, insol.  ether.  If  to  the  alcoholic  solution  of 
this  compound  HgO  be  added,  and  the  clear  so- 
lution evaporated,  crystals  of  CNNH2HgCl2  3aq 
are  obtained.  They  are  v.  sol.  water.  The  cor- 
responding HBr  compound  exists,  CNNH22HBr 
(D.).  —  With  chloral.  The  two  compounds  com- 
bine directly  to  form  chloral  cyanamide, 
CC13CHO,CNNH2  (R.  Schiff  a.  Fileti,  B.  10, 
426). 

METALLIC  DERIVATIVES. 

Formation.  —  Monometallic  salts.  Aqueous 
or  alcoholic  solutions  of  alkalis  or  earths  or 
alkyl  alkalis,  act  on  cyanamide,  giving  mono- 
derivatives  NaOEt  +  CNNH,  =  CNNHNa  +  EtOH 
(Drechsel,  J.  pr.  [2]  11,  30~7;  16,  205  ;  21,  81). 
Di-metallic  salts.  —  1.  By  the  action  of  heat  on 
earthy  and  other  metallic  cyanates,  Ca(CNO)2 
=  CNNCa  +  C02  (Drechsel).—  2.  By  heating  pure 
Ba(CN)2  in  a  current  of  N.  Ba(CN)2+N 
=  CNNBa  +  CN  (Drechsel).—  3.  CNNK2  is  among 
the  products  of  the  heating  of  KCN  or  CNOK 
with  NaHO. 

2KCN  +  4NaHO  =  CNNK2  +  Na2C03  +  Na.,0  +  H4 
(Drechsel).—  4.  By  heating  together  NH2Na  and 
CNONa. 
CNONa  +  NH2Na  =  CNNNa2  +  H,0  (Drechsel) 

Properties.  —  Sodium  salt  CN.NHNa.  Fine 
crystalline  powder.  V.  e.  sol.  water,  sol.  alcohol, 
insol.  ether.  It  absorbs  oxygen  and  C02  with 
avidity.  With  C02  it  forms  a  salt  of  cyanamido- 


carboxylic  acid 


an  isomeride    of 


cyanic  acid.  With  ethyl  chloroformate  CICOOEt 
sodium  cyanamide  combines  to  form  cyanamido- 
dicarboxylic  ether  CN.N(COOEt)2.  Isocyanic 
and  isothiocyanic  ethers  combine  with  CNNHNa 
with  the  production  of  amido-dicyanic  deriva- 
tives  CNNHNa  +  CONEt  =  CN.(NNa).CO.NHEt. 
Calcium  salt  (CN.NH)2Ca.  This  may  be  pre- 
pared  by  acting  on  CNNH2  with  Ca(HO)2Aq. 
From  an  aqueous  solution  crystals  of  the  salt 
CNN(CaOH).,  6aq  have  been  obtained  (G.  Meyer, 
J.pr.  [2]  18,425). 

Disodium  salt  CN.NNa2.  Heated  with  char- 
coal it  gives  NaCN.  Sodium  potassium  salt 
CN.NKNa  (Drechsel).  Calcium  salt  CN.NCa. 
Decomposed  by  water  with  formation  of  mono- 
salt  (Drechsel  ;  G.  Meyer).  Mercuric  salt 
CN.NHg"  (Engel,  Bl.  [2]  24,  273).  Lead  salt 
CN.NPb.  Ammoniacal  solution  of  CNNH2  gives 
a  lemon-yellow  pp.  of  this  compound  with 
Pb(C2H30)2.  Copper  saZZCN.NCu  (Engel).  Silver 
salt  CN.NAg2.  An  amorphous  yellow  pp.  V.  e. 
sol.  HN03,  insol.  dil.  ammonia.  Explodes  quietly 
when  heated  (Drechsel  ;  Beilstein  a.  Geuther, 
A.  108,  99). 

ALKOYL  DERIVATIVES. 

Acetyl  cyanamide  C3H4N20  i.e. 
(ClN).NHAc. 

Formation.  —  1.  By  the  action  of  acetyl 
chloride  on  cyanamide  in  ethereal  solution 
(Drechsel,  J.pr.  [2]  11,  344).—  2.  Sodium  acetyl 
cyanamide  is  formed  by  treatment  of  sodium 
cyanamide  with  acetic  anhydride.  This  is  con- 
verted into  the  silver  salt  from  which  the  silver 
is  removed  by  H2S  (Mertens,  J.  pr.  [2]  17,  7). 

Properties.—  A  syrupy  acid  liquid.     V.  sol. 
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water,  alcohol,  ether,  and  chloroform,  insol. 
benzene.  When  heated  the  liquid  undergoes  a 
violent  reaction  and  is  converted  into  a  solid 
(polymeric  ?)  mass  (Mertens). 

Combinations  with  metals. — Sodium  salt 
(CN)NAcNa.  A  hygroscopic  crystalline  powder. 
Sol.  alcohol,  insol.  ether.  Heated  it  splits  into 
acetonitrile  and  sodium  cyanate.  Silver  salt 
(CN)NAcAg.  Prepared  by  precipitating 
(CN)NAcNa,Aq  with  AgN03.  A  white  crystal- 
line powder.  Insol.  water,  v.  sol.  ammonia. 
Heated  it  evolves  acetonitrile. 

Diacetyl  cyanamide  C5HaN202  i.e. 
(C:N).NAc2.  Ehombic  plates  decomposing  at 
65°.  Insol.  water,  v.  si.  sol.  alcohol,  sol.  ether. 
Obtained  by  acting  upon  CNNHAc  in  ethereal 
solution  with  AcCl  (Mertens). 

Butyryl  cyanamide  C5H8N20  i.e. 
(C:N)NH(C4H70).  The  sodium  salt  is  formed 
by  acting  on  (CN)NHNa  with  (C4H70)2O  in 
ethereal  solution.  This  salt  is  insol.  ether,  but 
sol.  water.  From  the  aqueous  solution  AgN03 
ppts.  the  silver  salt,  which  is  sol.  ammonia,  and 
from  which  the  free  cyanamide  may  be  obtained. 

Isovaleryl  cyanamide  CtiH10N20  i.e. 
(C:N)NH(C5H90).  Formed  in  a  similar  way  to 
acetyl-cyanamide.  An  acid  syrup,  sol.  water, 
alcohol,  and  ether.  Converted  by  heat,  with  a 
violent  reaction,  into  a  solid  (polymeric?)  mass. 
Silver  salt  (CN)N(C5H90)Ag. 

Bcnzoyl  cyanamide  C8HtiN20  i.e. 
(C:N)NHBz. 

Formation. — By  the  action  of  benzoyl  chlor- 
ide BzCl  on  sodium  cyanamide  (CN)NHNa  in 
ethereal  solution. 

Properties. — Unstable.  Decomposes  into 
C02,  (CN)NH,  and  BzCN.  Digested  in  ethereal 
solution  it  polymerises  to  tribenzoyl  normal  mel- 
amine  (Gerlich,  /.  pr.  [2]  13,  272). 

Lactocyanamide  v.  LACTIC  ACID. 

Succincyanimic  acid* 

Succincyanimide          lv.  SUCCINIC  ACID. 

Succincy  amide 

CARBOXYLIC  DERIVATIVES. 

C yanamido carbonic  acid  v.   CYANAMI- 

DOCARBOXYLIC  ACID. 

Cyanamidodicarbonic    acid  v.  CYAN- 

AMIDOD  [CARBOXYLIC  ACID. 

Condensed  cyanamido  compounds. 

Cyanogen  cyanamide  C2HNS  i.e. 
(C=N).NH.(C:N).  Not  known  in  a  free  state. 
CN.NK.CN  is  formed  by  the  action  of  KHO  on 
CNC1  or  paracyanogen,  or  by  fusing  paracyano- 
gen  with  KCN.  Needles.  CN.NAg.CN  is  ppd. 
when  AgN03  is  added  to  an  aqueous  solution  of 
CN.NK.CN  (Bannow,  B.  4,  254). 

Isocyanic  acid  CHNO  i.e.  (C:0):NH.  Iso- 
cyanic  acid  has  not  hitherto  been  isolated,  neither 
are  halogen  or  metallic  derivatives  known. 

ALKYL  DERIVATIVES.     Isocyanic  ethers. 

Formation. — 1.  By  distilling  alkyl  sulphate 
of  potassium  with  potassium  cyanate.  Part  of 
the  isocyanic  ether  formed  polymerises  to  iso- 
cyanurate  (Wurtz,  A.  Ch.  [3]  42,  43).— 2.  From 
carbamines  by  oxidation  with  HgO  (Gautier,  A. 
149,  313). -3.  By  the  action  of  alkyl  iodides  on 
silver  cyanate  (Brauner,  B.  12,  1874).— 4.  By 
distilling  alkyl-chloroformamides  with  lime 
(Gattermann,  A.  244,  36). 

Properties. — Low-boiling  pungent  irritating 
liquids. 


Reactions.— (Wurtz.)  1.  Polymerise  gradually 
on  standing  into  the  corresponding  isocyanuric 
ethers. — 2.  Hydrolysis  when  heated  with  dilute 
KHOAq,  they  break  down  into  CO.,  and  amines 
CONEt  +  H,0  =  C02  +  NH2Et.  When  treated  with 
water  alone"  the  reaction  does  not  go  so  far,  C02 
and  s-dialkyl  urea  being  formed,  2CONEt  +  H20 
=  C02  +  CO(NHEt)2.  —  3.  With  alcohols  they 
combine  to  form  alkyl-carbamic  ethers,  thus: 
CONEt  +  EtHO  =  NHEt.CO.OEt.  —  4.  Organic 
acids  react  giving  acid  amides  and  carbonic 
acid  CONEt +  AcOH  =  C02  +  AcNHEt.  —  5.  An- 
hydrides yield  tertiary  amides  and  carbonic  acid 
CONEt  +  Ac20  =  C02  +  Ac2NEt.  —  6.  NH3  and 
prim,  and  sec.  amines  combine  to  form  substi- 
tuted ureas  CONEt  +  NHEt2  =  NEt2.CO.NHEt.— 
7.  The  oxygen  may  be  replaced  by  sulphur  by 
treatment  with  P2S5,  mustard  oils  or  isothio- 
cyanic  ethers  being  formed. 

Methyl  isocyanate  C2H3NO  i.e. 
(C:0):NMe.     (37°)  (Gattermann) :  (44°)  (Wurtz ; 
Gautier). 

Ethyl  isocyanate  C3H5NO  i.e.  (C:0):NEt. 
(60°).  S.G.  0-898  (Wurtz).  The  pure  ether  does 
not  polymerise  on  standing,  but  the  presence  of 
NaOEt  quickly  transforms  it  into  isocyanurate 
(Hofmann,  J.  1861,  515  ;  A.  103,  353;  115,  275). 
In  the  same  manner  NEt3,  with  which  it  does 
not  combine,  determines  its  polymerisation 
(Hofmann,  J.  1862,  335).  Hydrochloride 
CONEtjHCl  is  formed  by  acting  directly  on  the 
ether  with  HC1  gas,  or  by  distillation  of 
CO(NHEt)2,HCl  (Habich  a.  Limpricht,  A.  109, 
107).  Highly  pungent  irritating  liquid  (95°)  (H. 
a.  L.).  (108°-112°)  (Gal,  Bl.  6,  435).  Water 
decomposes  it  with  violence  into  NH2EtHCl  and 
C02.  Hydrobromide  CONEt.HBr  (118°-122°) 
(Gal). 

Isopropyl  isocyanate  C4H7NO  i.e. 
(C:0):N(C3H7):  (67°)  (Hofmann,  B.  15,  756). 

Isobutyl  isocyanate  C5H9NO  i.e. 
(C:0):N(C4H9).  (110°)  (Brauner,  B.  12,  1877). 

Tertiary  butyl  isocyanate  C5H9NO  i.e. 
(C:0):N(CMe3).  The  action  of  isobutyl  chloride 
on  silver  cyanate  gives  small  quantities  of  iso- 
butyl isecyanate  together  with  fer^butyl  isocyan- 
ate, a  polymeric  butyl  isocyanate,  isobutylene, 
cyanic,  and  cyanuric  acids.  The  polymeric  iso- 
butyl isocyanate  remains  behind  after  ter^butyl 
isocyanate  is  distilled  off,  and  may  be  separated 
from  the  other  products  by  solution  in  ether 
(Brauner,  B.  12,1874).  Aromatic  pungent  liquid. 
(85-5°  cor.).  S.G.  ^  0*8676.  Does  not  solidify 
at  -25°. 

Isoamyl  isocyanate  C^HjjNO  i.e. 
(C:0):N(C3Hn).     (100°)  (Wurtz,  J.  1849,428); 
(134°-135°)  (Custer,  B.  12,  1330).     Insol.  and 
lighter  than  water.     Solution  of  PEt3  in  ether 
polymerises  it  to  isocyanurate  (Custer). 

Hexyl  isocyanate  C7H13NO  i.e. 
(C:0):N(C6H,.,).    (above   100°)  (Cahours  a.  Pe- 
louze,  J.  1863,  526). 

Allyl  isocyanate  C4H5NO  i.e. 
(C:0):N(C3H5).     (82°)  (Cahours  a.  Hofmann,  A. 
102,  297). 

Benzyl  isocyanate  v.  BENZYL  CYANATE. 

Phenyl  isocyanate    C7H.NO   i.e. 
(C:0):NPh  (Hofmann,  A.  74,  9  a.  33;  J.  1858, 
348 ;  B.  3,  655 ;  18,  764). 
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Formation.  —  1.  By  the  distillation  of  melan- 

/NPhCO 
oxiraide  (C:NH)<  I    .  —  2.  By  distilling  oxa- 

\NPhCO 

nilide  C202(NHPh),  with  P205.  -  3.  By  the  ac- 
tion of  Po05  on  d"i-phenyl-urea.  —  4.  By  dis- 
tilling alkyl  carbanilate  NHPh.CO.OEt  with 
P./X.—  5.  By  acting  on  melted  CO(NHPh).,  or 
NH2Ph,HCl  with  COC12  (Hentschel,  B.  17,  1284). 

'Properties.  —  Highly  pungent  irritating  liquid 
(166°  at  769  mm.).  S.G.  1-092  at  15°.  V.D.  4-09 
(calc.  4-13). 

Reactions.—  1.  In  presence  of  PEt3,  or  C5H5N 
(Snape,  C.J.  49,  254),  it  polymerises  to  diphenyl- 
isodicyanate  (C:0).2(NPh)2.—  2.  Heated  with  cer- 
tain dry  salts,  CH3COOK,  HCOOK,  or  Na2CO:J  it 
polymerises  to  isocyanurate.  —  3.  It  forms  addi- 
tion compounds  with  Cl  and  Br.—  4.  Water  im- 
mediately converts  it  into  carbanilide  and 
C02,  thus:  2CONPh  +  H20  =  C02  +  CO(NHPh)2. 
5.  Alcohols  and  phenols  combine  with  phenyl- 
isocyanate  to  form  alkyl  phenylcarbamates 


.  —  6.   Ammonia 


amines  and  amides  form  with  it  substituted 
ureas.  —  7.  Aniline  is  produced  when  it  is  heated 
with  zinc-dust.  —  8.  Heated  with  Ac20  ;  acet- 
anilide  and  C02  are  among  the  products.  —  9.  In 
presence  of  A1C13  it  combines  with  CtiH6  and 
its  homologues  to  form  benzanilide,  &c. 
CONPh  +  PhH  =  BzNHPh  (Leuckart,  B.  18,  875). 
In  the  same  manner  it  combines  with  phenolic 
ethers  (Leuckart  a.  Schmidt,  B.  18,  2338). 

Combinations.  —  CONPh,Cl2  :  unstable  crys- 
tals (Gumpert,  J.  pr.  [2]  32,  294).—  CONPh,Br2 
(G.).—  CONPh,HCl.  :  crystalline  [45°]  (Hentschel, 
B.  18,  1178). 

p-Bromophenyl  isocyanate 
CONC6H4Br.    [39°].     (226°).     SoL  ether  (Denn- 
stedt,  B.  13,  228). 

o-Tolyl  isocyanate  C8H-NO  i.e. 
(C:0):N(C;H7). 

Formation.—  By  acting  on   ethyltolylcarba- 

mate  CO<JJgtC;H'  with  P205   (Girard,   B.   6, 

445). 

Properties.—  Liquid.  (186°).  Powerful  pun- 
gent odour.  Polymerises  into  a  solid  modifica- 
tion by  the  action  of  PEt3  (Nevile  a.  Winther, 
B.  12,  2324). 

p-Tolyl  isocyanate  C8H7NO  i.e. 
(C:0):N(C.H7).    Similar  to  o-ether.    Formed  also 
from  ^-toluidine  and  COC12  (Kiihn  a.  Henschel, 
B.  21,  505).     (185°).    Water  decomposes  it  into 
di-p-tolyl-urea  and  C02  (Hofmann,  B.  3,  656). 

Mesityl  isocyanate  C10H,,NO  i.e. 
(C:0):N(C9H,,).      Disagreeable  smelling  liquid. 
(218°-220°)  (Eisenberg,  B.  15,  1017). 

Cumyl  isocyanate  CnH)SNO  i.e. 
(C:0):N(CIOH1S)  (Kaab,  B.  8,  1151). 

(a)-Naphthyl  isocyanate  CnH.NO  i.e. 
(C:0)N(C10H,).  Pungent  irritating  liquid.  (269°- 
270  :)  (Hofmann,  B.  3,  658). 

Diphenyl  isocyanate  C,3H9NO 
(C:0):N(C12H9)  (Zimmermann,  B.  13,  1965). 

Diphenylene  diisocyanate 
Cp:N.CaH4.CaH4.N:CO  [122°]  (Snape,  C.  J.  49, 
255). 

Thioisocyanic  acid  derivatives  v.  THIOISO- 
CYAXIC  ACID. 


Isocyanamide  (C:NH):NH.  This  compound 
has  not  been  isolated,  but  its  alkyl  derivatives 
exist. 

ALKYL  DERIVATIVES. 

Formation. — 1.  By  the  action  of  CNC1  on 
primary  amines  (Cloez  a.  Cannizzaro,  A.  90,95). 
2.  By  the  desulphurisation  of  alkyl  thio-ureas. 
NH2.CS.NHMe  -  H2S  =  (CNMe)NH. 

Properties. — Neutral  syrupy  liquids.  By  re- 
peated evaporation  of  their  aqueous  solutions, 
polymerisation  to  the  corresponding  isomela- 
mines  takes  place  (Baumann,  B.  6,  1372  ;  Kla- 
son,  Bihang  till  K.  Svenska  Vet.  Akad.  Hand. 
1885,  [10]  No.  7). 

Methylisocyanamide  C2H,N2i.e. 
(C:NMe):NH  (Baumann,  B.  6,  1372). 

Diethylisocyanamide  C5HJON2  i.e. 
(C:NEt):NEt. 

Formation. — 1.  (CNEt)NH  breaks  down  when 
distilled  into  (CNEt)NEt  and  a  crystalline  base, 
possibly  ethyldicyandiamide  (Cloe'z  a.  Canniz- 
zaro). -2.  By  the  action  of  (CN)NAg,  on  EtI 
(R.  Schiff  a.  Fileti,  B.  10,  428). 

Properties.—  Liquid.  (186°)  (S.  a.F.);  (190°) 
(C.  a.  C.).  By  treatment  with  HC1  it  yields  C02, 
NHa,  and  NHEt2. 

Allylisocyanamide  C4H6N2  i.e. 
(C:NC3H.):NH. 

'Formation.— (Will,  A.  52,  15;  Kobiquet  a. 
Bussy,  J.pr.  19,  234 ;  Andreasch,  M.  2,  780). 

Properties. — A  thick  syrupy  liquid  which 
gradually  crystallises  in  monoclinic  four-sided 
prisms  with  |aq,  [100°].  Sol.  water,  alcohol, 
and  ether.  Strong  alkaline  reaction.  Precipi- 
tates metallic  oxides  from  solution  of  their  salts 
and  liberates  ammonia  from  its  combination 
with  acids.  The  oxalateis  difficultly  crystal- 
lisable.  Its  solution  gives  precipitates  with 
HgCl2  and  PtCl4 :— C:NC3H.:NH,HgCl2  and 
(C:NC3H5:NH)2PtCl4. 

Allylethylisocyanamide  C6H10N2  i.e. 
(C:NEt):NC3H5. 

Properties.— Needles.  [100°].  Insol.  water, 
sol.  alcohol  and  ether.  Keaction  alkaline.  Taste 
bitter.  Compounds  with  HgCl,  and  PtCl4  :— 
(C:NEt:NC3H5)23HgCl2  and  (C:NEt:NC3H5).,PtCl4 
(Hinterberger,  A.  83,  346). 

Benzylisocyanamide  v.  BENZYLCYAN- 
AMIDE. 

Dibenzylisocyanamide     v.    DIBENZYL- 

CYAN  AMIDE. 

Phenylisocyanamide  C,H6N2  i.e. 
(C:NPh):NH. 

Formation. — (Cloe'z  a.  Cannizzaro;  Hof- 
mann, B.  3,  266  ;  18,  3220  ;  Berger,  M.  5,  219  a. 
453;  Kathke,  B.  12,773). 

Properties. — Syrup  gradually  crystallising  in 
presence  of  alcohol  in  needles  (Feuerlein,  B.  12, 
1602).  [47°]  (Hofmann).  V.  si.  sol.  water  ;  sol. 
alcohol  and  ether.  When  water  is  added  to  the 
alcoholic  solution  phenyl-urea,  CO.NHPh.NH2,is 
precipitated.  In  the  same  manner  in  a  benzene 
solution  H2S  gives  phenyl-thio-urea  (Weith,  £.9, 
820).  Silver  salt  :  C:NPh:NAg  (Hofmann ; 
Feuerlein  ;  Berlinerblau,  J.  pr.  [2]  30,  114). 
Platinum  chloride  salts:  (C-H6N2HCl)2PtCl, 
(Feuerlein) ;  (C7HaN22HCl)2PtCl4  (Hofmann). 
With  acetamide,  among  other  products,  two  bases, 
C39H3-N,,,andC15H16N6,  are  formed  (Berger). 

Diphenyl-isocyanamide  CI3H10N2  i.e. 
(C:NPh):NPh.  Formed  by  the  action  of  CNCJ 
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on  diphenylamine  (Weith,  B.  7,  848).  Ehombo- 
hedra.  [292°].  Heated  with  cone.  HC1  it  gives 
NH3,  NHPh2,  and  CO2. 

DICYANOGEN   GBOUP. 

Fulminic  acid  C2H2N202.  This  dibasic  acid 
has  not  been  isolated.  A  solution  in  ether  is, 
however,  probably  obtained  when  dry  HC1  is 
conducted  into  a  mixture  of  fulminating  mer- 
cury with  that  solvent.  It  forms  acid  neutral  i 
and  double  salts,  all  of  which  are  explosive 
compounds.  The  mercury  and  silver  com- 
pounds have  long  been  known  and  employed 
for  the  filling  of  percussion  caps.  The  ethereal 
solution  treated  with  NaHO  evolves  NH3,  but 
no  amine.  When  it  is  shaken  with  NH3  isoful- 
minuric  acid,  f  ulminuramide,  and  other  products 
are  formed  (Ehrenberg,  J.  pr.  [2]  30, 55).  Dilute 
H2S04  also  sets  free  fulminic  acid  in  presence  of 
ether,  but  in  this  case  the  products  of  its  decom- 
position give  rise  to  another  series  of  isomeric 
modifications  (Scholvien,  J.  pr.  [2]  32,  481). 
Only  metallic  derivatives  of  fulminic  acid  are 
known. 

METALLIC  DERIVATIVES. 

Disodium  fulminate  Na2C2N202  2aq. 
Formed  from  mercuric  fulminate  suspended  in 
water  by  the  action  of  sodium  amalgam.  The 
liquid  concentrated  over  H2S04  or  CaO  deposits 
prismatic  crystals  of  the  disodium  salt.  Ex- 
plodes when  rubbed  or  heated.  H202  decomposes 
it  with  formation  of  NH3,  C02,  and  HCN  (Ehren- 
berg, J.pr.  [2]  32,231). 

Disilver  fulminate  Ag2C2N202. 

Preparation. — 1  pt.  of  silver  is  dissolved  in 
10  pts.  of  HN03  (S.G.  1-36),  and  the  solution 
poured  into  20  pts.  of  spirits  of  wine  (85-90  p.c.) 
(Brugnatelli,  A.  Ch.  1798,  27,  331;  Gerhardt, 
Traite  de  Chim.  Org.  2, 348).  The  salt  separates 
in  fine  needles. 

Properties.— S.  36  at  100°  (Liebig,  B.  J.  4, 
111) ;  v.  si.  sol.  cold  water ;  v.  sol.  ammonia. 
More  explosive  than  the  mercury  salt. 

Reactions. — 1.  Half  of  the  metal  is  replaced 
by  treatment  with  alkaline  chlorides  (Gay-Lussac 
a.  Liebig,  A.  Ch.  [2]  25,  285).— 2.  Hydrochloric 
acid  separates  all  the  silver,  but  with  breaking 
up  of  the  molecule  of  the  acid  (Gay-L.  a.  L.). 
When  fuming  HC1  is  employed  three-quarters  of 
the  molecule  breaks  down  into  hydroxylamine 
and  formic  acid,  the  other  products  being  C02, 
NH3,  and  HCN.  With  dilute  acid  more  NH3OH 
and  formic  acid  are  formed,  and  only  traces  of 
NH3  (Divers  a.  Kawakita,  C.  J.  45,  15  ;  47,  69). 

Silver  sodium  fulminate  NaAgC2N202. 
Small  crystalline  plates. 

Silver  potassium  fulminate 
KAgC.,N202.    Colourless  plates.     S.  8  at   100° 
(Liebig). 

Silver  hydrogen  fulminate  HAgC2N202. 
Falls  as  a  pulverulent  pp.  when  cone.  HN03  is 
added  to  an  aqueous  solution  of  AgKC2N202  (Lie- 
big). 

Zinc  fulminate  ZnC2N202  (E.  Davy,  B.  J. 
12,  120). 

Zinc  hydrogen  fulminate  ZnH22C2N202 
(E.  Davy  ;  Fehling,  A.  27,  130). 

Copper  fulminate  CuC2N202  (Gladstone, 
A.  66,  1). 

Mercuric  fulminate  Hg"C2N202. 

Preparation. — 3  pts.  of  mercury  are  dis- 
solved in  36  pts.  of  HN03  (S.G.  1-345)  in  a  large 


flask  without  the  application  of  heat.  The  solu- 
tion is  poured  into  17  pts.  of  spirits  of  wine 
(90-92  p.c.)  and  the  mixture  returned  to  the 
large  flask.  After  a  time  a  violent  reaction  com- 
mences, which  is  moderated  by  the  addition  of 
more  spirits  of  wine  to  the  extent  of  another 
17  pts.  Mercuric  fulminate  gradually  deposits, 
and  is  collected  and  recrystallised  from  water. 
It  may  be  also  purified  by  solution  in  KCN  and 
reprecipitation  by  means.of  dilute  acids  (Howard, 
Tr.  1800;  Liebig,  4.  95,284;  Steiner,  B.  9,  787). 
Properties. — Mercuric  fulminate  crystallises 
from  alcohol  in  minute  octahedra,  from  water  in 
needles  containing  -£aq  (Schischkow,  A.  97,  54). 
S.G.  (anhydrous)  4-42  (Berthelot  a.  Vieille, 

A.  Ch.  [5]  21,  569).    V.  si.  sol.  cold,  more  sol. 
hot  water.    Explodes  by  heat,  friction   or  per- 
cussion, or  by  treatment  with  H2S04.     The  pro- 
ducts of  decomposition  are  Hg,  N,  and  CO.    H.C. 
(Berthelot  a.  Vieille). 

Reactions.— i.  Zn  and  H2S04,  or  Sn  and 
HC1,  or  zinc  dust  and  ammonia,  break  down  the 
molecule  into  Hg,  CO2,  and  NH3. — 2.  Sodium 
amalgam  converts  it  into  the  Na  salt.  The  by- 
products of  this  reaction,  by  treatment  with 
ferrous  and  ferric  oxides  yield  among  other  com- 
pounds nitroprussides. — 3.  Heated  with  water 
containing  Cu  or  Zn,  these  metals  displace  the 
mercury. — 4.  Chlorine  conducted  into  the  salt 
mixed  with  water  reacts,  forming  HgCl2,  CNC1, 
and  chloropicrinC(NO,)Cl3  (Kekul<M-  101,  206). 

5.  Bromine  in  the  saine  manner  forms   dibro- 
monitroacetonitril  CBr2N02CN   (Schischkow). — 

6.  Heated  for  8  hours  with  water  alone,  or  for  a 
shorter  time  in  presence  of  NaCl  or  NH4C1,  it 
polymerises  to  the  corresponding  fulminurate 
(Schischkow ;  Liebig). — 7.  Mixed  with  ether  it 
reacts  with  dry  H2S  forming  HgS,  nitrothio- 
acetamide    CH2(N02)CSNH2,    oxalic    acid    and 
ammonium  thiocyanate.    In  presence  of  water 
the  products  are  HgS,  ammonium  thiocyanate, 
and  C02  (Kekule).— 8.  Mixed  with  KHOAq  and 
heated,  a  pp.  of  HgO  falls. — 9.  Ammonia  dis- 
solves mercuric  fulminate,  but  when  the  solu- 
tion is  heated  to  60°-70°  a  reaction  takes  place 
with  the  production  of  urea,  guanidin,  and  the 
compound  called  fulmitriguanarate.     Heated  in 
closed  tubes  to  70°  with  alcoholic  ammonia  the 
compound  fulmitetraguanarate  is  also  formed 
(Steiner,  B.  8,  520,  1177;  9,  781).— 10.  Cone. 
HC1  or  HBr  react,  evolving  C02,  precipitating 
HgCl  and  2  mol.  of  NH2OH  going  into  solution. 
Traces  of  HCN  also  occur,  but  no  NH3  (Steiner, 

B.  16,  1484  a.  2419 ;  Carstanjen  a.  Ehrenberg, 
J.  pr.  [2]  25,  232).— 11.  Dilute  HC1  in  the  cold 
yields  formic   acid,  hydroxylamine   and  HgCl2 
(Ehrenberg,  J.pr.  [2]  30,  41). --12.  H2S04  (1  in 
5)    reacts    on    warming,    forming     C02,    NH3, 
NH2OH,  HgS04,  and  Hg,C204  (?)  (Ehrenberg  a. 
Carstanjen;    Divers  a.   Kawakita). — 13.    Cone. 
HCN   dissolves  the  fulminate,  but  when    the 
solution  is   diluted  Hg(CN)2  precipitates. — 14. 
Aqueous  CNSH  reacts,  forming  C02,  Hg(SCN)2 
and  NH4SCN.    With  NH4SCN  polymerisation  to 
fulminurate  takes  place  (Ehrenberg,  J.  pr.  [2] 
30,  62). 

Combinations.  —With  KI :  (HgC.,N20.,)2KI 
(Schischkow).  —  With  KCN  :  HgC2N.,0,,KCN 
(Steiner,  B.  9,  786).  —  With  KSCN  it  "forms 
HgC.,N202,KSCN(Schischkow).— WithNa2C2N202: 
-w  Na,C2N202,  aq  (Ehrenberg). 
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C o mp ound  C,H2Hg3N208. 

Formation. — This  substance,  the  nature  of 
which  is  little  known,  is  formed  when  a  cold 
solution  of  Hg(N03)2  free  from  fumes  of  HN03 
is  thrown  into  alcohol  (Cowper,  C.  J.  39,  242). 

Properties. — Minute  hexagonal  plates.  De- 
composes quickly  when  gently  heated,  but  if  the 
temperature  be  suddenly  raised  to  about  130°  it 
explodes.  Insol.  water,  alcohol,  and  ether.  Sol. 
HC1  with  decomposition.  Sol.  and  may  be  re- 
crystallised  from  dilute  H2S04. 

Reactions. — 1.  With  H2SAq  the  compound 
yields  HgS  and  mercaptan.  —  2.  Digested  with 
caustic  alkalis  nitric  acid  is  removed,  and  the 
compound  C2H,(HgO)3,H20  remains.— 3.  Heated 
with  alcohol  and  HN03  it  is  converted  into  mer- 
curic fulminate. 

Normal  amidodicyanic    acid    C2H3N30    i.e. 

(HO)C<^>C(NH2).      Semi-amide  of   normal 

dicyanic  acid. 

Formation. — 1.  By  heating  dicyandiamide 
with  baryta  water  one  of  the  amido-  groups  is 
replaced  by  hydroxyl  (Hallwachs,  A.  153,  295). 
2.  By  allowing  a  solution  of  CNOK  to  stand  to- 
gether with  cyanamide,  when  direct  combination 
takes  place,  NH2(CN)2OK  being  formed  (Hall- 
wachs). 

Properties. — Needles.  Monobasic  acid.  De- 
composes carbonates.  Heated  alone  or  together 
with  dilute  H2S04,  it  takes  up  the  elements  of 
water,  forming  biuret,  thus  : 
(CN),(NH2)OH  +  H20  =  NH2.CO.NH.CO.NH2.  In 
the  same  manner  with  (NH4)2S  thiobiuret  is  ob- 
tained (Baumann,  B.  8,  709). 

METALLIC  DERIVATIVES. 

(CN)2NH2OK.— NaA'.—  BaA'2  3aq.  —  CuA'2  4aq. 
Large  blue  crystals.  V.  si.  sol.  cold  water. 
Aqueous  solution,  when  boiled,  deposits  a  dark 
green  pp.  insol.  water,  and  v.  si.  sol.  cold  acetic 
acid.  This  pp.  has  the  composition  C2N3CuHO  i.e. 

(?)  (CN)2<N(f>Cu.-(CN)2(NH2)OAg.     Amor- 

phous  powder,  or  from  ammoniacal  solution  in 
needles.  Insol.  water. 

ALKYL  DERIVATIVES. 

Ethyl   amidodicyanate    C4H7N202    i.e. 

?  NH2C^  -VT  ^>CO.    The   sodium  salt  of  this 

compound  is  formed  by  direct  combination  of 
ethyl  isocyanate  and  normal  sodium  cyanamide. 
The  free  acid  decomposes  when  liberated  with 
formation  of  cyanamide  and  other  products. 

S  al t  s . — (CNCO) :NEt.NHNa.— AgA'  (Wun- 
derlich,  B.  19,  449). 

Ditniodicyanic  acid  v.  DITHIODICYANIC  ACID. 

Normal  dicyandiamide  C2H4N4  i.e. 

(NH2)C<^N^>C(NH2).  Di-amide  of  normal  di- 
cyanic acid. 

Formation. — Cyanamide  polymerises  to  di- 
cyandiamide by  long  continued  evaporation  of 
its  aqueous  solution  (Beilstein  a.  Geuther,  A. 
108,  99  ;  123,  241).  This  change  is  more  readily 
effected  if  a  little  NH3  is  present  (Haag,  A.  122, 
22),  or  dilute  alkalis,  or  even  in  the  cold  when 
concentrated  alkalis  are  employed  (Baumann, 
B.  6,  1373). 

Properties. — Broad  laminae  [205°]  (Haag). 
Sol.  water  and  alcohol.  Insol.  ether  (cyanamide 
is  sol.  ether). 


Reactions.  —  1.  Heated  alone  one  part  poly- 
merises to  normal  melamine,  another  loses  NH3 
and  forms  melam  (Drechsel,  J.  pr.  [2]  13,  331).  — 
2.  Heated  with  water  polymerisation  takes  place, 
and  at  the  same  time  two  amidogen  groups  are 
replaced  by  hydroxyl,  forming  melanurenic  acid 
(CN)3(NH2)(OH)2  and  NH3.  This  acid  is  also 
formed  by  heating  dicyandiamide  to  120°  with 
a  solution  of  (NH4)2C03.—  3.  Heated  with  dilute 
acids  it  assumes  the  elements  of  water,  forming 


guanylurea 


similarly  wi 


H2S  guanylthiourea  is  produced.  —  4.  With  HG 
and  zinc  melamine  and  NH3  are  formed  (cf.  Bam- 
berger.B.  16,  1462).  —  5.  Guanidinhydrochloride, 
together  with  C02  and  NH3,  are  formed  by  heat- 
ing it  with  NH4C1  at  150°  (Rathke,  B.  18,  3107). 
6.  Heating  with  Ba(OH)2Aq  one  amido  group  is 
replaced  by  hydroxyl,  leaving  amidodicyanic 
acid.  —  7.  It  combines  with  CNSH  to  form  thio- 

/NH2 

ammeline  (CN)3f-NH2  (Rathke,  B.  18,  3102). 
\SH 

METALLIC  DERIVATIVES. 

Sodium  dicyandiamide  C2H3N4Na  i.e. 
(CN)2(NH2)NHNa.  A  soluble  crystalline  pp.  ob- 
tained by  mixing  together  alcoholic  solutions  of 
dicyandiamide  and  sodium  ethylate  (Bamberger, 
B.  16,  1461). 

Dicyandiamido  silver  nitrate  (C2H4N4)AgN03. 
Precipitated  in  minute  needles  on  adding  AgN03 
to  an  aqueous  solution  of  dicyandiamide  (Haag). 

Silver  dicyandiamide  C2H3N4Ag  i.e. 
(CN)2(NH2)NHAg.  Formed  by  treating  an  aque- 
ous solution  of  dicyandiamido  silver  nitrate  with 
ammonia. 

ALKYL  DERIVATIVES. 

Ethyl  dicyandiamide  C4H8N4  i.e. 
(CN)2(NH2)NHEt.  A  weak  base  formed  by  dis- 
tilling ethyl  cyanamide  (Cloez  a.  Cannizzaro,  A. 
90,  96).  Distils  unchanged  at  300°.  Gives  a 
yellow  insoluble  platinochloride  salt. 

ALKOYL  DERIVATIVES. 

Dibenzoyl  dicyandiamide  C16H,2N402 
i.e.  (CN)2(NHBz)2.  Formed  by  heating  triben- 
zoylmelamine  in  a  current  of  hydrogen.  Crystals. 
[112°].  V.  sol.  alcohol,  less  sol.  ether,  v.  si.  sol. 
water  (Gerlich,  J.pr.  [2]  13,  272). 

Isodicyanic  acid  C2H2N202z.e.  (C:0)2(NH)2  or 

CO<\NH/>C0'  Alkyl  derivatives  correspond- 
ing to  this  hypothetical  acid  have  been  prepared. 

ALKYL  DERIVATIVES. 

(?)  Dimethyl  isodicyanate  C4HBN202  i.e. 

CO<sNMex>C0'  Methy1  is°cyanate  polymerises 
in  presence  of  PEt3  to  a  solid  compound  [98°] 
(Hofmann,  B.  3,  765),  which  is  not  identical 
with  either  methyl  isocyanurate  [175°-6°J  or 
methyl  cyanurate  [135°],  and  which  possibly 
has  the  above  constitution. 

Diphenyl   isodicyanate  C14H10N202  i.e. 


Formation.  —  By  polymerisation  of  phenyl 
isocyanate  in  presence  of  PEt3  (Hofmann,  A. 
Suppl.  1,  57;  B.  4,  246)  or  pyridine  (Snape,  C.  J. 
49,  254). 

Properties.  —  Square  tables  from  alcohol. 
[175°]  Insol.  water  or  ether,  v.  si.  sol.  alcohol. 
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Reactions. — 1.  Heated  it  evolves  phenyl  iso- 
cyanate. — 2.  Heated  with  alcohols  it  forms  alkyl 
diphenylallophanates  CO.NHPh.NPhCOOEt.— 
3.  With  phenol  phenyl-carbanilate  is  formed 
NHPh.CO.OPh.-  4.  Alcoholic  ammonia  reacts 
with  the  formation  of  £-di-phenyl-biuret 
NHPh.CO.NPh.CO.NH2.— 5.  With  aniline  tri- 
phenyl-biuret  results. 

Derivative. — Di-jp-bromo-phenyl  isodicyanate 
(CO)2(NCtjH4Br)2  is  formed  by  polymerisation  of 
p-bromo-phenyl  isocyanate  with  PEt3.  Laminae. 
[199°]  (Dennstedt,  B.  13,  228). 

Di-p-tolyl  dicyanate  C2N202(C7H.).,. 
[185°]  (Frentzel,  B.  21,  411).  Converted  by 
alcohol  into  di-_p-tolyl  allophanic  ether  [1110]. 

TEICYANOGEN   GROUP. 

Normal      cyanuric      acid      C3H3N303      i.e. 
COH 


/OH 
""Sol' 


HOC       COH 


Tricyanic  acid. 


Y 


Formation.— 1.  Dry  distillation  of  uric  acid 
(Scheele,  Opuscula,  2,  76).— 2.  By  the  action  of 
water  on  (ON)SC13  (Serullas,  A.  Ch.  38,  390).— 
3.  By  the  action  of  heat  on  urea  (Wohler,  P.  15, 
622).  Instead  of  urea  itself  the  salts  of  urea 
may  be  employed  (Pelouze,  A.  44,  106  ;  De  Vrij, 
A.  61,  249;  Wiedemann,  A.  68,  324).— 4.  By 
heating  cyamelide  with  cone.  H,S04  (Weltzien, 

A.  132,  222).— 5.  Cyanuric  acid"  is  one  of  the 
products  of  the  action  of  COC12  on  NH3. — 6.  The 
action  of  heat  on  xanthogenamide  3CS(NH2)OEt 
=  (CN),(OH)s  +  EtHS  (Debus,  A.  72,  18).— 7.  By 
the  action  of  HC1  on  such  compounds  as  melam, 
melen,  melon,  melonic  hydride,  melamine,  am- 
meline,  ammelide,  pseudothiocyanogen,  andthio- 
prussides.— 8.  From  guanamide  by  oxidation  with 
HN03  (Nencki,  B.  9,  235). — 9.  From  cyanic  acid 
by   spontaneous  polymerisation   together  with 
cyamelide.     This  may  be  effected  by  adding  HC1 
to  CNOKAq  in  presence  of  ether  and  agitating. 
The  cyanuric  acid  is  taken  up  by  the  ether 
(Klason,  J.  pr.  [2]  33,  129). 

Preparation. — 1.  Urea  is  heated  till  it  ceases 
to  give  off  ammonia,  the  residue  is  dissolved  in 
boiling  water,  and  the  nitrate  left  to  crystallise 
on  cooling.  The  crystals  so  obtained  are  purified 
by  dissolving  them  in  hot  H2S04  and  dropping  in 
HN03  until  the  solution  is  colourless  and  effer- 
vescence has  ceased.  After  cooling  the  solution 
is  diluted  with  water  when  the  cyanuric  acid  falls 
as  a  snow-white  powder  (Wohler  a.  Liebig). — 
2.  Dry  chlorine  gas  is  passed  into  melting  urea, 
whereupon  the  mass  swells  up  strongly,  gives  off 
fumes  of  NH4C1,  together  with  HC1  and  N,  and 
is  converted  into  cyanuric  acid  (Wurtz,  A.  64, 
307).— 3.  De  Vrij  (A.  61,  248)  uses  HC1  instead 
of  Cl.  Serullas  prepares  the  acid  from  cyanuric 
chloride,  and  Merz  a.  Weith  (B.  16,  2896)  simi- 
larly employ  cyanuric  bromide. 

Properties. — Colourless  oblique  rhombic 
prisms  (from  water)  containing  2aq,  or  anhydrous 
octahedra.  Measurements  (Keferstein  a.  Schabus, 
P.  99,  275).  Crystals  effloresce.  By  heating  to 
100°-120°,  or  by  crystallisation  from  cone.  HC1 
or  H2S04,  the  acid  becomes  anhydrous  (Wohler, 

B.  J.  10,  83;  Voit,  A.  132,  222).     S.G.  s  1-768; 
is  2-500;  24  2-228;  &  1-725  (Troost  a.  Haute- 


feuille,  J.  1869,  99  ;  cf.  Schroder,  B.  13,  1072). 
H.C.  250,260  (T.  a.  H.).  S.  2-5  cold,  more  sol. 
hot  water.  S.  (alcohol)  21°-24°,  0-1  (Senier, 
C.  J.  49,  695).  Sol.  hot  HC1,  HN03,  or  H2S04, 
without  decomposition  unless  the  heat  be  pro- 
longed for  a  considerable  time.  Absorption 
spectrum  (Hartley,  C.  /.  41,  48).  By  treatment 
with  PC15  cyanuric  chloride  is  formed  (Beilstein, 
A.  116,  357). 

Test  Reactions. — 1.  Heated  in  a  small  tube 
closed  at  one  end  it  evolves  cyanic  acid,  the  pun- 
gent odour  of  which  may  be  detected  even  in  the 
case  of  very  minute  quantities  (Wohler). — 2.  A 
fragment  of  the  acid  is  dissolved  in  dilute  am- 
monia and  a  drop  of  ammonio-sulphate  of  copper 
solution  added.  On  stirring  a  beautiful  pink 
copper  salt  is  precipitated  (Wohler).— 3.  A  satu- 
rated solution  of  the  acid  in  cold  cone.  NaHOAq 
becomes  thick  with  suspended  crystals  of  the  tri- 
sodium  salt  on  heating  (Hofmann,  B.  3,  770). 

HALOGEN  DERIVATIVES. 

/Cl 

Cyanuric  chloride  C3N3C13  i.e.  (CN)^-Cl. 

\C1 

Formation. — 1.  By  the  action  of  anhydrous 
Cl  on  anhydrous  HCN  in  presence  of  sunlight 
(Serullas,  A.  Ch.  [2]  35,  291  a.  337  ;  Liebig,  P. 
20,  369  ;  34,  604).— 2.  By  treatment  of  cyanuric 
acid  with  PC15  (Beilstein,  A.  116,  357). 

Preparation. — The  employment  of  the  method 
of  Serullas  has  given  rise  to  several  improve- 
ments, chiefly  with  the  view  of  preventing  the 
formation  of  persistent  double  compounds  of 
HC1  and  HCN.  The  HCN  is  dissolved  in  anhy- 
drous ether,  into  which  the  Cl  is  led  (Gautier,  A. 
141,  122),  or  the  ether  may  be  advantageously 
replaced  by  chloroform,  in  which  Cl  is  more 
soluble,  for  an  excess  of  this  agent  leads  to  a 
better  result.  70  p.c.  of  the  theoretical  yield  was 
thus  obtained  by  Klason  (Bihang  till  K.  Svenska 
Vet.  Akad.  Handl.  1885,  10,  No.  5).  Another 
plan  to  attain  this  end  is  to  ensure  excess  of  Cl 
from  the  commencement.  The  chloroform  sur- 
rounded by  a  freezing  mixture  is  first  saturated 
with  chlorine,  and  then  a  mixture  of  Cl  and  HCN 
is  passed  slowly  in  until  after  some  24  hours  the 
evolution  of  HC1  ceases,  and  the  whole  of  the 
HCN  is  converted  into  chloride.  A  portion  of 
the  cyanuric  chloride  in  most  instances  sepa- 
rates from  the  CHC13  during  the  operation  in 
beautiful  crystals.  The  remainder  is  obtained  by 
distilling  off  the  chloroform  (Fries,  C.  J.  49,  739). 

Properties. — Colourless  crystals.  Measure- 
ments (Hofmann  (Fock),  B.  19,  2063).  [146°] 
(Hofmann).  (190°)  (Serullas).  V.D.  6-35  (calc. 
6-39)  (Bineau,  A.  Ch.  [2]  68,  424).  Odour  re- 
sembling mice.  Exceedingly  irritating  to  the 
eyes.  Very  poisonous. 

Reactions. — 1.  Cold  water  has  little  or  no  ac- 
tion on  (CN)3C13.  By  long  boiling  with  water 
or  quickly  in  presence  of  alkalis  it  is  converted 
into  cyanuric  acid  (Serullas). — 2.  Alcohols  and 
phenol  behave  similarly  to  water,  cyanuric  acid 
and  alkyl  chlorides  being  formed  (Klason). — 3. 
KHS  in  the  same  manner  gives  trithiosyanuric 
acid  (Hofmann,  B.  18,  2201). — 4.  Ammonia  or 
amines  react  successively,  forming  normal  mono- 
and  di-amide-  chlorides,  and  finally  normal  me- 
lamines  (Hofmann,  B.  18,  2774 ;  Klason,  /.  pr. 
[2]  33,  294).— 5.  Cyanuric  chloride  reacts  on  the 


320 


CYANIC,  DICYANIC,  AND  TR1CYANIC  ACIDS. 


anhydrous  sodium  salts  of  organic  acids  giving 
acid  chlorides  and  sodium  cyanurate  (Senier,  C.  J. 
49,  312). — 6.  Benzamide  is  converted  by  cyanuric 
chloride  into  benzonitrile,  and  the  water  thus 
liberated  acts  on  the  chloride  forming  cyanuric 
acid  and  HC1  (Senier). 

xBr 

Cyanuric  bromide  C3N3Br3i.e.  (CN)3^-Br. 

\Br 

Formation. — 1.  By  the  action  of  bromine  on 
anhydrous  HCN  (Serullas,  P.  14,  446;  Ponoma- 
reff,  B.  18,  3261 ;  Merz  a.  Weith,  B.  16,  2894).— 
2.  By  heating  an  ethereal  solution  of  CNBr  to 
130°- 140°  (Eghis,  B.  2,  159).  Pure  CNBr  does 
not  polymerise.  Polymerisation  may,  however,  be 
effected  by  passing  HBr  through  an  ethereal 
solution  of  CNBr  when  the  less  soluble  polymer  - 
ide  comes  out  in  crystals  (Ponomareff). 

Properties. — Amorphous  white  powder.  At 
300°  it  melts  with  decomposition.  Insol.  cold 
water,  cold  alcohol,  ether,  and  benzene.  Heated 
with  water  or  alcohol  it  is  converted  into  cyan- 
uric  acid.  With  acetic  acid  it  yields  cyanuric 
acid  and  acetyl  bromide  (Ponomareff). 

/I 

Cyanuric  iodide  C^^i.e.  (CN)3^-I.  Ob- 
tained by  double  decomposition  between  (CN)8C13, 
and  HI  in  the  cold  (K\a,$on,Bihangtill  K.  Svenska 
Vet.  Akad.  Handl.  1885,  10,  No.  5).  A  dark 
brown  insoluble  powder  which  at  200°  decom- 
poses into  paracyanogen  and  iodine.  Heated 
with  water  at  125°  it  splits  into  HI  and  cyanuric 
acid. 

Cyanuric    chloro  iodide   C3N3I2C1  i.e. 

A 
(CN)3^-I.      An  intermediate    product    between 

\C1 

cyanuric  chloride  and  iodide,  also  formed  in  the 
preparation  of  the  latter  (Klason). 

METALLIC  DERIVATIVES  v.  CYANURATES. 

ALKYL  DERIVATIVES. 

Formation. — By  the  action  of  CNC1  on  so- 
dium alcoholates,  in  which  case  normal  cyanic 
ether  is  probably  first  formed  and  then  polymer- 
ised (Hofmann  a.  Olshausen,  B.  3,  271).  CNBr 
or  (CN)3Br3  is  conveniently  substituted  for  CNC1 
in  this  reaction  (Ponomareff,  B.  18,  3264  ;  Kla- 
son, J.pr.  [2]  33,131). 

Reactions. — 1.  By  distillation  they  are  con- 
verted into  the  corresponding  iso-  ethers  (Hof- 
mann a.  Olshausen).— 2.  Heated  with  dilute  al- 
kalis they  assume  the  elements  of  water,  and 
break  down  into  alcohols  and  cyanuric  acid. 

Trimethyl    cyanurate     C6H9N3O3     i.e. 

/OMe 
(CN)3^-OMe.     Needles.      Measurements    (Hof- 

\OMe 

mann  (Fock),  B.  19,  2065).  [135°].  (265°)  (Hof- 
mann). SI.  sol.  cold,  v.  sol.  hot  water  (Hofmann 
a.  Olshausen).  PC15  reacts  forming  (CN)3C13 
(Hofmann,  B.  18,  2799).  With  HgCl2  it  gives 
C6H9N303,HgCl2  (Ponomareff,  B.  18,  3266). 

Diethyl-cyanuric   acid    C7HnN803  i.e. 

/OEt 
(CN)AOEt.  Formed  by  the  action  of  Ba(HO)2Ac[ 

\OH 

or  dilute  NaHOAq  on  the  triethyl  ether  (Ponoma- 
reff, B.  18,  3267 ;  Hofmann,  B.  19,  2077  ;  Mul- 
der, R.  4,  91).  Crystalline  powder  [160-180] 
(Hofmann).  Sublimes  above  200°  with  decom- 


position. SI.  sol.  cold  water  or  alcohol,  insol. 
ether.  Warmed  with  acids  cyanuric  acid  is  set 
free.  The  barium  salt  crystallises  with  3aq  from 
concentrated  or  with  12aq  from  dilute  solutions. 
V.  sol.  water.  The  lead  salt  is  insol.  water. 
Triethyl  cyanurate  C9H15N303  i.e. 
/OEt 


Properties.—  An  oily  liquid  crystallising  at 
0°  (Mulder,  B.  15,  70  ;  R.  1,  195  ;  2,  133  ;  4,  91  ; 
Ponomareff,  B.  15,  513).  [29°-30°]  (Hofmann,  B. 
19,  2074).  (275°)  (Klason,  J.  pr.  [2]  33,  131). 
S.  0-7  in  cold  water.  V.  sol.  alcohol,  ether,  CHC13, 
and  CS2.  The  aqueous  solution  at  0°  deposits  a 
crystalline  hydrate  containing  12  aq  (Mulder). 
With  HgCl2  it  forms  the  crystalline  double  salt 
C9Hi5N303,HgCl2  (Ponomareff),  and  with  Br  the 
compound  C9Hi5N303,Br6  (Mulder). 

Reactions.—  1.  Heated  to  180°-200°  it  is  con- 
verted into  triethyl  isocyanurate.—  2.  Cone.  HC1 
sets  free  cyanuric  acid.  —  3.  Dilute  NaHO  or 
Ba(HO)2  removes  one  of  the  Et  radicles  form- 
ing diethyl-cyanuric  acid.—  4.  PC15  reacts  with 
formation  of  (CN)3C13.  —  5.  Heated  with  cone. 
NH3Aq  to  170°-  180°  amidogen  replaces  ethoxyl 
!  groups,  ammeline  and  melamine  being  formed. 

Tri-iso-amyl  cyanurate  C18H33N303  i.e. 

/OC.H,, 
(CN)3^-OC5HU.     Syrupy  liquid.     Undergoes  in- 

\OC5HM 
tramolecular  change  above  360°  (Klason). 

Triphenyl   cyanurate     C21H15N303    i.e. 


/OPh 

(CN)3<-OPh.    Needles. 
\OPh 


[224°].      Distils    un- 


changed.  Insol.  water  and  ether,  sol.  benzene. 
Cone.  HC1  at  180°  causes  it  to  combine  with  the 
elements  of  water  and  break  down  into  phenol 
and  cyanuric  acid  (Hofmann  a.  Olshausen  ;  Hof- 
mann, B.  18,  765  ;  19,  2083  ;  Klason,  Bihang 
till  K.  Svenska  Vet.  Akad.  Handl.  1885,  10, 
No.  7). 

Tri-p-nitrophenyl  cyanurate 

XOC6H4N02 
C21H12N609  i.e.  (CN)3^-OCtiH4N02.     Pale  yellow 

\OCaH4N02 
tables.     [194°]  (Otto,  B.  20,  2236). 

Tri-tolyl    cyanurates    C24H21N303    i.e. 

/OC7H7 

(CN)A)C7H7. 

\007H7 

Tri-o-tolyl  cyanurate.  Pale  yellow  needles. 
[152°J  (Otto). 

Tri-m-tolyl  cyanurate.  Colourless  micro- 
scopic needles.  [225°]  (Otto). 

Tri-p-tolyl  cyanurate.  Silky  colourless 
needles.  [207°]  (Otto)  ;  [265°]  (Frentzel,  B.  21, 
411). 

Tri-eugenyl  cyanurate    C33H33N306  i.e. 
X0(C10HM0) 
OfOA.^. 
\0(C10H110) 
Pale  yellow  microscopic  laminae.   [122°]   (Otto). 
Tri-thymyl   cyanurate   C33H39N303  i.e. 

X)(C10H13) 
(CN)3fO(C10H13). 
\0(C10HI3) 
Pale  yellow  crystalline  powder.    [151°]  (Otto). 
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Tri-naphthyl  cyanuratesC33H.^303i.e. 

xOC10H7 

(CN)3(-OC1UH7. 

\OC10H7 

Tri-(a)<-naphthyl  cyanurate.  Greenish  yellow 
powder,  decomposing  when  heated  without  hav- 
ing a  distinct  melting-point. 

Tri-(fi)-naphthyl  cyanurate.  Light  green 
powder  (Otto). 

ALKOYL  DERIVATIVES. 

Formation.—  By  the  action  of  alkoyl  chlor- 
ides on  silver  cyanurate  (Ponomareff,  B.  18, 
3273  ;  Senier,  C.  J.  49,  313). 

Tri-acetyl     cyanurate     C9H9N308    i.e. 
OAc 


Acetyl  chloride  and  silver  cyanurate  are 
brought  together  in  presence  of  ether,  the  mix- 
ture is  afterwards  evaporated,  and  the  residue 
crystallised  from  chloroform.  Minute  crystals. 
[170°]  with  decomposition.  Insol.  ether;  si.  sol. 
CHC13.  Sol.  warm  water  with  decomposition 
into  acetic  and  cyanuric  acids  (Ponomareff).  A 
very  similar  compound  to  this  was  obtained  by 
the  action  of  AcCl  on  CNOAg  in  the  preparation 
of  cyanogen  acetate  or  acetyl  cyanate  (Schiitzen- 
berger,  A.  123,  271). 

Tri-benzoyl  cyanurate  C24H15N306  i.e. 
/OBz 


Benzoyl  chloride  and  silver  cyanurate  are 
heated  together  in  closed  tubes  at  100°.  The 
contents  are  extracted  with  CHC13,  which  on 
evaporation  deposits  tribenzoyl  cyanurate  in 
needles.  On  heating  it  decomposes.  SI.  sol. 
CHC13  ;  insol.  ether.  Warmed  with  water  it  de- 
composes into  cyan  uric  and  benzoic  acids  (Senier). 

Normal  thio  cyanuric  acid  v.  THIOCYANUBIC 
ACID. 

Normal  amido  -cyanuric  acid.  Ammelide. 
Melanurenic  acid  (v.  AMMELIDE). 

Normal  diamido  -cyanuric  acid.  Ammeline 
(v.  AMMELINE). 

HALOGEN  DERIVATIVES  v.  AMMELINE. 

ALKYL  DERIVATIVES. 

Di-methyl-di-amido  cyanuric  acid. 
Dimethyl  ammeline  C.HqN.O  i.e. 

/NHMe 
(CN)3^-NHMe.  Dimethyl  amide  of  cyanuric  acid. 

\OH 

Formed  by  heating  di-methyl  di-amido  cyanuric 
chloride  with  dilute  acids  or  by  heating  it  with 
water  at  200°  (Hofmann,  B.  18,  2770),  or  by 
heating  tri  -  chloroacetonitril  with  aqueous 
methylamine  at  120°  (Weddige,  J.pr.  [2]  33,  89). 
Crystalline  pp.  Heated  it  decomposes  without 
melting.  V.  si.  sol.  boiling  water  ;  insol.  alco- 
hol and  ether  ;  sol.  NaHOAq.  Possesses  acid 
and  basic  properties.  (C5H9N50,HCl)2PtCl4. 

Ethyl  diamido  -  cyanurate  v.  AMME- 
LINE. 

Ethyl  e  thy  lami  do  -amido  -cyanurate. 

/NH2 
Diethyl-  ammeline  C7H13N50  i.e.  (CN)3^-NHEt. 

\OEt 

Obtained  by  acting  on  (CN)3C13  with  NH,Et 
and  treatment  of  the  resulting  compound  with 
HC1  (Hofmann,  B.  18,  2n$).—Platinochlor- 
^de  (C;H,,N50,HCl).,PtCl4. 

VOL.  II. 


Ethyl  di- ethyl -di-amido -cyanurate. 

/NHEt 

Tri-ethyl-ammeline  C9H17N50  i.e.  (CN)3^-NHEt 

\OEt  . 

Formed  by  heating  tri-ethyl-melamine  with 
HC1  (Hofmann,  B.  2,  604).  Syrupy  liquid.  Pt. 
salt :— (09HI7N60,HCl)2PtCl4. 

Di-methyl -di-amido -cyanuric  chlor- 

/NHMe 
ide       C5H8N5C1       i.e.       (CN)3^-NHMe.    Pre- 

\C1 

pared  by  the  action  of  (CN)3C13  on  a  solu- 
tion of  methylamine  in  methyl  alcohol  (Hof- 
mann, B.  18,  2766  ;  Klason,  Bihang  till  K. 
Svenska  Vet.  Akad.  Handl  1885,  10,  No.  7). 
Needles.  [241°].  Insol.  water,  alcohol,  and  ether. 
Soluble  with  partial  decomposition  in  glacial  ace- 
tic acid.  Keacts  with  water,  forming  dimethyl- 
ammeline.  Ammonia  converts  it  into  dimethyl- 
melamine ;  methylamine  turns  it  into  trimethyl 
melamine. 

Methylamido   -  methoxy  -  cyanuric 

/NHMe 
chloride     C5H,N,OC1     i.e.        (CN)3^-OMe  . 

\C1 

Formed  in  the  same  reaction  with  the  last- 
mentioned  compound  (Hofmann,  B.  18,  2771). 
Needles.  [155°].  Sol.  alcohol  and  ether. 

Phenyl    diamidocyanurate.      Phenyl 

/NH2 
ammeline  C9H9N50  i.e.  (CNJg^-NH^     Insoluble 

\OPh 

white  crystalline  powder.  [245°]  (Otto,  B.  20, 
2240). 

o-Tolyl      diamidocyanurate.       Tolyl 

/NH2 

ammeline    C10H,,N50     i.e.        (CN)3^-NH2     . 

\0(C7H7) 
White  crystalline  solid.    [225°]  (Otto). 

ALKOYL  DERIVATIVES  v.  BENZOYL  AMMELINB. 
Normal    cyanuramide.    Normal    Melamine. 

/NH2 

C3H6N6  i.e.    (CN)3^-NH2. 
\NH2 

Formation. — 1.  Is  one  of  the  by-products  in 
the  preparation  of  melam  by  the  action  of  heat 
on  ammonium  thiocyanate  (Liebig,  A.  10,  18, 
53,  342  ;  Volhard,  J.pr.  [2]  9,  29  ;  Glaus,  A.  179, 
121 ;  B.  9,  1915 ;  Jaeger,  B.  9, 1554).— 2.  By  the 
action  of  aqueous  ammonia  at  100°  on  (CN)3C13 
(Hofmann,  B.  18,  2765  ;  Klason,  Bihang  till  K. 
Svenska  Vet.  Akad.  Handl.  1885,  10,  No.  7).— 
3.  From  trimethyl  thiocyanurate  by  the  action  of 
concentrated  ammonia  at  180°  (Hofmann,  B.  18, 
2759). — 4.  Cyanamide  polymerises  by  the  action 
of  heat  to  dicyanamide,  and  then  passing  to  the 
trimolecular  grouping,  part  forms  melamine,  and 
part  with  evolution  of  ammonia  condenses  to 
melam  (Drechsel,  J.pr.  [2]  13, 331).— 5.  Melamine 
thiocyanate  is  formed  when  strong  ammonia  is 
made  to  act  on  pseudo-cyanogen  sulphide  at 
160°  (Ponomareff,  J.  R.  8,  215).— 6.  By  the  ac- 
tion of  heat  on  guanidine  carbonate  in  presence  of 
phenol  (Nencki,  J.  pr.  [2]  17,  235).— 7.  Cyan- 
melamidine  breaks  down  when  heated  with  HC1 
into  melamine  and  HCN  (Byk,  J.pr.  [2]  20, 346). 

Preparation. — Trimethyl  thiocyanurate  is 
inclosed  in  a  tube  with  an  excess  of  concentrated 
solution  of  ammonia,  and  heated  at  a  temperature 
of  180°  for  several  hours.  The  temperature  must 
not  vary  much,  for  if  200°  or  so  is  attained 
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hydroxyl  compounds  are  formed,  and  if  it  falls 
much  below  180°  the  reaction  is  incomplete,  and 
the  melamine  will  be  found  to  contain  sulphur, 
rendering  a  second  treatment  with  ammonia 
necessary.  When  the  operation  is  successful 
the  tube  on  cooling  will  contain  an  upper  layer 
of  methyl  mercaptan,  while  below  in  the  aqueous 
portion  large  colourless  crystals  of  melamine 
will  have  made  their  appearance.  It  may  be 
further  purified  by  recrystallisation  from  water 
(Hofmann). 

Properties.  —  Monoclinic  prisms  (Weibull, 
J.  pr.  [2]  33,  292).  Heated  gently  it  sublimes. 
V.  si.  sol.  cold,  v.  sol.  hot  water.  V.  si.  sol.  hot 
alcohol,  sol.  hot  glycerin.  Powerful  base  form- 
ing salts  and  decomposing  many  metallic  salts. 

Reactions. — 1.  Heated  to  low  redness  two 
molecules  combine  with  evolution  of  3NH3  to 
formmellon  (CN)3:(NH)3:(CN)3.-2.  Heated  with 
dilute  HNO3  the  amidogen  groups  are  succes- 
sively replaced  by  hydroxyl  giving  ammeline, 
ammelide,  and  finally  cyanuric  acid  (Knapp,  A. 
21,  256).— 3.  Fused  with  KHO  potassium  mellon 
and  potassium  cyanate  are  formed. — 4.  (CN)3C13, 
AcCl,  and  Ac20  are  without  action  on  melamine 
(Senier,  B.  19,  312). 

Combinations. — B',HC1  l^aq :  needles  (Lie- 
big,  A.  26,  187;  Byk,  J.  pr.  [2]  20,  345). 
— (B'HCl)2,PtCl4  2aq  (Hofmann,  B.  18,  2760; 
Klason,  J.  pr.  [2]  33,  293).— B'2H2S042aq  also 
with  l£aq  and  3aq.  V.  si.  sol.  cold  water.  Test 
for  melamine  (Drechsel,  J.pr.  [2]  13,  332  ;  Byk  ; 
Jaeger,  B.  9,  1555).— B',H2S04.  Short  rhombic 
prisms.  Decomposed  by  water  (Nencki,  J.  pr. 
[2]  17,  237).— B'2H2C2O4.  V.  si.  sol.  water. 
— B'HSCN  :  prismatic  crystals.  V.  si.  sol.  cold 
water  (Glaus,  B.  9,  1915 ;  Ponomareff,  J.  E.  8, 
215).— B'AgN03.  Crystalline  pp.  sol.  hot  water 
and  ammonia  (Liebig;  Byk).  —  B'2AgN03: 
needles  (Zimmermann). 

METALLIC  DERIVATIVES. 

By  treating  (CN)3(NH2)32AgN03  with  ammo- 
nia a  compound  said  to  be  diargentomelamine 

/NHAg 

(CN)3^-NHAg  is  obtained  (Zimmermann). 
\NH2 

ALKYL  DERIVATIVES. 

Formation. — 1.  By  the  final  action  of  amines 
on  (CN)3C13  (Hofmann;  Klason).— 2.  By  the 
action  of  secondary  amines  on  (CN)3C13  (Hof- 
mann, B.  18,  2773).— 3.  By  the  action  of  amines 
on  trialkyl  thiocyanurates  (Hofmann). 

Reactions. — 1.  Water  (dilute  acids)  decom- 
poses alkyl-melamines  into  cyanuric  acid  and 
amines. 

(CN)3(NHEt)3  +  3HOH  =  (CN)3(OH)3  +  3NH2Et 
and 

(CN)3(NEt2)3  +  3HOH=  (CN)3(OH)3  +  3NHEt2 
(Hofmann,  B.  18,  2773). 

Dime  thy  Icy  anur  amide.   Dimethylmela- 

x 

3^- 

\NH2 

mido-cyanuric  chloride  by  the  action  of  ammonia. 
Crystalline  base.  Sol.  water,  si.  sol.  alcohol  and 
rther  (Hofmann,  B.  18,  2768). 

Trime  thy  Icy  anur  amide.        Trimethyl- 

/NHMe 
melamine  C6H12N6  i.e.   (Cr),^-NHMe.      Base. 

\NHMe 
[115°].  V.  sol.  water  and  alcohol.— (B'HCl)2PtCl4. 


Prisms.—  B'(HCl)2,PtCl4  :  long  needles  (Hofmann, 
B.  18,  2763  a.  2767  ;  Klason,  J.  pr.  [2]  33, 
293). 

Hexame  thy  Icy  anur  amide.      Hexame- 


thylmelamine  C9H18N6  i.e.  (CN)3^-NMe2.     Base. 

\NMe2 

Needles.      {1710-1720].—  (B'HCl^tCl,  :     long 

needles.    SI.  sol.  water  ;  sol.  alcohol  (Hofmann). 

Triethy  Icy  anur  amide.      Triethylmela- 

/NHEt 
mine  C9H18N6  i.e.  (CN)3(-NHEt.   Base.  Needles 

\NHEt 

(from  water)  or  prisms  (from  alcohol).  [73°- 
74°].  SI.  sol.  boiling  water.  Sol.  alcohol,  ether, 
!  and  benzene.—  (B'HCl)2PtCl4  :  insoluble  needles. 
—  B',(HCl)2PtCl4.—  B'2AgN03  (Hofmann,  B.  18, 
2775;  Klason,  J.pr.  [2]  33,  294). 

Hexaethylcyanuramide.       Hexaethyl- 


melamine   CI5H30N6  i.e.   (CN)3^-NEt2.    Liquid. 

Sol.  alcohol  and  hydrochloric  acid.  Base. 
(B'HCl)2PtCl4.  Crystalline.  Sol.  alcohol,  si.  sol. 
water.—  B'HCl,AuCl3  :  needles.  V.  si.  sol.  water 
and  alcohol  (Hofmann,  B.  18,  2778). 

Tripiperidyl-cy  anur  amide.     Tripipe- 

/NC5H10 
ridylmelamine  CI8H30N6  i.e.  (CN)3^-NC.H10.  Base. 

\NC;HIO 

Needles.     [213°].—  (B'HCl)2PtCl4.    Heated  with 
i  HC1  at  150°  it  is  decomposed  into  piperidine 
and  cyanuric  acid  (Hofmann,  B.  18,  2780). 
Triethylidencyanuramide.  Tri- 

XNC,H4 
ethylidenmelamine  C9H12N6  i.e.  (CN)3^-NC.,H4. 


Formed  by  the  action  of  CH3CHO  on  CNNH2. 
Sol.  alcohol ;  insol.  water,  CS2,  CHC13,  benzene", 
and  aniline  (Knop,  A.  131,  253). 

Cyanuramido    acetic    acid.     Melamyl 

acetic  acid.  C5H8N602  i.e.  (CN)3^NH2 

\NH.CH2COOH. 

Formation. — By  the  action  of  chloro-acetic 
acid  in  presence  of  sodium  ethylate  on  cyan- 
amide  (Drechsel,  J.pr.  [2]  11,  332). 

Properties. — Crystalline  powder.  Decomposes 
without  melting  when  heated.  V.  si.  sol.  water, 
insol.  alcohol  and  ether.  Sol.  alkaline  solutions. 
Combines  with  bases,  acids,  and  salts. 

Combinations.— IS.  salt :  sol.  water.  Com- 
bines readily  with  C02. — B'HCl :  needles ;  v.  si. 
sol.  water ;  insol.  hydrochloric  acid. — B'HNOS  aq : 
laminae.  —  B'AgN03  aq  :  needles.  —  B'2H2S04 : 
large  prisms. 

Pheny  Icy  anur  amide.    Phenylmelamine 

/NHPh 
C9Hj0N6  i.e.  (CN)3^-NH2    .    Formed  by  heating 


diamidocyanuric  chloride  with  aniline  at  150°. 
Prisms.  [284°].  Sol.  alcohol.  (B'HCl).2PtCl4 
(Klason,  J.  pr.  [2]  33,  295). 

Tripheny  Icy  anur  amide.        Triphenyl- 

/NHPh 
melamine  C21HI8N6  i.e.  (CN)3^-NHPh.    Needles. 

\NHPh 

[228°].  (360°  sublimes).  Insol.  usual  solvents. 
SI.  sol.  glacial  acetic  acid  (Hofmann,  B.  18, 
3218;  Klason). 
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Pseudotriphenylcyanuramide.  Tri- 
plienylmelamine  C.,H.,Ph3N(i.  Formed  by  the 
destructive  distillation  of  tribenzoyl-melamine. 
Yellow  crystalline  insoluble  powder.  Sol.  hot 
phenol,  [c.  360°]  (Gerlich,  J.  pr.  [2]  13,  286  ; 
Drechsel,  B.  21,  1549). 

Tetraphenylcyanur  amide.      Tetraplic- 


nylmelamine  C27H22N6  i..         3- 

Formation.  —  1.  By  heating  diphenylguani- 
dine  to  170°-180°  (Hofmann,  B.  7,  1737).—  2. 
By  the  action  of  CNC1  on  aniline  at  170°-180° 
(Weith  a.  Ebert,  B.  8,  912). 

Properties.  —  Needles.  [217°].  Insol.  water  ; 
v.  si.  sol.  ether.  Mono-acid  base.  Heated  alone 
it  decomposes  into  NH3,  mono-,  and  di-phenyl- 
amine  and  HCN  ;  with  HC1  or  KHO  the  products 
are  C02,  NH3,  and  aniline.  Hydrochloride  :  — 
B'HCl.  Pt  salt  :—  (B'HCl)2PtCl4. 

Hexaphenylcyanuramide.      Hexaphe- 

/NPh2 
nylmelamine  C39H30N6  i.e.  (CN)3^-NPh2.  Khom- 

\NPh2 

bic  tables  (from  nitrobenzene),  [above  300°].  In- 
sol. usual  solvents.  Does  not  combine  with  HC1. 
At  200°  HC1  decomposes  it  into  diphenylamine 
and  cyanuric  acid  (Hofmann,  B.  18,  3219). 

Tri-p-toly  Icy  anur  amide.     Tri-p-tolyl- 

/NHC.H7 
melamine  C24H24N6  i.e.  (CN)3^-NHC7H7.     Indif- 

\NHC7H7 

ferent.  Insoluble.  Needles.  [283°]  (Klason,  J.pr. 
[2]  33,  294). 

Triamido-tritolyl  cyanuramide.  Tri- 
toluidylmelamine  C21H27N9  i.e. 

/NHC7H6NH2 
(CN)3^-NHC7H6NH2.    Formed  by  the  action  of 

\NHC7H6NH2 

tolylene-diamine  on  cyanuric  chloride  (Fries, 
C.  /.  49,  314  a.  739).  The  two  intermediate 
compounds  mono-  and  di-tolylene-amido- 
cyanuric  chloride  are  also  formed  in  this 
reaction  (Fries). 

Trinaphthyl  -  cyanuramide.         Tri- 

/NHCIOH7 

naphthylmelamine  C33H24N6i.e.  (CN)3^-NHC]0H7 

\NHC10H7 

Formed  by  the  action  of  (a)  and  (£)  naphthylamine 
on  (CN)3C13  (a)-trinaphthyl-melamine[223°]  and 
(&)-trinaphthyl-melamine  [209°]  together  with 
the  (a)  and  (/8)  mono-  and  dinaphthylamido- 
cyanuric  chlorides  are  formed  (Fries). 

Triphenyl-  tri  -  amido  -  cyanuramide. 
Trianilylmelamine  C21H21N9  i.e. 

/NH.NH.Ph 
(CN)3(-NH.NH.Ph.    Obtained  together  with  the 

\NH.NH.Ph 

mono-  and  diphenylhydrazine-cyanuric  chloride 
by  the  action  of  phenylhydrazine  on  (CN)3C13 
(Fries). 

ALKOYL  DERIVATIVES. 

Formyl  -  cyanuramide.      Formyl-mela- 

/NH(CHO) 
mine  C4H6N60  i.e.  (CN)3(-NH2          .    Prepared 


by  the  action  of  oxalic  ether  on  cyanamide 
(Mulder,  B.  7,  1631).  Insol.  water.  Decomposed 
by  acids  or  long  boiling  with  water. 


Tr ib en zoy  I  -cyanuramide.    Tribenzoyl- 

/NHBz 
melamine  C2.H18N603  i.e.  (CN^NHBz.  Formed 

\NHBz 

by  polymerisation  of  benzoyl-cyanamide.  Yellow 
powder.  [275°].  Insol.  water,  alcohol,  and  ether. 
Heated  the  products  are  C02,  HCN,  benzonitrile, 
dibenzoyldicyanamide,  and  pseudotriphenyl-me- 
lamine  (Gerlich,  J.  pr.  [2]  13,  272). 

Condensed  cyanuramido-  compounds. 
Mel  am  C6H9Nu  i.e. 
XNH2    H2N 


Preparation. — Crude  melam  is  obtained  by 
the  action  of  heat  on  ammonium  thiocyanate 
16CNSNH4  =  2C6H9Nn  +  5(NH4)2S  +  4CS,  f  3H2S. 
A  strong  heat  should  be  applied,  best  by  means 
of  a  metal  bath,  rising  quickly  to  300°,  and 
continued  till  the  evolution  of  gas  ceases  (Liebig, 
A.  10,  10;  Glaus,  A.  179,  118).  The  product 
consists  of  melam  thiocyanate  and  melem.  It 
is  washed  by  boiling  with  water  and  afterwards 
with  cold  dilute  potash.  Then  it  is  dissolved  in 
hot  dilute  HC1  and  reppd.  by  KHO  (Klason, 
J.  pr.  [2]  33,  286). 

Properties. — An  indifferent  insoluble  powder. 
Slightly  sol.  acids  and  hot  alkalis.  Heated 
alone  it  yields  NH3  and  mellon ;  with  dilute 
acids  or  alkalis  it  gives  NH3  and  ammeline ;  with 
cone.  HN03  cyanuric  acid. 

Melem  C6H6N,0  i.e. 

)(CN)3  (?).  Prepared  by  di- 
gesting 1  pt.  of  crude  melam  with  4  pts.  KHO 
and  80  pts.  of  water  for  24  hrs.  at  100°.  Melem 
remains  unacted  upon,  while  melam  is  converted 
into  ammeline.  By  heating  with  cone.  KHO 
melem  forms  ammelide  and  NH3  (Klason,  J.  pr. 
[2]  33,  287). 

/NH\ 

Mellon  C6H3N9  i.e.  (CN)3^NH^(CN)3  (?). 

This  compound,  which  is  the  homologous  tri- 
molecular  modification  of  cyanogen  cyanamide 
(CN).NH.(CN),  of  which  metallic  derivatives  are 
known  (Bannow),  is  formed  among  the  products 
of  the  action  of  heat  on  numerous  cyanogen 
derivatives — pseudothiocyanogen,  mercuric  thio- 
cyanate, ammonium  thiocyanate,  melem,  mela- 
mine, ammeline,  ammelide,  diamido-cyanuric 
chloride,  cyanamide,  &c.  (Liebig,  A.  10,  4 ;  50, 
342 ;  Laurent  a.  Gerhardt,  A.  Ch.  [2]  19,  85 ; 
Voelckel,  P.  61,  375).  A  light  yellow  powder. 
Insol.  water,  acids,  and  alkalis.  Heated  alone 
it  breaks  down  into  N,  C2N2,  and  HCN  ;  with 
KHO,  into  NH3  and  mellonpotassium,  and  with 
HN03  into  cyanilic  acid  and  NH3. 
Mellonhydride  C9HaN13  i.e. 


Nf  (CN)3  =  NH  (?). 
\(CN)3  =  NH 

Preparation. — The  potassium  salt  of  mellon- 
hydride  is  formed  either  by  heating  a  mixture 
of  mellon  and  KHOAq  in  presence  of  cyanogen, 
or  by  melting  potassium  thiocyanate  together 
with  melam,  mellon,  or  SbCl3  (Liebig,  A.  95, 271 ; 
Volhard,  J.  pr.  [2]  9,  29 ;  Klason,  J.pr.  [2]  33, 
289).  The  potassium  salt  is  converted  into  a 

Y2 
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copper  compound,  and  this  decomposed  by  H2S 
gives  an  aqueous  solution  of  the  free  hydride. 

Properties.  —  A  strongly  acid  solution.  De- 
composes carbonates.  All  attempts  to  isolate 
the  free  hydride  have  been  unsuccessful.  It 
forms  primary,  secondary,  and  tertiary  salts. 

Salts.  —  KH2CUN1S.  —  K2HC9N13  3aq.  — 
K3C9N135aq.    Needles.    Bitter.     S.  2-7  in  cold 
water.  -  Ca3(C9N13)2  4aq.  -  Ba3(C9N13)2  6aq.  - 
Cu3(C9N13)2  5aq.—  Ag3C9N13. 

Cyameluric    acid    C6H3N7032IH2°    i-e' 


// 


NH 


H0\ 


(ON),  -  O  --  (CN),  (?),  or  possibly 
/OH  H0\ 
/         HO-)(CN)3. 


3 


Formation.—  By  the  long-continued  digestion 
of  potassium  mellon  with  KHO  and  liberation 
of  the  free  acid  from  the  salt  so  obtained  by 
HC1  (Henneberg,  A.  73,  235  ;  Volhard,  J.pr.  [2] 
9,  30). 

Properties.  —  Powerful  tribasic  acid.  White 
powder.  V.  si.  sol.  water.  Heated  alone  it  yields 
cyanic  and  cyanuric  acids  and  mellon. 

Salts.—  K3A'"3aq:  needles.  Sol.  water 
with  strong  alkaline  reaction  (Liebig,  A.  95, 
281).—  KH2A"'  2aq.—  Ba3A'"2  aq—  Ag3A'". 


Isocyanuric  acid  (CO)3=NH.      The  hypo- 


thetical  acid  corresponding  to  the  isocyanuric 
ethers. 

ALKYL  DERIVATIVES. 

Formation.  —  1.  By  the  distillation  of  a  mix- 
ture of  potassium  cyanurate  and  alkyl  sodium 
sulphate  (Wurtz,  A.  Ch.  [3]  42,  57).—  2.  By  the 
action  of  heat  on  alkylacetylurea  alkyl  iso- 
cyanurates  are  formed,  together  with  acetamide 
and  other  products  (Hofmann,  B.  14,  2728).  — 
3.  From  dialkylureas  by  heating  (Wurtz,  J. 
1856,  700).—  4.  By  the  action  of  alkyl  iodides 
on  silver  or  potassium  cyanurate  (Habich  a. 
Limpricht,  A.  109,  112;  Ponomareff,  B.  18, 
3270).—  5.  By  polymerisation  of  isocyanic  ethers 
or  the  intramolecular  change  of  normal  cyanuric 
ethers  (Hofmann  a.  Olshausen,  B.  3,  271). 

Eeactions.  —  1.  The  action  of  water  (heating 
with  dilute  acids)  causes  the  isocyanuric  ethers 
to  break  down  like  the  isocyanic  ethers  into  CO2 
and  amines  (Wurtz).—  2.  With  PC15  isocyanuric 
ethers  do  not  give  cyanuric  chloride,  but  chloro- 
alkyl  substitution  compounds  (Hofmann,  B.  18, 
2800). 

Dimethylisocyanuric   acid    C5H.NH03 


i.e.  (CO)3=NMe.     Needles.     Crystal  measure 


ments  (Hofmann,  J5.  19,2071).    [222C].   Its  salts 
are  not  very  stable.  Ammoniacal  solution  gives 
with  CuS04  a  violet  Cu  salt.     Silver  salt  v.  si. 
sol.  water  (Hofmann,  B.  14,  2728  ;  19,  2069).. 
Trimethylisocyanurate    C6H,,N,03    i.e. 


(CO)3NMe.    Prisms.    Crystals  measured  (Hof- 


mann,  B.  19,  2067).  [175°-176°j.  (274°).  Insol. 
cold,  si.  sol.  hot  water.  Sol.  alcohol.  Treated 
with  PC15  the  compound  (CN)3(OCH2C1)3  is 
formed.— B'HgCl2  crystals  (Wurtz ;  Hofmann  a. 


Olshausen  ;  Ponomareff,  B.  18,  3271  ;  Hofmann, 
B.  18,  2800  ;  19,  2093). 

Combinations  with  formamide  (Gautier,  A. 
149,  313)  (CN)3(NMe)3,HCONH2.  Obtained  by 
the  oxidation  of  acetonitrile.  [175°  with  partial 
sublimation]  (CN)3(NMe)3,(HCO)2NH.  [163°]. 
(168°). 

Diethylisocyanuric  acid  C7HUN303  i.e, 


(CO)3=NEt.  Hexagonal  prisms.   Measurements 


(Hofmann,  B.  19,  2078).  [173°].  SI.  sol.  cold, 
sol.  hot,  water.  Sol.  alcohol,  ether,  ammonia, 
and  alkalis.  —  B'2Ba  aq  :  sol.  water.  —  B'Ag  : 
needles,  ppd.  by  ammoniacal  AgN03.  Copper 
salt  rose-coloured  (Habich  a.  Limpricht,  A.  109, 
112  ;  Wurtz,  J.  1856,  700  ;  Ponomareff,  B.  18, 
3270). 

Triethyl-isocyanurate     C9H15N303  i.e. 

/^NEt 
(CO)J=NEt.    Ehombic  prisms  (Hofmann,  B.  19, 


2076).  [95°].  (276°).  Distils  with  steam.  Sol. 
hot  water,  alcohol,  and  acids.  PC15  has  no 
action,  and  KHO  decomposes  the  ether  with 
difficulty.  Heated  with  Ba(OH),Aq  it  yields  CO2 
and  triethylbiuret,  and  similarly  with  sodium 
alcoholate  ethylene,  ethylamine,  triethylguani- 
dine,  and  triethylbiuret  are  formed  ^Hofmann, 
J.  1861,  516).  Chlorine  forms  substitution 
derivatives  (Wurtz  ;  Habich  a.  Limpricht  ; 
Ponomareff  ;  Gal,  A.  137,  127). 

Tetrachlorotriethyl  isocyanurate 
C9HnCl4N303.  Crystals.  Insol.  water  ;  sol.  al- 
cohol. Not  ppd.  by  AgN03.  Compounds  con- 
taining less  Cl  are  obtained  by  the  action  of 
alcoholic  potash  (Habich  a.  Limpricht,  A.  109, 
109). 

Tribenzyl    isocyanurate    v.     BENZYL- 

CYANUBATE. 

Triphenyl     isocyanurate     C21Hi5N303 

/NPh 
i.e.  (CO)3=NPh. 


Formation.  —  1.  The  NH  groups  of  triphenyl- 
isomelamine  are  replaced  by  oxygen  by  treatment 
with  alcohol  and  HC1.  —  2.  Phenyl  isocyanate  is 
polymerised  to  isocyanurate  by  heating  for  3  hrs. 
at  100°  with  dry  potassium  acetate  (Hofmann, 
5.3,268;  18,  765  a.  3225). 

Properties.—  Prisms.  [274°-275°].  Distils 
mostly  unchanged.  Insol.  water  ;  sol.  hot 
alcohol. 

CARBOXYLIC  DERIVATIVES. 

By  the  action  of  ethyl  chloroformate 
CICOOEt  on  potassium  cyanate,  besides  carbox- 
ethyl-carbamic  ether,  three  carboxethyl  deriva- 
tives of  isocyanuric  acid  have  been  obtained. 
These  are  triethyl  isocyanurcarboxylate,  and  two 
derivatives  intermediate  between  that  compound 
and  isocyanuric  ether.  By  distillation  they  lose 
CO2  and  are  converted  into  isocyanurates  (Wurtz 
a.  Henninger,  Bl.  44,  26). 

Triethyl   isocyanurcarboxylate 

/NCOOEt 

C12H15N309  i.e.  (CO)3^-NCOOEt.  Crystals, 

\NCOOEt 
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Dicarboxethyl  ethylisocyanurate 

/NCOOEt 

CUH15N307  i.e.  (CO)3f-NCOOEt  .  Crystals. 

\NEt 


diethylisocyanurate 
/NCOOEt 

3^-NEt        .  Needles. 

\NEt 

CNH 


[123°]. 

Carboxethyl 


C10H13NS05  i.e. 
[107°]. 


Isoammelide  (hypothetical) 

OCVCO 
NH 

ALKYL  DERIVATIVES. 

Trimethylisoammelide    C6H10N402    i.e. 
CNH 

MeN/\NMe 

oclJco 

NMe 

on  the  platinum  salt  of  trimethylisomelamine. — 
B'HCl:  needles;  sol.  alcohol,  insol.  ether. — 
B'HC^AuCL, :  needles ;  v.  si.  sol.  water  (Hofmann, 
B.  18,  2786). 

Triethylisoammelide     CaH1(JN402     i.e. 
CNH 

EtNj/^NEt 

Obtained  by  treatment  of  tri 


.    Formed  by  the  action  of  HC1 


oc\/co 

NEt 


ethyl  isomelamine  with  HC1.  —  (B'HCl)2PtCl4 
(Hofmann,  B.  18,  2789). 

Triphenylisoammelide  C.2iH1(iN4O2  i.e. 
CNH 

PhN/^NPh 

From  triphenyl   isomelamine 

oc1     •- 


lUco- 

NPh 


by  heating  with  HC1.  Needles.  [272°].— 
(B'HCl)2PtCl4  :  amorphous  (Hofmann,  B.  18, 
3225). 

CNH 

HN./NNH 

Isoammeline  (hypothetical) 


NH 

ALKYL  DERIVATIVES. 

Triethylisoammeline      CqH,.N.O      i.e. 
CNH 


Formed  by  the  action  of  HC1 

' 


Ocl      J  CNH 

NEt 


on  triethylisomelamine  (Hofmann,  B.  18,  2789). 
Triphenylisoammeline    C21HrN50    i.e. 
CNH 

PhN/\NPh 

U.  This  and  the  corresponding  iso- 
CNH 

NPh 

ammelide  derivative  represent  the  two  possible 
intermediate  compounds  between  alkylisomela- 


mine  and  alkyliso-cyanurate.  Both  are  prepared 
by  treatment  of  triphenylisomelamine  with  HC1, 
the  isoammeline  being  first  formed  (Hofmann, 
B.  18,  3224). 

Isomelamine  (hypothetical)   (CNH)83NH  ie. 
CNH 

HN     NH 


HNC     CNH 


ALKYL  DERIVATIVES. 

Formation.— -By  heating  solutions  of  alkyl- 
cyanamides,  whereby  polymerisation  takes  place 
(Hofmann,  B.  2,  602). 

Reactions. — Heated  with  dilute  acids  the 
alkyl  isomelamines  yield  NH3,  and  become 
converted  into  isocyanurates  (Hofmann). 

Trimethyl  isomelamine  C6H12N6  3aq  i.e. 
(CNMe)3(NH)3  3aq.  Needles.  [179°].  Commences 
to  sublime  above  100°.  Sol.  water  and  alcohol, 
insol.  ether.  Keaction  alkaline.  HC1  acts  in  the 
first  instance,  forming  trimethylisoammelide  and 
then  trimethylisocyanurate.  —  B"(HCl)2,PtCl4. 
Laminae.  V.  si.  sol.  water  and  alcohol. — 
B"(HCl).,,AuCl3.  Needles  (Hofmann,  B.  3,  264  ; 
18,  2784  ;  Baumann,  B.  6,  1372). 

Triethylisomelamine  C9H18N64aq  i.e. 
(CNEt)3(NH)3  4aq.  Crystals.  [92°].  V.  sol.  water 
and  alcohol.  Eeaction  alkaline.  HC1  reacts  form- 
ing  successively  triethyl-isoammeline,  triethyl- 
isoammelide,  and  triethyl  isocyanurate. — Sa  Its: 
B"(HCl)2,PtCl4.  Sol.  water.  — B'(HClAuCl3)2. 
Needles.  SI.  sol.  water  and  alcohol  (Hofmann, 
B.  2,  602 ;  3,  266  ;  18,  2788). 

Tribenzy  I  -  isomelamine  C24Hj4N6  i.e. 
(CNC7H7)3(NH)3.  Laminae  [higher  than  benzyl- 
cyanamide].— B"(HC1)2.  Needles.  SI.  sol.  water 
(Strakosch,  B.  5,  694). 

Triphenyl  -isomelamine  C2IH,8N6  i.e. 
(CNPh)33NH.  Needles.  [185°].  V.  si.  sol.  1  oi 
water,  sol.  alcohol  and  ether.  HC1  reacts  forming 
successively  triphenyl-isoammeline,  triphenyl- 
isoammelide,  and  triphenyl-isocyanurate. — 
B3(HCl)2PtCl4.  Needles  (Hofmann,  B.  3,  267 ; 
18,  3223). 

Normal-iso  Cyanuric  acids  (hypothetical). 

ALKYL  DERIVATIVES. 

Phenyliso-dinormal  cyanuric  acid. 
Monophenyl  isocyanuric  acid 
COH 


C9H7N303  i.e. 


PhN 


fY 

Jr.c 


ock     ICOH 

N 


Formed  by  the 


action  of  cone.  HC1  on  Kathke's  triphenyl-am- 
meline.  Flat  needles.  [285°-289°j.  V.  sol.  hot, 
v.  si.  sol.  cold  water  (Eathke,  B.  20,  1070 ;  21, 
868). 

Diphenyliso-normal    cyanuric   acid 
COH 


PhN 


C15HHN303  or 


Prepared  by  heat- 


ing  it-triphenyl-melamine  with    cone.   HC1  at 
150°.     The  phenylamido  group  is  thus  replaced 
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by  hydroxyl  and  the  imido-  groups  by  oxygen. 
Needles  or  laminae.  [261°].  Insol.  water,  sol. 
alcohol,  v.  si.  sol.  ether.  With  cone.  HC1  at 
280°  it  breaks  down  into  C02,  NH3,  and  aniline. 
C,5H,0AgN303  crystalline  pp.  formed  on  addition 
of  AgN03  to  a  solution  of  the  sodium  salt  (Hof- 
mann,  B.  18,  3230). 

Normal-iso  ammelines  (hypothetical). 

ALKYL  DERIVATIVES. 

Phenylnormalamido  -  diphenyliso  - 
amido  -cyanuric  acid.  Triphenyl  ammeline 
COH 


PhN  |,  N 

O21H17N50  i.e.  .    Obtained 

PhNC1,     JCNHPh 

by  treatment  of  ethyltriphenylthioammeline  hy- 
drobromide,  a'  compound  prepared  by  the  action 
of  ethyl  bromide  on  triphenyl-thioammeline,  with 
alcoholic  potash.  Colourless  laminae.  [275°]. 
V.  si.  sol.  alcohol,  si.  sol.  chloroform.  Cone. 
HC1  at  160°  converts  it  into  phenyliso-dinormal- 
cyanuric  acid  (Kathke,  B.  20,  1069;  21,  868). 

Phenylnormalamido  -phenyliso  - 
amido-phenylisocyanurate.       Triphenyl- 
CNHPh 


CNH 
PhN    NH 


ammeline  C21H17N5Oi»e. 


Pre- 


CNH 


pared  by  acting  on  Hofmann's  w-triphenylmela- 
mine  with  HC1  at  100°.  Crystals.  [265°]. 
Heated  further  with  HC1  it  is  converted  into  di- 
phenyl  iso-normal-cyanuric  acid  (Hofmann,  B. 
18,  3229). 

Normal-iso  melamines  (hypothetical). 

ALKYL  DERIVATIVES. 

Phenylnormal  -  diphenyliso  -  mela  - 
mine,    u-  Triphenyl-melamine 
CNH 


PhN 
C21H18N6  i.e. 

PhNC  I     J  CNH 

NPh 

Formation.  —  By  the  desulphurisation  of 
monophenylthiourea  by  HgO  in  alcoholic  solution. 

Properties. — Needles.  [217°].  Insol.  water, 
si.  sol.  ether,  sol.  chloroform,  sol.  dilute  acids 
and  reprecipitated  by  alkalis. 

Reactions. — By  the  action  of  HC1  it  is  con- 
verted at  100°  into  Hofmann's  isonormal  tri- 
phenyl  ammeline,  and  at  150°-200°  into  diphenyl- 
iionormal  cyanuric  acid  (Hofmann,  B.  18, 3226). 

Diphenyl  -  melamine  C)5HHN6.  A  by- 
product in  the  preparation  of  Eathke's  triphenyl- 
melamine. Formed  together  with  aniline  when 
in  that  process  the  further  action  of  alcoholic 
ammonia  causes  the  isonormal  triphenylmela- 
mine to  change  into  the  normal  isomeride.  It 
may  possibly  prove  to  be  a  normal  compound. 
[202°-204°].  (B'HCl)2PtCl4  (Eathke,  B.  21,  872). 

Triphenylmelamine.  (?)  Diphenylnor- 
mal  phenylisomelamine 

CNH2 

PhN 


PhNC  I       'cNHPh 


PhNC      CNPh 

YH 

Formation. — By  the  action  of  alcoholic  am- 
monia on  ethyl  triphenyl-thio-ammeline  hydro- 
bromide,  the  reaction  being  :  C3N3HPhsSEt  +  NH3 
=  C3N5HPh3NH2  +  EtSH.  Diphenylammeline, 
aniline,  and  normal  triphenylmelamine  are 
formed  in  the  same  reaction  (Kathke,  B.  20, 1071 ; 
21,  868). 

Properties.— Prisms.  [221°].  Sol.  hot  al- 
cohol. Base.  The  hydrochloride  and  sulphate 
are  soluble,  the  nitrate  is  si.  sol.  water. 

Reactions. — 1.  Heated  with  alcohol  and  am- 
monia it  changes  to  normal  triphenylmelamine. 
2.  Heated  with  cone.  HC1  at  125°  it  is  converted 
into  Eathke's  triphenylammeline,  and  at  higher 
temperatures  into  phenyl  iso-dinormal-cyanuric 
acid. 

Other  isomerides  of  cyanuric  acid. 

The  members  of  this  division  of  trimolecular 
compounds  are  so  little  known  that  it  would  be 
premature  to  attempt  to  assign  to  them  struc- 
tural formulae. 

The  (a)  and  (£)  Cyanuric  acids  (Herzig,  B.  12, 
170)  are  not  included,  recent  investigation  having 
shown  that  when  purified  they  are  in  all  respects 
identical  with  each  other  and  with  ordinary 
cyanuric  acid  (Senier,  C.  J.  49,  693  a.  743). 

Cyam elide  (CNOH)r 

Formation. — 1.  Liquid  cyanic  acid  poly- 
merises slowly  at  0°,  and  instantly  at  higher 
temperatures  with  evolution  of  heat  forming 
cyamelide.  This  reaction  takes  place  when  cya- 
nates  are  treated  with  anhydrous  acids  (Liebig 
a.  Wohler,  P.  15,  561 ;  20,  384  ;  Troost  a.Haute- 
feuille,  J.  1869,  99;  Weltzien,  A.  132,  222).— 2. 
Is  formed,  together  with  cyanuric  acid,  by  the 
action  of  (CN)3C13  on  water  (Liebig,  P.  15,  563). 
Cf.  Mulder  (R.  6,  199). 

Properties. — Tasteless,inodorous  solid.  Insol. 
water,  alcohol,  ether,  and  dilute  acid,  sol. 
KHOAq  or  NH4HOAq,  cyanurate  being  formed 
on  evaporation.  Heated  alone  it  evolves  cyanic 
acid.  Heated  with  H2S04  it  is  converted  into 
ordinary  cyanuric  acid.  Cyamelide  may  possibly 
prove  to  be  free  isocyanuric  acid  (Klason,  J.  pr. 
[2]  33,  129). 

Cyanilic  acid  C3N303H.,2H,0. 

This  compound  is  so  nearly  related  to  cyan- 
uric  acid  that  when  further  studied  it  may  prove 
to  be  identical  with  it.  Mellon  is  heated  to- 
gether with  HN03,  and  the  product  extracted 
with  water.  Eecrystallised  from  water  it  con- 
sists of  pearly  laminae,  or  from  HNO3  of  four- 
sided  prisms.  By  solution  in  H2S04  it  is  con- 
verted into  cyanuric  acid,  which  falls  on  the  ad- 
dition of  water.  It  has  the  same  proportion  of 
water  of  crystallisation,  and  the  crystals  effloresce 
just  in  the  same  manner  as  cyanuric  acid.  With 
AgN03  it  forms  a  salt  AgH2C2H:jO2,  correspond- 
ing to  a  similar  cyanurate.  Its  solubility  in 
water  was,  however,  found  to  be  greater  than 
that  of  cyanuric  acid,  and  its  crystalline  form  to 
be  different  (Liebig,  A.  10,  34). 
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Fulminuric  acid  HC,H.,N.,Oo  i.e. 
C:NOH 


(A, 


HN:C — C:NH. 

Formation. — By  heating  fulminating  mer- 
cury (not  fulminating  silver)  with  an  aqueous 
solution  of  alkaline  chlorides  or  iodides  (Liebig, 
A.  95,  282  ;  Schischkow,  A.  97,  53  ;  101,  213), 
or  with  water  (Ehrenberg,  J.  pr.  [2]  32,  98),  or 
in  tubes  with  alcoholic  ammonia  (Steiner,  B.  9, 
781).  The  potassium  or  ammonium  salt  thus 
obtained  is  converted  into  the  lead  or  silver  com- 
pound which  suspended  in  water  is  treated  with 
ELS.  The  aqueous  solution  which  results  depo- 
sits the  free  fulminuric  acid  as  an  indistinct  crys- 
talline powder  on  spontaneous  evaporation. 

Properties.  —  Small  anhydrous  colourless 
prisms,  from  alcohol.  Sol.  water,  alcohol,  and 
ether.  Solutions  have  an  acid  reaction,  and 
give  a  characteristic  deep  blue  pp.  with  am- 
monio  copper  sulphate. 

Reactions. — 1.  Heated  it  explodes  at  145°. — 

2.  Heated   with  dilute   acids   or  alkalis  NH3, 
C02  and  H,C204  are  formed  (Steiner,  B.  5,  381). 

3.  The  silver  salt  heated  with  cone.  HC1  sepa- 
rates one  of  its  N  atoms  as  NH2OH  (Ehrenberg). 

4.  Two  atoms  of  N  are  evolved  as  ammonia  by 
heating  with  soda  lime. — 5.  With   chloride    of 
lime  it  forms  C(N02)C13.— 6.  With  H2S04  nitro- 
acetonitrile  is  formed,  and  in  presence  of  HN03 
tri-nitroacetonitrile. 

Halogen  derivatives. — C hlorofulminuric 
acid  C3H2C1N303.  Salts  AgC3HClN303.  - 
Ag.,C3ClN3O3.  Bromofulminuric  acid 
C3H.,BrN303  (Ehrenberg,  J.  pr.  [2]  32,  111). 

Metallic  derivatives. — NH,A' :  prisms,  sol. 
water,  insol.  alcohol  (Liebig). 
(NH4A')a(Hg2SCN),  [159°]  (Ehrenberg,  /.  pr. 
[2]  30,  64).  —  NH4A',HgSCN  [161°].  — 
(NH4A')32Hg(SCN)2  [156°].  —  KA' :  prisms,  sol. 
water,  insol.  alcohol.  Explodes  at  225°  (Schisch- 
kow).— MgA'2,  oaq :  needles  (Steiner). — BaA'22aq : 
prisms  (Liebig). — ZnA'2,5aq:  needles  (Steiner)  — 
HgA'2:  crystalline  powder  (Steiner). — HgA'2,HgO 
(Steiner).  —  PbA'2,  2aq :  needles  (Sterner).  — 
CuA'2,  4aq :  emerald  green  rhombs.  CuA'2,4NH3 : 
characteristic  deep  blue  pp.  Prisms.  Insol.  water, 
v.  si.  sol.  ammonia.— Ag A'  (Liebig). 

Alkyl  derivatives. — An  unstable  oil  CHHnN05 
is  obtained  by  passing  HC1  into  a  mixture  of 
potassium  fulminurate  and  alcohol.  It  combines 
with  NH3  and  amines— CtiH,,NO5,NH3  [152°]. 
C6HMN05,NH2Ph :  needles.  [81°]  (Ehrenberg, 
J.pr.  [2]  32,  106 ;  Schischkow,  A.  97,  61). 

Isofulminuric  acid  C3H3N303. 

Formation. — Together  with  other  products 
by  the  action  of  aqueous  ammonia  on  an  ethereal 
solution  of  fulminic  acid  obtained  by  leading 
HC1  at  0°  into  a  mixture  of  fulminating  mercury 
and  ether.  The  aqueous  solution  on  sponta- 
neous evaporation  deposits  fulminuramide,  and 
from  the  solution  by  further  treatment  isoful- 
minuric  acid  is  obtained. 

Properties. — Pulverulent.  Chars  without 
melting  when  heated.  V.  sol.  water  and  alcohol. 
Gives  no  pp.  with  ammonio-cupric  sulphate. 

Salts.— NH4A'. — BaA'2. — AgA' :  amorphous 
pp.,  insol. cold  water  (Ehrenberg,  J.pr.  [2]  30,48). 


Fulminuramide.— C.,H.,NH2N302 :  long  mi- 
nute needles.— (B')2Cu02NH.J:  "light  blue  pp.- 
B'2,AgN03 :  needles  (Ehrenberg). 

M  eta  fulminuric  acid  C3H3N303,3H.20. 

Formation.— By  the  action  of  dilute  H2S04 
on  sodium  fulminate.  The  product  is  extracted 
with  ether  which  evaporated  in  a  current  of  air 
below  30°  deposits  the  metafulminuric  acid  in 
needles.  The  solution  contains  isocyanilic  acid 
which  is  formed  in  the  same  reaction. 

Properties. — [81°].  Anhydrous  acid  explodes 
at  106°.  Tribasic  acid.  V.  sol.  alcohol  and 
benzene,  less  so  in  water  and  ether.  Decomposes 
gradually  with  evolution  of  HON. 

Reactions.— 1.  KHO  or  water  at  130°  breaks 
it  down  into  C02  and  NH3. — 2.  Heated  with 
cone.  HC1,  NH2OH  is  formed.— 3.  Gradually 
changes  into  (£)-isofulminuric  acid  on  standing. 

S  alt  B.— NH4H2A'".— (NH4)2HA'".— 
H:jA'"(NH2Me)2 :  yellow  needles.  —  K,A'".  — 
PbHA"'aq :  lemon-yellow  insol.  pp.— Ag2HA'"aq. 
On  adding  AgN03  to  the  aqueous  solution  the 
silver  salt  falls  as  a  characteristic  cinnabar  red, 
at  first  gelatinous,  precipitate.  Explodes  when 
dry  at  86°  (Scholvien,  J.  pr.  [2]  32,  464). 

(&)-!  so  fulminuric  acid  C3H3N30S2|H20. 
Metafulminuric  acid  changes  gradually  on  stand- 
ing, being  converted  into  this  metameric  modifi- 
cation. Needles,  from  water.  [188°].  [196° 
anhydrous,  with  decomposition].  Sol.  water  and 
alcohol. 

Salts.— NH4A'.—BaA'2.- AgA'  insol.  pp., 
crystallises  in  needles  (Scholvien,  J.pr.  [2]  32, 
474). 

Isocyanilic  acid  (CNOH).T. 

Formation. — To  the  ethereal  mother-liquor 
from  which  metafulminuric  acid  has  been  sepa- 
rated, water  is  added  and  the  evaporation  con- 
tinued, when  isocyanilic  acid  comes  out  in  needles. 
It  may  be  recrystallised  from  water. 

Properties.— Does  not  explode  on  heating. 
Sol.  hot  water,  alcohol,  and  ether.  Gives  no  pp.  in 
aqueous  solution  on  adding  AgNO3  or Pb(C2H3O2)2 
or  CuS04.  Heated  with  cone.  KHO  the  solution 
is  coloured  deep  red  violet,  and  on  the  addition 
of  alcohol  a  salt  of  the  same  colour  is  ppd.  This 
red  violet  compound  in  aqueous  solution  gives 
with  Pb(C2HjO2)2  a  bright  red  violet  explosive 
lead  salt  Pb5C5H4N406  (Scholvien,  J.  pr.  [2]  32, 
476).  A.  S. 

CYANIDES  (including  SULPHOCYANIDES  and 
SELENOCYANIDES).  Binary  compounds  of  cyano- 
gen. In  this  article  only  metallic  cyanides  are 
described.  Alkyl  cyanides  are  described  as 
nitriles ;  e.g.  for  description  of  CH3.CN  v.  ACETO- 
NITKILE. 

Cyanogen  forms  binary  compounds  with 
above  30  metals ;  most  of  these  cyanides  form 
several,  some  form  very  many,  double  cyanides ; 
some  of  the  double  cyanides  are  best  regarded 
as  metallic  derivatives  of  acids  composed  of  H 
combined  with  metals  and  the  atomic  group  CN 
(v.  post).  Cyanogen  also  forms  binary  com- 
pounds with  the  non-metals  Br,  Cl,  I,  P,  Se,  and 
S.  Of  these  compounds,  CNBr,  CNC1,  and  CNI 
are  described  under  CYANIC  ACID  (p.  312, 313) ;  the 
others  are  described  under  CYANOGEN  as  Cyano- 
gen phosphide,  &c. 

The  simple  cyanides  may  be  regarded  as  de- 
rived from  cyanhydric  acid  NCH,  by  replacing 
H  by  metals ;  the  general  formulae  expressing 
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their     compositions     are     NC.M,     (NC)2Mri, 
(NGUC™,  &c. 

Alkali  cyanides  are  formed  by  the  direct 
union  of  cyanogen  with  alkali  metals,  by  reac- 
tions between  HCNAq  and  alkali  oxides,  by 
strongly  heating  nitrogenous  organic  matter 
with  alkali  carbonate.  Many  other  cyanides 
are  obtainable  from  alkali  cyanides  by  double 
decomposition. 

Alkali  and  alkaline  earth  cyanides  are  soluble 
in  water ;  the  other  simple  cyanides,  with  the 
exception  of  HgCy2,  are  insoluble  in  water,  but 
may  dissolve  in  solutions  of  alkali  cyanides  with 
production  of  double  cyanides. 

Alkali  cyanides  are  very  easily  decomposed 
with  evolution  of  HCN,  passage  of  a  current  of 
air  free  from  C02  suffices  to  effect  this  change. 
Some  of  the  insoluble  cyanides  are  readily  de- 
composed by  dilute  acids,  e.g.  PbCy2  and  ZnCy2 ; 
others  are  very  stable  towards  acids,  e.g.  cyanides 
of  Au,  Hg,  and  Ag.  Hot  cone.  H2S04  decomposes 
all  cyanides,  some  easily,  others  slowly  ;  the  pro- 
ducts are  sulphate  and  HCN  or  CO  and  NH3. 
Alkali  cyanides  are  unchanged  by  heat  alone ; 
cyanides  of  the  heavy  metals  are  decomposed  by 
heat,  generally  forming  metal  and  Cy,  sometimes 
N  is  evolved  and  C  deposited  on  the  metal,  or  a 
carbide  of  the  metal  is  formed.  Water  decom- 
poses cyanides  at  high  temperatures  (250°- 
300°),  giving  (NH4)2CO3  and  HC02.NH4  with 
metallic  oxide,  or  sometimes  metal  and 
(NH4)2C03.  Chlorine  decomposes  most  cyanides 
generally  forming  metallic  chloride  and  CyCl. 
Boiling  with  water  and  excess  of  Hgp  decom- 
poses all  cyanides,  except  platino-cyanides,  with 
formation  of  HgCy2  and  oxide  of  the  metal  of 
the  cyanide. 

Many  cyanides  form  double  salts,  generally 
with  haloid  metallic  compounds. 

Very  many  cyanides  combine  with  other  cya- 
nides to  form  double  cyanides.  These  double 
cyanides  are  divisible  into  two  classes,  according 
as  they  are,  or  are  not,  decomposed  by  solutions 
of  mineral  acids  with  evolution  of  HCN.  Silver 
potassium  cyanide,  AgKCy2,  for  instance,  reacts 
with  dilute  HN03Aq  to  give  AgCy,  KN03,  and 
HCN,  and  with  dilute  HClAq  it  gives  AgCl,  KC1, 
and  HCN  ;  potassium  ferrocyanide,  K4FeCy6,  en 
the  other  hand,  reacts  with  HClAq  to  give  ferro- 
cyanic  acid  H4FeCy6.  The  members  of  the  second 
class  of  double  cyanides  are  generally  regarded 
as  metallic  derivatives  of  acids  which  are  them- 
selves composed  of  H  united  with  a  metal  and 
the  radicle  cyanogen,  the  metal  and  cyanogen 
together  forming  the  negative  radicle  of  the  acid  ; 
thus,  ferrocyanic  acid  H4FeCy6  (better  called 
ferrocyanhydric  acid)  forms  a  series  of  well- 
marked  stable  metallic  derivatives  which  are  ob- 
tainable from  the  acid  by  reactions  similar  to 
those  whereby  salts  are  produced  from  HN03, 
H2SO4,  H3P04,  &c. 

Manganocyanic  acid  (ormanganocyanhydric 
acid)  H4MnCyfi,  cobalticyanic  acid  (or  cobalti- 
cyanhydric  acid)  H3CoCy6,  auricyanic  acid  (or 
auricyanhydric  acid)  HAuCy4,  platincyanic  acid 
(or  platincyanhydric  acid)  H^FtCy,,  and  some 
other  acids  the  negative  radicles  of  which  are 
composed  of  metal  combined  with  cyanogen, 
have  been  isolated.  Some  of  these  metallic- 
cyanogen  acids  form  derivatives  in  which  part 
of  the  negative  radicle  is  replaced  by  a  negative 


group,  e.g.  H2.FeCy5NO.  A  few  metallic -halogen 
acids  are  known,  more  or  less  analogous  to  the 
metallic-cyanogen  acids,  e.g.  H.AuCl4,  H2.HgCl4, 
H2.PtCl6;  but  the  metallic-cyanogen  acids  are 
more  numerous,  and  form  many  more  stable 
salts,  than  the  metallic-halogen  acids.  The  nega- 
tive character  of  the  radicle  CN  is  well  seen  in 
the  production  of  the  numerous  ferrocyanides, 
manganocyanides,  platinocyanides,  &c.  The  affi- 
nities of  a  few  metallic-cyanogen  acids  have  been 
determined  (v.,  e.g.,  p.  333);  they  seem  to  be 
very  strong  acids  ;  on  the  other  hand  cyanhydric 
acid  N.CH  is  an  extremely  weak  acid  (v.  CYAN- 
HYDRIC ACID,  p.  301) ;  but  sulphocyanic  acid, 
N.CSH,  has'  a  very  large  affinity  (v.  SULPHO- 
CYANIC ACID,  p.  303). 

It  would  be  possible,  and  for  some  reasons 
advantageous,  to  divide  the  metallic  cyanides 
into  two  main  classes ;  class  I.  would  include 
those  cyanides  which  are  decomposed  by  dilute 
mineral  acids  with  evolution  of  HCN,  and  are 
therefore  to  be  regarded  as  derivatives  of  HCN, 
and  also  those  which  although  not  yielding  HCN 
by  reactions  with  dilute  acids  must  nevertheless, 
on  account  of  their  composition  and  modes  of 
preparation,  be  regarded  as  derived  from  HCN 
(e.g.  HgCy2) ;  class  II.  would  include  those  cyan- 
ides which  yield  metallic-cyanogen  acids  or  are 
derived  from  such  acids.  The  first  class  would 
contain  all  the  simple,  and  many  double,  cyan- 
ides. Some  double  cyanides  would  hardly  fall 
into  either  class ;  HgCy2.2Kdy  for  instance  re- 
acts with  solutions  of  salts  of  Zn,  Cd,  Pb,  &c.,  to 
form  salts  of  the  general  form  HgCy2.MCy2 
(M  =  Zn,  Pb,  Cd,  &c.),  hence  HgCy2.2KCy  seems 
to  be  the  K  salt  of  the  hypothetical  acid  H2HgCy4. 
The  metallic-cyanogen  acids  which  have  been 
isolated  are  H4CrCy6  (salts  of  H3CrCy6  are  also 
known),  H4CoCy6,  H3CoCy6,  HAuCy4,  H3IrCy6, 
H4FeCy6,  H3FeCy6,  H4MnCye,  H4OsCy6,  salts  of 
H2PtCy4,  H2PtCy4Cl2  (or  Br2),  salts  of  H3EhCy6, 
H4EuCy6 ;  salts  of  the  hypothetical  H2PdCy6  are 
also  known,  but  they  react  more  like  double 
|  cyanides.  No  nickelo-  or  nickeli-cyanides  are 
j  known  corresponding  to  M3CoCy6  and  M4CoCyG ; 
Ni  double  cyanides  are  easily  decomposed  by 
dilute  acids  with  evolution  of  HCy,  and  are 
therefore  to  be  classed  with  the  less  stable  double 
cyanides. 

Those  cyanides,  simple  or  double,  which  are 
readily  decomposed  by  dilute  acids  with  form- 
ation of  HCy  are  poisonous ;  the  stable  salts 
of  metallic-cyanogen  acids,  e.g.  K4FeCy6,  are  not 
poisonous. 

In  this  article  the  cyanides  will  be  described 
in  alphabetical  order;  the  descriptions  of  the 
I  various  compounds  will  show  to  which  of  the 
two  main  classes  of  cyanides  they  belong. 

This  article  also  includes  descriptions  of  the 
sulphocyanides  and  the  selenocyanides. 

SELENOCYANIDES.  These  compounds  are  de- 
rived from  selenocyanhydric  acid  HSeCN.  The 
acid  itself  is  only  known  in  aqueous  solution  ;  it 
is  very  easily  decomposed  to  HCN  and  Se  ;  the 
j  K  salt  is  obtained  by  dissolving  Se  in  KCNAq. 
I  (For  individual  selenocyanides,  v.  p.  348). 

SULPHOCYANIDES.  Metallic  derivatives  of 
sulpliocyanic  (or  thiocyanic)  acid.  Sulphocyanic 
acid  almost  certainly  has  the  constitution  HS.CN ; 
while  the  replaceable  H  of  cyanic  acid  is  pro- 
bably in  direct  union  with  N.  The  metallic  sul- 
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phocyanides  are  not  strictly  comparable  with  the 
metallic  cyanates  ;  for  this  reason  it  seems  better 
to  use  the  name  sulphocyanides  rather  than  sul- 
pho-  (or  thio-)  cyanates.  Cyanhydric  acid  is  an 
extremely  weak  acid,  but  the  affinity  of  sulpho- 
cyanic  acid  is  nearly  equal  to  that  of  hydrochloric 
(v.  Ostwald's  Lehrbuch  der  allgemeinen  Chemie, 
2,  849). 

The  general  formulae  expressing  the  compo- 
sition of  sulphocyanides  are  NCS.M,  (NCS)2M", 
(NCS)3Min,  &c.  These  salts  are  sometimes  called 
rhodanides,  a  name  first  given  to  them  by  Ber- 
zelius  because  of  the  red  colour  which  they  give 
with  ferric  salts  (ftSov). 

Sulphocyanide  of  K  is  formed  by  direct  ad- 
dition of  S  to  KCN;  Na.SCN  is  produced  by 
passing  CS2  over  heated  NaNH2  (NaNH2  +  CS, 
-NCS.Na  +  H2S);  NH4.SCN  may  be  obtained 
by  Adding  (NH4).,S2  to  NCHAq,  or  by  heating  CS, 
with  alcoholic  NH,  (CS2  +  4NH, 
=  NCS.1NIT.  +  (NH4),S);  the  sulphocyanides  of 
the  heavy  metals  are  usually  formed  by  double 
decomposition  tfom  the  alkali  sulphocyanides. 

Most  sulphocyauides  are  soluble  in  water; 
the  salts  of  Cu,  Pb,  Hg,  and  Ag  are  insoluble. 
Dry  alkali  sulphocyanides  may  be  heated  in  ab- 
sence of  air  without  change ;  in  presence  of  air 
S02  is  evolved  and  sulphate  and  cyanate  are 
produced.  Sulphocyanides  of  the  heavy  metals 
are  decomposed  by  heat,  generally  giving  S,  CS2, 
metallic  sulphide,  and  mellon  (q.  v.  p.  323), 
on  strongly  heating  the  mellon  yields  Cy  and  N. 
The  insoluble  sulphocyanides  are  completely  de- 
composed by  H2S.  Sulphocyanides  of  P  and  Si, 
P(SCy).0  and  Si(SCy)4  respectively,  are  described 
under  PHOSPHORUS  and  SILICON. 

Many  double  sulphocyanides  are  known ; 
most  of  these  react  as  double  salts,  but  some  as 
metallic  derivatives  of  acids  composed  of  H 
united  with  a  negative  radicle  which  is  itself 
composed  of  metal  and  sulphocyanogen  (SON). 
For  instance  chromsulphocyanic  (or  chrom- 
sulphocyanhydric)  acid  H3Cr(SCN)3  is  known  in 
aqueous  solution,  and  many  salts  of  this  acid 
have  been  isolated.  The  acid  H2Pt(SCN)4  is 
also  known  in  aqueous  solution.  (For  individual 
sulphocyanides  v.  p.  348  et  seq.) 

Analysis  of  cyanides  and  sulphocyanides. 

I.  Alkali  cyanides   are   estimated    by  ppn. 
with  AgN03Aq,  or  by  Liebig's  volumetric  method 
(v.  CYANHYDRIC  ACID). 

II.  Many  cyanides,    including    the    double 
compounds  of  NCK  with    CuCy2,   NiCy2,  and 
ZnCy2,  may  be  estimated  by  heating  for  some 
time   with  AgN03,  then  adding   HNO:iAq,  and 
heating  again ;   the  AgCN  formed  is  collected 
and  weighed.    According  to  Weith  (Fr.  9,  379) 
K4FeCy6,  K3CoCy6,  and  Prussian  blue,  may  be 
wholly  decomposed  by  heating  for  several  hours 
in  a  closed  tube  with  ammoniacal  AgN03 ;  oxide 
of  the  heavy  metal  is  ppd.  while  NH4Cy  goes 
into  solution ;  filtering  and  adding  HN03Aq  ppts. 
AgCy. 

III.  Mercuric  cyanide  may  be  analysed  by 
heating  with  ammoniacal    Zn(N03).,,   whereby 
ZnCy2  is  formed  (v.  Rose  a.  Finkener,  Fr.  1,  288). 

IV.  Many  cyanides  may  be  analysed  by  long 
boiling  with  HgO  and  water,  filtering  and  deter- 
mining Cy  by  boiling  with  ammoniacal  Zn(N03)2. 

V.  The  metal  in  most  cyanides  may  be  deter- 
mined by  continued  heating  with  cone.  H,S04, 


vapourising  excess  of  acid,  and  estimating  the 
metal  in  the  remaining  sulphate  by  one  of  the 
usual  methods. 

VI.  Soluble  sulphocyanides  may  be  analysed 
volumetrically  by  means  of  standard  Ag  solution 
in  the  same  way  as  chlorides  (Volhard,  Fr.  1874. 
242). 

CYANIDES. 

Aluminium  cyanide.  Not  isolated.  A  double 
Al-Fe  cyanide  is  described  by  Tissier  (J.  Ph.  35, 
88)  as  obtained  by  boiling  K4FeCy6Aq  with  excess 
of  an  acid  solution  of  a  salt  of  Al ;  the  compo- 
sition of  the  pp.  is  approximately  3FeCy2.2Al2Cl6. 

Ammonium  cyanide  NH4.CN.  Formed  by 
passing  NH3  over  red-hot  coal  (Kuhhnan,  A. 
38,  62  ;  Clouet,  A.  Ch.  11,  30  ;  Langlois,  A.  38, 
64) ;  also  bypassing  CO  and  NH3  over  heated  Pt 
black  (K.,  I.e.).  Prepared  by  heating  together 
3  parts  dry  K4FeCy6  with  2  parts  NH4C1  at  100° 
and  leading  the  vapour  into  a  well-cooled  re- 
ceiver (Bineau,  A.  Ch.  70,  263).  Crystallises  in 
cubes ;  volatilises  at  c.  36°  with  dissociation 
into  HCN  +  NH3  (Bineau,  I.e. ;  Deville  a.  Troost, 
C.  R.  56,  891).  Vapour  is  inflammable  in  the 
air.  Very  poisonous.  Easily  decomposes  in  the 
air  to  a  brownish  mass.  Easily  soluble  in  water 
and  alcohol.  Berthelot  (C.  R.  91,  82)  gives  the 
following  thermal  data  :—  [C,  N2,  H4]  =  3,200 
(formation  of  solid  NH4.CN) ;  [N,  CN,  H4]  =  40,500 
(solid  NH4.CN);  [HCN,  NH3]  =  20,500  (solid 
NH4.CN  from  gaseous  materials) ;  [HCNAq, 
NH'Aq]  =  1,300  ;  [NH4.CN,  Aq]  =  -4,400. 

Barium  cyanide  Ba(CN)2.  Prepared  by 
heating  Ba2Fe(CN)6.,  and  extracting  with  water 
(Schulz,  J.pr.  68, 257).  The  hydrate  Ba(CN)2.H2O 
may  be  prepared  by  bringing  HCN  gas  into  con- 
tact with  hydrated  BaO  (for  details  v.  Joannis, 
A.  Ch.  [5]  27,  489).  It  is  also  formed  when  air 
is  passed  over  a  red-hot  mixture  of  BaO  and  C 
(Margueritte  a.  Sourdeval,  C.  R.  50, 1100).  Crys 
talline ;  quickly  absorbs  C02  from  air ;  si.  sol.  in 
water;  heated  to  300°  in  steam  evolves  NH,. 
When  HCN  is  passed  into  BaO  in  CH3.OH,  a 
crystalline  powder  is  formed  of  the  composition 
Ba.CN.OCH3  +  CH3.OH,  and  when  this  is  strongly 
heated  barium  oxycyanide  BaCy2.BaO  is  formed 
(Drechsel  a.  Kriiger,  J.  pr.  [2]  21,  77).  Joannis 
(I.e.)  gives  the  following  thermal  data  : — 
[BaOAq,  2HCNAq]  =  6,340  ;  [BaCy2,  Aq]  =  1,780. 
Weselsky  (Z.  [2]  7,61)  prepares  various  double 
cyanides  containing  barium  cyanide  by 
passing  HCy  gas  into  a  mixture  of  BaC03  with 
a  salt  of  the  other  metal ;  e.g.  using  PtCl2Aq 
and  BaC03,  the  double  cyanide  BaCy2.PtCy2  is 
obtained.  The  following  double  cyanides  were 
produced:  [M  =  BaCy.J  2M.3CdCy2.10H,0  ; 
M.Cu2Cy2.H00 ;  M.NiCy.2.3H.,0  ;  M.PdCy2.4H20  ; 
M.2AgCy.H20 ;  M.ZnCy2.2H20. 

Cadmium  cyanide  CdCy2.  Obtained  by  dis- 
solving freshly  ppd.  CdO.M20  in  BCyAq,  filter- 
ing from  oxycyanide,  and  crystallising  (Ram- 
melsberg,  P.  38,  364).  Small  white  crystals; 
unchanged  in  air;  decomposes  above  2003  in 
air.  S.  c.  1-7  in  cold  water.  H.F.  [Cd,  Cy2,  Aq] 
-33,960;  [CdO'H-,  2HCyAq]  =  1 3,700  (Th.  3, 
474). 

Cadmium  oxycyanide.  By  digesting  CdO.M2O 
in  HCyAq :  the  residue  insol.  in  the  acid  is  said 
to  have  the  composition  CdCy2-Cd0.5H20 
(Joannis,  C.  R.  93,  271). 

Double    cyanides    containing     cad- 
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mium  cyanide.  The  salt  CdCy2.2KCy is  pro- 
duced by  adding  KCyAq  to  solution  of  Cd  ace- 
tate, evaporating,  and  crystallising.  White  oc- 
tahedra ;  v.  sol.  water ;  unchanged  in  air  at 
c.  200°.  H.F.  [Cd,  Cy2,  2KCyAq]  =  44,750 ; 
[CdCy2Aq,  2KCyAq]  =  10,790  (Th.  3, 474).  Solu- 
tion gives  pps.  with  various  metallic  salts,  e.g. 
with  solution  of  salts  of  Ca,  Ba,  Cu,  Mn,  Sr,  Zn 
(Eammelsberg,  P.  38,  364).  The  double  salt 
2CdCy2.Cu2Cy2  is  said  to  be  formed  by  dissolving 
CdO,H2  along 'with  CuC03  in  HCyAq,  and  evapo- 
rating (Schuler,  A.  87,  48).  By  dissolving 
Cd02H2  and  Cu02H2  in  HCyAq  and  allowing 
the  liquid  to  evaporate  in  the  air,  the  salt 
2CdCy2.CuCy2 is  obtained  (Schuler,  I.e.).  Various 
other  double  salts  are  described  by  Schuler  (I.e.). 

Calcium  cyanide  Ca(CN)2.  By  heating 
Ca.,FeCy6  (Schulz,  /.  pr.  68, 257).  A  solution  of 
CaCy2  is  obtained  by  adding  HCNAq  to  CaC03 ; 
the  solution  soon  decomposes  ;  if  cone.,  crystals 
of  an  oxycyanide  separate,  3CaO.CaCy2,15H.,0 
(Joannis,  C.  R.  92,  1338,  1417).  H.F. 
[CaOAq,2HCyAq]  =  6,440  ;  [Ca,Cy2,Aq]  =  115,340 
(Joannis,  A.  Ch.  [5]  27,  489). 

Cerium  cyanide,  not  isolated.  KCyAq  added 
to  salts  of  Ce  ppts.  a  white  solid  which  at  once 
decomposes  with  evolution  of  HCN,  leaving  Ce 
oxide  (Beringer,  A.  42,  139). 

Chromium  cyanides.  Simple  cyanides  have 
not  been  isolated ;  the  pps.  obtained  by  adding 
KCyAq  to  CrCl2Aq  and  CrCl3Aq  soon  decom- 
pose. 

Potassium  chromocyanide  K4CrCy6. 
CrC03  (obtained  by  adding  K2C03Aq  to  CrCl2Aq 
saturated  with  C02,  air  being  excluded)  is  mixed 
with  KCyAq  until  the  solid  has  partially  dis- 
solved, the  yellow  liquid  is  filtered  and  evapo- 
rated (Moissan,  A.  Ch.  [6]  4, 136).  Long  yellow 
needles  ;  S.G.  1-71 ;  S.  (20°)  32'33  ;  insol.  alco- 
hol, ether,  benzene,  and  chloroform.  Unchanged 
in  air  at  ordinary  temperature.  Non-poisonous. 
Aqueous  solution  partially  decomposed  on  boil- 
ing. Oxidising  agents  form  chromicyanide, 
K3CrCy6 ;  with  FeS04Aq  gives  red  colouration, 
YoTJoo  part  of  the  salt  in  a  solution  may  be  thus 
detected  (Moissan,  Z.c.).  Gives  pps.  with  metallic 
salts  (v.  also  Christensen,  J.  pr.  [2]  31,  163). 

Potassium  chromicyanide  K3CrCy6. 
Prepared  by  oxidising  K4CrCy6 ;  or  by  heating 
KCyAq  with  Cr  alum,  or  with  Cr-K  chloride, 
or  by  dissolving  freshly  ppd.  Cr2OliH6  in  acetic 
acid,  evaporating  to  dryness,  dissolving  in  water, 
and  adding  the  liquid  to  hot  KCyAq  (Kaiser,  A. 
Supplbd.  3, 163  ;  Stridsberg,  J.  1864.  304 ;  Des- 
camps,  A.  Ch.  [5]  24,  178 ;  Christensen,  J.  pr. 
[2]  31,  163).  Yellow  monoclinic  crystals;  sol. 
water,  insol.  absolute  alcohol ;  easily  decomposed 
by  dilute  acids.  Gives  pps.  with  most  metallic 
salts  (v.  Christensen,  J.  pr.  [2]  23,  52). 

Ammonium  chromicyanide 
(NH,)3CrCy6  (Kaiser,  A.  Supplbd.  3,  163). 

Chromocyanhydric  acidH4CicGy6(chro~ 
mocyanic  acid).  Small  white  crystals,  obtained 
by  decomposing  the  K  salt  by  dilute  H2S04Aq  ; 
sol.  water,  solution  rapidly  decomposes  in  air 
(Moissan,  A.  Ch.  [6]  4,  136). 

According  to  Descamps  (A.  Ch.  [5]  24,  178) 
salts  analogous  to  nitroprus sides  (q.  v.  p.  340) 
are  produced  by  passing  NO  into  chromocyan- 
ides. 


Cobalt  cyanides.  One  simple  cyanide, 
CoCy2,  is  known;  two  series  of  salts  derived 
from  cobalto-cyanhydric  acid  and  cobalti-cyan- 
hydric  acid  have  been  prepared ;  the  cobalto- 
cyanides  are  very  unstable,  while  the  cobalti- 
cyanides  are  stable  salts. 

Cobaltous  cyanide  Co(CN)2.  Buff-co- 
loured pp.  by  adding  KCy  to  Co  salts,  or  HCNAq 
to  Co  acetate  (Wohler,  Gehlen's  Journ.  6,  234). 
The  pp.  contains  2H20  which  it  does  not  lose 
till  c.  280°  (Zwenger,  A.  62,  157).  Dissolves  in 
KCyAq  to  form  K3CoCy6,  which  quickly  changes 
to  K4CoCy6. 

Cobaltocyanhydric  acid  H4CoCy6  (Co- 
baltocyanic  acid).  Very  unstable  pp.  obtained 
by  decomposing  Pb  cobaltocyanide  by  H2S,  fil- 
tering, and  adding  alcohol  (Descamps,  Bl.  [2] 
31,  49). 

Potassium  cobaltocyanide  K4CoCy6. 
Amethyst-coloured,  deliquescent  needles ;  ob- 
tained by  adding  alcohol  to  a  cold  solution  of 
CoCy2  in  a  slight  excess  of  cone.  KCyAq.  Very 
unstable:  easily  changes  to  K3CoCy6.  Insol. 
alcohol  and  ether.  Solution  gives  pps.  with  many 
metallic  salts  ;  these  are  probably  cobaltocyan- 
ides  (Descamps,  Z.c.).  According  to  Descamps 
(A.  Ch.  [5]  24,  178)  salts  analogous  to  the  nitro 
prussides  (q.  v.  p.  340)  are  obtained  by  passing 
NO  into  cobaltocyanides. 

Cobalticyanhydric  acid  H3CoCy6.o;H20 
(Cobalticyanic  acid).  Obtained  by  evaporating 
the  K  salt  in  solution  with  cone.  H2S04,  and  ex- 
tracting the  residue  with  alcohol  (Zwenger,  A. 
62,  157) ;  or  by  decomposing  the  Cu  salt  by 
H2S.  Colourless  needles  ;  v.  e.  sol.  in  water 
and  alcohol ;  insol.  dry  ether.  Very  acid  taste. 
Not  decomposed  by  heating  with  cone.  HClAq 
or  HN03Aq,  but  slowly  by  hot  cone.  H2S04, 
giving  sulphates  of  NH4  and  Co,  and  evolving 
S02,  CO,  and  C02. 

Potassium  cobalticyanide  K3CoCyH. 
Obtained  by  dissolving  CoCy2  or  Co203  in  KCyAq, 
evaporating,  and  crystallising  (Zwenger,  A.  62, 
157).  KCy  and  K2C03  may  be  removed  by  de- 
composing by  acetic  acid  and  ppg.  by  alcohol. 
Slightly  yellow,  transparent,  rhombic  crystals  ; 
isomorphous  with  K3FeCy6.  E.  sol.  water,  insol. 
alcohol.  S.G.  1-906.  Decomposed  by  strong 
acids  with  separation  of  cobalticyanhydric  acid 
H3CoCy6 ;  not  decomposed  at  ordinary  tempera- 
I  tures  by  HClAq  or  HN03Aq.  Keduced  by  Ba- 
amalgam  to  K4CoCy6. 

Cobalticyanides.  Besides  the  K  saltthe 
following  have  been  isolated  (X  =  CoCy6) : — 

(NH4)3X.H,O  (Zwenger,  A.  62,  157). 
[N(CH3)4]3X   (Glaus  a.    Merck,    B.    16,    2737). 
Bas2X.22H20  (Z.,  Z.c.)  ;  BaNH4.X.H.20  ; 
i  BaK.X.llH20;  BaLi.X.15H.,0 ;  Ba32X.Ba02H2; 
Ba32X.BaCL,.16H2O  (Weselsky,  B.  2,  588). 
CaNH4.X.10H20  ;  CaK.X.9H20  (W.,  Z.c.). 
CrX.5NH3.HH20    (Christensen,  J.  pr.   [2]  23, 
52) ;  CrX.6NH3  (Braun,  A.  125,  153,  197). 
Co32X.14H2O  (Z.,  Z.c.) ;  Co.X.5NH3.l|H.,0  (Gibbs 
a.  Genth,  A.  104,  150,  295  ;  Braun,  Z.c.) ; 
CoX.6NH3.|H20  (G.  a.  G.,  Z.c.).     Cu32X.7H20 ; 
\  Cu32X.4NH3.10H20   (Z.,  Z.c.).    Pb32X.7H,0  (Z., 
Z.c.) ;  Pb32X.6Pb0.3H20  (Z.,  Z.c.) ; 
Pbs2X.3Pb02H2.llH20 ;  Pb82X.Pb(NO,)2.12H20 ; 
PbKX.3H20;  Pb(NH4)X.3H20  (Schuler,  W.A.B. 
1879  [ii].  302) ;  Ni32X.12H20  ; 
Ni32X.4H20.7H,0  (Z.,  Z.c.).  Na3X.2H2O  (Z.,  Z.c.); 
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Na(NH,).X  (Weselsky,  B.  2,  588).     Ag,.X  ; 
Ag,.X.NH3.iH,0  (Z.,  I.e.).     Srs2X.20H,0  ; 
Sr(NH4).X.10H20  ;  SrKX.9H26  (W.,  I.e.).     T13X 
(Fron-Muller,  B.  11,  91).    YX.2H20  (Clceve  a. 
Hoeglund,  Bl.  [2]  18,  197). 

A  fairly  general  method  of  preparing  cobalti- 
cyanides  consists  in  first  preparing  the  barium 
salt  Ba,(OoOyJ1.xH1O,  decomposing  a  solution 
of  this  by  the  sulphates  of  other  metals,  filter- 
ing, and  crystallising ;  the  Ba  salt  is  most  easily 
produced  by  passing  HCy  gas  into  a  mixture  of 
CoSOk  and  BaC03,  filtering,  and  crystallising 
(Weselsky,  W.  A.  B.  60,  261).  Cobalticyanides 
containing  two  metals,  e.g.  (NH4)Na.CoCyti, 
BaK.CoCy6,  are  obtained  by  mixing  solutions 
of  the  cobalticyanides,  evaporating,  and  crystal- 
lising ;  these  salts  generally  crystallise  well 
(Weselsky,  I.e.).  Cobaltous  cobalticyanide 
Co:j(CoCy6)2.14H20  corresponds  in  composition 
to  ferrous  ferricyanide  Fe3(FeCye)2  (q.  v.  p.  338) 
or  Turnbull's  blue  ;  it  is  a  pale  red  amorphous 
solid  ;  obtained  either  by  adding  K3CoCy6Aq  to 
CoS04Aq  and  washing  thoroughly  with  water,  or 
by  heating  H3CoCy6  with  cone.  H2S04,  and  add- 
ing water  before  decomposition  is  complete. 
This  salt  loses  part  of  its  water  at  100°,  and 
turns  blue.  It  is  insol.  water ;  decomposed  by 
KOHAq  with  separation  of  CoO.#H20.  Dry 
Co3(CoCy6)2  is  blue  ;  it  combines  with  water  with 
production  of  much  heat  (Zwengler,  .4.62,  172). 

Copper  cyanides.  Three  cyanides  of  Cu  are 
known,  cuprous  cyanide,  cupric  cyanide,  and 
cupro-cupric  cyanide ;  the  first-named  is  the 
most  stable ;  double  compounds  of  each,  espe- 
cially with  NH3,  have  been  isolated. 

Cuprous  cyanide  Cu2Cy2.  Formed  by 
adding  KCyAq  to  Cu2Cl2  dissolved  in  HClAq,  or 
to  CuS04Aq  reduced  by  S02;  also  by  the  action 
of  HCNAq  on  freshly  ppd.  Cu(OH)2  (Bammels- 
berg,  P.  42,  131;  85,  145).  Prepared,  as  small 
lustrous  monoclinic  crystals,  by  decomposing 
Cu2Cy2.PbCy2  suspended  in  water  by  H2S,  filter- 
ing, and  allowing  the  filtrate  (which  probably 
contains  H2Cu2Cy4)  to  evaporate  (Dauber,  A.  74, 
206 ;  Wohler,  A.  78,  370)  ;  the  salt  Cu2Cy2.PbCy2 
is  obtained  by  adding  a  Pb  salt  to  the  solution  of 
Cu2Cy2.KCy,  formed  by  dissolving  Cu(OH)2  in 
KCyAq.  Insol.  water ;  sol.  HClAq,  NH3Aq,  and 
solutions  of  NH4  salts  (Pagenstecher,  N.  J.  T.  [3] 
1,  451)  ;  ppd.  by  H20  from  solution  in  HClAq  ; 
decomposed  by  cone.  HN03Aq,  not  by  dilute 
H,SO,Aq.  Dissolves  in  alkali  cyanides  to  form 
double  salts,  from  which  it  is  ppd.  by  HClAq. 

Double  cyanides  containing  cuprous 
cyanide  (sometimes  called  cuprosocyanides} : — 
1.  With  NH4CN,  forming  monoclinic  prisms, 
insol.  H20— Cu2Cy2.NH,Cy  (Lallemand,  C.  R. 
60,  1142);  Cu2Cy2.2NH4Cy  (Dufau,  C.  B. 
36,  1099).  — 2.  With  KCN— Cu.,Cy.).KCN.H,0 
(Schiff  a.  Becchi,  A.  138,  24)  ;  Cu2Cy2.2KCN  ; 
Cu.,Cy.,6KCN  (Bammelsberg,  P.  42,  114  ;  106, 
491)  ;  3Cu,Cy2.4KCN  (Bammelsberg,  P.  73, 117). 
The  salt  Cu2Cy2.KCN.H2O  is  insol.  in  H20,  the 
others  are  soluble ;  the  soluble  salts  give  pps. 
with  salts  of  the  heavy  metals ;  e.g.  with  salts 
of  Fe,  Pb,  Mn.  The  pps.  thus  obtained  may  be 
regarded  as  cuprosocyanides  of  iron,  &c.  Many 
of  the  double  cyanides  containing  Cu2Cy2  are 
sometimes  called  cuprosocyanides,  and  are  re- 
garded as  salts  of  the  hypothetical  cuprosocyan- 
hydric  acid  H,Cu,Cy4 :  e.g.  Cu2Cy2.2NH4Cy  is  j 


often  formulated  as  (NH4)2Cu2Cy4,  and  is  called 
ammonium  cuprosocyanide.  The  chief  objection 
to  this  view  is  that  the  so-called  cuprosocyanides 
are  easily  decomposed  by  dilute  acids  with  pre- 
cipitation of  Cu2Cy2  and  evolution  of  HCy ;  hence 
it  seems  better  to  class  them  with  the  double 
cyanides  (e.g.  of  Ni)  than  with  the  salts  of  acids 
the  negative  radicles  of  which  are  composed  of 
metal  and  cyanogen. — 3.  With  other  cyanides — 
Cu2Cy2.BaCy2.H2O  (Meillet,  J.  Ph.  [3]  3,  413  ; 
Weselsky,  B.  2,  588) ;  Cu2Cy,.2CdCy2  (Schiller, 
A.  87,  46) ;  compounds  with  NaCN  also  exist, 
but  their  composition  has  not  been  accurately 
determined  (v.  Meillet,  J.  Ph.  [3]  3,  413). 

Cupric  cyanide  CuCy2.  This  is  probably 
the  composition  of  the  yellow  pp.  obtained  by 
adding  KCyAq  to  solutions  of  Cu  salts ;  very  un- 
stable, decomposing  at  ordinary  temperatures  to 
Cy  and  Cu2Cy2.CuCy2  (Bammelsberg,  P.  42, 131 ; 
85,  145  ;  Lallemand,  C.  R.  58,  750). 

The  double  cyanide  CuCy2.2CdCy2 is  de- 
scribed by  Schuler  (A.  87,  46). 

Cupro-cupric  cyanide 
CuCy,.Cu2Cy2.5H2O.  Obtained  by  adding  KCyAq 
to  a  Cu  salt  solution  and  allowing  the  pp.  to  re- 
main exposed  to  the  air,  or  by  adding  a  solution 
of  one  of  the  K  cuprous  cyanides  to  a  Cu  salt 
(Hadow,  C.  J.  13,  106).  Green  lustrous  crys- 
tals, decomposing  at  100°  to  Cu2Cy2  with  evolu- 
tion of  H20  and  Cy.  Acids  evolve  HCy,  ppg. 
Cu2Cy2,  and  leaving  a  cupric  salt  in  solution. 
The  fact  that  this  salt  may  be  obtained  by  add- 
ing 2KCy.Cu2Cy2(K2Cu2Cy4)  to  solution  of  a  Cu 
salt  suggests  that  CuCy2.Cu2Cy2  may  be  the 
cupric  salt  of  the  hypothetical  cuprosocyan- 
hydric  acid  H2Cu2Cy4 ;  if  this  view  is  adopted 
the  salt  in  question  would  be  formulated  as 
Cu.Cu2Cy4  and  called  cupric  cuprosocyanide. 

The  compounds  CuCy2.Cu2Cy,.H20  and 
CuCy2.2Cu,Cyfl.H20  have  been  described  (Dufau, 
C.  R.  36,  1099";  Lallemand,  C.  R.  58,  750). 

Double   compounds  of   cupro-cupric 
cyanide   with   ammonia.      The    following 
have  been  isolated  (X  =  CuCy2.Cu2Cy2) : — 
X.2NH3.H.O ;  X.4NH3 ;  X.6NH3  (Dufau,  C.  R. 
36,  1099).    X.3NH3  (Mills,  Z.  1862.  545).    Also 
CuCy2.2Cu2Cy,.4NH3.2H,O  (Hilkenkamp,  A.  97, 
218).     These  ammoniacal  compounds  are  some- 
times looked  on  as  salts   of  the  hypothetical 
cuprosocyanhydric  acid  H2Cu2Cy4 ;  they  are  sup- 
posed to  be  obtained  by  replacing  H  by  complex 
radicles  containing  Cu  derived  from  xNH4.     On 
this  view  the  compounds  in  question  may  be 
formulated  and  named  as  follows  : — 
(N2H6Cu) .Cu2Cy4,  cuprodiammonio-cuprosocyan- 
ide  (  =  CuCy2.Cu2Cy2.2NH3). 
(N2H4(NHi)2Cu).Cu2Cy4,     cuprotetrammonio-cu- 
prosocyanide  ( =  CuCy2.Cu2Cy2.4NH3). 
(N2H,(NH4)4Cu).Cu2Cy4,     cuprohcxammonio-cu- 
prosocyanide  ( =  CuCy2.Cu2Cy2.6NH3). 

Gold  cyanides.  Aurous  cyanide  AuCy,  and 
several  double  cyanides  of  AuCy  are  known  ; 
also  auricyanhydric  acid  HAuCy4  and  its  salts. 

A  urous  cyanide  AuCy.  Prepared  by  eva- 
porating AuCy.KCy  with  HClAq,  and  washing 
the  residue  with  water ;  AuCy.KCy  is  obtained 
by  dissolving  finely  divided  Au  or  Au20  in  KCyAq. 
AuCy  is  also  obtained  by  heating  Au20.xH.,0 
with  HCNAq  (Himly,  A.  42,  157,  337).  Citron- 
yellow  crystalline  powder;  insol.  water,  alcohol, 
or  ether.  Heated  it  gives  Au  and  Cy.  Not 
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acted  on  by  hot  HClAq,  HN03Aq,  or  H2S04Aq ; 
slowly  decomposed  by  aqua  regia  ;  not  acted  on 
by  H2S;  sol.  (NH4)2S.2Aq,  from  which  solution 
acids  ppt.  Au2S.  Decomposed  by  hot  KOHAq 
to  Au  and  a  solution  of  AuCy.KCy.  Sol.  hot 
NH3Aq,  and  in  alkali  thiosulphates. 

Double  cyanides  containing  aurous 
cyanide:  AuCy.KCy;  obtained  by  dissolving 
AuCy,  Au20,  or  finely  divided  Au,  in  KCyAq,  and 
evaporating  (Himly,  A.  42,  157,  337  ;  Bagration, 
J.  pr.  31,  367  ;  Eisner,  J.  pr.  37,  333).  Colour- 
less, transparent,  rhombic  octahedra.  E.  sol. 
water,  si.  sol.  alcohol,  insol.  ether  (Glassford  a. 
Napier,  P.  M.  [3]  25,  71).  Decomposed  by 
warming  with  acids,  giving  pp.  of  AuCy.  Iodine 
dissolves  in  AuCy. KCyAq,  when  excess  of  I  is 
added  and  the  liquid  cooled  dark  brownish  violet 
crystals  separate  of  AuCy.KCy  .I2  ;  analogous 
compounds  are  obtained  by  adding  excess  of  Br 
or  Cl  to  AuCy.KCyAq.  These  compounds  may 
be  regarded  as  K  salts  of  the  hypothetical  iodo-, 
bromo-,  and  chloro  -  auricyanhydric  acids 
HAuCy2X2  (X  =  I,  Br,  or  Cl)  (v.  Lindbom,  B.  10, 
1725;  Blomstrand,  J.  pr.  [2]  3,213).  The  fol- 
lowing double  cyanides  are  also  known ;  most  of 
them  combine  with  I2,  Br2,  and  C12 ;  AuCy.NH4Cy 
(Himly,  A.  42, 157, 337  ;  Lindbom,  B.  10, 1725) ; 
2AuCy.BaCy2.2H20  ;  2AuCy.CaCy.,.3H.)O  ; 

2AuCy.CdCy2  ;  2AuCy.CoCy2 ;  AuCy.NaCy  ; 
2AuCy.SrCy2.3H20;  2AuCy.ZnCy2  (Lindbom,  B. 
10, 1725).  A  number  of  other  double  cyanides  of 
Au  are  described  by  Lindbom  (BL  [2]  29,  416). 

Auricyanhydric  acid  HAuCy4.3H.,0. 
Large  white  tablets ;  obtained  by  ppg.  KAuCy4 
by  AgN03Aq,  and  decomposing  the  pp.  by  less 
than  an  equivalent  quantity  of  cold  HClAq.  Sol. 
water,  alcohol,  and  ether.  Melts  at  50°,  decom- 
posing at  a  higher  temperature  to  AuCy  and 
HCy,  and  then  to  Au  and  Cy.  Solution  gives 
AuCy  on  heating  (v.  Lindbom,  B.  10,  1725). 

Auricyanides  (Himly,  A.  42,  157,  337; 
Lindbom,  I.e.).  NH4.AuCy4.H20.  KAuCy4.lpI20 ; 
formed  by  adding  perfectly  neutral  AuCl3Aq  to 
warm  cone.  KCyAq ;  colourless  tablets,  v.  sol.  hot 
water,  insol.  absolute  alcohol :  loses  all  H,0  at 
200°,  and  at  the  same  time  decomposes  to 
AuCy.KCy  and  Cy.  AgAuCy4 ;  yellow  pp.  formed 
by  adding  AgN03Aq  to  KAuCy4Aq  ;  insol. 
HN03Aq;  sol.  NH3Aq.  Co(AuCy4)2. 

Indium  cyanide.  Pp.  obtained  by  adding 
KCyAq  to  an  In  salt  solution  ;  sol.  excess  of 
KCyAq ;  on  evaporating  this  liquid  all  In  is 
ppd.  as  hydroxide  (Meyer,  J.  1868.  244). 

Indium  cyanides.  The  cyanide  IrCy3  is 
known ;  also  iridiumcyanhydric  acid  H3IrCya  and 
its  salts  (v.  Martius,  A.  117,  357 ;  Claus,  J. 
1855.  444  ;  Wohler  a.  Booth,  P.  31,  161 ;  Ram- 
melsberg,  P.  42,  140). 

Iridium  cyanide  IrCy3.  Green  powder, 
obtained  by  decomposing  H3IrCy6Aq  by  HClAq. 

Iridium  cyanhydric  acid  H:1IrCy6. 
Obtained  by  decomposing  the  Ba  salt  (q.  v.)  by 
H2S04Aq,  filtering  and  adding  ether.  Crystal- 
lises from  ether  in  white  crystalline  crust ;  e. 
sol.  alcohol  and  water.  Decomposes  at  300°, 
evolving  HCN.  Decomposed  by  HClAq  giving 
pp.  of  IrCy3. 

Iridicyanides  K3IrCyfi ;  obtained  by  fusing 
IrCl4.2NH4Cl  with  1|  pts.  KCy  for  10-15  min., 
treating  fused  mass  with  water,  filtering,  and 


crystallising.  Very  stable  salt ;  crystallises  in 
orthorhombic  prisms ;  insol.  alcohol  (W.  a.  B.). 

Ba3(IrCy6)2.18H.,0 ;  obtained  by  fusing 
IrCl4.2NH4Cl  with  1£  pts.  KCy  ;  allowing  to  cool, 
dissolving  in  water,  adding  HClAq,  ppg.  by  addi- 
tion of  CuS04Aq,  washing  pp.  and  digesting  it 
with  excess  of  Ba02H2,  passing  C02  through  the 
liquid,  filtering  and"  crystallising  ;  the  first  crop 
of  crystals  generally  contains  Ba  platinocyanide, 
the  second  crop  is  free  from  this  salt.  Crystal- 
lises in  prisms,  which  effloresce  in  air,  losing 
12H20  ;  very  stable  salt. 

A  solution  of  H3IrCy6  gives  pps.  with  salts  of 
many  heavy  metals. 

Iron  cyanides.  No  simple  cyanide  of  Fe  has 
been  isolated  with  certainty.  Addition  of 
KCyAq  to  solution  of  a  ferrous  salt  produces  a 
yellow-red  to  brown-red  pp.,  which  is  pro- 
bably FeCy2,  but  always  contains  K  (Fresenius, 
A.  106,  210) ;  when  the  ferrous  salt  is  in  slight 
excess  the  composition  of  the  pp.  approximates 
to  KFeCy5  (Stiideler,  A.  151,  1).  KCyAq  added  to 
solution  of  a  ferric  salt  ppts.  Fe206H6  (Haidlen 
a.  Fresenius,  A.  42, 130).  If  iron  cyanides  exist 
they  are  very  unstable.  Very  many  compound 
cyanides  of  iron  with  other  metals  have  been 
prepared ;  these  belong  to  the  class  of  stable 
compound  cyanides  which  are  not  resolved  by 
acids  into  their  constituent  cyanides  ;  as  a  rule 
their  reactions  are  similar  to  those  of  ordinary 
salts,  e.g.  cf.  the  reaction  of  K4FeCy6Aq  with 
CuS04Aq,  giving  CuFeCy6  and  K,S04Aq,  with 
that  of  BaCLAq  and  Na2S04Aq,  giving  BaSO4 
and  NaClAq.  "  The  compound  cyanides  of  iron 
are  generally  more  stable  than  their  constituent 
cyanides.  This  is  shown,  among  other  ways,  by 
looking  at  the  thermal  changes  which  accompany 
the  production  of  these  double  cyanides.  Thus, 
the  heat  of  formation  of  solid  K4FeCy6  from 
4K  +  Fe  +  6Cy  is  c.  367,000  (Berthelot,  C.  R.  91, 
82),  the  heat  of  formation  of  4KCy  (solid)  from 
:  4K  +  4Cy  is  c.  270,000.  We  have  then 
[K4,  Fe,  Cy6]  =  367,000 
[K4,  Cy4]  =  270,000 

hence       [4KCy,  Fe,  Cy2]  =   97,000 

Now  the  heat  of  formation  of  a  ferrous  salt  is 
generally  somewhat  less  than  that  of  the  corre- 
sponding Zn  salt ;  but  [Zn,  Cy2]  =  c.  53,000  (solid 
ZnCy2),  therefore  we  may  provisionally  conclude 
that  [Fe,  Cy2]  =  c.  50,000. 

Now  if  [4KCy,  Fe,  Cy2]  =  97,000  and  [Fe,  Cy2] 
=  50,000,  it  follows  that  [4KCy,  FeCy-J 
=  47,000  :  that  is  the  combination  of  4KCy  with 
FeCy2to  produce  K4FeCy6  is  accompanied  by  the 
production  of  a  quantity  of  heat  roughly  equal 
to  47,000  gram-units.  This  quantity  of  heat  is 
much  larger  than  that  generally  produced  in  the 
formation  of  double  salts ;  e.g.  [KCy,  AgCy] 
=  11,200,  [HgCyAq,  2KCyAq]  =  12,000,  [HgP, 
2KI]  =  3,000,  [ZnSO ',  K-'SO ']  =  4,000.  Hence  on 
the  thermal  evidence  alone  we  might  provision- 
ally conclude  that  K4FeCy6  does  not  belong  to 
the  class  of  double  salts. 

In  considering  the  compound  cyanides  of 
iron,  it  is  advantageous  to  begin  with  the  two 
typical  salts,  potassium  ferrocyanide  K4FeCy6 
and  potassium  ferricyanide  K3FeCy6.  K3FeCy6 
is  produced  by  the  action  of  oxidisers  on  K4FeCy6, 
and  reducing  agents  change  K3FeCy6to  K4FeCy6. 
To  each  of  these  salts  there  corresponds  an  acid, 
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H,FeCy6  and  H3FeCy6  respectively.  These 
acids  have  been  isolated,  and  from  each  has 
been  obtained  a  great  many  salts  and  double 
salts.  Some  of  these  salts  form  derivatives,  e.g. 
the  nitroprussides  ;  and  finally  there  are  a  few 
compound  iron  cyanides  not  belonging  to  either 
of  the  two  main  classes. 

We  shall  consider  first  ferrocyanhydric  acid 
H4FeCy6,  and  its  salts,  the  ferrocyanides',  then 
ferricyanhydric  acid,  H3FeCy6,  and  its  salts,  the 
ferricyanides ;  then  the  nitroprussides ;  and 
finally  the  perferrocyanides. 

The  ferro-  and  ferri-  cyanides  are  described 
in  alphabetical  order;  double  salts  are  also 
described  in  alphabetical  order,  thus  barium 
potassium  ferrocyanide  is  described  under  barium 
ferrocyanides,  but  strontium-potassium  ferro- 
cyanide under  potassium  ferrocyanides. 

FERROCYANHYDRIC  ACID  AND  FERROCYANIDES. 

FerrocyanhydricacidlEL4FeCy6.  (Ferro- 
cyanic  acid.  Hydroferrocyanicacid.  Ferroprussic 
acid.  Hydrogen  ferrocyanide.)  Discovered  by 
Porret  in  1814  (T.  1814.  527). 

Formation. — 1.  Ba2FeCy6  is  decomposed  by  an 
equivalent  of  H2S04Aq  (Porret,  l.c.).— 2.  Cu-jFeCyg 
or  Pb-jFeCys  is  decomposed  by  H2S  (Berzelius,  S. 
30, 44). — 3.  Prussian  blue  is  decomposed  by  cone. 
HClAq,  the  solution  is  separated  from  Fe203,  and 
evaporated  (Robiquet). 

Preparation. — To  a  cold  cone,  aqueous  solu- 
tion of  K4FeCy6,  which  has  been  boiled  to  expel 
air,  is  added  a  slight  excess  of  cold  cone,  air-free 
HClAq ;  ether  is  then  added,  whereby  from  96 
to  100  p.c.  of  the  H4FeCy6  produced  is  ppd. ;  the 
pp.  is  washed  with  HClAq  and  then  with  ether  ; 
it  may  be  recrystallised  by  dissolving  in  alcohol 
and  adding  ether  ;  all  operations  should  be  con- 
ducted as  far  as  possible  in  absence  of  0  (Pos- 
selt,  A.  42,  163;  v.  also  Liebig,  A.  87,  127; 
Dolfus,  A.  65,  224). 

Properties  and  Reactions. — White  crystalline 
powder  ;  becomes  blue  in  moist  air,  with  evolu- 
tion of  HCN  and  production  of  Prussian  blue, 
Fe7Cy,8  (Reimann  a.  Carius,  A.  113,  39).  Un- 
changed in  sunlight  in  an  atmosphere  of  H. 
Soluble  in  water;  solution  is  strongly  acid  to 
litmus  ;  it  decomposes  carbonates,  acetates,  tar- 
trates,  and  oxalates.  H4FeCy6  is  a  strong  acid  ; 
relative  affinity  not  very  much  less  than  that  of 
HC1  (v.  Ostwald's  Lehrbuch,  2,  851).  When 
boiled  with  water  is  decomposed  to  HCN  and 
white  FeH.,(FeCy6)  (K.  a.  C.,  I.e.).  Berthelot 
(C.  E.  91,  82)  gives  H.F.  of  the  acid  in  solution 
as  [H4,Fe,4CN,Aq]  =  107,200  ;  and  the  heat  of 
neutralisation  (C.  R.  78,  1085)  as  [HlFeCy6Aq, 
4KOHAq]  =  54,000.  Ferrocyanhydric  acid  is 
tetrabasic,  forming  salts  MiFeCy6,  M^FeCy,,, 
M«MVFeCy6,  &c. 

Ferrocyanides  (Ferroprtissiates).  Salts 
of  ferrocyanhydric  acid  H4FeCy6.  These  salts 
are  not  to  be  regarded  as  double  cyanides ;  v. 
remarks  supra.  Many  ferrocyanides  are  co- 
loured ;  the  production  of  one  of  these  salts  by 
adding  K4FeCy6  to  a  metallic  salt  solution  is 
often  used  as  a  test  for  different  metals.  The 
soluble  alkali  ferrocyanides  are  not  poisonous. 
Those  ferrocyanides  which  are  completely  dehy- 
drated by  heat  without  decomposition  are  decom- 
posed at  higher  temperatures  into  N  and  Fe  car- 
bide, and  either  a  cyanide  of  the  other  metal, 
e.g.  K4FeCy6l  or  N  and  metallic  carbide,  e.g. 


PbFeCy6,  or  Cy  and  metal,  e.g.  Ag,FeCy6.  Those 
ferrocyanides  which  cannot  be  completely  dehy- 
drated without  decomposition  are  resolved  at  a 
high  temperature  into  HCN,  C0.2,NH3,  and  either 
a  mixture  or  compound  of  each  of  the  metals 
with  C.  When  aqueous  solutions  of  the  alkali 
ferrocyanides  are  electrolysed  alkali  separates  at 
the  negative  pole,  and  HCN  and  Prussian  blue 
at  the  positive  pole ;  if  the  positive  pole  is  Cu, 
CuCy2  is  formed.  Heated  with  cone.  H2SO4  fer- 
rocyanides give  S02,  CO,  C02,  and  N,  and  form 
sulphates  of  NH4,  Fe,  and  the  other  metal  of  the 
original  salt.  Some  ferrocyanides  are  decom- 
posed by  H2S  giving  metallic  sulphides  and  fer- 
rocyanhydric acid,  e.g.  Pb._,FeCy6.  Ferrocyanides 
of  heavy  metals  are  generally  decomposed  by 
aqueous  alkali,  giving  alkali  ferrocyanides  and  a 
pp.  of  the  hydrated  oxide  of  the  heavy  metal. 

Aluminium  ferrocyanide 
Al4(FeCy6)3.zH20  (Wyrubow,  A.  Ch.  [5]  8,  444  ; 
Tissier,  C.  R.  45,  232).  By  mixing  cone,  solu- 
tions of  alum  and  K4FeCy6 ;  many  reactions  have 
been  tried  to  give  an  Al  salt,  but  there  is  doubt 
as  to  the  isolation  of  a  definite  salt. 

Ammonium  ferrocyanide 
(NH4)4FeCy6.6H20.  Produced  by  action  of  NH3Aq 
on  Prussian  blue  (Scheele),  or  by  adding 
(NH4)2C03  to  Pb-jFeCy,.  (Berzelius).  Best  pre- 
pared by  neutralising  H4FeCy6Aq  by  NH3Aq,'  and 
adding  alcohol  (Bette,  A.  23,  120 ;  v.  also  Bun- 
sen,  P.  36,  404).  White  crystals,  isomorphous 
with  K4FeCy6 ;  sol.  in  water,  in  sol.  in  alcohol. 

Double  salts  (NH4)4FeCy6.2NH4C1.3H20, 
and  (NH4)4FeCy6.2NH4Br.3H20 ;  obtained  by  mix- 
ing solutions  of  the  constituent  salts  and  cooling 
(Bunsen,  P.  36,  404 ;  Himly  a.  Bunsen,  P.  38, 
208  :  crystalline  forms  are  given). 

Double  ferrocyanides  of  ammonium 
(NH4)2Cu.FeCy6  (Schulz,  J.  pr.  68,  257). 
(NH4)2Li2.FeCy6.3H.,0  (Wyrubow,  A.  Ch.  [4]  21, 
271).  (NH4)K3.FeCy6.3H20  ;  obtained  by  acting 
on  K3FeCy6Aq  in  presence  of  NH,  by  lactose  or 
glucose  until  the  solution  is  yellow,  and  then 
adding  alcohol  (Keindel,  /.  pr.  65,  450). 
(NH4)2K2.FeCy6.3H20 ;  by  decomposing 

BaK2.FeCy6  (v.  Barium  ferrocyanide)  by 
(NH4)2S04Aq,  or  by  treating  FeK0.FeCy6  with 
NH3Aq  (Keindel,  J.  pr.  76,  342  ;  100,  6 ;  Play- 
fair,  J.pr.  69,  287). 

Antimony  ferrocyanide 
Sb4(FeCy6)3.25H20  (Atterberg,  El.  [2]  24,  355). 
Yellow  pp.  by  adding  SbCl3  to  K4FeCy6Aq. 

Barium  ferrocyanide  Ba2FeCy6.6H20 
(Berzelius,  Lehrb.  4,  400  [4th  ed.]  ;  Wyrubow, 
A.  Ch.  [4]  16,  280).  Formed  by  passing  air  over 
a  heated  mixture  of  C  and  BaC03,  and  then  act- 
ing with  FeS04 ;  by  boiling  Prussian  blue  with 
BaOAq,  filtering,  and  crystallising  by  cooling ; 
or  by  boiling  K4FeCy6Aq  with  an  equivalent 
quantity  of  BaCl._,,  filtering,  and  cooling.  Yellow 
monoclinic  prisms  ;  sol.  in  1,000  parts  water  at 
15°,  and  in  100  parts  at  75°. 

Double  ferrocyanides  of  barium 
BaK,.FeCy6.3H20  (Bunsen,  P.  36,  404  ;  Keindel, 
J.pr.  76,  342  ;  Mosander,  P. 25,  390  ;  Duflos,  S. 
65,  233).  Crystallises  with  5H20  according  to 
Wyrubow  (A.  Ch.  [4]  21,  271).  By  mixing  cone, 
solutions  of  BaCl2  and  K4FeCy6,  the  latter  in  ex- 
cess. Keacts  with  soluble  sulphates  giving 
BaS04  and  double  ferrocyanides  of  the  form 
M«K2.FeCy6  (Reindel,  I.e.). 
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Beryllium  ferrocyanide 
Be2FeCy6.4BeO.,H2.7H20  (Atterberg,  Bl.  [2]  19, 
497;  c/.  Toczynsky,  £.  1871.276).  By  the  action 
of  BeS04Aq  on  Pb^eCyg  in  presence  of  NH3. 

Bismuth  ferrocyanides.  Bi4(FeCy,;)5;  al- 
most colourless  salt  obtained  by  adding  solution 
of  Bi3N03  in  smallest  excess  of  air-free  HNO3Aq 
to  air-free  K4FeCy6Aq,  in  cooled  flask,  washing 
with  air-free  water  in  atmosphere  of  C02  and 
drying  over  H2S04  in  vacuo  (Pattison  Muir,  C.  J. 
[2]  16,  651 ;  17, 40).  Salt  soon  decomposes  when 
moist,  giving  off  HCN  and  forming  Prussian  blue. 
Decomposed  by  Cl  or  Br  in  presence  of  alkali. 
Changed  by  Cl  or  dilute  HN03Aq  in  the  cold  to 
ferricyanide  Bi3(FeCy6)5.  Wyrubow  (A.  Ch.  [5] 
8,  444)  says  that  Bi.J1eCy6.5H20  is  produced  by 
action  of  Bi3N03  with  H4FeCy6;  but  the  data 
are  meagre. 

Double  ferrocyanide  of  bismuth.  Ac- 
cording to  Wyrubow  (I.e.)  addition  of  K4FeCy6 
to  Bi(N03)3  in  HN03Aq  ppts.  BiK.FeCyti.4H20 ; 
the  existence  of  this  salt  wants  confirmation. 

Cadmium  ferrocyanides.  None  iso- 
lated. 

Double  ferrocyanides  of  cadmium 
CdK,.FeCy6.H.,0  (Hermann,  A.  145,  235);  or 
Cd5K5(FeCy6)4.llH20  (?)  (Wyrubow,  A.  Ch.  [5] 
8,  444).  By  adding  K4FeCy6Aq  to  solution  of  a 
Cd  salt. 

Calcium  ferrocyanide  Ca2(FeCy6).12H20. 
Triclinic  crystals ;  sol.  in  2  parts  of  water  at 
90° ;  by  decomposing  Prussian  blue  by  CaOAq, 
filtering,  exposing  to  the  air,  filtering  from  CaC03, 
and  evaporating  (Wyrubow,  A.  Ch.  [4]  16,  280  ; 
Berzelius,  S.  30, 12). 

Double  ferrocyanides  of  calcium 
CaK2.FeCy6.3H20  (Mosander,  P.  25,  390;  Mar- 
chand,  J.  Chim.  Med.  20,  558) ;  by  ppg.  a  Ca 
salt  by  excess  of  K4FeCy6Aq.  CaNaB(FeCy6)2 
(Wyrubow,  A.  Ch.  [4]  21,  271).  CaSrFeCy6.10H20" 
(W.,  Z.c.). 

Cerium  ferrocyanide  Ce4(FeCy6)3.30H20 
(Wyrubow,  A.  Ch.  [5]  8,  444).  Double  ferrocyan- 
ides of  Ce  and  K  are  also  said  to  exist ;  but 
none  of  the  salts  has  been  thoroughly  examined 
(v.  Jolin,  Bl.  [2]  21,  535). 

Chromium  ferrocyanides.  Addition 
of  K4FeCy6Aq  to  CrCl2Aq  gives  a  yellow  pp. 
probably  Cr^eCy,.  (Stridsberg,  /.  1864.  304; 
cf.  Kaiser,  A.  Supplbd.  3,  163). 

Cobalt  ferrocyanides.  K4FeCy0Aq 
added  to  a  Co  salt  solution  produces  a  blue  pp. 
which  soon  changes  in  air  to  reddish ;  this 
Vp.  is  a  ferrocyanide  of  Co,  but  the  exact  com- 
position has  not  been  accurately  determined. 
Wyrubow  (A.  Ch.  [5]  8,  444)  gives  the 
formulas  Co2FeCyti.7H20,  Co7(FeCyti)4.22H20, 
CoK,.FeCy6,  and  Co5K5(FeCyfi)4,  to  the  pp.  ob- 
tained under  different  conditions.  Compounds 
of  Co  ferrocyanides  with  NH3  are  described  by 
Curda  (Z.  1869.  369),  and  by  Gintl  (Z.  1868. 
525) ;  the  formulae  Co2FeCyg.12NH3.9H20,  and 
Co,FeCytt.8NH3.10H2O  are  given ;  a  salt  having 
the  composition  Co2FeCy6(N02)2.10NH3.7H20  is 
described  by  Gibbs  a.  Genth  (A.  104,  150,  295 ; 
cf.  Braun,  A.  132,  33). 

Copper  ferrocyanides.  The  brown-red 
pp.  obtained  by  adding  K4FeCy6  to  a  Cu  salt 
solution  is  more  or  less  pure  Cu^eCy,;  it  is 
better  prepared  by  using  H4FeCy6Aq,  as  the  pp. 
obtained  by  K4FeCy6  is  mixed  with  Cu-K  ferro- 


cyanides (v.  Williamson,  A.  57,  225).  The  pp. 
dried  over  H.,S04  is  said  to  contain  7H..O  (Eam- 
melsberg,  P." 74,  65),  or  9H20  (Mouthiers,  A.  64, 
297),  or  10H2O  (Wyrubow,  A.  Ch.  [5]  8,  444). 
If  an  excess  of  K4FeCy6  is  used  as  pptant.,  double 
Cu-K  ferrocyanides  are  obtained;  the  formulae 
CuK2.FeCy6.H,0,  and  Cu:!K2(FeCy6)2.12H2O,  are 
given  (Eammelsberg,  P.  74,  65 ;  Schulz,  J.  pr. 
68,  257  ;  Wyrubow,  A.  Ch.  [5]  8,  444  ;  Eeindel, 
J.pr.  103,  166).  The  salt  CuNa2FeCy6  is  de- 
scribed by  Schulz  (Z.c.). 

Double  compounds  of  cupric  ferro- 
cyanide. By  ppg.  an  ammoniacal  solution  of 
CuO  by  K4FeCy6,  the  salt  Cu2FeCy6.4NH3.H,0 
is  formed  (Bunsen,  P.  34,  134  ;  Mouthiers,  A. 
64,  297).  By  digesting  Cu.,FeCy6  with  NH3Aq 
crystalline  Cu2FeCy6.8NH3.H,0  is  formed  (Mou- 
thiers, Z.c. ;  Guyard,  Bl.  [2]  81,  438). 

Cuprous  ferrocyanide.  This  salt  is  said 
to  be  formed  by  adding  K4FeCy6Aq  to  Cu2Cl2 
in  HClAq ;  it  probably  has  the  composition 
Cu4FeCy6  (Proust).  The  following  double 
cuprous-potassium  (and  sodium)  ferro- 
cyanides  have  been  obtained  : — 
Cu2K2.FeCy6.liH20 ;  Cu2Na2.FeCy6  (Schulz,  J.  pr. 
I  68,  257) ;  CuK3.FeCy6.£cH.,0  (Bolley,  A.  106, 
228  ;  Wonfor,  C.  J.  15,  357). 

Didymium  and  Erbium  ferrocyan- 
ides. The  double  ferrocyanides 
DiK.FeCy6.4H20,  and  ErK.FeCy6.4H20  are 
said  to  be  produced  by  adding  K4FeCy6Aq  to 
salts  of  Di  and  Er  respectively  (Cleve,  Bl.  [2]  21, 
196  ;  Cleve  a.  Hoeglund,  Bl.  [2]  18,  197). 

Iron  ferrocyanides.  Ferrous  ferro- 
cyanide, Fe2.FeCy6 ;  and  ferric  ferrocyanide, 
Fe4(FeCy6)s,  are  both  known ;  also  derivatives 
of  both.  In  connexion  with  these  compounds 
cf.  IRON  FERRICYANIDES,  p.  338. 

Ferrous  ferrocyanide  Fe2.FeCy6.  Ob- 
tained by  ppg.  ferrous  salts  by  H4FeCy6;  if 
K4FeCy8  is  used  the  pp.  always  contains  K. 
Also  formed  when  Prussian  blue  reacts  with 
H2S.  It  is  obtained  pure  by  boiling  H4FeCy6Aq 
in  absence  of  air  (Aschoff,  Ar.  Ph.  [2]  106, 
257).  [3H4FeCy6  =  Fe2.FeCy6  +  12HCN.J  White 
amorphous  pp.  soon  oxidised  in  air  with 
production  of  blue-coloured  compounds;  reac- 
tion may  perhaps  be  3(Fe2.FeCy6)  +  30  +  3H2O 
=  Fe2(OH)6  +  Fe4(FeCy6)3  (Erlenmeyer,  Lehr- 
buch  der  organ.  Cheinie  [1867],  148  et  seq.). 

Double  ferrocyanide  derived  from 
ferrous  ferrocyanide. 

Potassium  -  ferrous  ferrocyanide 
K2Fe.FeCy6.  (EveritVs  salt.)  Obtained  by  de- 
composing K4FeCy6  with  hot  dilute  H.,S04Aq, 
in  making  HCN  [2K4FeCy6Aq  +  3H.,S04Aq 
=  6HCN  +  3K2S04Aq  +  K2Fe.FeCy6]  (William- 
son, A.  57,  225  ;  Everitt,  P.M.  [3]  6,  97).  White 
microscopic  quadratic  crystals,  becoming  blue  in 
air;  oxidisers  produce  potassium-ferrous  ferri- 
cyanide,  FeK.FeCy6.  Also  produced  by  boiling 
H4FeCy6Aq  with  K2S04  (Aschoff,  Ar.  Ph.  [2] 
106,  257) ;  probably  always  present  in  the  white- 
blue  pp.  obtained  by  adding  K4FeCy6Aqto  ferrous 
salts  (Aschoff,  Z.c.). 

Ferric  ferrocyanide  Fe4(FeCy6)3. 
(Prussian  blue.)  This  body  was  accidentally 
discovered  in  1704  by  Diesbach,  a  colour-maker 
in  Berlin.  It  was  afterwards  found  that  the  blue 
compound  could  be  prepared  by  calcining  blood 
with  potash  and  then  adding  sulphate  of  iron. 
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In  1724  Woodward  of  London  prepared  the 
colouring  matter  by  deflagrating  cream  of  tar- 
tar with  nitre,  calcining  the  residue  with  ox- 
blood,  dissolving  in  water,  and  ppg.  by  alum  and 
sulphate  of  iron ;  he  thus  obtained  a  greenish 
pp.  which  turned  blue  when  treated  with  hydro- 
chloric acid.  More  or  less  pure  ferric  ferro- 
cyanide  is  obtained  commercially  by  mixing 
K4FeCy6Aq  with  partially  oxidised  ferrous  sul- 
phate, and  oxidising  the  light-blue  pp.  thus 
formed  by  exposure  to  air  or  by  the  action 
of  Cl,  HNO3Aq,  aqua  regia,  or  alkaline  hypo- 
chlorites ;  the  blue  body  thus  formed,  known 
commercially  as  Prussian  blue,  is  a  mixture 
of  ferric  ferrocyanide,  Fe,(FeCyfi)3,  with  fer- 
rous ferro-cyanide  Fe2.FeCy6,  ferrous  ferri- 
cyanide  Fe3(FeCy6)2  (known  commercially  as 
TurnbulVs  blue),  and  probably  one  or  more 
of  the  K-Fe  ferro-  or  ferri-cyanides  (v.  post). 
The  simultaneous  production  of  iron  ferro- 
cyanide (Prussian  blue)  and  iron  ferricyanide 
(Turnbull's  blue)  is  probably  explained  by  the 
fact  that  both  ferrous  and  ferric  salts  are  pre- 
sent, and  that  ferric  salts  oxidise  ferro-  to  ferri- 
cyanides,  while  ferrous  salts  reduce  ferri-  to 
ferro-  cyanides  (v.  Skraup,  W.  A.  B.,  74  (2nd 
part)  Juniheft,  1876).  The  blue  pp.  obtained  by 
adding  K4FeCy6Aq  to  excess  of  a  ferric  salt 
solution  is  nearly  pure  ferric  ferrocyanide, 
Fe4(FeCy6)3 ;  as  thus  prepared  the  substance  is 
known  commercially  as  Paris  blue.  The  name 
Prussian  blue  is  often  extended  to  all  the  blue 
pps.  obtained  by  adding  iron  salts  to  K  ferro-  or 
ferri-cyanide.  For  an  account  of  the  manu- 
facture of  Prussian  blues  v.  DICTIONARY  OP 

TECHNICAL  CHEMISTRY. 

Formation. — 1.  By  the  reaction  of  ferric 
salts  with  K4FeCy6Aq  (v.  supra) ;  if  the  ferric 
salt  is  kept  in  excess,  approximately  pure 
Fe4(FeCy6)3  is  obtained;  if  the  K4FeCy6  is  in 
excess  the  pp.  always  contains  K-Fe  ferro- 
cyanide, K2Fe.FeCy6. — 2.  By  adding  a  ferrous 
and  a  ferric  salt  to  KCyAq,  or  to  HCyAq  with 
excess  of  KOH  added,  and  then  adding  acid 
to  dissolve  the  Fe(OH)2  and  Fe(OH)3  ppd.  by 
the  KOH  or  the  KCy.  [ISKCyAq  +  3FeS04Aq 
=  3K4FeCy6Aq  +  3K2SO4Aq  ; 
3K4FeCy6Aq  +  4FeCl3Aq 

=  12KClAq  +  Fe4(FeCy6)3.]— 3.  The  action  of 
air,  or  other  oxidiser,  on  H4FeCyfi,  or  on  ferrous 
ferrocyanide,  Fe2.FeCy6,  forms  Fe4(FeCy6)3. 

Preparation.  —  K4FeCy6Aq  is  added  to 
FeCLjAq  keeping  the  latter  in  excess ;  the  pp. 
is  digested  with  FeCl3Aq,  to  remove  any 
K-jFe.FeCy,,,  thoroughly  washed  and  dried.  Or 
H~FeCy6  is  used  in  place  of  K(FeCy6 ;  in  this 
case  the  pp.  is  pure  Fe4(FeCy6)3. 

Properties.  —  Dark-blue  amorphous  solid 
with  lustre  resembling  that  of  copper.  Obtained 
in  lustrous  crystals  by  spontaneous  evaporation 
of  solution  in  cone.  HClAq  (Gintl,  D.  P.  J.  235, 
248).  Does  not  become  perfectly  dehydrated 
until  heated  to  c.  250° ;  complete  dehydration  is 
accompanied  by  partial  decomposition,  with 
evolution  of  NH4Cy  and  (NH4)2C03  (v.  Keimann 
a.  Carius,  A.  113,  39  ;  Skraup,  A.  186,  371 ;  Earn- 
melsberg,  A.  64,  298).  Strongly  heated  it  glows 
and  is  burnt  to  Fe2O3.  Insoluble  in  water, 
alcohol,  ether,  oils,  and  dilute  acids ;  sol.  in 
cone.  HClAq,  addition  of  water  ppts.  the  original 
compound  ;  sol.  in  H2C2O4Aq,  also  in  (NH4)  tar- 


trate  solution ;  is  entirely  ppd.  from  solution  in 
H.^C.O.iAq  by  exposure  to  sunlight  (Schoras,  B. 
3,  12). 

Reactions. — 1.  Heat  alone  decomposes 
Fe.,(FeCyfi)3,  evolving  CO2,  CO,  NH4Cy,  HCN, 
and  (NH4)2C03. — 2.  Heated  in  air  it  is  burnt  to 
Fe,03,  NH4Cy,  and  C02.— 3.  Decomposed  by 
alkalis  (including  MgO)  to  Fe203  and  K4FeCy(iAq; 
similar  change  is  effected  by  K2CO:<Aq,  and  by 
excess  of  NH3Aq. — 4.  Boiled  with  mercuric  oxide 
and  water,  Fe2O3  and  HgCy2  are  formed.  — 
5.  With  lead  oxide,  Fe203,  Pb2FeCy6,  and 
K3FeCy6  are  produced.— 6.  Eeduced  by  sulphur- 
etted hydrogen,  also  by  iron  or  zinc,  to  white 
ferrous  ferrocyanide  Fe2.FeCy6.  For  account  of 
Soluble  Prussian  blue  v.  Potassium-ferrous 
ferricyanide  under  Ferrous  ferricyanide. 

Double  ferrocyanide  derived  from 
ferric  ferrocyanide. 

Ammonio- ferric  ferrocyanide 
Fe4.(FeCy6)3.6NH3.9H20  (Mouthiers,  J.  Ph.  9, 
262).  When  excess  of  NH3Aq  is  added  to 
FeGLjAq  and  the  liquid  is  filtered  into 
K4FeCy6Aq,  a  white  pp.  forms  which  soon  be- 
comes blue  in  the  air ;  this  blue  solid  when  heated 
with  NH4  tartrate  solution  at  60°-80°  for  some 
hours  to  dissolve  Fe206H6  leaves  blue  am- 
monio-ferric  ferrocyanide,  which  is  washed  with 
water,  and  dried  below  100°.  The  compound 
evolves  HCN  at  100° ;  no  NH3  is  evolved  below 
160°.  The  same  compound  is  the  first  product 
of  the  action  of  NH3Aq  onFe4(FeCy6)3  (Mouthiers, 
I.e.).  Because  of  the  stability  of  this  compound 
it  may  perhaps  be  regarded  as  ferric-ferric- 
ammonium  ferrocyanide  (Fe2.N6H,8Fe2)(FeCy6)3. 

Lanthanum  ferrocyanide. — None  has 
been  isolated,  but  the  double  salt  LaK.FeCy6.4H20 
is- described  by  Cleve  (Bl.  [2]  21,  196;  v.  also 
Wyrubow,  A.  Ch.  [5]  8,  444). 

Lead  ferrocyanide  Pb.J?eCy6.3H.20. 
White  pp.  formed  by  adding  K4FeCy6Aq  to 
Pb(N03)2Aq  and  washing  repeatedly  with  water 
(Berzelius;  Wyrubow,  A.  Ch.  [5]  8,  444).  Loses 
all  H20  at  moderate  temperature.  Dehydrated 
salt  heated  in  air  evolves  N  and  leaves  mixture 
of  carbides  of  Fe  and  Pb. 

Lithium  ferrocyanide  Li4.FeCy6.9H20 ; 
very  soluble  salt ;  deliquescent  crystals  (Wyru- 
bow, A.  Ch.  [4]  16,  280).  The  double  salt 
Li2K9.FeCy6.3H20  is  described  by  Wyrubow 
(A.  Ch.  [4]  21,  271). 

Magnesium  ferrocyanide 
Mg2.FeCy6.12H20.  By  dissolving  MgC03  in 
H4FeCy6Aq  and  evaporating ;  pale  yellow  crys- 
tals; sol.  3  pts.  cold  water;  unchanged  in  air 
(Bette,  A.  22,  148;  23,  115).  The  double  salt 
MgK2.FeCy6  is  described  by  Berzelius  (Lehrb.  4, 
400  [4th  ed.]). 

Manganese  ferrocyanide 
Mn2FeCy6.7H20  ;  white  pp.  by  adding  K4FeCy6Aq 
to   solution   of    a  manganous   salt   (Wyrubow, 
A.  Ch.  [5]  8,  444  ;  Mosander,  P.  25,  390). 

Manganese-potassium  ferrocyanide 
MnK2.FeCy6  (Berzelius  ;  Wyrubow,  I.e.}. 

Mercury  ferrocyanides.  Mercurous  and 
mercuric  salts  give  pps.  with  K4FeCy6,  but  the 
composition  of  the  pps.  was  not  accurately  de- 
termined. Bunsen  (P.  34,  134)  obtained  a  com- 
pound of  ammonia  with  mercuric  ferrocyanide 
Hg.,FeCy6.2NH3.H20  by  mixing  cooled  solutions 
of  Hg(NO,),Aq,  NH3Aq,  and  NH4N03Aq. 
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Molybdenum  ferrocyanides 
Mo2FeCy6.8H2O  ;  Mo,>FeCy6.14H2O  ; 
Mo4FeCy6.20H.,0  ;  and  the  double  salt 
Mo4K2FeCy6.20H2O  (?)  (Wyrubow,  A.  Ch.  [5]  8, 
444  ;  cf.  Atterberg,  Bl.  [2]  24,  355).    These  salts 
are  said  to  be  formed  by  reactions  between 
K4FeCy6Aq  and  salts  of  Mo,  or  in  some  cases 
NH4  molybdate  ;  their  composition  is  doubtful. 

Nickel  ferrocyanides.  According  to 
Wyrubow  (A.  Ch.  [5]  8,  444)  K4FeCy«,  added  to 
a  salt  of  Ni,  ppts.  NiK2.FeCy6.3H20  ;  if  excess  of 
ferrocyanide  is  used  the  salt  is  said  to  have  the 
composition  Ni3K2.FeCy6.6|H20.  By  using 
H4FeCy6Aq  in  place  of  the  K  salt,  salts  are 
obtained  which  Wyrubow  formulates  as 
Ni7(FeCy6)4  and  Ni^eC^-Hfor  14)H2O.  By 
adding  K4FeCy6Aq  to  a  Ni  salt  solution  contain- 
ing NH3  various  salts  are  formed,  and  from  j 
these  again  others  are  obtained  by  treatment  i 
with  NH3Aq  ;  the  following  are  described  :  — 
Ni.2FeCy6.10NH3.4H20  ;  Ni2FeCy6.4NH3.H20 
(Keynoso,  A.  Ch.  [3]  30,  252)  ; 
Ni.2FeCy6.2NH3.4(&9)H20  ;  Ni,FeCy6.8NH3.4H20; 
Ni2FeCy6.12NH3.9H20  (Gintl,  Z.  1868.  525). 

Niobium  ferrocyanides.—  Nonecertainly  j 
isolated.  Several  double  salts  are  described  \ 
(Wyrubow,  -A.  Ch.  [5]  8,  444;  Atterberg,  Bl  [2]  j 
24,  356)  ;  they  are  said  to  be  formed  by  adding  | 
K4FeCyfiAq  to  niobic  acid  in  presence  of  KHC204  :  I 
Nb16K(FeCy6)2.67H2O  (?);  Nb,2K,.FeCy6.39H20  (?); 


y 
(NbO)5K9(FeCy6)6.10H2 

Potassium  ferrocyanide  K4FeCy6. 
(Yellow  prussiate  of  potash.  Ferroprussiate  of 
potash.)  Discovered  about  1750  by  Macquer; 
obtained  by  him  by  boiling  Prussian  blue  with 
potash.  Berthollet  showed  that  the  iron  in  it 
was  an  essential  part  of  the  salt.  H.F. 
[K4,Fe,Cy6]  =  367,200;  [K4FeCy6,Aq]  =  5,400 
(Berthelot,  C.  E.  91,  82). 

Formation.—  1.  By  fusing  nitrogenous  animal 
matter  (horn,  feathers,  dried  blood,  leather- 
clippings,  &c.)  with  K2CO3  and  scrap  iron, 
lixiviating  with  water,  filtering,  and  crystallising  ; 
KCy  is  formed,  and  on  addition  of  water  this 
reacts  with  the  iron  to  produce  K4FeCy6  (Liebig, 
A.  38,  20  ;  Nollner,  A.  108,  8  ;  Hoffmann, 
D.  P.  J.  151,  63).  [2Fe  +  12KCNAq  +  4H2O 
=  2K4FeCy6Aq  +  4KOHAq  +  2H2  ;  or  in  presence 
of  air  2Fe  +  12KCNAq  +  2H20  +  02 
=  2K4FeCy6Aq  +  4KOHAq].  —  2.  By  heating 
NH4.SCN  with  scrap  iron  to  dull  redness,  and 
dissolving  out  with  water  (Gelis,  W.  J.  1862.  283  ; 
1863.  321;  Fleck,  W.  J.  1863.  323;  Alander, 
D.  P.  J.  226,  318  ;  Tscherniak  a.  Giinsburg,  /. 
1878.  1123).—  3.  By  the  action  of  KCNAq  on 
Fe(OH)3,  FeCO3,  or  FeS,  &c.  (Fresenius  a. 
Haidlen,  A.  43,  132  ;  Liebig,  A.  38,  20).—  4.  By 
reaction  between  KOHAq  and  various  ferro- 
cyanides. 

Preparation.  —  Pure  Prussian  blueFe4(FeCy6)3 
is  added  to  boiling  KOHAq  so  long  as  the  blue 
colour  changes  to  brown,  the  solution  is  filtered, 
evaporated,  and  the  salt  is  recrystallised  from 
water.  Impure  K4FeCy6  (prepared  from  com- 
mercial Prussian  blue)  generally  contains  K2C03, 
K,S04,  &c.,  and  sometimes  Prussian  green;  it 
may  be  purified,  according  to  Berzelius,  by  heat- 
ing until  it  effloresces,  and  then  to  its  melting- 
point,  dissolving  in  water,  filtering  from  C  and 
Fe  carbide,  adding  acetic  acid  to  convert  K2C03 


and  KCy  into  acetate,  adding  Ba  acetate  ittle  by 
little  to  pp.  sulphates,  filtering,  evaporating,  ppg. 
K4FeCy6  by  alcohol,  and  recrystallising  twice 
from  water. 

Properties. — Keddish-yellow  quadratic  pyra- 
mids (Bunsen,  P.  36,  404)  ;  crystallises  with 
3H20.  S.G.  1-86  (W.  J.  1875.  503).  Not 
poisonous.  Loses  all  H20  at  60°-80°  ;  un- 
changed at  ordinary  temperatures.  Sol.  c.  4  pts. 
cold  H2O  and  in  c.  2  pts.  at  100° ;  insol.  alcohol ; 
1,000  c.c.  K4FeCy6Aq  saturated  at  15°  has  S.G. 
1-144,  and  contains  258-77  g.  salt  and  885-34  g. 
water  (Michel  a.  Kraft,  A.  Ch.  [3]  41,  471). 
Solution  decomposed  in  sunlight  with  ppn.  of 
Prussian  blue  and  evolution  of  HON. 

Reactions. — 1.  Heated  in  closed  vessel  melts  at 
little  above  red  heat,  evolves  N,  and  leaves  mix- 
ture of  KCy  and  Fe  carbide ;  if  salt  is  not  de- 
hydrated it  gives  off  C02,  NH3,  HCN,  and  N.— 
2.  Heated  to  redness  in  air  gives  KCyO ;  same 
product  formed  by  heating  with  reducible  -metal- 
lic oxides.— B.  Changed  slowly  by  ozone  into 
K3FeCy6;  not,  however,  acted  on  by  oxygen. — 
4.  K4FeCy8Aq  electrolysed  forms  K3FeCy6  at  posi- 
tive, and  KOHAq  and  H  at  negative,  pole  (Schlag- 
denhauffen,j;i863.305).— 5.K4FeCy6Aqis  changed 
to  K3FeCy6Aq  by  oxidisers,  e.g.  KMn04Aq,  PbO2, 
MnO2  (Brodie,  P.  120,  302;  Weltzien,  A.  138, 
129;  Keindel,  J.pr.  76,  342;  Bottger,  J.pr.  76, 
238  ;  Braun,  J.  pr.  90,  356).— 6.  Chlorine  forms 
KC1  and  K3FeCy6 ;  bromine  reacts  similarly  to 
Cl. — 7.  Iodine  dissolves  in  warm  K4FeCy6  to 
form  an  olive-green  liquid,  from  which  crystals 
of  a  double  compound  of  KI  and  K3FeCy6 
(KI.K3FeCy6)  separate  on  cooling  (Mohr,  A.  105, 
i  57  ;  Blomstrand,  J.pr.  [2]  3,  207 ;  Preuss,  A.  29, 
1  323). — 8.  Fairly  cone,  nitric  acid  forms  nitro- 
prussic  acid  (q.v.  p.  341) ;  very  cone,  nitric  acid 
decomposes  the  salt  entirely,  forming  N,  Cy, 
NO,  C02,  KN03,  and  Fe2O3.— 9.  Dilute  sulphuric 
acid  forms  H4FeCy6Aq  if  cold,  if  the  H2S04Aq  is 
warm  HCy  is  evolved  (2K4FeCy6Aq  +  3H.jS04Aq 
=  6HCyAq  +  FeK2(FeCy6)  +  3K2S04Aq ;  Witt- 
stein,  Vierteljahr.  Pharm.  4,  515 ;  Aschoff,  Ar. 
Ph.  [2]  106,  257).  Heated  with  cone.  H2S04 
almost  pure  CO  is  evolved  (Fownes,  P.  M. 
[3]  24,  21)  [K4FeCy6  +  6K,S04  +  6H20 
=  2K2S04  +  3(NH4)2S04  +  FeS04  +  6CO].— 10.  De- 
composed by  boiling  with  mercuric  oxide  and 
water,  HgCy2  and  Fe2(OH)6  being  formed  (Weith, 
Z.  1869.  381). — 11.  Boiled  with  salammoniac 
|  NH4Cy  is  volatilised  (Wyrubow,  A.  Ch.  [4]  16, 
280).  —  12.  Ammoniacal  silver  nitrate  forms 
|  Fe(OH)3  and  AgCy.KCy.— 13.  K4FeCy6  boiled 
i  with  a  very  little  ferric  chloride  solution  forms 
some  K3FeCy6  (Williamson,  A.  57,  238).— 
14.  K4FeCy6Aq  reacts  with  most  metallic  salts 
to  give  pps.  of  ferrocyanides  (q.v.).  _ 

Double  ferrocyanides  derived  from 
potassium  ferrocyanide.  (Those  only  are 
mentioned  here  which  contain  potassium,  and 
another  metal  the  first  letter  of  the  name  of 
which  follows  P  in  alphabetical  order ;  the  other 
I  double  ferrocyanides  containing  K  are  mentioned 
under  the  headings  of  the  metal  other  than  K). 

Na3K.FeCy6.9H20  (Wyrubow,  A.  Ch.  [4]  16, 
280). 

Na,K2.FeCy6.8H20  (Eeindel,  J.pr.  100,  6). 
NaK3:FeCy6.3H20  (Eeindel,  J.pr.  65,  450). 
K2Sr.FeCy6.3H20  (Wyrubow,  A.  Ch.  [4]  21, 
271). 
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K.W2.FeCy6.7H.,0  ;     K2W5FeCy6.20H,0  ( 
(Wyrubow,  A.  Oh.  IS]  8,  444). 

K,U3.FeCyti.6H20  (?) ;  Ka3U02.(FeCy(j)2.6H20 ; 
Ka5Ub2(FeCy6)4.12H20  (W.,  I.e.]  Atterberg,  Bl. 
[2J  241,  355). 

K18V.(FeCyfl)6(??)  (W.,  Ic.)  ; 

KB(VO)5(FeCy(j)4.60H20  (?)  (A.,  I.e.). 

KY.FeCy,  (Cleve  a.Hoeglund,  Bl.  [2]  18, 197). 

Double  salts  containing  potassium 
'ferrocyanide. 

K4FeCyfi.2KN03.2NaN03  (Martius,  Z.  1866. 
319 ;  cf.  Wyrubow,  A.  Ch.  [4]  16,  280). 

K4FeCy6.3HgCy2.4H20  (Kane,  A.  35,  357  ; 
Lowe,  J.  1857.  273). 

Osmium  ferrocyanide  Os2FeCy8  (Mar- 
tius, A.  117,  357). 

Rubidium  f  err  ocyanide'KbJfeCy  S.2H.Z0. 
Yellow  triclinic  crystals.  Obtained  by  dissolving 
Rb2C03  in  H4FeCytiAq,  and  evaporating  (Piccard, 
J.pr.  86,  449). 

Silver  ferrocyanide  Ag4FeCy8  (Glass- 
ford  a.  Napier,  P.  M.  [3]  25,  71) ;  with  2H,0, 
according  to  Wyrubow  (A.  Ch.  [5]  8,  444) 
White  pp.  turning  blue  in  the  air  by  adding 
K4FeCy6Aq  to  solution  of  a  Ag  salt.  Sol.  in 
KCyAq.  Combines  with  NH3  to  form 

Ag4FeCy6.2NH3.6H20 

(Gintl,  W.  A.  B.  59, 554  ;  60,470).  Decomposed 
by  warm  NH3Aq  to  Fe0.o;H20  and  solution  of 
AgCy  and  NH4Cy  (Weith,  Z.  [2]  5,  381). 

Sodium  ferrocyanide  Na4FeCy6.12H20 
(Berzelius),  or  9H20  when  ppd.  by  addition  of 
alcohol  to  its  hot  solution  (Weith,  A.  147,  329). 
Obtained  by  boiling  Prussian  blue  with  NaOHAq, 
filtering,  and  cooling.  Monoclinic,  pale-yellow 
crystals,  which  effloresce  in  air  (Reindel,  J.  r>r. 
102,  42). 

Strontium  ferrocyanide 
Sr2FeCy6.15H20 ;  easily  soluble,  yellow  mono- 
clinic  crystals.  Obtained  by  dissolving  SrC03 
in  H4FeCy6Aq,  evaporating,  and  recrystallising 
the  crystals  which  separate  (Bette,  A.  22,  148). 
Wyrubow  (A.  Ch.  [4]  16,  280)  obtained  crystals 
with  8H20. 

Thallium  ferrocyanideT\J?eCyG.213.20 ; 
small,  lustrous,  yellow  triclinic  crystals.  Formed 
by  crystallising  a  mixed  solution  of  cone. 
K4FeCy6  with  cone.  Tl2C03Aq  (Lamy  a.  Des- 
cloiseaux,  A.  Ch.  [4]  17,  310 ;  Wyrubow,  A.  Ch. 
[4]  16,  280). 

Tin  ferrocyanides.  Slannous  ferrocy- 
anide Sn^FeCy^H^O  ;  white  pp.  by  adding 
K4FeCy8  to  SnCl?  solution  (Wyrubow,  A.  Ch.  [5] 
8,  444).  Stannic  ferrocyanide  SnFeCy6.4H20  ; 
brownish  pp.  by  adding  K4FeCy6Aq  to  Sn014 
solution  (W.,  I.e.).  Wyrubow  describes  other 
ferrocyanides  of  tin,  but  their  composition  is 
doubtful. 

Titanium  ferrocyanides.  According  to 
Wyrubow  (A.  Ch.  [5]  8,  444)  various  Ti  ferro- 
cyanides are  obtained  by  adding  K4FeCy6Aq  to 
solutions  of  Ti  salts ;  the  composition  of  these 
compounds  is  doubtful  (cf.  Atterberg,  BL  [21 
24,  355). 

Thorium  ferrocyanide  Th2FeCy6.4H20 
(Cleve,  Bl.  [2]  21,  119). 

Uranium  ferrocyanide\JFeCy6.lQTL20; 
U3K,FeCy6.20H20  (Wyrubow,  A.  Ch.  [5]  8,  444). 

Vanadium  ferrocyanide.  The  salt 
(VO)2FeCy6.llH20  is  said  to  be  formed  by  ppg. 
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V  salts  by  K4FeCy6Aq  (Atterberg,  Bl.  [2]  24, 
355). 

Yttrium  ferrocyanide.  The  salt  Y2FeCy8 
is  said  to  be  produced  by  boiling  yttria  with 
Prussian  blue,  filtering  and  evaporating  slowly 
(Popp,  A.  131,  179).  For  double  K-Y  salt  v. 
Potassium  ferrocyanide. 

Zinc  ferrocyanide  Zn2FeCy8.3H20 
(Schindler,  Magaz.  Pharm.  35,  71),  or  with 
4H2O  (Wyrubow,  A.  Ch.  [5]  8,  444).  White  pp. 
by  adding  excess  of  ZnS04Aq  to  K4FeCy6Aq ;  or, 
better,  by  using  H4FeCy6.  If  the  ZnS04Aq  con- 
tains NH3,  a  double  salt,  Zn2FeCy6.3NH3.H20,  is 
produced  (Bunsen,  P.  34, 134 ;  Mouthiers,  A.  64, 
297). 

FEBBICYANHYDBIC  ACID  AND  FERRICYANIDES. 
Ferricyanhydric  acidH4FeCy6.  (Ferri- 
cyanic  acid.  Hydroferricyanic  acid.  Fcrri- 
prussic  acid.  Hydrogen  ferricyanide.)  Pre- 
pared by  decomposing  Pb3(FeCy6)2  by  dilute 
H2S04Aq  (Gmelin) ;  or,  preferably,  by  adding 
to  cold  cone.  K3FeCy6Aq  two  or  three  times  its 
volume  of  very  cone.  HClAq,  and  collecting  the 
acid  which  separates  on  a  porous  plate,  and  dry- 
ing in  vacuo  (Schafarik,  W.  A.  B.  47,  262). 
Forms  lustrous  brownish-green  needles  ;  very 
sol.  in  water  and  alcohol,  insol.  in  ether ;  de- 
composed in  air  with  evolution  of  HCN  and  pro- 
duction of  blue-coloured  residue  (Posselt,  A.  42, 
163).  Joannis  (C.  E.  94,  449,  541,  725)  ex- 
amined the  thermal  data  for  H3FeCy6Aq;  the 
solution  was  prepared  by  the  action  of  Br  on 
H4FeCy6Aq  :- 

[H3FeCy6Aq,  SKOHAq]  =  43,500 ;  [H3,  Fe,  Cy8, 
Aq]  =  77,400  (gaseous  Cy) ;  [H3FeCy6Aq,  H]  = 
29,200  (production  of  solution  of  H,FeCy8  from 
solution  of  H3FeCy8). 

Ferricyanides  (Ferriprussiates).  Salts  of 
ferricyanhydric  acid.  These  salts  are  produced 
by  the  action  of  oxidising  agents  on  the  ferro- 
cyanides ;  the  action  consists  in  the  withdrawal 
of  |  of  the  metal  of  the  ferrocyanide ;  M4FeCy8  -  M 
=  MsFeCy6.  Alkali  ferricyanides  are  soluble  in 
water  ;  most  of  the  other  ferricyanides  are  insolu- 
ble, and  may  be  formed  by  ppn.  Alkali  ferricyanides 
give  pps.  with  salts  of  many  different  metals. 

Ammonium  ferricyanide 
(NH4)3FeCy6.3H20.  Chlorine  is  passed  into  NH4 
ferrocyanide  solution  until  the  liquid  ceases  to 
give  a  blue  pp.  or  colour  with  FeCl3Aq  (free  from 
FeCl2) ;  the  liquid  is  evaporated  slowly,  then 
cooled  ;  the  crystals  of  (NH4)3FeCy6  are  separated 
from  those  of  NH4C1  formed  in  the  reaction,  and 
are  recrystallised  from  water.  Cannot  be  wholly 
dehydrated  without  partial  decomposition,  HCN 
being  evolved  and  some  Prussian  blue  produced 
(Jacquemin,  Bl.  [2]  1,  349 ;  Bette,  A.  23,  115). 

By   boiling    K4FeCy6Aq    with    (NH4)2SO,Aq 
Schaller  (Bl.  [2]  1,  275 ;  2,  93)  obtained  crystals 
of  the  double  salt  (NH4)2K.FeCy6.    Schuler  (W. 
A.  B.  77,  692)  obtained  the  double  salt 
NH4Pb.FeCy6.3H,0. 

Barium  ferricyanide  Ba,(FeCy6)220H.,0 
(Schuler,  W.  A.  B.  77,  692).  By  passing  Cl  into 
a  solution  of  BaK2.FeCy6  (obtained  by  mixing 
cone.  BaCLjAq  with  excess  of  cone.  K4FeCy6Aq), 
warming  to  remove  excess  of  Cl,  adding  alcohol, 
and  cooling,  the  double  salt  BaK.FeCy6.3H20 
was  obtained  (Bette,  A.  23,  115). 

Beryllium  ferricyanide  (Joczynsky,  Z. 
1871.  276).  Composition  undecided. 
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Bismuth  ferricyanide  Bi3(FeCy6)6. 
Brownish  red  pp.  produced  by  adding  K3FeCy6Aq 
to  Bi(NO3)3  dissolved  in  very  little  HN03Aq, 
washing  with  cold  water,  and  drying  in  vacua 
over  H2SO4.  Decomposed  by  boiling  water  with 
evolution  of  HCN.  Cl,  in  presence  of  hot  water, 
forms  Bi203,  Prussian  blue,  and  HCN ;  Br  and 
NaOHAq  gives  Bi203  and  Fe203.  Reduced  by 
Na-amalgam  to  Bi4(FeCy6)5. 

Also  obtained  by  reaction  of  dilute  HN03Aq 
with  Bi4(FeCy6)5  (q.  v.)  (Pattison  Muir,  C.  J.  [2] 
16,  654  ;  17,  40). 

Cadmium  ferricyanide.  Yellow  pp.  ob- 
tained by  adding  K3FeCy6Aq  to  solution  of  a 
Cd  salt  ;  composition  undecided.  This  pp. 
dissolves  in  NH3Aq  ;  if  little  NH3Aq  is 
used  the  double  salt  Cd3(FeCy6)26NH3.3H2O 
is  formed;  if  much  NH3Aq  is  added  the  salt 
Cd,(FeCy6)2.4NH3.2H20  is  produced  after  a  time 
(Wyrubow,  A.  Ch.  [5]  10,  413). 


Calcium  ferricyanide 
i3(FeCy6)2.10  (or  12)  H2( 


Ca3(FeCy6)2.10  (or  12)  H20  (Berzelius,  S.  30,  12  ; 
Bette,  A.  23,  115).  Formed  by  the  action  of  Cl 
on  Ca-jFeCy^q.  Fine,  red,  deliquescent  needles. 
The  double  salt  CaK.FeCy6  is  described  by  Mo- 
sander  (P.  25,  390). 

Cerium  ferricyanide  CeFeCy6.4H20 
(Jolin,  Bl.  [2]  21,  535).  By  adding  alcohol  to  a 
mixture  of  Ce  nitrate  with  K3FeCy6Aq. 

Chromium  ferricyanide.  Compound  ob- 
tained by  adding  K3FeCy6  to  a  Cr  salt.  Compo- 
sition undecided  (v.  Stridsberg,  J.  1864.  304). 
Christensen  (J.  pr.  [2]  23,  49)  describes  the 
double  compound  CrFeCy6.5NH3.lf  H20. 

Cobalt  ferricyanide  Co3(FeCy6)2.  Bed- 
brown  pp.  obtained  by  adding  K3FeCy6Aq  to  a 
Co  salt  (Gm.  7,  497).  When  Co3(FeCy6)2  is  kept 
in  contact  with  NH3Aq  for  a  long  time  the 
double  compound  Co3(FeCy6)2.2NH3.6H20  is  pro- 
duced (Braun,  A.  125,  153,  197). 

Copper  ferricyanides;  Cuprous  ferri- 
cyanide Cu3(FeCy6) ;  brownish  red  pp.  formed  by 
adding  Cu2Cl2  in  HClAq  to  K3FeCyeAq.  Sol.  in 
NH3Aq,  but  not  in  NH4  salt  solution.  Cupric 
ferricyanide  Cu3(FeCy6)2 ;  yellowish  pp.  formed 
when  a  cupric  salt  solution  is  ppd.  by  K3FeCy6 ; 
said  always  to  contain  excess  of  K3FeCy6,  pos- 
sibly in  combination  ;  sol.  NH3Aq,  also  in  solu- 
tions of  NH4  salts  (Wittstein,  E.  P.  63,  314 ; 
Williamson,  A.  57,  225). 

Iron  ferricyanides.  TurnbuWs  blue, 
FesCy,2,  is  probably  ferrous  ferricyanide 
Fe3(FeCy6)2.  Soluble  Prussian  blue,  KFe2Cy6, 
is  probably  potassium-ferrous  ferricyanide, 
FeK.FeCy6 :  there  is  also  a  corresponding  NH4 
salt.  Pelouze's  green  (or  Prussian  green), 
Fe13Cy.,G,  may  be  regarded  as  ferroso-ferric  ferri- 
cyanide, FeII3.Fe»i4(FeCy6)6. 

Addition  of  FeCl3Aq  to  K4FeCy6Aq  produces 
soluble  Prussian  blue,  which  is  generally  regarded 
as  a  ferricyanide ;  the  same  compound  is  pro- 
duced by  adding  FeS04Aq  to  K3FeCy6Aq.  The 
formation  of  a  ferricyanide  from  the  reaction 
between  a  ferrous  salt  and  a  ferricyanide,  and 
also  from  that  between  a  ferric  salt  and  a  ferro- 
cyanide,  is  explained  by  Skraup's  observation, 
that  ferrous  salts  reduce  ferricyanides  to  ferro- 
cyanides,  while  ferric  salts  oxidise  ferro-  to 
ferri-  cyanides  (W.  A.  B.  [Juniheft,  1876]  vol.  74, 
part  2).  When  soluble  Prussian  blue  is  treated 


with  FeS04Aq  Turnbull's  blue,  Fe3(FeCy6)2,  is 
formed ;  when  ferric  sulphate  is  used  the  product 
is  Prussian  blue,  which  is  ferric  ferrocyanide 
Fe4(FeCy6)3.  Ferrous  ferrocyanide  Fe2.FeCy6  (q.v. 
p.  334),  when  partially  oxidised,  produces  ferrous 
ferricyanide  (Turnbull's  blue),  and  when  more 
fully  oxidised  ferric  ferrocyanide  (Prussian  blue) 
is  formed.  These  reactions  suffice  to  show  how 
easy  is  the  passage  from  ferrocyanides  of  iron 
(both  ferrous  and  ferric  salts)  to  ferricyanides,"" 
and  vice  versa. 

Ferrous  ferricyanide  Fe3(FeCyH)2. 
(TurnbulVs  blue}.  Obtained  by  adding  K3FeCy6Aq 
to  an  excess  of  a  ferrous  salt,  digesting  the  pp.  for 
some  time  with  the  ferrous  solution,  and  washing 
with  hot  water  ;  also  obtained  by  partial  oxida- 
tion of  ferrous  ferrocyanide  Fe2.FeCy6,  which  is 
the  pp.  formed  by  adding  H4FeCy6Aq  to  a  ferrous 
salt.  Best  prepared  by  ppg.  excess  of  a  ferrous 
salt  by  H3FeCy6Aq  (q.  v.).  When  dried  in  air 
retains  about  28  p.c.  water  (Williamson,  A.  57, 
225) ;  cannot  be  completely  dehydrated  without 
partial  decomposition,  giving  Fe203  and  Prussian 
blue,  Fe4(FeCy6)3.  Oxidises  when  moist  by  ex- 
posure to  air  to  ferric  ferrocyanide  (Prussian 
blue).  Deep-blue  powder,  with  tinge  of  copper- 
red;  insol.  water,  alcohol,  and  dilute  mineral 
acids ;  sol.  H2C204Aq.  Decomposed  by  KOHAq 
or  K2C03Aq,  giving  K3FeCy6Aq  and  Fe304 ; 
Prussian  blue  gives  Fe203  and  K4FeCy6Aq. 

Ferroso-ferric  ferricyanide 
FeIII4.FeII3(FeCy6)6  =  Fe13Cy36.  (Prussian  green. 
Pelouze's  green)  (Pelouze,  A.  Ch.  [2]  69,  40; 
Erlenmeyer,  Lehrb.  der  organ.  Chemie  [1867], 
p.  48  et  seq.',  Williamson,  A.  57,  225).  Green 
pp.  obtained  by  passing  excess  of  Cl  into  K4FeCy6 
or  K3FeCy6,  boiling  the  liquid,  washing  the  pp. 
with  cone,  boiling  HClAq  (to  remove  Fe203  and 
Prussian  blue)  so  long  as  the  liquid  is  turned 
blue  on  addition  of  water,  washing  with  water, 
and  drying.  Also  produced  by  prolonged  con- 
tact of  K4FeCy6  with  aqueous  acids ;  and  by 
boiling  soluble  Prussian  blue  (K-ferrous  ferri- 
cyanide, FeK.FeCy6)  with  HN03Aq.  Changed  to 
Prussian  blue,  Fe4(FeCyfi)3,  by  prolonged  contact 
with  air.  Heated  to  180°  gives  off  Cy  and  HCy. 
Decomposed  by  KOHAq,  giving  Fe206H6  and 
K4FeCy6Aq  and  K3FeCy6. 

Another  cyanide  of  iron,  which  is  probably  a 

ferroso-ferric  ferricyanide,  viz.  Fe3C18 

=  Fe3IIFe2III(FeCy6)4,  is  described  by  Beynolds 

(C.  J.  Trans.  1888.  767)  as  a  black  solid,  formed 

by  heating  to  boiling  40  parts  of  bromine  with 

20  parts  of  K3FeCy6  in  saturated  solution  in  a 

flask  with  a  reversed  condenser  for  5  or  6  hours, 

washing  with  dilute  HClAq,  then  thoroughly  with 

I  cold  water,  and  drying  over  H2S04  in  vacuo.    The 

!  substance  is  hygroscopic ;  potash  decomposes  it 

j  to  Fe03H3,  K,FeCy6,  and  K3FeCy6 ;  it  dissolves 

in  cone.  HClAq  after  long  digestion,  giving  FeCl2 

and  FeCl3 ;  when  moist  it  is  changed  in  air  to 

Prussian  blue. 

Double  ferricyanides  derived  from 
ferrous  ferricyanides. 

Ammonium-ferrous  ferricyanide 
NH,Fe.FeCyc.l^H2O  (Wyrubow,  A.  Ch.  [5]  8, 
444).  Corresponds  with,  and  prepared  in  man- 
ner similar  to,  the  K  salt  (v.  post),  but  more 
stable  than  that  salt;  may  be  dried  without 
decomposition  ;  not  ppd.  from  solutions  by  alco- 
hol. 
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Potassium-ferrous  ferricyanide 
KFe".FeCy6.  (Soluble  Prussian  blue.)  This 
salt  may  perhaps  be  better  regarded  as  potassium- 
ferric  ferrocyanide  KFe^.FeCyg.  It  is  obtained 
by  mixing  FeCl3Aq  and  K4FeCy6Aq  in  the  ratio 
FeCl3:K4FeCyfl ;  solutions  of  known  strength  of 
the  reacting  salts  are  poured  simultaneously 
into  the  same  vessel  with  constant  stirring,  the 
pp.  is  at  once  washed  with  cold  water,  and 
dried  over  H2S04  in  vacua  (Skraup,  W.  A.  B. 
[Juniheft,  1876]  74,  2nd  part).  It  is  also 
formed  by  dissolving  about  80  g.  K3FeCy6  in 
water,  and  adding  about  3g.  FeS04.7H20,  free 
from  ferric  salt,  dissolved  in  water ;  the  pp.  is 
washed  with  air-free  water  containing  a  little 
KC1,  and  then  with  pure  water  (Skraup,  I.e.). 
Dried  in  vacua  the  salt  has  the  composition 
2(KFe.FeCy6).3|H20  (Skraup,  I.e.).  (For  pre- 
paration v.  also  Briicke,  J.  1866.  288 ;  Eeindel, 
D.  P.  J.  190,  396). 

A  blue  solid,  sol.  cold  water,  solution  is  de- 
composed by  boiling  with  formation  of  yellowish 
pp.  Addition  of  salts,  mineral  acids,  or  alcohol, 
to  the  aqueous  solution  of  this  compound  pro- 
duces a  blue  pp.  After  continued  washing  with 
alcohol,  soluble  blue  becomes  insol.  in  water 
(Skraup,  A.  186,  371).  From  an  aqueous  solu- 
tion of  soluble  blue,  containing  a  little  alkali, 
ferric  salts  ppt.  Prussian  blue,  Fe4(FeCy,.)3,  and 
ferrous  salts  ppt.  Turnbull's  blue  Fe3(FeCy6)2 
(Skraup,  I.e.).  Alkalis,  NH3Aq,  and  alkali  car- 
bonates ppt.  Fe2OHH6,  and  form  a  solution  of 
ferrocyanide.  Digested  with  K4FeCy6Aq, 
K3FeCy6,  and  potassium  ferrous  ferrocyanide 
(KjFe.FeCy,;)  are  produced. 

The  blue  compound  obtained  by  Williamson 
(A.  57,  225)  by  heating  potassium  ferrous  ferro- 
cyanide, KjFe«.FeCy6,  with  dilute  HN03Aq  ap- 
pears to  be  identical  with  soluble  Prussian  blue. 
This  body  was  prepared  by  digesting  1  pt.  white 
K2Fe".FeCy6  with  1  pt.  cone,  acid  and  20  pts. 
water ;  when  the  liquid  was  nearly  boiling  NO 
escaped,  and  the  lamp  was  removed ;  treatment 
with  HN03Aq  was  continued  until  a  sample  of 
the  blue  compound  produced  gave  pure  Fe206H6, 
unmixed  with  Fe304,  when  decomposed  by 
KOHAq. 

Lead  ferricyanide.  Gmelin  gives  the 
formula  Pb3(FeCy6)2 ;  Schuler  (W.  A.  B.  77, 
692)  gave  Pb3(FeCy6)2.4HoO ;  v.  Zepharovich 
(W.  A.  B.  59  [2nd  part],  800)  Pb3(FeCy6)2.16H20. 
According  to  Wyrubow  (A.  Ch.  [5]  10,  413)  the 
salt  with  16H20  is  obtained  by  mixing  hot  solu- 
tions of  equivalent  weights  of  Pb(N03)2  and 
K4FeCy6,  and  allowing  to  cool.  Small  dark- 
reddish  crystals ;  not  e.  sol.  water.  Double  salts  ; 
PbK.FeCy6.3H20  (Wyrubow,  Z.c.).  The  mother- 
liquor  from  Pb3(FeCy6)2  deposits  this  salt  on 
cooling.  Bed,  six-sided  triclinic  plates ;  a:b:c 
=  1-7205:1:-9309.  Decomposes  on  exposure  to 
air.  Pb,(FeCy6)2.3Pb02H,.llH20; 
Pb3(FeCyti)2.Pb(N03)2.12H20  (Schuler,  W.  A.  B. 
77,  692). 

Magnesium  ferricyanide  Mg3(FeCy6)2; 
reddish  brown;  non-crystallisable ;  obtained  by 
treating  MgJPeCys  (q.  v.)  with  Cl  (Bette,  A.  23, 
115).  Eeindel  (J.  pr.  103,  166)  obtained  the 
double  salt  MgK.FeCy6. 

Manganese  ferricyanide  Mn3(FeCyb.)2 ; 
brownish  pp.  by  adding  K3FeCy6Aq  to  solution 
of  a  Mn  salt  (Wittstein,  R.  P.  63,  314). 


Nickel  ferricyanide  ;  pp.  formed  by  add- 
ing K3FeCy,;Aq  to  solution  of  a  Ni  salt  is  prob- 
ably Ni3(FeCy6)2  (Om.  7,  500).  According  to 
Keynoso  (A.  Ch.  [3]  30,  252)  addition  of 
K3FeCy6Aq  to  an  ammoniacal  solution  of  a  Ni 
salt  produces  a  yellow  pp.  of  the  double  salt 
Ni3(FeCy6)2.4NH3.H20. 

Potassium  ferricyanideK^FeCyg.  (Red 
prussiate  of  potash). 

Formation.  —  1.  By  adding  Pb02  to 
K4FeCy6Aq,  and  neutralising  the  KOH  produced 
by  an  acid  (Seuberlich,  D.  P.  J.  238,  484). — 2.  By 
adding  BrAq  to  K4FeCy6Aq  until  FeCl3Aq  ceases 
to  give  blue  pp. — 3.  By  passing  ozonised  O  into 
K4FeCy6Aq.  —  4.  By  electrolysing  K4FeCy6Aq 
(Schlagdenhauffen,  J.  1863.  305). 

Preparation.— 1.  K4FeCy6Aq  is  digested  with 
potassium-ferrous  ferrocyanide,  K2Fe.FeCy6 
(q.v.  p.  334)  the  liquid  is  filtered  and  crystallised 
(Williamson,  A.  57,  225).— 2.  Well  washed  Cl  is 
passed  into  cold  K4FeCy6Aq,  with  constant  agita- 
tion, until  a  few  drops  of  the  liquid  give  a  brown- 
red  colour,  but  no  pp.,  with  FeClsAq;  the  liquid 
is  evaporated,  and  the  crystals  are  repeatedly 
recrystallised  from  water  [K4FeCy6Aq  +  Cl 
=  KClAq  +  K3FeCyb.Aq]  (Gmelin,  S.  34,  325; 
Zimmermann,  D.  P.  J.  127, 211).  If  the  passage 
of  Cl  is  continued  too  long  some  Prussian  green 
is  formed  (v.  Ferroso-ferric  ferricyanide,  p.  338) ; 
to  remove  this,  Posselt  (A.  42, 170)  evaporates 
to  the  crystallising  point,  then  adds  2  or  3  drops 
of  KOHAq  (not  more),  filters  from  Fe206Hfi,  and 
allows  the  liquid  to  crystallise.  —  3.  Ehien 
(D.  P.  J.  206,  151)  recommends  to  mix  HClAq 
with  cold  K4FeCy6Aq  in  the  ratio  2K4FeCy(i:HCl, 
and  then  to  add  a  cold  filtered  solution  of  bleach- 
ing powder  until  FeCl3Aq  gives  no  blue  pp. ; 
any  excess  of  acid  is  then  neutralised  by  CaC03, 
and  the  solution  is  evaporated  to  the  crystallising 
point.  The  first  crop  of  crystals  is  pure,  the 
subsequent  crops  contain  traces  of  lime  which 
may  be  removed  by  re-crystallisation. 

Properties. — Large  red  prismatic  crystals; 
monoclinic,a:6:c  =  •7457:1:>5985  (Ko"pp,Krystallo- 
graphie,  311) ;  according  to  Schabus  ( W.  A.  B. 
1850.  582)  the  crystals  are  trimetric  with  the 
ratio  of  axes  o:6:c  =  l-2418:l-6706:l.  S.G.  1-8- 
1-85  (Schabus,  Z.c. ;  Wallace,  C.  J.  7,  77).  S. 
33  at  4-5°,  36-6  at  10°,  39'4  at  15-5°,  58-7  at  38C, 
77-5  at  100°,  81-9  at  104°  (  =  B.P.  of  saturated 
solution)  (Wallace,  Z.c.).  S.G.  of  K3FeCyfiAq 
saturated  at  15-5°  =  1-178  (Schiff,  A.  113,  199). 
Nearly  insol.  alcohol.  H.F.  [K3,  Fe,  Cy6] 
=  278,700 ;  data  obtained  by  oxidising  K4FeCy6Aq 
by  Cl  and  Br,  also  H4FeCy6Aq  by  Br,  and  re- 
ducing Zn3(FeCy6)2  by  HIAq  (Joannis,  C.  R.  94, 
449,  541,  725). 

Reactions.— 1.  Heated  in  a  closed  vessel,  de- 
crepitates, evolves  Cy  and  a  little  N,  residue  con- 
sists of  KCy,K4FeCy6,  Fe4(FeCy6)3,  C,  Fe,  and  prob- 
ably paracyanogen.  Heated  in  air,  Cy  is  evolved 
and  Fe203  and  KCy  remain. — 2.  K3FeCy6Aq  is 
reduced  to  K4FeCy6Aq  by  the  action  of  sunlight 
(not  by  yellow  light)  (Vogel,  B.  4,  90 ;  Schon- 
bein,  P.  67,  87) ;  also  reduced  by  H2S  (William- 
son, A.  57,  225) ;  by  alkali  sulphide"  (Liesching, 
D.  P.  J.  128,  206) ;  by  thiosulphates  (Diehl, 
J.  pr.  79,  430 ;  cf.  Lowe,  J.  1857.  273) ;  by  HI 
(Lenssen,  A.  91,  240) ;  by  reduced  Ag,  Zn,  Fe, 
Bi,  &c.  (Eder,  J.  pr.  [2]  16,  211 ;  Bottger,  C.  O. 
1872.  708) ;  by  ferrous  salts  when  hot  (Skraup, 
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A.  186,  371) ;  by  H202Aq  in  alkaline  solution 
(Weltzien,  A.  138,  129)  ;  also  by  S02Aq,  phos- 
phites and  hypophosphites ;  also  by  many  or- 
ganic reducing  agents,  e.g.  formic  acid  (Schon- 
bein,  P.  67,  87).  — 3.  Alkaline  solution  of 
K3FeCy6  acts  as  an  oxidiser,  e.g.,  towards  sugar, 
starch,  alcohol,  oxalic  acid  (Wallace,  C.  J.  7, 
77),  indigo  (Mercer,  P.  M.  [3]  31,  126) ;  NO  is 
oxidised  to  HN03,  P  to  H3P04,  and  S  is  said  to 
be  oxidised  to  H2S04Aq  (Wallace,  I.e.}.— 4.  Am- 
monia reacts  with  K3FeCytiAq  to  form  K4FeCy6, 
(NH4)4FeCy6,  and  N  (Mouthiers,  J.  Ph.  [3]  11, 
254).— 5.  Potash  when  boiled  down  with  cone. 
K3FeCy6Aq  produces  K4FeCy6  and  KCy,  evolv- 
ing Cy  and  ppg.  Fe203  (Boudault,  /.  Ph.  [3]  7, 
437). — 6.  Some  oxidisable  metallic  oxides,  e.g. 
PbO,  Cr203,  MnO,  SnO,  when  boiled  with 
K3FeCy6Aq  in  presence  of  KOH,  form  K4FeCyeAq, 
and  a  higher  oxide  of  the  metal ;  CoO  and  NiO 
are  not  thus  oxidised  ;  salts  of  Ag  and  Au  pro- 
duce Fe203  with  solution  of  K4FeCy6  and  double 
cyanide  of  K  and  Ag,  or  K  and  Au. — 7.  When 
mercuric  oxide  is  boiled  with  K3FeCy6Aq, 
HgCy2Aq  is  formed,  and  the  whole  of  the  Fe  is 
ppd.  as  Fe203  (Gmelin).— 8.  K3FeCy6Aq  is  decom- 
posed by  excess  of  chlorine  with  production  of 
HCy  and  CyCl ;  on  boiling,  or  on  addition  of 
alkali,  the  liquid  deposits  f err oso -ferric  ferri- 
cyanide Fe^.Fe^FeCy,.),;  (q.  v.  p.  338).  Bro- 
mine, in  excess,  and  with  prolonged  action,  pro- 
duces Prussian  blue ;  when  the  action  is  con- 
tinued for  a  shorter  time  a  black  cyanide  of 
Fe,  Fe3Cy,8,  probably  a  ferroso-ferric  compound 
Fe3IIFe2III(FeCy6)4,  is  formed  (v.  p.  338) ;  when 
the  ferricyanide  is  in  excess  Turnbull's  blue  is 
produced  (Eeynolds,  C.  J.  Trans.  1888.  767).— 
9.  Nitric  acid  produces  nitroprusside  of  potas- 
sium (q.  v.  p.  341)  and  nitre  (Playfair,  P.  M.  [3] 
26,  197,  271,  348).— 10.  Hydrochloric  acid  when 
boiled  with  K3FeCy6  forms  KC1,  FeCl2,  and  Turn- 
bull's  blue,  Fe3(FeCyti)2.  —  11.  Nitric  oxide  pro- 
duces K  nitroprusside  (Bunge,  Z.  1866.  82). 

Combination. — With  potassium  iodide  to 
form  K3FeCy6.KI ;  very  unstable  salt  (Preuss,  A. 
29,  323 ;  Mohr,  A.  105,  57 ;  Blomstrand,  J.  pr. 
[2]  3,  207;  cf.  Kern,  C.  N.  33,  184). 

The  double  salts  KNa2.FeCy6,  K3Na3(FeCy6)2, 
KjNaFeCy6,  have  been  isolated  (v.  Eeindel,  J.  pr. 
102,  43 ;  ibid.  Z.  1870.  147  ;  Laurent,  J.  1849. 
291;  Wyrubow,  Bl.  [2J  12,  98;  14,  145). 

Silver  ferricyanide  Ag3FeCy6.  Orange 
yellow  salt  obtained  by  adding  K3FeCy6Aq  to 
AgNOsAq.  When  freshly  ppd.  Ag3FeCy6  is  treated 
with  NH3Aq,  or  when  K3FeCy6Aq  is  added  to 
AgN03Aq  with  enough  NH3Aq  to  form  a  clear 
liquid,  a  reddish  pp.  of  the  double  salt 
2AgsFeCy6.3NH34H2Ois  produced  (Gintl,  W.A.B. 
59,  554).  This  compound  dissolves  in  excess  of 
NH3Aq,  and  on  heating  decomposes,  giving 
(NH4)4FeCy6Aq,  NH3Aq,  Ag4FeCy6,  and  N. 

Sodium  ferricyanide  Na3FeCy6.H20. 
Ruby-coloured  deliquescent  prisms ;  obtained  by 
oxidising  Na4FeCy6Aq  by  Cl  and  evaporating. 
S.  18-9  cold  water,  80  at  100°  (Bette,  A.  23, 115; 
Keindel,  J.  pr.  102,  43 ;  Kramer,  J.  Ph.  15,  98). 

Tinferricyanides ;  stannousferricyanide 
Sn3(FeCy6)2,  gelatinous  pp.  by  adding  K,FeCy6Aq 
to  SnCl2  solution.  Wyrubow  (A.Ch.  [5]  8,  444) 
gives  the  formula  Sn8(FeCy,.)4.25H20. 

Ferricyanides  of  uranium,  vanadium,  and 


zinc  probably  exist,  but  there  is  little  accurate 
knowledge  regarding  them. 

NITROPRUSSIDES  (Nitroprussiates.  Nitro- 
ferricyanides.)  Salts  of  nitroprussic  acid 
H^eC.N.-O  (probably  H-jFeCy^NO).  These  salts 
were  discovered  by  Playfair  in  1850  (P.  M.  [3] 
36,  197,  271,  348).  They  have  been  studied  by 
Gerhardt,  Hadow,  Eoussin,  and  others,  but  their 
constitution  cannot  be  regarded  as  finally  deter- 
mined. The  nitroprussides  are  formed  by  reac- 
tions between  nitric  acid  and  the  alkali  ferro-  or 
ferri-cyanides,  or  between  ferro-  or  ferri-cyanhy- 
dric  acid  and  nitric  oxide,  or  by  adding  KN02 
and  a  dilute  acid  to  a  ferrocyanide.  The  first 
products  of  the  reaction  between  K4FeCy6Aq  and 
HN03  are  K3FeCy6  and  NO  ;  these  then  react 
to  produce  K  nitroprusside  with  evolution  of  HCy, 
N,  and  CO2.  According  to  Jensen  (J".  Ph.  [5]  11, 
315)  continued  electrolysis  of  K3FeCy6  produces 
a  liquid  which  gives  the  reactions  of  K  nitro- 
prusside. By  boiling  a  mixture  of  Fed3Aq  and 
KCy,  to  which  KN02  has  been  added,  K  nitro- 
prusside is  formed ;  according  to  Eoussin  (A.Ch. 
[3]  52,  285)  this  process  is  analogous  to  that 
whereby  iron  nitrosulphide  (q.  v.  under  IRON)  is 
produced,  K2S  being  used  in  place  of  KCy. 
Alkali  nitroprussides  are  soluble  in  water ;  the 
insoluble  salts,  e.g.  of  Cu,  Fe,  Zn,  are  obtained 
from  these  by  double  decomposition  ;  the  Fe  or 
Cu  salt  decomposed  by  NH3Aq,  CaOAq,  or 
BaOAq,  gives  a  solution  of  the  NH4,  Ca,  or  Ba 
nitroprusside.  The  nitroprussides  are  generally 
coloured  and  crystallise  well.  A  solution  of  a 
nitroprusside  gives  a  deep  brilliant  purple  colour 
with  an  alkali  sulphide ;  the  colour  soon  fades  ; 
this  reaction  is  used  as  a  very  delicate  test  for 
nitroprussides.  The  nitroprussides  are  decom- 
posed by  boiling  with  alkalis,  giving  Fe203,  N, 
alkali  ferrocyanide,  and  probably  alkali  nitrite. 
With  H2S  they  give  Fe203,  Prussian  blue,  S,  a 
ferrocyanide,  and  a  nitrosulphide  of  Fe ;  they 
are  not  usually  changed  by  S02,  sulphites,  or 
thiosulphates,  but  are  decomposed  by  hot  cone. 
H2S04.  Some  of  these  salts  are  stable  ;  others 
undergo  change  in  solution  with  ppn.  of  Prus- 
sian blue  or  Fe203. 

The  constitution  assigned  by  Gerhardt  to  the 
nitroprussides  (Traitt,  1,  344)  was  M2FeCy5.NO 

[M  =  K,  -?,  &c.]  which  represents  the  com- 
pounds as  salts  of  a  dibasic  acid  containing 
the  groups  NO  and  Cy  in  combination  with  Fe. 
The  reaction  between  ferricyanhydric  acid  and 
nitric  oxide  is  represented  thus :  H3FeCy6  +  NO 
=  H2FeCy5.NO  +  HCy.  Hadow  (C.  /.  [2]  4,  341) 
supposed  that  the  nitroprussides  contained  the 

f'oup    N-jOg,    because    N02    does    not    change 
3FeCy6A~q    acidulated    with    H2S04,    whereas 
nitroprusside  is    formed  by  passing    the    gas 
evolved  by  heating  starch  with  nitric  acid  into 
K3FeCy6Aq.     Stadeler  (Z.  5,  559)  represents  the 
preparation  of  K  nitroprusside  by  the  action  of 
nitric  acid  on  K4FeCy6  (Playfair's  method)   by 
the  following  equations  (supposing  that  H4FeCy6 
is  first  formed)  (1)  2H4FeCy6Aq  +  HN03 
=  2H3FeOyHAq  +  HN02Aq  +  H20 ; 

(2)  2H3FeCyfiAq  +  2HN02 
=  2H2FeCy,(NO)  +  2H20  +  Cy2. 
Regarding  constitution  of  nitroprussides  v.  Kyd 
(A  74,  340),  Weith  (Z.  [2]  4,  104). 
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Nitroprussic  acid  H2FeC5NGO.H20  ;  pro- 
bably H2FeCy5.NO.H20  (Nitroferricyanic  acid. 
Nitroferricyanhydric  acid.)  Obtained  by  decom- 
posing the  Ag  salt  by  an  equivalent  quantity  of 
HClAq,  or  the  Ba  salt  by  an  equivalent  of 
H2S04Aq,  filtering,  and  evaporating  in  vacua. 
Dark  red  deliquescent  crystals ;  very  easily  de- 
composed in  solution  with  formation  of  HCy  and 
Fe203  (Playfair,  I.e.). 

Ammonium  nitroprusside 
(NH4),FeC3N6O.     Obtained  by  decomposing  the 
Fe   salt   by   NH3Aq,  filtering   and   evaporating 
gently.     Very  unstable  ;  solution  deposits  Prus- 
sian blue  when  boiled  (Playfair). 

BariumnitroprussideB&FeC^^O.BH^O. 
Obtained  similarly  to  the  NH4  salt.  Dark  red, 
very  soluble,  quadratic  crystals  ;  give  off  most  of 
their  H2O  at  100°  (P.). 

Calcium  nitroprusside 
CaFeC5N,;O.4H.20 ;   very  soluble,   easily  decom- 
posed, crystals  (P.). 

Copper  nitroprusside  CuFeC5N60.2H20 ; 
greenish  pp.  becoming  grey  on  exposure  to  light ; 
produced  by  adding  solution  of  the  K  or  Na  salt 
to  solution  of  a  Cu  salt  (P.). 

Iron  nitroprusside  (ferrous).  Yellowish 
pink  pp.  by  adding  K2FeC5N6OAq  to  a  ferrous 
salt ;  ferric  salts  give  no  pp.  Decomposed  by 
alkalis.  Probably  Fe.FeC5NtiO  (P.). 

Potassium  nitroprusside 
K,FeC5Nti0.2H,0  (P.;  also  Enz,  Vierteljahr. 
P'harm.  2,  239).  Prepared  similarly  to  the  so- 
dium salt  (q.  v.).  Dark  red  monoclinic  crystals. 
S.  c.  100  at  16°  ;  sol.  alcohol.  Very  deliquescent ; 
solution  slowly  deposits  Prussian  blue.  The 
basic  salt  K2FeC5NtiO.K2O.H20  is  obtained  by 
mixing  a  solution  of  the  normal  salt  with  twice 
its  volume  of  alcohol,  and  then  adding  potash. 
Jensen  (J.  Ph.  [5]  11,  315)  prepared  the  salt  by 
reacting  on  K3FeCy6  with  Ca  hypochlorite  solu- 
tion. 

Silver  nitroprusside  Ag2FeC6N60.  Flesh- 
coloured  pp.  obtained  from  the  Na  or  K  salt  by 
adding  AgN03Aq ;  insol.  water,  alcohol,  or 
HN03Aq  (P.). 

Sodium  nitroprusside 
Na,FeC5Nti0.2H20.      The   other  nitroprussides 
are  made  from  this  salt. 

Preparation.  —  Powdered  K4FeCy6  and 
HN03Aq  are  mixed  in  the  ratio  2K4FeCy(i:5HNO3, 
the  cone,  acid  being  diluted  with  its  own  volume 
of  water.  The  acid  is  poured  on  to  the  salt  in  one 
quantity ;  the  lowering  of  temperature  is  sufficient 
to  moderate  the  reaction.  The  salt  dissolves 
forming  a  coffee-coloured  liquid,  and  evolving 
CO.,,  N,  Cy,  and  HCy ;  the  liquid  is  placed  in  a 
large  flask,  and  warmed  on  the  water-bath  so 
long  as  gases  are  evolved,  and  until  the  liquid 
gives  a  dark  green  or  slate-coloured  pp.,  instead 
of  a  blue  pp.,  with  a  ferrous  salt ;  on  cooling, 
crystals  of  KN03  mixed  with  a  little  oxamide  are 
deposited ;  the  mother-liquor  is  neutralised  by 
Na,C03  (if  K2C03  is  used,  K  nitroprusside  is  ob- 
tained) and  boiled ;  it  is  then  filtered  from  any 
pp.  which  forais-i;  and  evaporated  until  crystalli- 
sation first  begins  on  cooling ;  the  KN03  sepa- 
rates, and  the  mother-liquor  yields  the  nitro- 
prusside which  is  purified  by  recrystallisation 
from  water,  the  prismatic  crystals  which  form 
being  removed  from  the  hot  liquid,  dissolved  in 
a  little  hot  water,  and  allowed  to  crystallise  by 


1  cooling  (in  this  way  the  KN03  is  separated)  (P.; 

j  cf.  Weith,  A.  147,  312 ;  Overbeck,  Ar.  Ph.  [2]  72, 
270;  Eoussin,  J.  1852.438;  Schafarik,  W.A.B. 
47,  262). 

Properties  and  Reactions.— Large  ruby-red 
triclinic  prisms  ;  non-deliquescent.  S.  c.  40  at 
15°.  Does  not  lose  water  at  100°  (P. ;  also 
Eammelsberg,  P.  87,  107).  1.  Aqueous  solution 
decomposes  rapidly  in  sunlight  or  on  Jieating 
with  ppn.  of  Prussian  blue  (Roussin,  J.  1863. 
309). — 2.  Electrolysis&lso  produces  Prussian  blue 
(Schlagdenhauffen,  J.  1863.  305  ;  Weith,  A.  147, 
312). — 3.  An  alkaline  solution  acts  as  an  ener- 
getic oxidiser  (Stadeler,  A.  151,  1).— 4.  Soiled 
with  alkalis  Fe2OtiHa  is  ppd.,  N  evolved,  and  the 
solution  contains  a  nitrite  and  a  ferrocyanide. — 
5.  Sulphuretted  hydrogen  ppts.  S  and  Prussian 
blue,  and  Na4FeCy6  remains  in  solution.— 6.  So- 
dium amalgam,  in  presence  of  acetic  acid,  pro- 
duces a  yellow  colour,  and  alcohol  causes  a  pp. 
in  this  liquid  (for  details  v.  Weith,  A.  147,  312). 

7.  Oxidised  to  NaN03  and  Na3FeCy6  by  potassium 
permanganate  in  alkaline  solution  (Weith,  I.e.). 

8.  Decomposed  by  chlorine  when  heated  with  it, 
or  when  exposed  to  sunlight  (Davy,  C.  N.  38, 
105). — 9.  Decomposed  by  bromine  at  tempera- 
tures above  100°  (Weith,  Z.c.). — 10.  Easily  decom- 
posed by  cone,  sulphuric  acid. — 11.  With  soluble 
metallic  sulphides,  including  NH4  sulphide,  a 
deep  purple  colour  is  produced  ;  the  liquid  soon 
becomes  turbid,  and  ppts.  S  and  Fe203,  while 
NaN02,  Na4FeCy6,and  NaSCy  remain  in  solution. 
If  an  alcoholic  solution  is  used  the   coloured 
body  separates  in  oily  drops,  which  give  a  green 
powder  when  dried  in  vacuo  (Playfair). 

Zinc  nitroprusside  ZnFeCsN^O.  Yellow- 
rose  pp.  by  adding  KoFeC5N6OAq  to  solution  of  a 
Zn  salt. 

PEBFEBBOCYANIDES.  —  When  K4FeCy6Aq  is 
heated  with  I  a  greenish-brown  liquid  is  formed, 
!  from  which  alcohol  ppts.  a  crystalline  salt ;  this 
i  salt  dissolves  in  water  forming  a  dark  reddish 
violet  liquid  (Stadeler,  A.  151,  1).  The  salt  is 
better  prepared  by  mixing  powdered  K4FeCy6 
with  KC103,  adding  HClAq,  heating  very  gently, 
neutralising  by  Na2C03  after  disengagement  of 
gas  has  ceased,  evaporating,  ppg.  by  alcohol,  and 
again  dissolving  in  water  and  ppg.  by  alcohol 
(Boug,  Bl.  [2J  24,  268 ;  Skraup,  A.  189,  368). 
The  salt  is  nearly  black ;  it  dissolves  in  water, 
is  deep  violet ;  the  compound  is  very  unstable, 
soon  giving  off  Cy ;  even  in  the  dark  it  changes 
colour  to  greenish  black,  and  then  dissolves  to 
form  a  green  solution.  Boiled  with  water  it 
forms  K^eCyeAq  and  Fe2(OH)ti.  An  aqueous 
solution  of  this  salt  gives  green  pps.  with  many 
metallic  salts ;  it  acts  as  an  energetic  oxidiser. 
Nitric  acid  forms  K  nitroprusside,  K.,FeC5N60. 
The  salt  probably  has  the  composition  K2FeCy6 ; 
if  this  is  established  the  relation  of  potassium 
perferricyanide  to  potassium  ferricyanide  is 
similar  to  that  of  the  ferri-  to  the  ferro-cyanide 
(K2FeCy6,  K3FeCy6,  K.FeCyJ. 

Lanthanum  cyanide,  LaCy3  (Frerichs  a.  Smith, 
A.  191, 365).  A  gelatinous  pp.,  formed  by  adding 
solution  of  La2(S04)3  to  KCyAq;  forms  double 
cyanides,  e.g.  2LaCy3.3PtCy.,.18H20. 

Lead  cyanides.  No  cyanide  of  Pb  has  been 
isolated.  Pb  salts  are  not  ppd.  by  HCNAq  ;  but 
if  NH3  is  present  a  white  pp.  of  lead  oxycyc.nide 
PbCy2.2PbO  is  obtained  (Erlenmeyer,  J.  pr.  48, 
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356;  Kugler,  A.  66,  63).  KCyAq  added  to  Pb 
salts  gives  a  pp.  insoluble  in  excess  of  KCy. 
Joannis  (C.  R.  93,  271)  gives  the  thermal  data 
[Pb,  C-N2,  2PbO,  H-0]  =  17,800  (formation  of 
solid  PbCy2.2PbO.H20  from  gaseous  Cy2  and 
other  materials  as  solids).  Eammelsberg  (P.  42, 
114)  says  that  addition  of  ZnCy2.2KCyAq  to  solu- 
tion of  a  lead  salt  ppts.  PbCy2.ZnCy2.  The  chloro- 
cyanide  2PbCy2.PbCl2  is  described  by  Thorp 
(Am.  10,  229)  as  obtained  by  digesting  PbCl2  with 
KCyAq. 

Magnesium  cyanide.  Not  isolated;  solution 
of  MgO  in  HCNAq  soon  decomposes  with  evolu- 
tion of  HCN  (v.  Schulz,  J.pr.  68,  257). 

Manganese  cyanides.    No  simple  cyanide  of  | 
Mn  has  been  certainly  isolated  (Eaton  a.  Fittig,  | 
A.  145,  157).     Several  compounds  are  known 
which  are  best  regarded  as  salts  of  mangano- 
cyanhydric  acid  H4MnCy6,  which  acid  has  itself 
been    isolated,    and    manganicyanhydric   acid 
H3MnCy6. 

Manganocyanhydric  acid  H4MnCy,.. 
Obtained  by  decomposing  the  Pb  salt  by  H,S, 
filtering,  and  evaporating  in  vacua  over  H2S04 ; 
insol.  in  ether,  si.  sol.  in  alcohol  (Descamps, 
A.  Ch.  [5]  24,  178).  The  Pb  salt  is  obtained  by 
adding  Pb(CJE302)2Aq  to  a  freshly-prepared 
solution  of  K4MnCy6,  which  is  itself  formed  by 
adding  10  grams  manganous  acetate  to  40-45 
grams  KCy  in  100  c.c.  almost  boiling  water,  and 
then  adding  15-20  grams  KCy,  and  dissolving 
the  crystals  of  K4MnCy6  (which  separate  on 
cooling)  in  water  (Christensen,  J.pr.  [2]  31, 163). 

Manganocyanides.  K4MnCy6.6H20  (for 
preparation  v.  supra) ;  deep  -  blue  quadratic 
crystals;  lose  6H20  over  H2S04;  may  be  crystal- 
lised unchanged  from  a  little  KCyAq  (Eaton  a. 
Fittig,  A.  145,  157 ;  Descamps,  A.  Ch.  [5]  24, 
178).  Freshly -prepared  solution  of  this  salt  gives 
pps.  with  most  metallic  salts  ;  the  following  are 
soluble  in  water  and  crystallisable :— Ba2MnCy6; 
BaK2MnCy6  ;  Ca2MnCy6  ;  Na4MnCy616H20  ; 
Sr2MnCy6  (E.  a.  F.,  I.e. ;  D.,  I.e.).  Addition  of  I 
to  K4MnCy6Aq  ppts.  all  Mn  as  hydroxide  (Beil- 
stein  a.  Jawein,  B.  12,  1528).  According  to 
Desccmps  (A.  Ch.  [5]  24,  178)  passage  of  NO 
into  manganocyanides  produces  salts  analogous 
to  nitroprussides  (q.  v.  p.  340). 

Manganicyanides.  K3MnCy5  is  obtained 
by  allowing  solution  of  K4MnCy6  in  KCyAq  to 
oxidise  in  air  (Eaton  a.  Fittig,  A.  145,  157)  ;  or 
by  adding  manganous  acetate  to  warm  KCyAq 
until  the  liquid  is  deep-red,  filtering,  and  cool- 
ing (Christensen,  J.pr.  [2]  31,  163).  Keddish- 
brown  needles,  isomorphous  with  K3FeCy6  (Kam- 
melsberg,  P.  42,  112 ;  Handl,  W.  A.  B.  32,  246). 
By  long  boiling  with  water  all  Mn  is  ppd.  as  hy- 
droxide. Other  manganicyanides  described  are 
Ba3(MnCy6)2,  Ca;<(MnCy6)2,  and  Na3MnCy6.2H20 
(Eaton  a.  Fittig,  A.  145,  157).  The  manganicy- 
anides are  reduced  to  manganocyanides  by  Na- 
amalgam  (Descamps,  A.  Ch.  [5]  24,  178). 

Mercury  cyanides.  Only  one  cyanide  of  Hg 
is  known,  HgCy2 ;  it  forms  very  many  double 
cyanides,  and  also  combines  with  many  other 
salts  to  form  double  compounds.  When  Hg20  is 
heated  with  HCNAq,  HgCy2  and  Hg  are  formed. 
Mercuric  cyanide  HgCy2.  Prepared  by 
boiling  Prussian  blue  with  HgO  and  water ;  or 
by  boiling  1  part  K4FeCy6  with  2  parts  HgSO4 
and  8  parts  water ;  or  by  dissolving  HgO  in  plight 


excess  of  HCNAq  and  crystallising.  White 
quadratic  prisms  (De  la  Provostaye,  A.  Ch.  [3] 
6,  159;  Kopp,  Einleitung  in  d.  Krystallog.  p. 
163).  S.G.  4-0  (Schroder,  B.  13,  1070).  Very 
poisonous.  Sol.  in  about  8  parts  water  at  ordinary 
temperature,  much  more  sol.  in  hot  water,  insol. 
in  absolute  alcohol.  When  heated  gives  Hg,  Cy, 
and  paracyanogen  (Johnston,  A.  22,  280 ;  Troost 
a.  Hautefeuille,  C.  R.  66, 735,  795).  Solution  not 
ppd.  by  alkalis ;  but  readily  decomposed  by  H2S, 
also  by  HClAq;  very  slightly  decomposed  by 
other  dilute  acids  in  the  cold  (Plugge,  Fr.  1879. 
408),  Decomposed  by  heating  with  cone.  H2S04 ; 
decomposed  by  Cl,  Br,  and  I,  giving  HgCl2,  &c., 
and  CyCl,  &c.,  action  of  Cl  is  attended  with  ex- 
plosions (Bonis,  A.  56,  267  ;  64,  305 ;  Weith,  B. 
6,  1705;  Serullas,  A.  Ch.  35,  293;  Stenhouse, 
A  33,  92).  H.F.  [Hg,Cy2]  =  18,950;  [HgCy'.Aq] 
=  -2,970  (Th.  3,  512). 

Mercuric  oxycyanide  HgCy2.HgO. 
Small  needles,  formed  by  dissolving  HgO  in 
warm  HgCy2Aq,  and  crystallising.  Very  slightly 
sol.  in  water ;  explodes  when  heated  (Johnston, 
T.  1839.  113 ;  Schlieper,  A.  59,  10 ;  Clarke,  B. 
11,  1504).  Joannis  (C.  R.  93,  271)  gives  the 
thermal  data  [HgCy2,HgO]  =  2,400. 

Double  cyanides  containing  mer- 
curic cyanide: — HgCy2.2KCy  ;  obtained  as 
transparent  octahedra,  unchanged  in  air,  by  dis- 
solving HgCy2  in  hot  KCyAq  and  crystallising,  or 
by  heating  HgCy2with  HCyAq  and  K2CO3  (Geuther, 
A.  106,  241).  H.F.  [Hg,Cy2,2KCyAq]- 27,780; 
[HgCy',2KCyAq]  =  8,830  ;  [HgCy-Aq,2KCyAq] 
=  11,800  (Th.  3,  472).  Dissolves  in  c.  4  parts 
cold  water ;  solution  gives  pps.  with  soluble  salts 
of  Zn,Pb,&c.,  these  pps.  being  double  cyanides  of 
Hgand  the  other  metal;  the  following  have  been 
isolated  :— 3HgCy2.2CdCy2  (Schiller,  A.  87,  46) ; 
HgCy.,.Hg0.7AgCy  (Bloxam,  B.  16,  2669)  ; 
HgCy,.N(CH3)4Cy  (Claus  a.  Merck,  B.  16,  2737). 

Double  compounds  of  mercuric 
cyanide  with  metallic  salts  (Desfosses, 
/.  Chim.  Med.  6,  261 ;  Geuther,  A.  106,  241 ; 
Dexter,  C.  C.  1862.  597 ;  Brett,  P.  M.  [3]  12, 
I  235  ;  Poggiale,  C.  R.  23,  762  ;  Liebig,  S.49,  253; 
Weeren,  P.  93,  461 ;  Clarke,  B.  11, 1504  ;  Ahlen, 
Bl.  [2]  27,  365 ;  Caillot,  A.  Ch.  [3]  12,  235  ;  19, 
220;  Berthemot,  P.  22,  620;  Kletzinsky,  Z.  1866. 
127;  Nylander,  /.  pr.  79,  379;  Wohler,  P.  1, 
231 ;  Kessler,  P.  74,  274  ;  Caillot  a.  Podevin,  J. 
Ph.  11, 246;  Eammelsberg,  P.  42,  131 ;  85, 145  ; 
Darby,  A.  65,  204;  Kane,  A  35, 356  ;  Bockmann, 
A.  22,  153;  Philipp,  P.  131,  86;  Winckler, 
Buchner's  Repert.  31,  459 ;  Claus  a.  Merck,  B. 
16,  2737  ;  Custer,  A.  68,  323  ;  Apjohn,  P.  M.  9, 
401). 

I.  With  chlorides  :  with  NH4C1,  BaCl2,  CaCl2, 
MgCl2,  SrCl,,  NaCl,  MnCl2,  ZnCl2  (Brett,  Poggiale) ; 
with  KC1  (Def  osses,  Geuther,  Dexter) ;  with  CoCl.,, 
FeCl3,   NiCLj,    SnCl4    (Poggiale,   Dexter)  ;   with 
HgCl2  (Poggiale,  Liebig,  Weeren,  Clarke) ;  with 
chlorides  of  Ce,  Di,  Sr,  La,  and  Y  (Ahlen). 

II.  With  bromides  :  with  BaBr2,  SrBr2,  NaBr 
(Caillot) ;  with  CaBr2  (Custer) ;  with  KBr  (Brett, 
Caillot,  Berthemot). 

III.  With  iodides :  with  CaI2  (Poggiale) ;  with 
BaI2,  SrI2,   Nal  (Custer)  ;    with    KI   (Apjohn, 
Caillot,  Geuther,  Kletzinsky). 

IV.  With  other  metallic  salts  :  with  KC103 
(Poggiale) ;  with  nitrates  of  Cd,  Co,  Cu,  Fe,  Mn, 
Ni,  Zn  (Nylander) ;  with  AgN03  (Wohler,  Geu- 
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ther) ;  with  HgN03  (Geuther)  ;  with  K.,S.,03 
(Kessler) ;  with  K2C204  and  Ag2C204  (Caillot  a. 
Podevin,  Bammelsberg,  Darby) ;  with  K4FeCyG 
(Kane)  ;  with  sulphocyanides  of  Ba,  Ca,  Mg,  K 
(Bdckmann.Philipp) ;  withH.C02NH4  (Poggiale) ; 
with  H.C02K  (Winckler)  ;  with  Na.C2H302  (Ous- 
ter). 

V.  With  organic  ammonium  derivatives  and 
alkaloids.  HgCy2  reacts  with  N(CH3)4I  to 
form  two  isomeric  compounds  :  a  white  salt 
HgCy,.N(CH,)4I,  and  a  yellow  salt 
HgCyI.N(CH3)4Cy  (Claus  a.  Merck).  HgCy2 
forms  double  compounds  with  aniline  cyanhy- 
dride,  with  iodo-ethyl  quinine,  iodo-ethyl  cin- 
chonidine,  and  iodo-ethyl  strychnine  (Claus  a. 
Merck). 

Nickel  cyanides.  Only  one  cyanide  of  Ni  is 
known,  NiCy.2 ;  it  forms  several  double  cyanides ; 
neither  nickelo-cyanides  nor  nickeli-cyanides  cor- 
responding to  the  cobalto-  and  cobalti-cyanides 
have  been  isolated. 

Nickelous  cyanide  NiCy2.o;H20.  Apple- 
green  pp.  obtained  by  adding  KCyAq  to  solution 
of  a  Ni  salt,  or  HCNAq  to  Ni  acetate  solution. 
Loses  all  water  at  c.  200° ;  at  higher  temperatures 
decomposes,  evolving  Cy  and  N,  and  leaving  Ni 
and  a  carbide  of  Ni.  Soluble  in  excess  of  KCyAq 
to  form  NiCy2.2KCy  (Wohler,  Gehlen's  Journ.  6, 
234  ;  Kammelsberg,  P.  42,  114). 

Double  cyanides  containing  nickel- 
ous  cyanide.  NiCy2.2KCy.H,0  ;  obtained  by 
adding  excess  of  KCyAq  to  solution  of  a  Ni  salt, 
evaporating,  and  crystallising.  Ked-yellow  mono- 
clinic  prisms ;  S.G.  1'875  at  11°.  Loses  all  water 
at  100°.  Solution  decomposes  slowly  on  heating 
(Balard,  C.  R.  19,  909  ;  Eammelsberg,  P.  42, 
114  ;  90,  35  ;  Clarke,  J.  1877. 43).  The  following 
double  cyanides  have  also  been  isolated : 
NiCy2.2NH4Cy  (Wohler,  Gehlen's  Journ.  6,  234) ; 
NiCy2.BaCy2.3H.,O  (Wohler,  I.e. ;  Weselsky,  B.  2, 
588 ;  Mouthiers,"  A  64,  297) ;  NiCy2.CaCy2.zH.,0 
(Wohler,  I.e.) ;  NiCy.,.2NaCy.3H,0  (Wohler,  I.e. ; 
Kammelsberg,  P.  42,  114) ;  NiCy2.SrCy2.zH.,0 
(Handl,  W.  A.  B.  32,  246).  Solutions  of  these 
double  cyanides  are  decomposed  by  dilute  acids 
with  ppn.  of  NiCy2,  and  evolution  of  HCy  ;  HgO 
decomposes  them  ppg.  NiCy2  and  NiO ;  Cl  or 
Br  ppts.  Ni203. 

Niobium  cyanide.  No  cyanide  of  Nb  has  been 
isolated.  When  Nb205  is  strongly  heated  with 
Na2C03  and  charcoal  in  a  current  of  air,  a  metal- 
like  solid  is  formed  resembling  the  compound  of 
Ti  with  Cy  and  N ;  this  solid  is  possibly  analogous 
in  composition  to  the  Ti  compound  (v.  TITANIUM 
CYANIDES)  (Joly,  C.  B.  82,  1195). 

Osmium  cyanides.  One  cyanide  of  Os,  OsCy2, 
and  osmocyanhydric  acid  H4OsCy6  and  some  of 
its  salts,  have  been  prepared. 

Osmous  cyanide  OsCy2.  Dark  violet  solid 
obtained  by  continued  boiling  H4OsCy6  with 
HClAq  (Martius,  A.  117,  357). 

Osmocyanhydric  acid  H4OsCy6.  Ob- 
tained by  adding  cone.  HClAq  to  K4OsCyfiAq 
(q.v.),  collecting  the  pp.  which  forms,  washing 
it  with  cone.  HClAq,  and  crystallising  from  al- 
cohol by  adding  a  few  drops  of  ether.  White 
hexagonal  prisms  ;  unchanged  in  dry  air ;  in 
moist  air  decomposes  to  OsCy2  and  HCN ;  sol. 
in  water  and  alcohol,  ppd.  by  a  little  ether  (Mar- 
tius, A.  117,  357). 

Osmocyanides.    K4OsCy0.3H.,0 ;  prepared 


by  dissolving  1  part  osmic  acid  in  KOHAq  until 
the  liquid  remains  feebly  alkaline,   adding  1£ 
parts  KCy,  evaporating  to  dryness,  heating  in  a 
closed  vessel,  dissolving  in  water,  and  crystal- 
lising once  or  twice  (Martius,  A.  117,357;  Claus, 
Beitrage  z.  Chemie   d.   Platinmetalle   [Dorpat, 
1854],  or  J.  1855.  444;  Claus,  J.  pr.  85,  129). 
I  Yellow-white  plates  isomorphous  with  K4FeCy6 
(Claus,  J.pr.  85,  129).   The  following  osmocyan- 
1  ides  have  also  been  described:  Ba2OsCy6.6H2O 
I  (Martius,  A.  117,  357) ;  BaKpsCy^H/)  (Mar- 
tius, I.e.}.    K4OsCy6Aq  gives  pps.  with  many 
metallic  salts. 

Palladium  cyanides.     Two  cyanides  of  Pd, 

PdCy2  and  PdCy4,  are  known.     Several  double 

cyanides  of  PdCy2  have  been  prepared.    They 

may  be  regarded  as  derivatives  of  the  hypothe- 

'  tical  palladium-cyanhydric  acid  H2PdCy4;  this 

|  acid  has  not  been  isolated,  but  the  analogies  in 

crystalline  form  and  general  properties  between 

j  the  double  cyanides  of  PdCy2  and  those  of  PtCy2 

!  point  to  the  Pd   salts  as   being  derived  from 

I  H2PdCy4 ;  the  acid  H2PtCy4  is  known. 

"  Palladous  cyanide  PdCy2.    Yellow-white 
pp.  obtained  by  adding  HgCy2Aq  to  neutral  PdCl2 
solution.    Decomposed  by  heat  to  Pd  and  Cy ; 
|  not  decomposed  by  ordinary  acids  nor  by  HgO  ; 
soluble  in  NH3Aq,  from  which  solution  the  com- 
pound PdCy2.2NH3  separates  in  white  needles  ; 
soluble  in  KCyAq  forming  PdCy2.2KCy  (Berzelius, 
P.  13,  460;  Fehling,  A.  39,  119;   Kossler,  Z. 
1866.  175).    Joannis  (C.  R.  95,  295)  gives  some 
i  thermal    data  :    [P^Cy2]  =  23,600   (solid  PdCy2 
from  gaseous  Cy  and  solid  Pd) ;  [PdO,2HCyAq] 
'  =44,800  (giving  solid  PdCy2). 

Palladic  cyanide  PdCy4.  Reddish  pp., 
easily  decomposing  with  evolution  of  HCN  ;  ob- 
tained by  shaking  HgCy.^Aq  with  PdCl4.2KCl. 

Double  cyanides  of  palladous  cyan- 
ide, or  pallado-cyanides.  PdCy2.2NH4Cy 
(or  (NHJ-jPdCyJ ;  obtained  by  adding  HgCy2Aq 
to  an  ammoniacal  solution  of  a  palladous  salt ; 
said  to  be  ppd.  by  adding  HCNAq  to 
PdCl2.2NH4Cl  (Croft,  J.  pr.  104, 64 ;  v.  also  Kossler, 
Z.  1866.  175).  PdCy2.BaCy2(orBaPdCy4).4H20  ; 
large  greenish  monoclinic  prisms ;  formed  by 
adding  HCNAq  to  a  mixture  of  PdCy2  and  BaCOs 
(Bossier,  Z.  1866.  175;  Weselsky,  B.  2,  588). 
PdCy2.2KCy  (or  K2PdCy4) ;  obtained  by  dissolving 
PdCy2  or  Pd  black  in  KCyAq,  and  crystallising. 
'  Crystallises  with  3H20  in  white  monoclinic  crys- 
tals, or  with  H20  in  lustrous  tablets  (Bossier,  Z. 
1866.175).  The  folio  wing  double  cyanides  are  also 
described  by  Bossier  (I.e.) ;  PdCy2.CaCy2.4H.,0  ; 
PdCy2.CuCy2;  PdCy,.PbCy2;  PdCy2.MgCy2.4HA 
this  compound  forms  the  complex  cyanide 
MgPdCy4.MgPtCy4.14H20  (Kossler) ; 
PdCy2.HgCy2 ;  PdCy2.2AgCy ;  PdCy2.2NaCy. 
Most  of  these  double  cyanides  are  isomorphous 
with  the  corresponding  platinocyanides  which 
are  derivatives  of  the  acid  H2PtCy4.  Solutions 
of  the  Pd  double  cyanides  are  decomposed,  slowly 
in  air,  more  quickly  by  acids,  with  separation  of 
PdCy2 ;  H2S  ppts.  PdS  ;  Zn  ppts.  Pd. 

Platinum  cyanides.  Platinum  cyanide  PtCy2 
is  known ;  also  platincyanhydric  acid  H2PtCy4, 
and  many  salts  derived  therefrom  ;  there  are  also 
several  compounds  which  may  be  regarded  as 
additive  compounds  of  the  platinocyanides  with 
halogens,  or  better  as  derivatives  of  perchloro- 
(bro?no-  or  iodo-)  platincyanhydric  acid 
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and  finally  there  are   some  com- 
pounds of  doubtful  composition. 

Platinous  cyanide  PtCy2.  Obtained  by 
\ieating  PtCy2.2KCy  (prepared  by  heating  KCyAq 
»rith  cone.  PtCl2Aq,  or  by  warming  Pt014.2NH4Cl 
with  KCy  and  a  little  KOH)  with  HgCl2 ;  or  by 
heating  PtCy2.HgCy2  (prepared  by  adding 
HgCl^q  to  PtCy2.2KCyAq)  (Dobereiner,  A  17, 
250;  Quadrat,  A.  63,  164).  Also  formed  by 
heating  PtCy2.2NH4Cy  to  300°  (Schafarik,  J.  pr. 
66,  385) ;  also  by  heating  PtCy2.2KCy  with  cone. 
H2S04  (Knop  a.  Schnedermann,  J.  pr.  37,  461) ; 
also  by  ppg.  neutral  PtCl2Aq  by  HgCy^q  (Ross- 
ler,  Z.  1866.  175) ;  also,  along  with  other  pro- 
ducts, by  heating  H2PtCy6  with  HN03Aq  (Scha- 
farik, I.e.).  Sulphur-coloured  solid;  insol.  in 
water,  acids,  and  alkalis ;  when  heated  gives  Cy 
and  Pt;  dissolves  in  alkali  cyanides  forming 
platinocyanides  ;  when  freshly  ppd.  dissolves  in 
NH3Aq. 

Platinocyanhydric  acid  H2PtCy4.  HCN 
is  passed  into  a  mixture  of  1  part  PtCl2  with  1£ 
parts  BaC03  suspended  in  5  parts  water  kept 
nearly  boiling  ;  the  passage  of  HCN  is  continued 
so  long  as  C02  is  evolved ;  BaPtCy4.4H2O  crys- 
tallises out  on  cooling ;  this  salt  is  dissolved  in 
water  (1  part  dissolves  in  33  parts  water  at  16°), 
and  an  equivalent  quantity  of  H2S04Aq  is  added ; 
the  filtrate  from  the  ppd.  BaS04  is  evaporated 
at  a  gentle  heat  and  crystallised  (Weselsky,  /.  pr. 
69,  276).  Or  CuPtCy4  is  prepared  by  adding 
PtCy,.2KCyAq  to  Cu(N03)2Aq,  and  the  Cu  salt  is 
decomposed  by  H2S  (Quadrat,  A.  63, 164).  Crys- 
tallises with  5H2O  in  cinnabar -red  prisms  with 
blue  sheen  on  surface,  or  with  more  than  5H20 
in  yellow-green,  metal-like  crystals,  or  in  blue- 
black  needles.  Deliquescent.  Very  sol.  in  water 
and  alcohol.  Heated,  decomposes  above  140°  to 
HCN  and  PtCy2.  Carbonates  are  decomposed 
by  H,PtCy4. 

Platinocyanides.  These  salts  generally 
form  very  beautiful  dichroic  crystals ;  the  soluble 
salts  may  be  prepared  by  decomposing  BaPtCy4 
by  the  various  metallic  sulphates  ;  the  insoluble 
platinocyanides  may  be  formed  by  adding  the 
various  metallic  salts  to  K2PtCy4Aq. 

Ammonium  platinocyanide 
(NH4)2PtCy4.H20.    White,  translucent  needles; 
crystallises  with  2H20  as  yellow  prisms ;  both 
with  blue  reflection.     V.  sol.  water  (Schafarik, 
J.  pr.  66,  385  ;  Quadrat,  A.  63,  164 ;    Knop  a. 
Schnedermann,  J.pr.  37,  461).    An  hydroxyl- 
ammonium  salt  (NH40)2PtCy4.2H20 is  known; 
and  also  the  double  salt 
(NH4.NH40)PtCy4.3|H2O  (Seholz,  M.  1,  900). 

Barium  platinocyanide  BaPtCy4.4H20. 
Prepared  by  passing  HCN  into  5  parts  almost 
boiling  water  holding  1  part  PtCl2  and  1£  parts 
BaC03  in  suspension,  until  C02  ceases  to  be 
evolved,  and  crystallising  (Weselsky,  J.  pr.  69, 
276) ;  PtCl4  may  be  used  in  place  of  PtCl.,,  in 
which  case  0  is  evolved  (PtCl4  +  3BaC03  +  4HCN 
=  BaPtCy4  +  2BaCl2  +  2H20  +  3C02  +  0 ;  Wesel- 
sky, J.  pr.  103,  566).  Monoclinic  prisms.  S.G. 
3-054  (Schabus,  W.  A.  B.  1850.  582).  Crystals 
appear  green  in  direction  of  principal  axis,  and 
sulphur  yellow  with  blue-violet  sheen  in  direction 
at  right  angles  to  this.  Soluble  in  33  parts  water 
at  16°,  considerably  more  sol.  at  100°.  Loses 
all  water  at  180°,  and  begins  to  decompose. 
Forms  double  compounds,  BaPtCy4.K2PtCy4 


(Martius,  A.  117,  357),  and  BaPtCy4.RbJ>tCy4 
(Ditscheiner,  W.  A.  B.  50,  373). 

Magnesium  platinocyanide 
MgPtCy4.7H20.  Prepared  by  adding  MgS04Aq 
to  BaPtCy4Aq,  filtering,  evaporating  to  dryness, 
dissolving  in  a  boiling  mixture  of  alcohol  and 
ether,  and  crystallising.  Bed  quadratic  prisms, 
showing  greenish  on  the  surfaces  near  the  middle 
of  the  crystals  and  blue  near  the  extremities 
(Haidinger,  P.  77,  89  ;  Werther,  J.  pr.  76,  186 ; 
Greiss,  P.  106,  645).  At  40°  loses  water,  turning 
yellow.  The  yellow  salt  may  be  obtained  in  fine 
crystals  by  evaporating  an  alcoholic  solution  of 
the  salts  with  7H,0  over  H2S04 ;  the  crystals 
contain  5H20  (Werther,  J.  pr.  76, 186).  Becomes 
colourless  at  c.  100° ;  at  150°  still  contains  2H2O  ; 
dehydrated  at  200°-230°,  becoming  orange  yellow 
(Werther,  Z.c.).  (For  more  details  v.  Schafarik, 
J.  pr.  66,  385 ;  Quadrat,  A.  63,  164 ;  70,  300 ; 
Weselsky,  J.  pr.  69,  276.) 

Mercuric  platinocyanide  HgPtCy4. 
White  pp.  obtained  by  adding  HgCl2Aq  to 
K2PtCy4Aq  (Schafarik,  J.  pr.  66,  385). 

Platino -ammonium  platinocyanide 
PtPtCy4.4NH3.  (Platino-cyano-diplatoso-am- 
monium.  Ammonium-platinammonium  platino- 
cyanide.) White  pp.  obtained  by  adding  KCyAq 
to  ammoniacal  PtCl2  solution.  With  AgN03Aq 
forms  Ag.2PtCy4  and  Pt(N03)2.4NH3  (Knop  a. 
Schnedermann,  J.  pr.  37,  461 ;  Buckton,  A.  78, 
328). 

Potassium  platinocyanide 
K-jPtCy^SH-jO.  Clear  yellow  rhombic  prisms, 
with  blue  appearance  in  direction  of  principal 
axis.  S.G.  2-4548  at  16°  (Clarke,  J.  1877.  43). 
Effloresces  in  air,  becoming  nearly  white  with 
slight  orange  tint.  Does  not  decompose  at  c.  600°. 
SI.  sol.  cold,  v.  sol.  hot,  water.  Decomposed  by 
H2S04Aq  in  the  cold,  giving  PtCy2  and  C02.  Solu- 
tion gives  white  pp.  with  mercurous  salts  with 
Hg  not  in  excess,  and  a  blue  pp.  with  excess 
of  Hg  salts  ;  this  reaction  characterises  pla- 
tinocyanides. The  salt  may  be  obtained  by  dis- 
solving PtCl4.2NH4Cl  with  a  little  KOH  in  a 
cone,  boiling  solution  of  KCy,  and  crystallising 
from  water  (Martius,  A.  117,  357).  It  is  also 
produced  by  boiling  Pt  black  with  cone.  KCyAq 
(Deville  a.  Debray,  C.  R.  82,  241) ;  also  by  heating 
a  mixture  of  Pt  black  and  K4FeCy6  nearly  to  red- 
ness, treating  with  water,  filtering,  evaporating, 
and  recrystallising  from  water  the  crystals  which 
separate. 

Silver  platinocyanide  Ag2PtCy4.  White 
pp.  by  adding  AgN03Aq  to  K2PtCy4Aq.  Com- 
bines with  NH3  to  form  Ag2PtCy4.2NH3  (Knop  a. 
Schnedermann,  J.  pr.  37,  461) ;  prepared  by 
adding  K2PtCy4Aq  to  ammoniacal  AgN03Aq,  or 
to  a  solution  of  AgC03  in  (NH4)2C03Aq.  Sol. 
dilute  NH3Aq,  not  in  water. 

Besides  the  preceding  platinocyanides,  the 
following  have  been  isolated  : — CaPtCy4.5H.,0 ; 
and  CaPtCy4.K.,PtCy4  (Dobereiner,  A.  17,  250 ; 
Martius,   A.   117,   357;    Quadrat,   A.  70,   300). 
CdPtCy4;  CdPtCy4.2NH3.H20 ;  and  PbPtCy4.»H2O 
(Martius,  I.e.).     CuPtCy4.xH20 ; 
CuPtCy4.2NH3.H,0 ;  Na2PtCy4.3H20 ; 
NaK.PtCy4.3H,0;  SrPtCy4.5H.,0  (Schafarik,  J.pr. 
66,   385;   Quadrat,  A.   63,   164;  Martius,  Z.c.). 
Ce2(PtCy4)3.18H.,0  ;  La.(PtCy4)3.18H20  (Czuclno- 
wicz,  /.  pr.  80,  16).     CoPtCy4.2NH3 ; 
NiPtCy4.2NH3.H2O ;    ZnPtCy4.2NH3.H,0  (Knop 
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a.  Schnedermann,  J.  pr.  37,  461). 
Di2(PtCy4)3.18H20  (Cleve,  Bl.  [2]  21,  246). 
Er2(PtCy4)3.21H20  ;    Y,(PtCy4).s.21H20  (Cleve  a. 
Hoeglund,   Bl.   [2]    18,   197).      Li2PtCy4.x-H  ,0  ; 
Li(NH40)PtCy4.3H20  (Scholz,  M.  1,  900). 
Bb,PtCy4.a;H,0  (Ditscheiner,  W.  A.  B.  50,  373). 
Tl2PtCy4  ;  Tl2PtCy4.Tl2CO,  (Friswell,  A.  159,  383  ; 
F.a.  Greena\vay,S.  10,  1858).  Th(PtCy4).,.16H20 
(Cleve,  BL  [2]  21,  116). 

The  salts  (NH,Me).,PtCy4,  (NH3Et)2PtCy4, 
(NH,Et2)2PtCy4,  and  (NHEt3)2PtCy4,  have  been 
isolated  (Debus,  A.  128,  200  ;  Schotz,  M.  1,  900). 
Et3PtCy4  is  described  by  Than  (A  107,  315)  ; 
also  salts  of  aniline,  paratoluidine,  and  o-naph- 
thylamine  (Scholz,  I.e.).  Salts  of  alkaloids  are 
also  known  (v.  Schwarzenbach,  Vierteljahr. 
Pharm.  6,  422  ;  Delfs,  Fr.  3,  152). 

Halogen  addition  products  of  pla- 
tinocyanides,  or  salts  of  perchloro-, 
perbromo-,  andperiodo-  platinocyanhy- 
dric acid.  These  salts  have  the  general  form 


and  X  =  01,  Br,  or  I.  They  were  first  obtained 
by  Hadow  (C.  J.  13,  106),  and  have  been 
examined  also  by  Blomstrand  (J.  pr.  [2]  3,  207), 
and  by  Hoist  (Bl.  [2]  22,  347).  Alkalis,  or 
AgN03Aq,  withdraw  halogen  from  these  salts 
re-producing  the  platinocyanides.  These  salts 
give  white  pps.  with  excess  of  HgN03Aq,  whereas 
platinocyanides  give  blue  pps.  under  same  con- 
ditions. When  cone,  solutions  of  the  perhaloid- 
platinocyanides  are  mixed  with  cone,  solutions  of 
platinocyanides,  double  compounds  of  the  form 
5M2PtCy4.M2PtCy4X2  are  ppd.  (v.  CHLOKO-  &o. 
PLATINOCYANIDES,  infra).  These  salts  bleach  in 
presence  of  alkalis  ;  the  chloro-  and  bromo-  salts 
decompose  KI. 

Potassium  perchloroplatinocyanide 
K2PtCy4.Cl2.2H20  (Knop  a.  Schnedermann,  J.  pr. 
37,  461).  This  salt  was  formerly  regarded  as 
PtCy4.2KCl,  i.e.  as  a  double  compound  of  KC1 
with  the  hypothetical  PtCy4  ;  but  the  researches 
of  Hadow  show  that  it  is  rather  to  be  looked  on 
as  the  final  product  of  the  reaction  of  01  with 
K,PtCy4,  the  intermediate  product  being  the 
salt  (described  below)  5K2PtCy4.K2PtCy4.012,  which 
is  called  by  Hadow  potass  ium-chloroplatino- 
cyanide.  Potassium  perchloroplatinocyanide  is 
prepared  by  dissolving  K-chloroplatinocyanide 
(q.  v.)  in  nearly  boiling  aqua  regia  and  crystal- 
lising (K.  a.  S.),  or  by  oxidising  the  same  salt  by 
KMn04  in  presence  of  HC1,  evaporating  at  100°, 
and  crystallising.  Large  rhomboidal  triclinic 
plates  ;  v.  sol.  water  and  alcohol  ;  very  efflor- 
escent ;  heated  gives  off  Cy,  leaving  KOI  and 
K2PtCy4,  and  at  a  higher  temperature  gives  KC1 
and  Pt.  Partially  reduced  by  Zn  and  NH3Aq,  or 
by  SO.Aq,  to  mixture  of  K2PtCy4  and  QK^iCy4.Glz 
(K-chloroplatinocyanide).  When  cone,  solution 
of  K,PtCy4.Cl2  and  K0PtCy4  are  mixed  crystals  of 
the  chloroplatinocyanide  (5KjPtCy4.K.PtCy4.Cl.,) 
are  deposited. 

The  following  perchloroplatinocyan- 
ide s  have  been  isolated,  besides  the  K  salt  :  — 
(NH4).,X.2H.,O  ;  BaX.5H2O  ;  CaX  ;  MgX.zH.O  ; 
MnX.2H2O  (Hoist,  BL  [2]  22,  347)  [X  =  PtCy4.Cl,]. 

Perchloro  -platinocyanhydric  acid 
H2PtCy4.Cl2.4H,0  (Hoist,  Z.c.).  Obtained  by  de- 
composing the  Ba  salt  (itself  produced  by  passing 


01  into  BaPtCy4Aq)  by  H2S04Aq,  filtering  and 
crystallising.  White  crystals ;  very  soluble  in 
water  and  alcohol. 

Per  bromo -platinocyanhydric  acid 
H2PtCy4.Br2.a;H2O   (Hoist,  I.e.)   is  obtained  by 
adding  Br  to  BaPtCy4Aq  and  crystallising;  it 
forms  white  crystals  very  sol.  in   alcohol  and 
ether. 

Several  per  bromo -platinocyanides  and 
some  periodoplatinocyanides  have  been 
isolated ;  they  are  produced  by  the  action  of  Br 
or  I  on  the  platinocyanides ;  the  salts  of  the 
alkalis  and  alkaline  earths  are  very  soluble  in 
water  and  may  generally  be  easily  crystallised ; 
most  of  the  salts  of  the  heavy  metals  are  insol. 
or  only  si.  sol.  in  water.  Hoist  (I.e.)  describes 
the  following :  —[X  =  PtCy4.Br2]  A12.3X.22H20  ; 
(NH4)2X;  BaX.5H20;  BeX;  CdX.zH20; 
CoX.5H2O;  PbX.2H20;  Li2X;  MgX.xH20 ; 
NiX.o?H20;  K2X;  Na2X;  SrX.7H2O;  ZnX.5H20. 
The  periodo-  salts  described  by  Hoist  are 
BaPtCy4.I2o;H2O,  and  K2PtCy4.I2. 

Double  compounds  of  platinocyan- 
ides with  perhaloid  platinocyanides; 
or  chloro-&c.  platinocyanides, or  chloro- 
&c.  platinidplatinocyanides.  These  salts 
were  formerly  supposed  to  be  double  compounds 
of  KOI  &c.  with  the  hypothetical  PtCy3,  of  the 
form  M2PtCy5  =  PtCy3.2MCy.  They  are  pro- 
duced by  the  reaction  of  01,  Br,  HN03,  and  other 
oxidisers,  with  the  platinocyanides  M,PtCy4.  The 
change  was  supposed  to  be  somewhat  analogous 
to  that  which  occurs  when  a  ferrocyanicle 
(M4FeCy6)  is  oxidised  to  a  f erricyanide  (M3FeCyti); 
thus  2K4FeCyfi  +  0  =  2K3FeCy6  +  K.,6,  and 
3K2PtCy4  +  0  =  2K2PtCy5  +  PtCy2  +  K20.  In  ac- 
cordance with  this  conception,  the  compounds 
were  called  platinicyanides  (and  sometimes 
platinosesquicyanides  when  their  composition 
was  indicated  by  the  formula  Pt,Cy6.4MCy). 
Hadow  (C.  J.  13,  106),  however,  showed  that 
the  salt  of  this  series  obtained  by  the  limited 
action  of  01  on  K2PtCy4  contained  01;  his 
analyses  and  methods  of  synthesis  of  the  salt 
led  him  to  give  it  the  formula  (K2PtCy4)6Cl2,  and 
to  indicate  its  formation  by  the  reaction 
6K,PtCy4-i-Cl2  =  6(K2PtCy4)CL2.  The  synthesis 
of  the  same  salt  by  mixing  cone,  solution  of  K 
perchloroplatinocyanide  (K2PtCy4.012)  and  K 
platinocyanide  (K>PtCy4)  shows  that  the  for- 
mula 6(K2PtCy4)Cl2  is  better  written  so  as  to 
indicate  that  the  salt  is  a  double  compound, 
viz.  5K,PtCy4.K2PtCy4.012 ;  this  formula  is  con- 
firmed by  the  fact  that  reducing  agents  (e.g. 
S02Aq,  or  Zn  and  NH3Aq)  decompose  the  salt 
to  a  mixture  of  K2PtCy4.Cl2  and  K2PtCy4 ;  more- 
over, the  salt  in  question  reacts  with  excess  of 
01  to  form  K2PtCy4.012,  and  with  excess  of  I  or 
Br  to  form  K2PtCy4.I,  or  K>PtCy4.Br2,  respec- 
tively. Hoist  (B.  8, 124)  got  results  which  show 
that  although  the  composition  of  the  chloro-  &c. 
platinocyanides  is  always  to  be  represented  by 
the  formula  zM,PtCy4.2/M2PtCy4.X2  yet  the  ratio 
of  x:y  is  not  always  5:1. 

Potassium  chloroplatinocyanide,  or 
Potassiumchloroplatinidplatinocyan- 
ide,  5K2PtCy4.K)PtCy4.Cl.,.21H.,0  (Hadow,  C.  J. 
13,  106  ;  Knop,  A.  43,  111).  01  is  passed  into 
warm  K^tCy^q  so  cone,  that  crystals  are  depo- 
sited on  cooling ;  the  crystals  are  dried  between 
paper  and  recrystallised  from  water  acidulated 
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with  HC1  (Knop).  Hadow  divides  a  solution  of 
K2PtCy4  into  6  parts  ;  into  £  he  passes  01  until 
the  liquid  is  saturated  (K2PtCy4.012  is  thus 
formed),  he  then  adds  the  remaining  £  and  eva- 
porates. Green  prismatic  crystals,  with  red 
metal-like  surface  colour  by  reflected  light.  Sol. 
in  water  giving  colourless  solution,  insol.  in 
alcohol.  Gives  off  part  of  H20  over  H2S04, 
becoming  black ;  loses  18H2O  at  100°  and  the 
rest  at  c.  180° ;  when  strongly  heated  gives  off 

Cy. 

Hoist  (B.  8,  124)  obtained  the  salt 
10SrPtCy4.SrPtCy4.I2.:rH,0. 

Weselsky  (J.  pr.  69, 276)  describes  some  salts 
obtained  by  the  action  of  HN03Aq  on  platino- 
cyanides ;  he  regards  these  as  platinocyanides 
or  platinum  sesquicyanides  (Pt2Cy6.4MCy) ;  but 
it  is  very  probable  that  they  are  analogous  to 
Hadow's  double  compounds  of  platinocyanides 
with  perchloro-  &c.  platinocyanides,  only  that 
the  halogen  is  replaced  either  by  N02  or  N03  (cf. 
Hadow,  C.  J.  13,  106 ;  also  v.  Martius,  A.  117, 
357,  for  reaction  of  PbPtCy4  with  HN03  whereby 
aPbPtCy4.7/PbPtCy4(N02)  seems  to  be  produced). 

The  compound  obtained  by  Hadow  by  the 
action  of  Pb02  on  I^M^  in  H,S04  solution 
seems  also  to  belong  to  this  class  and  to  have 
the  halogen  atoms  replaced  by  the  radicle  S04. 

Potassium  cyanide  KCy.  S.G.  ^°  T52 
(Bodeker).  [K,  CN]  =  65,350 ;  [K,  N,  C]  =  32,500; 
[KCy,  Aq]= -3,010  (Th.  3,  235);  [KOHAq, 
HCNAq]  =  2,770  (Th.  1,  160). 

Occurrence. — In  blast  furnaces. 

Formation. — 1.  By  fusing  K  in  Cy  or  in 
HCN  gas.— 2.  By  fusing  K2C03  with  nitro- 
genous carbon.— 3.  By  passing  N  over  a  strongly 
heated  mixture  of  C  and  KOH  or  K2C03. — 
4.  By  deflagrating  KN03  with  K  acetate,  tar- 
trate,  &c.,  especially  by  heating  a  mixture  of 
.KN02,  K2C03,  and  KC.2H,02  (Desfosses,  A.  Ch. 
38,  158;  Fownes,  J.  pr.  26,  412  ;  Delbriick,  A. 
64,  296 ;  Bunsen  a.  Playfair,  J.  pr.  42,  397 ; 
Keiken,  A.  79,  77;  Langlois,  A.  Ch.  [3]  52, 
326 ;  Boussin,  C.  R.  47,  875).— 5.  By  passing 
NH3  over  a  heated  mixture  of  C  and  KjC03  or 
KOH  (Kuhlmann,  A.  38,  62). 

Preparation. — 1.  Ordinary  commercial  KCN 
(containing  KCNO)  is  prepared  by  fusing 
dry  K4FeCy6  with  K2C03[2K4FeCy6  +  2K2C03 
=  10KCN  +  2KCNO-f2Fe  +  2C02];  the  fused 
mass  is  poured  off  from  the  iron. — 2.  HCN 
gas  is  passed  into  alcoholic  solution  of  KOH 
(1  part  KOH  in  3  parts  alcohol)  (Wiggers,  A. 
29,  65).  An  aqueous  solution  of  pure  KCN  is 
obtained  by  passing  HCN  into  KOHAq. — 
3.  Nearly  pure  KCN  is  prepared  by  fusing 
dry  K,FeCy6  in  absence  of  air,  and  treating 
with  50  p.c.  hot  alcohol  (Geiger,  A.  1,  46) ; 
[2K4FeCy6  =  8KCN  +  2FeC2  +  2N2]. 

Properties. — Crystallises  from  alcohol,  or  by 
slowly  cooling  the  fused  salts,  in  white  cubes,  or 
octahedra,  v.  sol.  in  water;  deliquescent;  si. 
sol.  in  strong  alcohol.  Very  poisonous.  Melts 
easily,  and  volatilises  unchanged  (in  absence  of 
moisture)  at  full  red  heat. 

Reactions.— I.  Aqueous  solution  decomposes 
in  air,  slowly  at  ordinary  temperature,  rapidly  at 
100°,  giving  HC02K  and  NH3.— 2.  Melted  in 
air  forms  KCNO.— 3.  Heated  with  metallic 
oxides  gives  KCNO  and  metal ;  thus  acts  as  an 
energetic  reducer,  e.g.  reduces  oxides  of  Pb,  Fe, 


Sb,  Sn,  &c.,  &c.,  when  heated  with  them.— 
4.  Heated  with  potassium  chlorate  or  nitrate, 
detonates  violently.— 5.  Beduces  alkaline  sul- 
phates to  sulphides  by  heating  with  them. — 

6.  With  solution  of  potassium  permanganate, 
KCN  forms  C02,  HNO3,  HNO2,  H2C204,  H2C02, 
and  C02NH2  (Schlagdenhauffen,  J.  1863.  305), 

7.  With   alkali  poly  sulphides,   KCNAq  forms 
KCNSAq. — 8.     With  iodine    in  cone,   solution 
KCN  forms  KI  and  Cyl.— 9.  With  sodium  thio- 
sulphate  forms  NaCNS. — 10.  With  potash  pro- 
duces NH3  and  HC02K ;  heated  to  redness  with 
KOH,  K2C03  is  formed  and  H  evolved. 

Combination. — 1.  KCNAq  dissolves  many  me- 
tallic cyanides  forming  double  cyanides,  e.g. 
HgCy2,  AuCy,  PtCy2,  Cu2Cy2,  &c.  (v.  various  me- 
tallic cyanides). — 2.  When  sulphur  dioxide  is 
passed  into  cold  cone.  KCNAq,  two  compounds 
are  formed,  CNK.S02.H20  and  CNK.S03KH.S02 ; 
they  maybe  crystallised  (Etard,  C.  R.  88,  649). 

Testing  KCN  for  common  impurities. — The 
chief  impurities  in  ordinary  KCN  are  KCNO, 
K,C03,  K2S,  KNCS,  KHC02,  K4FeCya,  K2S04,  and 
KC1.  K2CO  sis  detected  by  treating  with  alcohol 
at  80°  and  examining  the  insoluble  portion  by 
the  ordinary  tests.  K2S  ;  Pb  salts  give  a  black 
pp.,  in  absence  of  K2S  a  white  pp.  is  formed. 
KCNS ;  HClAq  is  added  and  the  HCN  is  removed 
by  warming ;  a  few  drops  of  FeClsAq  are  added, 
when  a  deep-red  colour  shows  KNOS.  KCNO  ; 
alcohol  at  80°  is  added  and  the  solution  is  acid- 
ulated, effervescence  shows  KCNO.  KHC02 ;  a 
current  of  C02  is  passed  through  until  HCN  is 
removed,  the  liquid  is  evaporated  to  dryness, 
the  residue  is  distilled  with  H2S04Aq,  and  to  the 
distillate  are  applied  the  ordinary  tests  for 
formic  acid.  K4FeCy6 ;  pure  FeCl3Aq  gives 
blue  pp.  or  blue  colouration.  K2S04;  HCN  is 
removed  by  warming  with  HClAq,  and  Ba2N03Aq 
is  added.  KC1;  the  specimen  is  heated  with 
2  parts  KN03  and  10  parts  Na2C03,  the  fused 
mass  is  heated  with  water,  and  AgNOs  and 
HN03Aq  added  to  the  aqueous  solution  to  pp. 
AgCl. 

Rhodium  cyanides.  Bh2Cy6,  and  a  rhodi- 
cyanide  K3BhCyti,  are  known. 

Rhodium  sesquicyanide  Bh2Cy6.  Car- 
mine-red powder,  obtained  by  adding  hot  cone, 
acetic  acid  to  KsBhCy6  (Martius,  A.  117,  357). 
Dissolves  in  KCNAq  with  re-formation  of 
K8BhCy6. 

Potassium  rhodicyanide  K3BhCyti.  Mo- 
noclinic  crystals  :  easily  decomposed  by  acids  ; 
formed  by  fusing  KhCl4.2NH4Cl  with  KCN  (Glaus, 
J.  1855.  444). 

Euthenium  cyanides.  No  simple  cyanide  has 
been  isolated ;  H4BuCy6  and  some  of  its  salts 
are  known. 

Rutheno-cyanhydric  acid  H4BuCy,. 
(Glaus,  J.  1855.  444).  Obtained  by  adding  HClAq 
and  ether  to  the  K  salt  (q.  v.) ;  lustrous,  irides- 
cent tablets  ;  e.  sol.  alcohol  and  water ;  heated 
with  HClAq,  HCN  is  evolved. 

Potassium  rutheno-cyanide 
K4BuCy(i.3H20  (Glaus,  I.e.}.  Obtained  by  heating 
KCN  withBuCl4.2NH4Cl;  small,  white,  quadratic 
tablets,  isomorphous  with  K4FeCy6.  The  solu- 
tion of  this  salt  gives  coloured  pps.  with  salts  of 
Cu,  Fe,  Pb,  and  Zn. 

Silver  cyanide  AgCy.  Only  one  cyanide  of 
Ag  is  known ;  it  forms  various  double  salts. 
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White,  curdy  pp.  obtained  by  adding  HCNAq  or 
KCNAq  to  solution  of  a  salt  of  Ag ;  excess  of  KCN 
must  be  avoided,  as  AgCy  is  sol.  KCyAq  ;  the  pp. 
is  dried  at  a  temperature  under  126°.  S.G.  c.  3'95 
(Schroder,  B.  13,  1074).  H.F.  [Ag,  Cy]  =  1,395 ; 
[Ag,  C,  N]  =  -31,455  ;  [2HCyAg,  Ag2O]  =42,310 
(ppd.  Ag20 ;  formation  of  solid  AgCy)  (Th.  3, 382). 
Not  blackened  by  exposure  to  light.  Sol.  NH3Aq ; 
Bl.  sol.  boiling  HN03Aq ;  sol.  KGNAq. 

Reactions. — 1.  Heated,  is  decomposed  to  Ag 
and  Cy.— 2.  Water  at  280°  forms  NH4.Ag.C03 
(Reynoso,  A.  Ch.  [3]  45,  111).— 3.  Chlorine 
forms  AgCl  and  CyCl. — 4.  Sulphur  heated  with 
AgCy  forms  AgNCS.  —  5.  Ammonia  dissolves 
AgCN,  forming  AgCN.NH3. — 6.  Potassium  cyan- 
ide dissolves  AgCy,  forming  AgCy.KCy. — 7.  De- 
composed by  sulphuric  acid  or  hydrochloric  acid, 
with  evolution  of  HCN. — 8.  Decomposed  by  sul- 
phuretted hydrogen,  also  by  sulphur  chloride 
(Schneider,  J.  pr.  104,  83). 

Combinations.— 1.  With  ammonia  to  form 
AgCy.NH3 ;  monoclinic  tablets,  which  give  off 
NH3  in  the  air ;  obtained  by  heating  AgCy  in 
NH3  (Weith,  Z.  1869.  380 ;  Liebig  a.  Kedten- 
bacher,  A.  38,  129).— 2.  With  silver  nitrate  to 
form  AgCy.AgN03  (or  ?  2AgCy.AgN03)  (Bloxam, 
C.  N.  48,  154  ;  Wohler,  P.  1,  231) ;  obtained  by 
dissolving  AgCy  in  hot  cone.  AgN03Aq. 

Double  cyanides  containing  silver 
cyanide.  The  alkali  salts  are  obtained  by  dis- 
solving AgCy  in  solution  of  the  alkali  cyanide 
and  evaporating ;  the  salts  of  the  heavy  metals 
are  generally  obtained  by  adding  AgCy.KCyAq 
to  solutions  of  these  metals. 

Silver-potassium  cyanide  AgCy.KCy. 
Begular  octahedra ;  sol.  4  parts  water  at  20°, 
and  in  25  parts  alcohol  (85  p.c.).  Decomposed 
by  acids  with  separation  of  AgCy.  H2S  ppts. 
Ag.,S,  except  from  solutions  in  much  KCNAq 
(Glassford  a.  Napier,  P.  M.  15, 66 ;  Eammelsberg, 
P.  38,  376 ;  Baup,  A.  Ch.  [3]  53,  462;  Bechamp, 
J.  pr.  60,  64).  H.F.  [Ag-'Cy2,2KCyAq]  =  12,980  ; 
~[Ag2,Cy2,2KCyAq]  =  15,780  (Th.  3,  470).  The 
other  important  silver  double  cyanides  are : — 
AgCy.NaCy;  3AgCy.2KCy.NaCy  (Baup,  I.e.); 
AgCy.TlCy  (Fronmuller,  B.  11,91) ;  AgCy.NMe4Cy 
(Thompson,  B.  16,  2338;  Glaus  a.  Merck,  B.  16, 
2737);  2AgCy.HgCy2.HgS04.H20  (Geuther,  A. 
106,  241). 

Sodium  cyanide  NaCy.  Prepared  by  pass- 
ing HCN  gas  into  an  alcoholic  solution  of  NaOH 
until  NaCy  pps.  Obtained  also  by  methods  simi- 
lar to  those  whereby  KCy  is  formed  (v.  POTAS- 
SIUM CYANIDE,  p.  346).  NaCy  crystallises  with 
difficulty.  According  to  Joannis  (A.  Ch.  [5] 
27,  482)  two  hydrates  are  obtained  by  crystal- 
lising from  alcohol  at  different  temperatures; 
2NaCy.H20,  and  NaCy.2H20.  Joannis  (I.e.) 
gives  some  thermal  data : — [Na,  Cy]  =  60,400 
(solid  NaCy  formed);  [NaCy,  Aq]=  -500; 
[HCyAq,  NaOHAq]=  2,900. 

Strontium  cyanide  SrCy2.  Prepared,  simi- 
larly to  BaCy2,  by  heating  SrFeCy6 ;  or  prefer- 
ably by  passing  HCN  vapour  into  crystals  of 
Sr(XH2.  Unstable  salt.  Crystallises  from  solu- 
tion with  4H..O ;  the  crystals  are  v.  deliquescent 
and  absorb  C02  from  the  air  (Joannis,  A.  Ch. 
[6]  27,  482 ;  Schulz,  J.  pr.  68,  257).  Joannis 
(I.e.)  gives  the  thermal  data  :— [SrOAq,  2HCyAq] 
.  =0,200. 


Thallium  cyanides.  Two  cyanides  of  Tl  are 
known,  TICy  and  TlCy.TlCy.,. 

Thallous  cyanide  TICy.  Obtained  by 
adding  excess  of  cone.  HCNAq  to  a  cone,  solution 
of  a  thallous  salt,  and  then  adding  much  alcohol 
and  ether.  Heavy  white  pp.,  e.  sol.  water,  crys- 
tallising in  lustrous  tablets  from  the  hot  solu- 
tion. Decomposed  by  heating  (Fronmuller,  B. 
6,  1178). 

Thallo-thallic  cyanide  TlCy.TlCy, 
( =  Tl2Cy4).  Formed  by  evaporating  in  vacuo  a 
solution  of  T12O3  in  HCNAq.  Large,  white, 
rhombic  plates ;  e.  sol.  water ;  decomposed  at 
125°-130°  with  rapid  evolution  of  Cy  (Fronmuller, 
B.  11,  91). 

Double  cyanides  containing  thallous 
cyanide.— TICy Aq  dissolves  the  cyanides  of 
Hg,  Ag,  and  Zn;  when  the  solutions  are  crys- 
tallised the  following  salts  are  obtained : — 
2TlCy.HgCy2;  TICy. AgCy;  2TlCy.ZnCy2  (Fron- 
muller, B.  11,  91).  No  double  cyanides  of  Tl2Cy4 
are  known. 

Titanium  cyanides.  No  cyanide  of  Ti  is 
known,  but  the  compound  Ti5CN4  exists ;  this 
body  is  almost  certainly  a  double  compound  of 
Ti  cyanide  with  Ti  nitride  TiCy2.3Ti3N2. 

Titanium  cyano-nitride  TiCy2.3Ti3N2. 
This  compound  is  formed  in  smelting  titanifer- 
ous  iron-stones  in  the  blast  furnace  (Wohler,  A. 
73,  34 ;  74,  212).  It  may  be  obtained  by  very 
strongly  heating  K4FeCy6  with  Ti02  (Wohler, 
I.e.),  by  heating  KCN  in  vapour  of  TiCl4,  and  by 
passing  N  over  a  mixture  of  C  and  Ti02  heated 
to  the  M.P.  of  Pt  (Wohler  a.  Deville,  A.  103, 
230).  Metal-like,  reddish  octahedra,  resembling 
metallic  Cu.  S.G.  5-28.  Volatile  at  very  high 
temperature.  Not  acted  on  by  boiling  HN03Aq 
orH2S04.  Sol.  HN03Aq  containing  HF.  Heated 
in  water-gas  is  decomposed  thus :  Ti5CN4  +  10H20 
=  CNH  +  5Ti02  +  3NH3  +  5H2.  Decomposed  when 
heated  with  Cl,  giving  TiCl2,  and  probably  a 
compound  of  TiCl2  with  CyCl.  Heated  with 
KOHAq  forms  K  titanate  and  NH3.  CuO,  PbO, 
and  HgO  are  reduced  to  metals  when  heated 
with  Ti5CN4. 

Uranium  cyanide.  None  has  been  certainly 
isolated.  The  oxides  of  U  do  not  dissolve  in 
HCNAq;  addition  of  KCNAq  to  solution  of  U 
chloride  ppts.  an  oxide  of  U  (Kammelsberg,  P. 
59,  2).  According  to  Wittstein  (R.  P.  63,  214), 
when  KCNAq  is  added  to  a  uranic  salt  solution 
a  yellow  pp.  is  obtained,  sol.  in  excess  of  KCNAq, 
not  ppd.  again  by  acids. 

Vanadium  cyanide.  None  has  been  isolated. 
Berzelius  made  some  observations  on  the  reac- 
tions between  vanadic  acid  and  HCN  (P.  22, 26). 

Yttrium  cyanide.  No  cyanide  has  been  cer- 
tainly isolated.  Hydrated  Y203  is  said  to  dissolve 
in  HCNAq,  and  white  nodules  to  be  formed  on 
evaporation  (Berlin). 

Zinc  cyanides.  ZnCy2  is  known,  and  also 
several  double  cyanides. 

Zinc  cyanide  ZnCy.,.  Obtained  by  adding 
KCNAq  (free  from  K2C03)  to  solution  of  a  Zn 
salt,  or  by  adding  HCNAq  to  Zn  acetate  solu- 
tion. Special  precautions  are  needed  to  insure 
production  of  pure  ZnCy2  (v.  Wohler,  B.  J.  20, 
152  ;  Oppermann,  J.  I860".  226 ;  Joannis,  C.  R. 
92,  1338,  1417;  Eammelsberg,  P.  42,  114). 
ZnCy2  is  obtained  in  crystals  by  covering  a  layer 
of  cone.  Zn(C..H30.,).jAq  with  a  little  water,  and 
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very  carefully  pouring  on  to  this  dilute  HCNAq; 
the  crystals  form  slowly.  Crystallises  in  ortho- 
rhombic  prisms.  The  pp.  by  KCN  and  HCN  is 
white  with  a  tinge  of  yellow.  Decomposed  by 
strongly  heating,  giving  off  Cy  (Rammelsberg). 
Insol.  water  and  alcohol  ;  e.  sol.  alkalis  and 
KCNAq  ;  si.  sol.  in  cone,  solutions  of  Zn  salts 
(Joannis).  With  hot  KOHAq  it  forms  K2O.ZnO 
and  ZnCy.,.2KCy.  H.F.  [Zn,Cy2]  =  58,600; 
[ZnO,2HCy~Aq]  =  13,400  (Joannis). 

Double  cyanides  containing  ZnCy2.  — 
These  compounds  are  obtained  by  dissolving 
ZnCy2  in  a  solution  of  the  other  cyanide  and 
crystallising  :  — 

ZnCy2.2NH4Cy  (Corriol  a.  Berthemot,  J.  Ph. 
16,  444). 

ZnCy2.BaCy2.2H20  (Weselsky,  B.  2,  588). 


36,70). 

ZnCy2.2KCy  (Gmelin  ;  Fresenius  a.  Haidlen, 
A.  43,  132).  [Zn,Cy2,2KCyAq]  =  62,230  (Th.  3, 
475). 

ZnCy2.2NaCy.5H20  (Rammelsberg.P.  42,  112). 

ZnCy2.HgCy2.HgCl2.6H20  (Varet,  C.  R.  106, 
1080). 

ZnCy2.HgCy2.HgCl2.6NH3  (Varet,  I.e.). 

SELENOCYANIDE  S.  Salts  of  selenocyan- 
hydric  acid  HSeCy.  Also  called  selenocyanates. 
Discovered  by  Berzelius  in  1820  (S.  31,  60); 
more  fully  examined  by  Crookes  (C.  J.  4,  12). 

Selenocyanhydric  acid  HSeCyAq.  (Seleno-, 
or  selenio-cyanic  acid.  Hydrogen  selenio-  or 
seleno-cyanate.  Hydroselenocyanic  acid.)  Known 
only  in  solution;  prepared  by  passing  a  rapid 
stream  of  H2S  through  hot  Pb(SeCy)2Aq  con- 
taining Pb(SeCy)2  in  suspension,  filtering  from 
PbS,  heating  the  filtrate  nearly  to  boiling,  and 
filtering  again  (if  necessary)  from  ppd.  Se.  This 
solution,  which  is  markedly  acid,  is  decomposed 
on  boiling;  it  cannot  be  concentrated  without 
change  even  over  H2S04  in  vacuo.  It  is  decom- 
posed by  acids  into  HCy  and  Se.  The  solution 
dissolves  Zn  and  Fe  with  evolution  of  H 
(Crookes,  C.  J.  4,  12). 

Ammonium  selenocyanide  NH4.SeCy.  By 
neutralising  HSeCyAq  by  NH3Aq  and  evaporat- 
ing. Soluble,  deliquescent,  crystallises  in  minute 
needles  (Crookes,  Z.c.). 

Barium,  Calcium,  and  Strontium  seleno- 
cyanides  M(SeCy)2  [M  =  Ba,  Ca,  or  Sr].  By  dis- 
solving MC03  in  HSeCyAq  and  concentrating  in 
vacuo  (Crookes). 

Copper  selenocyanide.  Brown  pp.  by  adding 
KSeCyAq  to  CuS04Aq  ;  very  soon  decomposes 
to  HSeCyAq  and  CuSe  (C.). 

Gold  selenocyanide.  Not  isolated.  When  an 
alcoholic  solution  of  KSeCy  is  added  to  AuCl:JAq, 
Se  is  ppd.,  and  the  filtrate  on  evaporation  yields 
small  dark-red  prisms  of  the  double  salt 
AuK(SeCy)2  (Clarke,  B.  11,  1326). 

Iron  selenocyanide.  Not  isolated.  Crookes 
(Z.c.)  mentions  various  reactions  which  do  not 
yield  a  definite  salt. 

Lead  selenocyanide  Pb(SeCy)2.  By  adding 
KSeCyAq  to  Pb  acetate  solution,  dissolving  the 
pp.  in  boiling  water,  filtering  (if  necessary),  and 
crystallising.  Lemon-coloured  needles;  insol. 
alcohol  ;  not  changed  at  100°  (C.). 

Magnesium  selenocyanide.  By  dissolving 
MgCO,,  in  HSeCyAq  and  evaporating  ;  a  gummy 
non-crystallisable  mass;  composition  undecided. 


Mercury  selenocyanide.  Two  salts  have  been 
isolated,  Hg(SeCy)2  and  HgSeCy  (Cameron  a 
Davy,  Tr.  Irish  Acad.  27,  148). 

Mercuric  selenocyanide  Hg(SeCy)2;  a 
greyish  white  salt  ob.tained  by  adding  KSeCyAq 
to  Hg(C2H302)2Aq.  Soluble  in  HgCl2Aq,  forming 
Hg(SeCy)2.HgCl2.  Not  obtained  by  using  HgCl2 
in  place  of  Hg(C2H302)  (Crookes). 

Mercurous  selenocyanide  HgSeCy; 
olive  green,  amorphous  ;  by  ppg.  HgN03Aq  by 
KSeCyAq. 

Platinum  selenocyanide.  Not  isolated.  Ad- 
dition of  PtCl4Aq  to  an  alcoholic  solution  of 
KSeCy  forms  a  reddish  pp. ;  when  this  is  treated 
with  boiling  water  part  of  it  dissolves,  and  the 
filtrate  gives  crystals  on  cooling ;  these  crystals 
are  dissolved  in  alcohol  and  re-crystallised; 
they  are  the  double  salt  K2Pt(SeCy)6 ;  S.G.  3-377 
at  10-2°,  3-378  at  12-5°  (Clarke,  Am.  S.  16,  119). 

Potassium  selenocyanide  KSeCy.  Prepared 
by  dissolving  red  Se  (ppd.  in  the  cold)  in  KCyAq 
and  evaporating  (Schiellerup,  A.  109, 125).  Also 
by  fusing  1  part  Se  with  3  parts  dry  K4FeCy6  in 
a  small  retort,  digesting  with  absolute  alcohol, 
passing  CO2  through  the  liquid  to  decompose 
KCy  and  KNCO  and  ppt.  KHC03,  distilling  off 
the  alcohol,  dissolving  in  water,  filtering,  and 
crystallising  in  vacuo  over  H2S04  (C.).  White, 
needle-shaped  deliquescent  crystals ;  melt  with- 
out change,  if  out  of  contact  with  air  (Berzelius) ; 
in  air  decomposes  a  little  above  100°  (C.). 
KSeCy 6Aq  is  alkaline  to  litmus ;  decomposed  by 
acids  with  evolution  of  HCy  and  ppn.  of  Se.  Cl 
produces  CyCl  and  Se  (cf.  Kypke  a.  Neger,  A. 
115,  207).  Several  double  compounds  are  de- 
scribed by  Cameron  a.  Davy  (Tr.  Irish  Acad. 
27,  151) ;  X.HgCy2,  X.HgBr2,  X.HgI2,  X.HgCl2, 
X.Hg(SCy)2. 

Silver  selenocyanide  AgSeCy.  Ppd.  on 
adding  AgN03Aq  to  KSeCyAq;  if  NH3Aq  is 
present  pp.  separates  in  small  shining  crystals. 
Blackens  in  light ;  insol.  in  water ;  sparingly 
sol.  in  cold  dilute  acids ;  decomposed  by  hot 
cone,  acids  (C.). 

Sodium  selenocyanide  NaSeCy.  Small  crys- 
tals ;  by  neutralising  HSeCyAq  by  Na2C03,  and 
evaporating  in  vacuo  (C.). 

Zinc  selenocyanide.  Non-deliquescent  crys- 
tals [?Zn(SeCy2)2] ;  by  dissolving  Zn  or  ZnO  in 
HSeCyAq  and  evaporating  (C.). 

SULPHOCYANIDES.  (Rhodanides.  Sul- 
phocyanates.  Thiocyanates.)  Salts  of  sulpho- 
cyanic  acid  HSCN.  For  an  account  of  sulpho- 
cyanic  acid  v.  CYANIC  (SULPHO)  ACID,  p.  303 ; 
and  for  general  properties  of  sulphocyanides  v. 
p.  328.  JDisulphocyanides  (salts  of  H2C2N,S2) 
are  described  in  the  art.  CYANUBATES  (METALLIC) 
and  SULPHOCYANUBATES,  p.  360. 

Aluminium  sulphocyanide  Al203.£cH20  dis- 
solves slowly  in  HSCyAq  ;  when  the  solution  is 
evaporated  over  H,S04  a  gummy  mass  is  ob- 
tained, which  may  be  the  neutral  salt ;  if  the 
solution  is  evaporated  at  100°  H2S  and  HCy  are 
evolved  and  yellow  flakes  (?  basic  salt)  separate 
(Meitzendorff,  P.  56,  63). 

Ammonium  sulphocyanide  NH4SCy.  H.F. 
[N,  H4,  S,  Cy]  =  59,100  (Joannis,  A.  Ch.  [5]  26, 
540).  Produced  by  decomposing  Cu(SCy)2  by 
NH4HSAq,  filtering,  and  evaporating;  also  by 
evaporation  of  NH3Aq  mixed  with  alcoholic 
solution  of  CS2  (Millon,  Z.  1861.  64;  Zeise,  A. 
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47,  36;  Glaus,  A.  179,  112).  Prepared  by  digest- 
ing the  HCNAq  from  6  parts  K4FeCy6  (by  dis- 
tilling with  3  parts  cone.  H2S04  mixed  with 
1^  parts  water)  with  the  NH4  polysulphide  solu- 
tion obtained  by  saturating  2  parts  NH3Aq, 
S.G.  '95,  with  H2S,  and  adding  2  parts  of 'the 
same  NH3Aq  and  2  parts  S. ;  the  liquid  is  boiled 
till  all  NH4  sulphide  is  decomposed  with  separa- 
tion of  S,  filtered,  evaporated,  and  crystallised 
(about  1£  to  If  parts  NH4SCy  are  obtained) 
(Liebig,  A.  61,  126).  Large,  white,  deliquescent 
plates.  S.G.  1-3075  at  13°  (Clarke,  J.  1877.  43). 
V.  sol.  water  and  alcohol ;  melts  at  159°  (Rey- 
noso,  A.  150,  255) ;  and  at  higher  temperature 
(180°-190°)  evolves  CS2,  H2S,  and  NH3,  and 
leaves  guanidin  sulphocyanide  (Volhard,  B.  7, 
92  ;  Delitsch,  J.  pr.  [2]  8,  240  ;  9,  1) ;  at  230°- 
250°  thioprussiamic  acids  are  formed  (Glaus  a. 
Seippel,  B.  7,  92) ;  at  still  higher  temperature 
mellam  is  formed,  and  finally  mellone  (Volhard, 
J.  pr.  [2]  9,  28).  Heated  for  some  time  nearly 
to  its  M.P.,  thio-urea,  CS(NH2)2  (isomeric  with 
NH4SCy),  is  produced  (Volhard,  B.  7,  92;  Rey- 
noso,  A.  150,  255).  S.  122-1  at  0°,  162-2  at  20°  ; 
much  heat  disappears  during  solution  (Riidorff, 
B.  2,  68 ;  Clowes,  Z.  1866.  190 ;  Joannis,  A.  Ch. 
[5]  26,  482).  Several  metallic  oxides,  e.g.  HgO, 
ZnO,  Ag20,  dissolve  in  NH4.SCyAq  and  form 
double  sulphocyanides  (Fleischer,  A.  179,  225). 
Combines  with  HgCy2  to  form  the  double  com- 
pound NH4SCy.HgCy2  (Cleve,  Bl.  [2]  23,  71). 

Arsenic  sulphocyanide  As(SCy)3.  Produced  in 
very  small  quantity  by  heating  together  AsCl3 
and  Pb(SCy)2 ;  volatile  at  c.  400°  forming  oily 
drops  which  solidify  to  crystals;  insol.  in  all 
ordinary  menstrua;  decomposed  by  water  to 
AsAAq  and  HSCy  (Miguel,  A.  Ch.  [5]  11,  341). 

Barium  sulphocyanide  Ba(SCy)2.2H20. 
Formed  by  neutralising  HSCyAq  by  BaC03, 
evaporating  at  100°,  and  then  over  H2SO4  (Meitz- 
endorff,  P.  56,  63).  Long,  lustrous,  deliquescent 
needles ;  v.  sol.  alcohol  and  water.  From  warm 
solution  of  this  salt  mixed  with  warm  HgCy^q 
the  double  corapowndBa(SCy)2.HgCy2.4H20  sepa- 
rates on  cooling  (Cleve,  Bl.  [2]  23, 71 ;  cf.  Storck 
a.  Strobel,  D.  P.  J.  235,  156). 

Beryllium  sulphocyanide  [?Be(SCy)2].  Pre- 
pared by  adding  BeS04  to  Ba(SCy)2Aq  (Toc- 
zynsky,  Z<  1871.  276) ;  or  by  dissolving  BeC03in 
HSCyAq  and  crystallising  (Hermes,  J.  pr.  97. 
465). 

Bismuth  sulphocyanide  Bi(SCy)3.  By  dis- 
solving Bi203.o;H20  in  HSCyAq,  evaporating, 
filtering  from  the"  yellow  basic  salt  which  sepa- 
rates, and  evaporating  again ;  dark  orange  red 
powder  (Meitzendorff,  P.  56,  63). 

Cadmium  sulphocyanide  Cd(SCy)2.  White 
crystals ;  sp.  sol.  water ;  by  dissolving  CdC03  in 
HSCyAq  and  evaporating  (Meitzendorff,  P. 
56,  63).  By  dissolving  this  salt  in  NH3Aq, 
and  evaporating  with  frequent  addition  of 
NH3Aq,  the  double  compound  Cd(SCy)2.2NH3 
is  formed  (M.).  The  double  compound 
Cd(SCy)2.2HgCy2.4H20  is  described  by  Cleve  (Bl. 
[2]  23,  71). 

Calcium  sulphocyanide  Ca(SCy)2.3H20.  Pre- 
pared like  the  Ba  salt.  Crystallises  badly ;  sol. 
water  (Meitzendorff,  P.  56,  63).  From  hot  solu- 
tions of  this  salt  and  HgCy2  the  double  compound 
Ca(SCy)2.2HgCy2.8H20  crystallises  on  cooling 
(Cleve,  Bl.  [2]  23,  71 ;  Bockmann,  A.  22,  153). 


Cerium  sulphocyanide  Ce(SCy)3.7H,0 ;  double 
compound  Ce(SCy)3.3HgCy2.12H26  (Jolin,  Bl.  [2] 
21,  535). 

Chromium  sulphocyanides.  Besides  chromic 
sulphocyanide,  the  acid  chromisulpJwcyanhydric, 
H3Cr(SGy)3,  is  known  in  aqueous  solution,  and  a 
series  of  salts,  chromisulphocyanides,  is  derived 
from  it ;  there  are  also  several  chrom-ammonium 
sulphocyanides  known. 

Chromic  sulphocyanide  Cr(SCy)3. 
Dark-green,  amorphous,  deliquescent  mass,  ob- 
tained by  dissolving  Cr2O3.xH2O  in  HSCyAq,  and 
evaporating  over  H2SO4  in  vacuo  (Clasen,  J.  pr. 
96,  349). 

Chromisulphocyanhydric  acid,  or 
chromisulphocyanic  acid,  H3Cr(SCy)3Aq ;  known 
only  in  aqueous  solution,  which  is  obtained  by 
decomposing  the  Pb  or  Ag  salt  by  H2S.  The 
solution  is  dark  wine-red  and  distinctly  acid  ;  it 
decomposes  on  evaporation  to  HSCyAq  and 
Cr(SCy)3  (Rosier,  A.  141,  185). 

Potassium  chromisulphocyanide 
K3Cr(SCy)3.4H20.  Prepared  by  heating  for 
about  2  hours  a  fairly  cone,  solution  of  6  parts 
KSCy  and  5  parts  chrome-alum,  ppg.  by  alcohol, 
filtering,  and  crystallising  from  alcohol.  Forms 
almost  black  crystals,  which  appear  ruby  red 
by  transmitted  light;  loses  all  H20  at  110°. 
Solution  of  this  salt  is  not  ppd.  by  alkali  car- 
bonates or  by  NH4HS  ;  it  is  ppd.  by  NaOHAq 
only  on  heating;  evaporated  with  HClAq,  KC1 
and  CrCl3  are  produced  (Rosier,  A.  141,  185). 
Besides  the  K  salt  the  following  are  described 
by  Rosier  (I.e.)  :— 

(NH4)3Cr(SCy3).8H20 ;  Ba32Cr(SCy)3.16H20 ; 
Pb32Cr(SCy)3.4Pb(OH)2.8H20 ;  Ag3Cr(SCy)3 ; 
Na3Cr(SCy)3.7H20. 

Chrom-ammonium  sulphocyanides. 
The  composition  of  these  salts  may  be  expressed 
by  the  formula  2Cr(SCy)3.4NH3.M«(SCy)2  where 
M  =  2NH4,  K2,  Ag,  Cu2,  or  Hg ;  these  salts  do  not 
seem  to  be  double  compounds,  but  rather  salts 
of  the  complex  acid  H,(SCy)8(N4H10Cr2).  The 
acid  itself  is  known  in  aqueous  solution ;  it  is 
obtained  by  decomposing  the  Hg  salt  by  H2S  ; 
the  solution  is  deep-red,  by  careful  evaporation 
a  red  amorphous  mass  is  obtained  (Reinecke,  A. 
126,  113). 

The  ammonium  salt 

(NH4)2(SCy)8(N4H,0Cr2)  is  obtained  by  adding 
powdered  K2Cr207  to  molten  NH4SCy  until  the 
mass  becomes  solid,  treating  with  hot  water, 
and  adding  pieces  of  NH4C1  to  the  deep-red 
liquid,  when  the  salt  separates  in  reddish  crys- 
tals. V.  sol.  alcohol  and  ether;  by  prolonged 
treatment  with  water  it  forms  NH4SCy,  Cr(SCy)3, 
and  Cr2O3 ;  easily  decomposed  by  dilute  acids  or 
alkalis  (Reinecke,  A.  126,  113 ;  cf.  Morland,  /. 
1860.  162). 

The  potassium  salt  K2(SCy)s(N4H10Cr2) 
is  obtained  by  reacting  on  the  NH4  salt  by  cone. 
KOHAq,  and  re-crystallising  the  compound 
which  separates  from  hot  water. 

The  sodium  salt  is  obtained  by  a  similar 
process,  using  NaOHAq.     The  soluble  salts  give 
pps.  with  salts  of  many  heavy  metals ;  the  fol- 
lowing have  been  isolated : — 
Cu2(SCy)8(N4H10Cr2),  Hg(SCy)8(N4H10Cr2), 

Ag2(SCy)8(N4H10Cr2). 

Cobalt  sulphocyanide  Co(SCy)2  (Glaus,  A. 
99,  48).  Obtained  by  dissolving  CoO.zH./)  in 
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HSCyAq,  and  evaporating.  According  to  Meitz- 
endorff (P.  56,  63)  the  salt  crystallises  with 
^H20.  Solution  in  water  is  rose-red,  becoming 
deep  blue  by  concentration.  Alcoholic  or  ethe- 
real solution  becomes  blue  on  dilution  ;  this  re- 
action has  been  applied  for  the  optical  determi- 
nation of  Co  (Wolff,  Fr.  1879.  38).  The  double 
compound  Co(SCy)2.Hg(SCy)2  is  known  (Cleve, 
J.pr.  91,  227  ;  Skey,  J.  1874.  300). 

Copper  sulphocyanides.  Cuprous  sulpho- 
cyanide  Cu2(SCy)2  (Meitzendorff,  P.  56,  63). 
Formed  by  adding  KSCyAq  to  CuS04Aq  reduced 
by  FeS04  or  S02.  White  powder,  insol.  water 
and  dilute  acids ;  sol.  NH3Aq.  May  be  used  in 
quantitative  estimation  of  Cu  (Rivot,  C.  R.  38, 
868;  Busse,  Fr.  1878.  55).  Cupric  sulpho- 
cyanide  Cu(SCy)2  (Meitzendorff,  I.e. ;  Hull,  A. 
76,  93).  Black  crystalline  powder ;  by  adding 
KSCyAq  to  fairly  air-free  cone.  CuS04Aq  con- 
taining a  little  H2S04;  decomposed  by  water, 
quickly  when  hot,  to  Cu2(SCy)2,  HSCy,  HCy,  and 
H,S04.  Dissolves  in  NH3Aq,  and  gives  the  double 
salt  Cu(SCy)2.2NH3  (Meitzendorff,  I.e.). 

Didymium  sulphocyanide  Di(SCy)3.6H20 
(Cleve,  Bl.  [2]  21,  248). 

Erbium  sulphocyanide  Er(SCy)3.6H,0  (Cleve 
a.  Hoeglund,  Bl.  [2]  18,  197).  Double  compound 
Er(SCy)3.3HgCy2.12H20  (Cleve,  Bl.  [2]  21,  344). 

Gold  sulphocyanides  ;  known  only  in  combi- 
nation. 

Aurous  -  potassium  sulphocyanide 
AuSCy.KSCy.  AuCl3Aq  is  added  drop  by  drop 
to  KSCyAq  at  80°  as  long  as  the  pp.  dissolves, 
the  liquid  is  evaporated  and  crystallised.  Straw- 
yellow  prisms ;  melts  at  100° ;  decomposed  by 
heat  to  S,  CS2,  Au,  and  KSCy.  Solution  blackens 
in  light ;  it  gives  pps.  with  salts  of  many  heavy 
metals  (Cleve,  J.pr.  94,  14).  Addition  of  NH3Aq 
pps.  the  double  compound  AuSCy.NH3. 

Auric-potassium  sulphocyanide 
Au(SCy)3.KSCy.  AuCl3Aq  is  added  to  excess  of 
KSCyAq  in  the  cold  (Cleve,  J.pr.  94,  14).  Crys- 
tallises from  warm  water  in  orange-red  needles ; 
sol.  alcohol  and  ether.  Forms  double  compounds 
(Skey,  J.  1874.  300). 

Auric  -sodium  sulphocyanide 
Au(SCy)3.NaSCy  (Kern,  J.  1876.  319). 

Iron  sulphocyanide.  Ferric  sulphocyan- 
ide  Fe(SCy)3.l£H20 ;  by  KSCyAq  to  FeCL.Aq 
and  evaporating.  Small  blackish-red  crystals ; 
v.  sol.  water,  alcohol,  and  ether.  Solution  is 
decolourised  by  NaHCO/with  ppn.  of  all  Fe ;  not 
decolourised  by  HClAq  (Cleve,  J.pr.  91,  227  ;  cf. 
Skey,  J.  1874.300).  Ferrous  sulphocyan- 
ide Fe(SCy)2.l^H20.  Greenish  prisms,  by 
adding  KSCyAq  to  FeS04Aq ;  v.  sol.  water,  alco- 
hol, and  ether;  unstable  (Glaus,  A.  99,  48). 
Forms  a  double  compound  Fe(SCy).,.Hg(SCy)2 
(Cleve,  J.pr.  91,  227). 

Lanthanum  sulphocyanide  La(SCy)3.7H20. 
Double  compound  La(SCy)3.3HgCy2.12H20 
(Cleve,  Bl.  [2]  21,  196). 

Lead  sulphocyanide  Pb(SCy)2.  Yellow  lus- 
trous monoclinic  crystals ;  by  ppg.  neutral 
Pb(C2H.402)Aq  by  KSCyAq.  S.G.  3-82  (Schabus, 
W.  A.  B.  1850.  108).  Decomposed  by  hot  water 
to  the  basic  salt  PbOH.SCy,  which  is  also  ob- 
tained by  adding  basic  Pb  acetate  to  KSCyAq 
(Liebig,  P.  25,  546).  H.F.  [Pb,  S,  Cy]  =  23,000 
(Joannis,  A.  Ch.  [5]  26,  540).  The  double 
salts  Pb(SCy)2.PbBr2,  Pb(SCy)2.8PbBr2,  and 


3Pb(SCy)2.PbI2.  are  described  by  Thorp  (Am.  10, 
229). 

Lithium  sulphocyanide  LiSCy  (Hermes, 
J.  pr.  97,  465). 

Magnesium  sulphocyanide  Mg(SCy)2.4H2O. 
White  deliquescent  crystals;  by  dissolving 
MgC03  in  HSCyAq  and  evaporating  (Meitzen- 
dorff, P.  56,  63).  Forms  the  double  compound 
Mg(SCy)2.2HgCy2.4H20  by  mixing  warm  solutions 
of  the  two  salts  and  allowing  to  cool  (Cleve,  Bl. 
[2]  23,  71). 

Manganese  sulphocyanide  Mn(SCy).,.3H.,0 
(Meitzendorff,  P.  56,  63).  By  dissolving  MnC08 
in  HSCyAq  and  evaporating.  Loses  3H20  at 
160°-170°. 

Mercury  sulphocyanides.  Mercurous  sul- 
phocyanide HgSCy  (Wohler,  G.  A.  69,  271). 
H.  F.  [Hg,  S,  CyJ  =  18,000  (Joannis,  A.  Ch.  [5] 
26,  540).  White  pp.  by  adding  dilute  KSCyAq 
to  a  large  excess  of  very  dilute  HgN03Aq  with  a 
little  HN03  added ;  if  the  solutions  are  not  di- 
lute the  pp.  is  grey  and  contains  Hg  (Glaus,  J.pr. 
15,  401 ;  Hermes,  J.  pr.  97,  465).  Sol.  in  hot 
HClAq,  also  in  KSCyAq,  with  separation  of  Hg 
(Philipp,  P.  131,  86).  Mercuric  sulphocy- 
anide Hg(SCy)2.  White  pp.  by  mixing  HgCLjAq 
or  Hg(N03)2  Aq  and  KSCyAq ;  sol.  excess  of  either 
salt ;  v.  si.  sol.  water,  m.  sol.  alcohol ;  soluble 
with  decomposition  in  solutions  of  chlorides. 
When  Hg(SCy)2  is  heated  it  swells  up,  giving  off 
Hg  vapour,  N,  and  CS2,  and  leaving  a  grey  mass 
like  graphite,  and  at  a  higher  temperature  form- 
ing mellon.  This  salt  is  sold  under  the  name  of 
'Pharaoh's  serpents.'  (Hermes,  J.pr.  97,  465  ; 
Philipp,  P.  131,  86.)  Hg(SCy)2  dissolves  in  some 
other  sulphocyanides  forming  double  sulpho- 
cyanides ;  the  following  have  been  isolated : — 
Hg(SCy)2.2NH4SCy  (Fleischer,  A.  179,  225); 
Hg(SCy)2.2KSCy  (Hermes,  J.  pr.  97,  465); 
Hg(SCy)2.Zn(SCy)2  (Cleve,  J.  pr.  91,  227).  Be- 
sides these  double  sulphocyanides  Hg(SCy)2 
forms  several  double  compounds  with  other  salts ; 
Hg(SCy)2.3NH3.H20  (Fleischer,  A.  179,  225); 
Hg.SCy.NH2.HgO  (Glaus,  J.pr.  15,  401 ;  Philipp, 
P.  131,  86;  Fleischer,  I.e.) ;  Hg(SCy)2.3HgO 
(Fleischer,  I.e.) ;  Hg.SCy.C2H302  (Byk,  J.pr.  [2] 
20,  328);  Hg(SCy)2.KCy.2H20  (Bockmann,  A. 
22,  153  ;  Claus,  I.e. ;  Philipp,  I.e.). 

Molybdenum  sulphocyanide.  Pp.  formed  by 
adding  cone.  KSCyAq  to  a  Mo  salt  is  probably 
Mo(SCy)3  (?).  Sol.  in  water  or  ether  with  in- 
tense dark  carmine  red  colour  (Braun,  Fr.  1863. 
36  ;  1867.  86).  Said  to  form  a  double  compound 
with  Hg(SCy)2  (Skey,  C.  N.  30,  25). 

Nickel  sulphocyanide  Ni(SCy)r£HjO ;  yellow 
crystalline  powder ;  obtained  by  evaporating  so- 
lution of  NiO  in  HSCyAq  (Meitzendorff,  P.  56, 
63).  Dissolves  in  NH3Aq,  and  solution  evapo- 
rated on  water-bath  gives  blue  efflorescent  crys- 
tals of  the  double  compound  Ni(SCy)2.4NH3 ; 
decomposed  by  water  to  NH3Aq  and  NiO  (Meitz- 
endorff, I.e.).  Also  forms  a  double  compound 
with  Hg(SCy)2,  viz.  Ni(SCy)2.Hg(SCy)2.2H20 
(Cleve,  J.pr.  91,  227). 

Palladium  sulphocyanides.  None  certainly 
isolated  ;  if  a  simple  sulphocyanide  of  Pd  exists 
it  is  very  soluble  in  water  (v.  Porrett,  T.  1814. 
527).  By  dissolving  PdCl2.2KCl  and  KSCy  in 
water  and  crystallising,  a  double  sulphocyanide 
of  Pd  and  K  is  obtained ;  other  double  palladium 
sulphocyanides  are  also  said  to  be  formed  by  re- 
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Actions  similar  to  those  whereby  sulphocyano- 
platinum  compounds  are  produced  ;  the  compo- 
sition of  these  salts  is  not  yet  finally  decided,  the 
data  are  meagre  (v.  Croft,  C.  N.  16,  53). 

Phosphorus  sulphocyanide  P(SCy)3  v.  PHOS- 

PHOKUS. 

Platinum  sulphocyanides.  The  reddish-brown 
solid  obtained  in  the  reaction  between  some  of 
the  double  Pt  sulphocyanides,  e.g.  K2Pt(SCy)6 
and  01  or  HN03Aq,  is  probably platinous  sulpho- 
cyanide,Pi(SCj)2  (Buckton,  C.  J.  7, 22).  Platinic 
sulphocyanide  has  not  been  isolated.  Many 
double  compounds  of  Pt(SCy)2  and  Pt(SCy)4  are 
known,  but  they  are  better  regarded  as  salts  of 
the  acids  H2Pt(SCy)4  and  H2Pt(SCy)6,  both  of 
which  are  known  in  aqueous  solution  ;  the  salts 
in  question  are  generally  called  sulphocyano-pla- 
tinit&s  and  sulphocyano-platinates,  or  sometimes 
platinoso-  and  platino-  sulphocyanides.  The  K 
salts  are  formed  by  reaction  between  KSCy  and 
PtCl2Aq  or  PtCl4Aq;  the  salts  of  the  heavy 
metals  are  formed  from  the  K  salts  by  double 
decomposition.  Both  series  of  salts  are  decom- 
posed by  Cl  or  HN03Aq  with  formation  of  HCy, 
H2S04(HC1),  K2S04(KNO3),  and  separation  of  a 
brownish-red  solid  which  is  probably  Pt(SCy)2. 
NH3Aq  reacts  with  salts  of  both  series  to  form 
platosammonium  sulpJwcyanide  (N2H6Pt).2SCy 
(q.  v.}.  The  sulphocyano-platinum  compounds 
have  been  chiefly  investigated  by  Buckton  (C.  J. 
7,  22). 

Sulphocyanoplatinous  acid 
H2Pt(SCy)4Aq.  (Platinoso-sulphocyanic  acid. 
Platinoso-sulphocyanhydric  acid.)  Known  only 
in  aqueous  solution,  which  is  obtained  by  care- 
fully adding  dilute  H2S04Aq  to  the  Ba  salt ;  the 
solution  soon  decomposes  even  by  evaporation 
in  vacua,  giving  HSCyAq  and  a  pp.  containing 
Pt. 

Ammonio-platinous  sulphocyano- 
platinite  or  platinoso-sulphocyanide 
(N4H12Pt).Pt(SCy)4.  (Diammonio-platosammo- 
nium  sulphocyano-platinite, 
(N2H4[NH4]2Pt).Pt(SCy)4.)  Obtained  by  adding 
KSCyAq  to  diplatosammonium  chloride, 
N2H4[NH4]2Pt2.Cl2  ;  buff  pp. ;  insol.  in  water  and 
alcohol,  sol.  in  dilute  HClAq ;  when  heated  it  is 
decomposed,  burning  like  tinder,  and  leaves  Pt. 
This  salt  seems  to  be  polymeric  with  platosammo- 
nium sulphocyanide,  (N2H6Pt).2SCy  (q.  v.). 

Potassium  sulphocyanoplatinite  or 
platinoso-sulphocyanide  K;Pt(SCy)4.  Pre- 
pared by  dissolving  equal  parts  of  PtCl2  and  KSCy 
in  as  small  a  quantity  as  possible  of  hot  water, 
and  crystallising  from  alcohol  the  salt  which 
separates.  Also  by  adding  PtCl2.2KCl  in  small 
successive  quantities  to  cone.  KSCyAq,  crystal- 
lising from  alcohol,  pressing  between  paper,  and 
re-crystallising  from  water.  Bed  microscopic 
crystals ;  six-sided  prisms ;  S.  40  at  15-5° ;  v. 
sol.  in  alcohol.  Non-deliquescent ;  not  changed 
at  100°  if  dry;  decomposed  by  NH3Aq  to 
(N,H6Pt).2SCy  and  KSCyAq. 

Silver  sulphocyano-platinite  or  pla- 
tinoso-sulphocyanide Ag2Pt(SCy)4.  White 
curdy  pp.  by  adding  AgN03Aq  to  solution  of  the 
K  salt.  Partly  soluble  in  NH3Aq  with  decompo- 
sition ;  sol.  in  KSCyAq. 

Sulpho-cyanoplatinic  acid  or platino- 
sulphocyanic  acid  (Platino-sulpJiocyanhy- 
dric  acid)  H2Pt(SCy)6Aq.  Known  only  in  aque- 


ous solution,  which  is  obtained  by  decomposing 
the  Pb  salt  by  H2S  ;  decomposes  when  evapo- 
rated, even  in  vacuo ;  dark-red  liquid  with  acidic 
taste ;  decomposes  carbonates  and  dissolves  Zn 
evolving  H. 

Ammonium  sulphocyanoplatinate  or 
platino -sulphocyanide  (NH4)2Pt(SCy)a. 
Carmine-red  six-sided  tables ;  formed  by  boiling 
1  part  (NH4)2S04  with  1£  parts  K2Pt(SCy)6  in 
cone,  solution,  separating  (NH4)2S04  and  KjS04 
by  adding  alcohol,  and  re-crystallising  the  salt 
from  warm  water.  Aqueous  solution  is  decom- 
posed by  boiling,  giving  off  HSCy. 

Barium  sulphocyanoplatinate  or 
platino-sulphocyanide  BaPt(SCy)6.  Red 
needles ;  sol.  in  water  and  alcohol ;  by  reaction 
between  excess  of  BaCl2Aq  and  K2Pt(SCy)8,  eva- 
porating and  dissolving  in  alcohol. 

Cupric  sulphocyanoplatinate  or 
platino-sulphocyanide',  green  pp.  by  add- 
ing K2Pt(SCy)6Aq  to  CuS04Aq,  probably 
CuPt(SCy)6 ;  becomes  black  when  liquid  is 
boiled ;  sol.  in  NH3Aq,  reppd.  by  HClAq. 

Iron  sulphocyanoplatinates  or  pla- 
tino-sulphocyanides.  The  ferrous  salt 
FePt(SCy)6  is  a  black  crystalline  pp.,  insol.  in 
water  and  alcohol,  obtained  by  adding  slightly 
acidulated  FeS04Aq  to  cone.  K2Pt(SCy)6Aq.  The 
ferric  salt  is  prepared  by  using  FeCl3Aq  in  place 
of  FeS04Aq  and  boiling  ;  probably  Fe32Pt(SCy)6. 

Lead  sulphocyanoplatinate  or  pla- 
tino-sulphocyanide PbPt(SCy)6;  golden- 
yellow  hexagonal  plates,  obtained  by  mixing 
cone.  Pb(C2H302)2Aqand  cone.  K2Pt(SCy)6,  wash- 
ing with  cold  water,  and  crystallising  from  al- 
cohol ;  decomposed  by  hot  water.  The  basic 
salt  PbPt(SCy)6.PbO  is  formed  as  a  red  pp.  by 
ppg.  basic  Pb  acetate  solution  with  cone. 
K2Pt(SCy)6Aq. 

Mercurous  sulphocyanoplatinate  or 
platino-sulphocyanide  Hg2Pt(SC.y)6;  yellow 
pp.  by  adding  HgN03Aq  to  K2Pt(SCy)6Aq. 

Potassium  sulphocyanoplatinate  or 
platino-sulphocyanide  KjPtfSCy),,.  Pre- 
pared by  adding  2  pt's.  KjPtClg  to  a  warm  solu- 
tion of  2|  pts.  KSCy,  heating  nearly  to  boiling, 
filtering,  and  allowing  to  crystallise;  the  crystals 
are  dissolved  in  boiling  alcohol  (to  separate 
KC1),  and  the  liquid  is  passed  through  a  filter 
which  is  kept  warm.  Also  produced  by  adding 
PtCl4Aq  to  cone.  KSCyAq  at  70°- 80°,  and  allow- 
ing to  cool.  Deep  carmine-red,  six-sided  prisms ; 
permanent  in  air  at  ordinary  temperatures ; 
S.  c.  8£  at  60°,  S.  much  greater  at  100°.  Crys- 
tallises with  2H20  according  to  Gmelin  (c/.  Wyru- 
bow,  BL  [2]  33,  402).  Heated  to  redness  gives 
KSCy,  Pt,  and  gaseous  products.  Decomposed  by 
hot  H2S04  or  HClAq.  With  HN03Aq  or  Cl  pro- 
bably gives  Pt(SCy)2.  Reacts  with  NH3Aq  or 
(NH4)2C03Aq  to  form  K2S04,  KSCy,  NH4Cy, 
NH4SCy,  and  ppt.  yellow  needles  of  platosam- 
monium sulphocyanide  (N2H6Pt).2SCy  (q.  v.). 

Silver  sulphocyanoplatinate  or 
platino  -  sulphocyanide  Ag2Pt(SCy)6. 

Orange-yellow    pp.   by  mixing  AgN03Aq  with 
K2Pt(SCy)6Aq.    Forms  a  double  salt 
Ag2Pt(SCy)6.2KSCy. 

Sodium  sulphocyanoplatinate  or 
platino-sulphocyanide  '  Na2Pt(SCy)6. 
Garnet -coloured  tablets ;  obtained  by  decompos- 
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ing  the  Pb  salt  by  Na2S04Aq ;  sol.  water  and 
alcohol. 

Platosammonium  sulphocyanide 
(N2H6Pt).2SCy.  This  salt  is  obtained  by  de- 
composing potassium  platino-sulphocyanide 
K2Pt(SCy)6  (v.  supra)  by  NH3Aq  or  (NH4)2C03Aq, 
collecting  the  crystals  which  separate,  washing 
them  with  cold  water,  and  recrystallising  from 
alcohol.  It  is  also  produced  when  NH3Aq  re- 
acts with  potassium  platinoso-sulphocyanide 
K,Pt(SCy)4,  or  by  mixing  1  pt.  KSCy  with  1-6  pts. 
platosammonmm  chloride  N2H6PtCl2  in  aqueous 
solution,  heating  nearly  to  boiling,  adding  an 
equal  volume  of  alcohol,  filtering  hot,  and  allow- 
ing to  cool.  Straw-yellow  needles;  melts  at 
100°-110°;  decomposes  at  c.  180°,  giving  off 
NH3  and  HCy,  and  also  S02  if  in  air,  and  leaving 
Pt.  Sparingly  sol.  cold  water,  more  sol.  alcohol. 
Not  acted  on  by  dilute  HClAq  or  H2S04Aq. 
Aqueous  solution  is  decomposed  on  boiling,  evolv- 
ing NH3  (Buckton,  C.  J.  7,  22).  The  salt  de- 
scribed as  ammonia -platinous  platinoso-sulpho- 
cyanide (N2H4[NH4]2Pt).Pt(SCy)4  (v.  p.  351)  is 
probably  polymeric  with  platosammonium 
sulphocyanide. 

Potassium  sulphocyanide  KSCy.  H.F. 
[K,S,Cy]  =  87,800  (Joannis,  A.  Ch.  [5]  26,  482). 

Formation. — 1.  By  fusing  1  pt.  dry  K4FeCy6 
with  3  pts.  K2S203  (Frohde,  P.  119,  317).— 
2.  By  heating  NH.SCy  with  KOHAq,  or 
(NH4)2CS3  with  K2SAq  (Gelis).— 3.  By  adding  a 
mixture  of  S,  C,  and  (NH4)2S04  to  a  molten  mix- 
ture of  KOH  and  S  (Fleck,  D.  P.  J.  169,  209) 
[(NH4),S04  +  C  +  S  =  NH4.SCy  +  S02  +  2H2O ;  and 
2NH4SCy  +  K2S  =  2KSCy  +  (NH4)2SJ.— 4.  An 
aqueous  solution  of  KCy  (65  pts.)  is  digested 
with  S  (32  pts.)  until  S  is  all  dissolved  (Wiggers, 

A.  29,  319). 

Preparation. — A  mixture  of  32  pts.  S  with 
17  pts.  K2C03  is  heated  until  it  melts,  46  pts.  dry 
K4FeCy6  are  added,  and  heating  is  continued 
until  the  mass  fuses  quietly  and  a  little  taken 
out  does  not  give  the  reactions  of  ferrocyanide  ; 
temperature  is  then  raised  for  a  little  to  change 
any  K2S203  into  KjS04 ;  the  cold  mass  is  ex- 
tracted with  water,  and  the  liquid  is  neutralised 
by  H2S04Aq;  the  liquor  is  evaporated  to  dry- 
ness,  the  residue  is  boiled  with  alcohol,  the 
alcoholic  solution  is  filtered  and  crystallised 
(Henneberg,  A.  73,  230  ;  cf.  Liebig,  A.  50,  345  ; 
51,  288;  Babcock,  Z.  1866.  666;  Frohde,  P. 
119,  317). 

Properties. — Long,  white,  striated  prisms, 
resembling  nitre.  S.G.  1-886-1-906  (Bodeker, 
J.  1860.  17).  S.  177-2  at  0°,  217  at  20°  (Eiidorff , 

B.  2,  68).    By  dissolving  150  pts.  of  the  salt 
in  100  pts.  water   at  10-8°,  temperature  falls 
to  -  23-7°  (Kiidorff,  B.  2,  68).    Joannis  (A.  Ch. 
[5]  26,  482)  gives  the  heat  of  solution  [KSCy,Aq] 
=  -6100.    Melts  at  161-2°  (Pohl,  J.  1851,  59). 
The  molten  salt  becomes  brown,  then  green, 
finally  indigo  blue,  but  on  cooling  it  again  goes 
white  (Nollner,  P.  98,   189).      Non-poisonous 
(Wohler  a.  Frerichs,  A.  65,  342  ;  Hermes,  J.  pr. 
97,  465).    According  to  Berzelius   (S.  31,  42), 
when  KSCy  is  heated  in  moist  air  it  evolves 
C02  and  NH3  and  K2S  remains.   KSCyAq  slowly 
decomposes,  quickly  on  boiling,  evolving  NH3 
(Vogel,  S.  23,  15). 

Reactions.— 1.  Chlorine  passed  into  melted 
KSCy  forms  S2C12  and  Cy3Cl3  (Liebig,  P.  15,  548; 


34,  576).  Cl  passed  into  fairly  cone.  KSCyAq 
forms  pseudosulphocyanogen  C3N.<HS3 ;  with 
excess  of  Cl,  NH3,  H2S04,  HC1,  and  C02  are  pro- 
duced (Liebig,  A.  39,  215  ;  50,  337;  Volckel,  A. 
43,  97  ;  Parnell,  P.  M.  17,  249).— 2.  Cone,  nitric 
acid  ppts.  C3N3HS3  (Liebig ;  Volckel).— 3.  Potas- 
sium permanganate,  manganese  dioxide,  or  lead 
peroxide  oxidises  the  S  of  KSCy  to  H2S04  (Hadow, 
C.  J.  11,  174).— 4.  Molten  KSCy  reacts  violently 
with  hydrochloric  acid  gas,  forming  HCy,  CS^, 
and  NH4C1  (Liebig,  I.e.).— 5.  Heated  gently  with 
phosphorus  pentachloride  CyCl,  KC1,  and  PSC13 
are  produced ;  at  a  higher  temperature  the  pro- 
ducts vary  (Schiff,  A.  106,  116).  —6.  Heated  with 
iron  FeS,  K2S,  and  K4FeCy6  are  formed  (Gelis, 
Rep.  Chim.  App.  1862. 370). — 7.  KSCyAq  electro- 
lysed gives  H2S04,  S0.2,  HCy  and  S  (Schlagden- 
hauffen,  J.  Ph.  [3]  49,  100). 

Combinations. — With  mercuric  cyanide  and 
iodide  to  form  KSCy.HgCy2.2H.,0  (Bockmann, 
A.  22,  153 ;  Cleve,  Bl.  [2]  23,  7~1 ;  Philipp,  P. 
131,  86) :  2KSCy.HgI2.2H20  (Philipp,  Z.c.). 

Silicon  sulphocyanide  Si(SCy)4  v.  SILICON. 

Silver  sulphocyanide  AgSCy.  H.F.  [Ag,S,Cy] 
=  16,500  (Joannis,  A.  Ch.  [5]  26,  540).  White 
curdy  pp.  by  adding  KSCyAq  to  AgN03Aq. 
Blackens  in  light.  Insol.  water  and  dilute  acids ; 
sol.  NH3Aq  and  alkali  sulphocyanides,  also  in 
HgNO3Aq  (Wackenroder,  A.  41,  317).  Addition 
of.  NH3Aq  to  a  solution  of  AgSCy  in  NH4SCy 
ppts.  shining  tablets  of  the  double  compound 
AgSCy.NH3 ;  loses  all  NH3  by  treatment  with 
water  (Gintl,  W.  A.  B.  60,  474 ;  Weith,  Z.  1869. 
310;  cf.  Gossmann,  A.  100,  76).  Solution  of 
AgSCy  in  hot  KSCyAq  on  cooling  deposits  the 
double  salt  AgSCy.KSCy ;  decomposed  by  water 
(Hull,  A.  76, 93).  The  double  salt  AgSCy.NH4SCy 
is  also  known  (Gossmann,  A.  100,  76;  Fleischer, 
A.  179,  225). 

Sodium  sulphocyanide  NaSCy.  H.F.  [Na,S,Cy] 
=  77,100  (Joannis,  A.  Ch.  [5]  26,  540).  Prepared 
by  neutralising  HSCyAq  by  Na2C03,  evaporating, 
and  crystallising  from  alcohol.  Also  by  heating 
1  pt.  K4FeCy6  with  3|  pts.  dry  Na2S203,  and  dis- 
solving out  with  hot  alcohol  (Frohde,  P.  119, 
317;  Meitzendorff,  P.  56,  63).  Very  deliquescent 
rhombic  plates;  e.  sol.  alcohol.  Forms  the 
double  compound  NaSCy.HgCy2  (Cleve,  Bl.  [2] 
23,  71). 

Strontium  sulphocyanide  Sr(SCy)2.3H20. 
Prepared  by  neutralising  HSCyAq  with  SrCO3, 
and  evaporating  at  100°,  and  then  over  H2S04 
(Meitzendorff,  P.  56,  63).  Gives  off  3H.O  at  100°, 
and  begins  to  decompose  at  160°-170°.  Forms 
the  double  compound  Sr(SCy)2.2HgCy2.4H.,0 
(Cleve,  Bl.  [2]  23,  71). 

Thallous  sulphocyanide  TISCy.  Small 
shining  needles ;  by  mixing  Tl2C03Aq  with 
KSCyAq  (Kuhlmann,  J.  pr.  88,  175 ;'  Hermes, 
J.  pr.  97,  465).  For  crystalline  form  v.  Miller 
(Pr.  14,  455).  Forms  a  double  salt  with  KSCy 
(Carstanjen,  J.  pr.  102,  129). 

Tin  sulphocyanide.  The  stannous  salt 
Sn(SCy)2  is  obtained  by  heating  freshly  ppd. 
SnO.zHp  in  HSCyAq,  filtering,  boiling,  filtering 
again  from  SnO,  and  evaporating.  Citron-yellow 
crystals  ;  sol.  water  and  alcohol ;  aqueous  solu- 
tion reflects  blue  light  (Clasen,  J.pr.  96,  349). 
Stannic  hydrate  scarcely  dissolves  in  HSCyAq. 

Uranium  sulphocyanide  U(SCy)2.  Dark 
green  mass,  by  dissolving  uranous  hydrate  in 
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HSCyAq  and  evaporating  (Rammelsberg,  A.  48, 
235).  Existence  of  uranic  sulphocyanide  is 
doubtful  (v.  Porret,  T.  1814.  527). 

Yttrium  sulphocyanide  Y(SCy)3.6H20  (Cleve 
a.  Hoeglund,  BL  [2]  18,  197).  Forma  the  double 
compound  Y(SCy)3.3HgCy,.12H20  (Cleve,  J.  pr. 
91,  227). 

Zinc  sulphocyanide  Zn(SCy)2.  White  crystals ; 
obtained  by  dissolving  freshly  ppd.  ZnC03  in 
HSCyAq,  evaporating,  and  crystallising  from 
alcohol  (Meitzendorff,  P.  56,  63).  Dissolves  in 
NH3Aq,  rhombic  prisms  separate  of  the  double 
compound  Zn(SCy)2.2NH3 ;  these  are  decomposed 
by  water  to  ZnO  and  NH4SCy  (Meitzendorff, 
I.e.;  Fleischer,  A.  179,  225).  Also  forms  the 
double  compounds  Zn(SCy)2.2HgCy2.4H20,  and 
Zn(SCy)r2HgCy2.3NH3  (Cleve,  BL  [2]  23,  71). 

TELLUKOCYANIDES.  —  A  potassium 
tellurocyanide  is  probably  momentarily  formed 
when  Te  and  KCy  or  K4FeCy6  are  melted 
together,  but  if  so  it  is  quickly  decomposed  on 
treatment  with  water  with  ppn.  of  Te  (Berzelius, 
S.  31,  60).  M.  M.  P.  M. 

CYANIDINE,  a  name  proposed  by  Pinner 
(B.  18,  760)  for  derivatives  of  C3N3H3  in  which 
H3  is  displaced  by  hydrocarbon  radicles,  e.g. 
G,N,Me,  would  be  tri-methyl-cyanidine.  These 
compounds  are  mostly  described  as  paranitriles 
of  the  corresponding  acids.  See  also  CYANE- 
THINE,  CYANMETHETHINE,  and  CYANMETHINE. 

CYANILIC  ACID  v.  CYANIC  ACIDS. 

CYANINE  or  QTJINOLINE  BLUE  v.  QUINO- 

LINE. 

CYAN-METH-ETHINE  C8H13N3.  [166°].  S. 
2-7  at  20°. 

Preparation. — Sodium  (1  pt.)  is  added  to  a 
mixture  of  propionitrile  (6-6  pts.)  and  aceto- 
nitrile  (3-3  pts.).  The  sodium  dissolves  with 
evolution  of  gas.  The  product  is  freed  from  excess 
of  nitriles  by  distillation,  washed  with  water  and 
fractionally  crystallised  from  alcohol  and  benz- 
ene. Cyanethine  is  first  obtained,  but  the  chief 
portion  is  cyan-meth-ethine,  formed  thus : 
2C2H5CN  +  CH3CN  =  C8H13NS  (C.  Biess  a.  E.  v. 
Meyer,  J.pr.  [2]  31,112). 

Properties. — Trimetric  plates  (from  benzene). 
Begins  to  sublime  below  100°. 

Salts.— B',HCl,AuCl3.    Plates.— 
(B',HCl)2PtCl4.    Clustered  needles. 

Combination.— B'2,AgN03. 

Reactions. — 1.  Bromine  warmed  with  a  solu- 
tion of  the  hydrobromide  forms  a  colourless 
solution,  out  of  which  NH3  throws  down  bromo- 
cyanmethethine,  C8H12BrN3.  This  is  soluble  in 
hot  water,  alcohol,  ether,  and  benzene,  and  forms 
trimetric  crystals  [155°].~2.  HC1  at  180°  forms 
an  '  oxy-base  '  [150°]. 

CYANMETHINE  O^N,.  [181°].  S.  156  at 
18°.  S.  (alcohol)  19  at  18°. 

Preparation. — From  acetonitrile  (methyl  cy- 
anide) (6  pts.)  and  sodium  (1  pt.)  (Baeyer,  B.  2, 
319 ;  Keller,  J.  pr.  [2]  31,  366).  Marsh  gas  is 
evolved,  not  ethane. 

Properties. — Very  similar  to  cyanethine,  but 
2,140  times  more  soluble  in  water.  It  may  be 
crystallised  from  alcohol.  Its  aqueous  solutions 
give  pps.  with  AgN03,  Pb(OAc),,  HgCl2,  and  BaCl2 
(E.  v.  Meyer,  J.pr.  [2]  27,  152"). 

Combinations.— (C6H9N3)2AgN03.  Bhombo- 
hedra  (from  hot  water). 

Reactions.— 1.  N208,  passed  into  a  solution 
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of  cyanmethine  in  glacial  acetic  acid,  forms  an 
oxy-base,  C(iH7N2(OH)  ;  the  nitrate  of  this  base, 
CtiHt(N.,O,HN03,  separates  as  tufts  of  needles 
from  the  cold  solution.  The  free  base,  CaH8N20, 
melts  at  [193°],  and  crystallises  from  alcohol  in 
needles.  This  base  is  also  formed  by  heating 
cyanmethine  with  HC1  at  180 '  (Wollner,  J.  pr. 
[2]  29,  131).  The  nitrate  of  the  oxy-base  gives 
with  AgNOa,  on  neutralising  with  NH3,  a  pp.  of 
C6H7AgN2O. — 2.  Bromine  gives,  even  in  the 
cold,  a  bromo-cyan-methineriW3].  Decom- 
posed by  boiling  water,  with  formation  of  NH4Br. 
Nitrous  acid  gas,  passed  into  a  solution  of 
bromo-cyanmethine  in  glacial  acetic  acid,  gives 
white  needles  of  the  nitrate  of  the  bromo-'oxy- 
base':  C6H7BrN20,HN03  [158°].  This  com- 
pound forms  a  silver  derivative  :  C6H6AgBrN20. 
Bromo-cyan-methine  retains  its  bromine  much 
more  strongly  than  bromo-cyanethine.  It  is 
converted  by  phenyl  cyanate  into  a  urea  : 
C6H6BrN2.NH.CO.NPhH  [186° -206°].  Bromine 
converts  this  into  a  tri-brominated  urea, 
probably  C6H,BrN2.NH.CO.NH.CfiH3Br2  [257°]. 
3.  Chlorine  forms  a  dichloride  of  chloro-cyan- 
methine,  whence  aqueous  NH3  liberates  chloro- 
cyan-methine  C6H8C1N3.  (Cyan-ethine  forms 
a  tri-chloro-  derivative.)  N203  converts  the  di- 
chloride, C6H8C1N3,C1.>,  dissolved  in  glacial  acetic 
acid,  into  the  nitrate  of  the  chloro-'  oxy-base,' 
C6H7C1N20,HNO3.  [153°].— 4.  Phenyl  cyanate 
(6  g.),  warmed  with  cyanmethine  (5g.)  dissolved 
in  benzene,  forms  crystals  of  a  complicated 
urea:  C«HrN2.NH.CO.NPhH.  This  melts  at 
[225°].  Bromine  added  to  its  solution  in  HC1 
forms  a  di-bromo-  derivative  [238°]. 

S  alt  s.— B'HCl :  needles.  —  B'2H,PtCL.  — 
B'HI.  —  B'I2.  —  B'HI3.  —  B'HI5.  —  B'HN03.  — 
B'2H2S04.-B'(H,S04)2.-B'2HA042aq. 

Constitution.— The  presence  of  amidogen  in 
cyan-methine  is  shown  by  the  action  of  phenyl 
cyanate  and  of  N203  upon  it.  Other  reactions 
indicate,  however,  that  it  is  differently  consti- 
tuted to  cyanethine. 

CYANO-ACETIC  ACID  C3H3N02i.e. 
CN.CH2.C02H.  Semi-nitrile  of  malonic  .  acid. 
Mol.  w.  85.  [55°]  (Van  't  Hoff,  Ar.  N.  10,  274). 
Formed  by  boiling  chloro-acetic  ether  (250  g.) 
with  KCy  (300  g.)  and  water  (1,200  g.)  (Hugo 
Muller,  A.  181,  350 ;  Meves,  A.  143,  201). 

Properties.  —  Crystalline  ;  decomposed  by 
heat  into  C02  and  acetonitrile. 

Reactions. — 1.  Boiling  aqueous  KOH  gives 
malonic  acid. — 2.  Br  gives  di-bromo-acetonitrile, 
bromoform,  and  C02  (Van  't  Hoff,  B.  7.  1383, 
1571). — 3.  Electrolysis  gives  ethylene  cyanide 
[38°]  (Moore,  Am.  S.  [3]  3,  177). 

Salt  s. — KA' :  deliquescent.  —  ZnA'2  2aq. — 
HgA'22HgO.-PbA'2aq.— MnA'22aq  (Engel,  BL 
[2]  44,  424) :  beautiful  crystals.— CuA',.— AgA'. 

Ethyl  ether  EtA'.    (207°). 

Dissolves  sodium,  forming  CN.CHNa.CO,Et 
as  a  white,  very  hygroscopic,  and  easily  fusible 
powder.  This  sodium  derivative  is  easily  acted 
on  by  alkyl  iodides,  thus  CH3I  gives  rise  to 
CN.CH(CH,).CO.,Et  (194°).  V.D.  4-34;  C2H-I 
gives  CN.CH(G,H5).CO.,Et  (204°).  V.D.  4-63; 
C3H5I  gives  CN.CH(C3H5).C02Et  (215°-220'). 
CICO.OEt  acts  easily  upon  the  Na  derivative, 
giving  CN.CH.(C02Et)2.  The  mono-chlor-  and 
mono-bromo-derivatives  are  formed  with  remark- 
able neatness.  CN.CHCl.C02Et  is  a  colourless 
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liquid,  with  a  pungent  odour  (190°).    V.D.  5-11 
(Henry,  C.  B.  104,  1618;  Haller,  Bl.  [2]  48,  27). 

The  following  ethers  have  been  obtained  by 
the  action  of  Na  and  ethyl  or  methyl  cyanacetate 
upon  the  corresponding  diazo-chlorides : — 

Methyl  benzene-azo-cyanacetate 
C6H5.N2.CH(CN).C02Me.     [86°]. 

Ethyl  benzene-azo-cyanacetate 
C6H5.N2.CH(CN).C02Et.     [125°]. 

Methyl  o-toluene-azo-cyanacetate 
CsH4Me.N2.CH(CN).C02Me.     [167°]. 

Methyl  p-toluene-azo-cyanacetate 
C6H4Me.N2.CH(CN).C02Me.     [133°]. 

Ethyl  o-toluene-azo-cyanacetate 
C6H4Me.N2.CH(CN).C02Et.     [126°]. 

Ethyl  p-toliwne-azo-cyanacetate 
CdH4Me.N2.CH(CN).C02Et.     [74°]  (Haller,  C.  E. 
106,  1171-1174). 

Amide  CN.CH2.CONH2.  [118°].  Formed 
by  dissolving  cyano-acetic  ether  in  aqueous  am- 
monia, and  allowing  the  solution  to  evaporate 
spontaneously.  Crystallises  from  alcohol  in 
small  needles  (Henry,  C.  R.  104,  1618). 

Acetyl-cyano-acetic  acid 
CH3.CO.CH(CN).C02H. 

Methyl  ether  MeA'.  [47°].  From 
CH3.CO.CHNa.C02Me  and  cyanogen  chloride  in 
MeOH  (Haller  a.  Held,  C.  B.  106,  210).  Also 
from  CN.CHNa.C02Me  and  acetyl  chloride.— 
Ca(C5H4N08)2  6aq  :  efflorescent  crystals. 

Ethyl  ether  EtA'.  Formed  similarly;  v. 
CYANO-ACETO-ACETIC  ETHER. 

Propionyl-cyano-acetic  ether 
CH3.CH2.CO.CH(CN).C02Et.     (160°)  at  50mm. 
-Ca(C8H10N03)22aq. 

tt-Butyryl-cyano-acetic  ether 
PrCO.CHfCNJ.CO^t.       (171°)    at     66  mm.  — 
CaA'22aq.— BaA'23iaq     (Haller,     C.    B.     106, 
1085). 

Isobutyryl-cyano-acetic  ether 
£r.CO.CH(CN).C02Et.      (173°)     at    85mm.  — 
CaA'22aq. 

Benzoyl-cyano-acetic    ether  v.  CYANO  BENZ- 

OYL  ACETIC  ACID. 

o-Toluyl-cyano-acetic  ether 
C6H4Me.CO.CH(CN).C02Et.        [35°].        Prisms 
(Haller,  C.  B.  107,  104).— CaA'24aq. 

Phenyl-acetyl-cyano-acetic  ether 
CH2Ph.CO.CH(CN).C02Et.    Oil. 

Cinnamyl-cyano-acetic  ether.     [104°]. 

Di-cinnamyl-cyano-acetic  ether 
(PhCH:CH.CO)2C(CN).C02Et.    Silky  needles. 

CYANO-ACETIC  ALDEHYDE  CH,(CN).CHO. 
(72°).  S.G.i^-881.  V.D.  2-33.  Formed  by  the 
action  of  AgCN  as  an  alcoholic  solution  of 
iodo-acetic-aldehyde.  Colourless  mobile  liquid. 
Misc  ible  with  most  solvents.  It  does  not  solidify 
at  -20°.  It  reduces  Fehling's  solution,  forms 
a  compound  with  NaHS03,  and  is  resinified 
by  NaHO  and  HC1.  HN03  oxidises  it  to  cyano- 
acetic  acid.  It  forms  with  aniline  a  base  [113°] 
(Chautard,  C.  B.  106,  1167-1169). 

CYANO-ACETO-ACETIC  ETHER 
CH3.CO.CH(CN).C02Et.  [27°].  (119°)  at 
20  mm.  Formed  by  the  action  of  potassium 
cyanide  on  chloro-aceto-acetic  ether;  the  salt 
CN.CH2.C(OK):CH.CO2Et  being  also  formed  in 
small  quantity  (James,  A.  240,  61 ;  C.  J.  51, 
287  ;  C.  J.  Proc.  3,  25).  Formed  also  by  treat- 
ing sodium  aceto-acetic  ether  with  cyanogen 
chloride,  and  from  cyano-acetic  ether  and  AcCl 


(Haller  a.  Held,  Bl  [2]  47,  888 ;  C.  B.  95,  235 ; 
104,  1627  ;  105,  115). 

Properties. —  Silky  needles,  cannot  be  dis- 
tilled. Insol.  water,  sol.  alcohol  and  ether. 
Gives  a  characteristic  red  colouration  with 
Fe2Cl6.  Decomposed  by  boiling  alkalis  into 
acetic  acid,  C02,  and  ammonia. 

Salts.— NaC7H8N03 :  crystals  (from  alcohol). 
KA' :  needles  (from  alcohol) ;  insol.  ether  and 
benzene. — CaA'23aq:  monoclinic  crystals  (from 
alcohol). 

CYANO-ACETONE  C4H5NO  i.e. 
CH3.CO.CH2CN.       (c.  123°).       From      chloro- 
acetone  and  KCy  in  dilute  alcohol  (Matthews  a. 
Hodgkinson,  B.  15,  2679).     Converted  by  alco- 
hol and  HC1  into  aceto-acetic  ether. 

Isomeride.  [166°].  From  chloro-acetone  and 
aqueous  KCN  (Glutz,  J.  pr.  [2]  1,  141 ;  cf.  Ben- 
der, B.  4,  518).  Very  volatile  crystals.  Forms 
a  crystalline  compound  with  HI. 

w-CYANO-ACETOPHENONE     v.     BENZOYL- 

ACETONITRILE. 

^-Cyano-acetophenone 

[4:1]C6H4(CN).CO.CH3.  [61°].  From  ^-amido- 
acetophenone  by  displacing  NH2  by  Cy  (Ahrens, 
B.  20,  2955).  Needles  (from  dilute  alcohol). 
Boiling  alcoholic  KOH  converts  it  into  aceto- 
phenone^?-carboxylic  acid  (q.  v.). 

Oxim  C6H4(CN).C(NOH).CH3.     [160°]. 

CYANO-ACETYL  BROMIDE  CH2(CN).COBr. 
Appears  to  be  formed,  together  with  the  isomeric 
bromo-acetyl  cyanide,  by  heating  AgCN  with 
bromo-acetic  acid  and  chloroform  (Hiibner,  A. 
124,  315;  131,  66).  Needles  (from  ether  or 
chloroform).  Converted  by  KOH  into  cyano- 
acetic  and  malonic  acids. 

CYANO-ACETYL-DI-METHYL-TJREA 
NHMe.CO.NMe.CO.CH2.CN.  [above  260°].    Pre- 
pared by  the  action  of  cyano-acetyl  chloride  on 
dimethylurea  (Mulder,  B.  12,  466). 

CYANO-ACETYL-UREA 

NH2.CO.NH.CO.CH2.CN.  [200°-210°].  SI.  sol. 
water  and  alcohol.  Prepared  by  the  action  of 
cyano-acetyl  chloride  on  urea  (Mulder,  B.  12, 465 ; 
Bl.  [2]  29,  531). 

CYANO-ANGELIC  ETHER 
C3H6.CH(CN).C02Et.     (c.  218°).    From  sodium 
cyano-acetic  ether  and  allyl  iodide  (Henry,  C.  B. 
104,  1618). 

DI-CYANO-BENZENES  v.  Nitriles  of 
JSOPHTHALIC  and  TEREPHTHALIC  ACIDS. 

o-CYANO-BENZOIC  ACID  C8H5N02  i.e. 
CljH4(CN).C02H.  Semi-nitrile  of  phthalw  acid. 
Appears  to  be  formed  from  o-amido-benzoic  acid 
by  the  diazo-  reaction,  but  changes  spontaneously 
into  the  isomeric  phthalimide  (Sandmeyer,  B. 
18,  1499). 

Ethyl  ether  A'Et :  [70°] ;  needles;  v.  sol. 
alcohol,  ether,  &c.,  si.  sol.  hot  water.  Obtained 
from  anthranilic  ether  by  diazotisation  and  treat- 
ment with  Cu2(CN)2  (Miiller,  B.  19, 1498). 

w-Cyano-benzoic  acid  C6H4(CN)C02H  [1:3]. 
[217°]. 

Formation. — By  the  action  of  a  hot  solution 
of  cuprous  potassium  cyanide  upon  m-diazo- 
benzoic  chloride  (Sandmeyer,  B.  18,  1498). 

Properties. — Microscopic  needles.  V.  e.  sol. 
ether,  alcohol,  and  hot  water.  Gives  isophthalic 
acid  on  saponification.  By  distillation  of  the  Ca 
salt  with  lime  benzonitrile  is  formed.  By  HN03  it 
is  oxidised  to  isophthalic  acid.  By  alcoholic  H2S 


CYANO-BUTYRIC  ACID. 


355 


it  is  converted  into  the  acid  0I6HI004N2S  probably 
C6H4(CO,H).C(NH).S.C(NH).CtiH4(CO,H)  [199°] 
whence  tin  and  HC1  give  o>-imido-w-di-toluic 
acid.  By  treatment  with  fuming  sulphuric 
acid  and  pouring  the  mixture  into  water  it 
yields  C16H1005N2  probably 

CtiH4(C02H).C(NH).O.C(NH).C6H4(C02H). 
[above  300°]. 

Salts .— C6H,(CN).C02Ag  :  insoluble  pp.  — 
A'2Ca  3aq  :  crystals,  sol.  hot  water. — A'-jBa  3|aq : 
soluble  crystals.— A'2Zn  :  white  pp. 

Methyl  ether  A'Me  :  [65°];  crystals;  v. 
si.  sol.  water,  v.  sol.  alcohol,  ether,  &c. 

Ethyl  ether  A'Et :  [56°] ;  crystals ;  nearly 
insol.  water. 

Amide  C6H4(CN).CONH2 :  [above  300°]; 
v.  sol.  alcohol  and  ether,  insol.  water. 

Amidoxim  C6H4(CO,H)C(NH2):NOH  : 
[198°] ;  crystalline.  Formed  by  the  action  of 
hydroxylamine  upon  m  -  cyano  -  benzoic  acid 
(Bromme,  B.  20,  524 ;  cf.  Miiller,  B.  19,  1494). 

^-Cyano-benzoic  acid  C6H4(CN)CO,H  [1:4]. 
Formed  by  the  action  of  a  hot  aqueous  solution 
of  cuprous  potassium  cyanide  upon  ^-diazo-ben- 
zoic  chloride  (Sandmeyer,  B.  18,  1496).  Quickly 
changes  into  terephthalamic  acid. 

Ethyl  ether  A'Et  :  [54°] ;  needles ;  v.  sol. 
alcohol  and  ether  (Miiller,  B.  18,  2485). 

ISO-CYANO-BENZOPHENONE 
C6H5.CO.CtiH4NC.   [119°].  From^-amido-benzo- 
phenone,  chloroform,  and  alcoholic  KOH  (Doebner, 

B.  14,  1838).     Silky  needles,  when  hot  it  smells 
unpleasant.    HC1  splits  it  up  into  formic  acid 
and  amido-acetophenone* 

Di-jp-cyano-benzophenone 

C6H4(CN).CO.C,.H4(CN).  [205°].  Formed  by  dry 
distillation  of  calcium  ^)-cyano-benzoate.  Warty 
crystals.  Sublimable.  V.  sol.  alcohol,  ether, 
and  benzene,  slightly  sol.  petroleum-ether  and  hot 
water.  With  phenyl-hydrazine  it  yields  the  com- 
C6H4/C(NH2):N2HPh 

pound         \C:N2HPh          .  The    latter  body 

C«H*\C(NH2):N2HPh 

forms  warty  crystals   [212°] ;    v.   sol.   alcohol, 
ether,  benzene,  and  CS2  (Bromme,  B.  20,  521). 
Isocyano-benzophenone  v.  BENZOYL-PHENYL- 

CARBAMINE. 

CYANO-BENZOYL-ACETIC  ACID. 

Methyl  ether  CBzHCy.C02Me.  [74°]. 
From  methyl  cyano-acetate  and  BzCl  (Barthe, 

C.  R.  106,  1416).    Long  prisms,  sol.  ether  and 
alcohol.     Gives  a  red  colour  with  FeCl3.     Its 
alcoholic  solution  has  an  acid  reaction.    Boiling 
water  splits  it  up  into  C02 and Ph.CO.CH2Cy  [82°]. 
Its    sodium    derivative     Cy.CBzNa.C02Me 
forms  hard  crystals,  decomposing  at  123°.     Its 
barium  salt  Ba(CBzCy.C02Me)2  aq  is  also  crys- 
talline. 

Ethyl  ether  C10H7N03  i.e. 
C(iH5.CO.CH(CN).C02Et.  [41°].  From  benzoyl- 
acetic  ether,  NaOEt,  and  CyCl.  Also  from 
CN.CHNa.CO,Et,  and  BzCl  (Haller,  C.  R.  101, 
1270;  105,130).  Prisms;  sol. alcohol,  aqueous 
alkalis,  and  Na.X!0.,Aq.  Gives  an  intense  red 
colouration  with  Fe.,Cl6.  Boiling  water  forms 
cyano-acetophenone  and  C02.  Alcoholic  HC1 
gives  C02  and  acetic  and  benzoic  ethers. 

o-CYANO-BENZYL-AMINE 
C6H4(CN).CH2.NH2.      Formed,     together    with 
phthalic    acid,    by    digesting    phthal-o-cyano- 


benzyl-imide  with  fuming  HC1.  The  solution  of 
its  hydrochloride  is  converted  by  nitrous  acid 
into  nitroso-phthalimidine. — B'HCl  aq  :  glisten- 
ing needles.  P  i  c  r  a  t  e  B'C6H2(NOJ3OH :  sparingly 
soluble  yellow  crystalline  pp.  (Gabriel,  B.  20, 
2232). 

o-CYANO-BENZYL  CHLORIDE 
C6H4(CN).CH2C1  [1:2].  [61°].  (252°  at  758  mm.). 
Monosymmetrical  colourless  crystals  a:b:c 
=  -7775 : 1 :  -2939, 0  =  60°  2'.  Prepared  by  leading 
chlorine  into  nearly  boiling  o-cyano-toluene  till 
its  weight  has  increased  by  30  p.c.  (Gabriel  a. 
Otto,  B.  20,  2222). 

o-CYANO-BENZYL-CYANIDE 
C6H4(CN).CH2.CN  [1:2].    o-Cyano-phenyl-aceto- 
nitrile.     [81°] . 

Preparation. — o-Cyano-benzyl  chloride  (30 
pts.)  is  added  to  a  solution  of  15  pts.  of  potas- 
sium cyanide  (96-98  p.c.  KCN)  in  60  c.c.  of  water 
and  300  c.c.  of  alcohol.  After  cohobating  for 
|  hour,  §  of  the  alcohol  is  distilled  off  and  the 
residue  poured  into  water  (about  ^  litre) ;  the 
crystals  which  separate  are  recrystallised  from 
alcohol  (yield :  25  pts.)  (Gabriel  a.  Otto,  B.  20, 
2224,  2502). 

Properties. — Colourless  plates.  V.  sol.  ordi- 
nary solvents.  By  warming  with  alcoholic  so- 
dium ethylate  and  Mel  or  EtI  it  is  converted 
into  C6H4(CN).CHMe.CN  or  CdH4(CN).CHEt.CN. 
By  heating  with  cone.  H2S04  at  80°,  and  pouring 
the  product  into  water  it  is  converted  into  the 
imide  of  phenyl-acetic-o-carboxylic  acid 
,CH2.CO 

4\  CO.NH 
co-CYANO-BENZYLIDENE-PHTHALIDE 

:C(CN).CeH5 

[165°].      Fine    yellowish    needles. 


Formed  by  heating  phthalic  anhydride  with 
benzyl  cyanide,  best  with  addition  of  dry  sodium 
acetate  (Gabriel,  B.  18,  1264). 

o-CYANO-BENZYL-PHTHALIMIDE 

=  N.CH2.C6H4(CN) 


C16H10N202 


Phthal  -  o  -  cyano 


benzyl-imide.  [182°].  Prepared  by  heating 
phthalimide-potassium  (9  pts.)  with  o-cyano- 
benzyl  chloride  (7  pts.)  slowly  from  100°  to  120°. 
Large  prisms.  By  boiling  with  fuming  HC1  it 
is  split  up  into'phthalic  acid  and  o-cyano-benzyl- 
amine  (Gabriel,  B.  20,  2231). 

exo-  CYANO-  BENZYL  -UREA    v.     PHENYL- 

UBAMIDO-ACETONITBILE. 

CYANO-BOENEOL.  Has  been  shown  by 
Haller  to  be  bornyl  carbamate  (q.  v.).  V.  also 

ClNEOL. 

^-CYANO-ISOBUTYL-BENZENE    v.    Nitrile 

O/2?-(iso)-BUTYL-BENZOIC   ACID. 

a-CYANO-BUTYRIC  ACID 
CH3.CH2.CH(CN).C02H. 

Ethyl  ether  EtA'.  (209°  cor.).  S.G.  ^ 
T009.  From  o-bromo-butyric  ether,  alcohol, 
and  HgCy2K2Cy2  at  130°  (Markownikoff,  A.  182, 
330).  Also  from  sodium  cyano-acetic  ether  and 
EtI  (Henry,  C.  R.  104,  1618). 

Amide  CH3.CH2.CH(CN).CONH2.  [113°], 
Pearly  scales  (from  alcohol). 

A  A  2 
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CYANO-BTJTYRO-ACETIC  ETHEE 
CH2Me.CH2.CO.CHCy.C02Et.     (c.    172°)   under 
66  mm.    From  sodium  cyano-acetic  ether  and 
butyryl  chloride   (Haller,   C.  B.  106,  1083).— 
CaA'2  2aq.— BaA'2  3aq. 

Cyano-iso-butyro-acetic  ether 
CHMe2CO.CHCyCO.JEt.  (174°)  at  85  mm.  Formed 
as  above  from  isobutyryl  chloride  (H.) . — CaA'2  2aq. 

CYANO-CAMPHOR  v.  CAMPHOR. 

CYANO-CARBIMIDAMIDO-BENZOIC  ACID 
v.  vol.  i.  p.  157. 

CYANO-CARBONIC  ACID  v.  CYANOFORMIC 
ACID. 

CYANO-CARBOXAMIDO-BENZOIC  ACID  v. 
vol.  i.  p.  157. 

CYANO-TRI-CARBALLYLIC  ETHER 
C)3H19N06  t.e.  C(CN)(C02Et)(CH2C02Et)2. 
[41°].  (187°).  Formed  in  small  quantities  in 
the  preparation  of  cyano-succinic  ether  (q.  v.). 
It  is  also  formed  from  cyano-succinic  ether  by 
Na  and  chloro-acetic  ether.  Colourless.  Sol. 
alcohol  and  ether;  insol.  water  and  alkalis 
(Haller  a.  Barthe,  C.  B.  106,  1414). 

«-CYANO-CINNAMYL-TJREA  v.  Nitrite  of 
PHENYL-O-URAMIDO-CROTONIC  ACID. 

CYANO  -  CROTONIC  ACID  C4H4(CN)02H. 
When  liberated  from  its  salts  by  an  acid,  it 
changes  to  acid  ammonic  crotaconate. 

Salt. — KA'.  From  a-chloro-crotonic  acid, 
cold  dilute  alcohol  and  KCy  (Glaus  a.  v.  Waso- 
wicz,  A.  191,  69).  Boiled  with  KOH  it  forms 
crotaconic  acid  (q.  v.). — AgA'. 

/3-Cyano-crotonic  ether  CH,.C(CN):CH.C02Et. 
[71°].  From  aceto-acetic  ether,  formamidine 
hydrochloride,  and  dilute  aqueous  Na2C03  (Pin- 
ner, B.  18,  2846).  Needles  (from  ether). 

CYANO-ETHYL-ACETO-ACETIC  ETHER 
CH3.CO.C(CN)Et.C02Et.  (108°)  at  18  mm. 
S.G.  2»  -976.  From  sodium  aceto-acetic  ether 
and  CyCl,  followed  by  water  (Held,  C.  B.  98, 522). 
Oil;  insol.  aqueous  alkalis.  Boiling  aqueous 
KOH  gives  acetic  and  butyric  acids,  NH3,  and 
C02. 

CYANOFORM  CHCy3.  From  chloroform 
and  alcoholic  KCy  at  130°  (Fairley,  C.  J.  11, 
362;  Pfankuch,  J.pr.  [2]  4,  38 ;  6,  97.  Accord- 
ing to  Glaus,  A.  191,  35,  cyanoform  does  not 
exist).  Small  needles.  Decomposed  by  HC1 
into  NH3  and  methane  tricarboxylic  acid 
CH(C02H)3. 

Compound. — With  mercuric  iodide  : 
3HgI2,(CHCy3)2,  crystalline  needles  got  by  heat- 
ing iodoform  with  alcoholic  HgCy2  at  120°. 

CYANO-FORMIC  ACID  CN.C02H.  Cyano- 
carbonic  acid.  Semi-nitrile  of  oxalic  acid. 

Methyl  ether  CN.C02Me.  (101°).  From 
methyl  oxamate  NHj.CO.C02Me  and  P005 
(Weddige,  J.pr.  [2]  6,  117;  10,  193).  Pungent 
oil.  Quickly  decomposed  by  water  into  HCy, 
methyl  alcohol,  and  C02.  Combines  with  H2S, 
forming  NH2.CS.C02Me. 

Ethyl  ether  CN.CO^t.  (116°).  Formed 
by  distilling  oxamic  ether  with  P205.  Formed 
also  by  distilling  NH2.CCl2.C02Et,  the  product 
of  the  action  of  PC15  on  oxamic  ether  (Wallach, 
A.  184,  12;  B.  8,  299).  Oil,  lighter  than  water. 
Slowly  decomposed  by  cold  water  into  C02, 
alcohol,  and  HCy.  Cone.  HC1  gives  oxalic  acid. 
Ammonia  forms  NH4Cy  and  carbamic  ether; 
alkylamines  act  similarly.  HI  reduces  it  to 
amido-acetic  ether. 


Isobutyl  ether  CN.CO.CH^r.     (146°). 

Allyl  ether  CN.C02C3H5.  (135°).  From 
di-cyano-propyl  alcohol  (dicyanide  of  allyl  alco- 
hol) and  fuming  HC1  (Wagner  a.  Tollens,  B.  5, 
1045). 

Amide  i  CN.CONH2.  [60°].  Formed,  together 
with  oxamide,  by  passing  cyanogen  into  96  p.c. 
acetic  acid  and,  after  a  few  hours,  heating  to 
100°  (Beketoff,  J.  B.  7,  99).  Tables,  v.  sol.  water, 
alcohol,  and  ether.  Split  up  at  120°  into  HCy 
and  cyanuric  acid. 

Di-ethyl  amide  CN.CO.NEt2.  (220°). 
From  M-di-ethyl-oxamide  and  P205  (Wallach,  B. 
14,  737).  Oil;  volatile  with  steam;  si.  sol. 
water.  Lighter  than  water.  PC15  gives  '  chlor- 
oxalethyline.' 

Para-cyano-formic  acid  (CN.C02H)n.  From 
its  ethers  by  treatment  with  cold  aqueous  KOH  ; 
the  acid  is  then  ppd.  by  HC1  as  a  bulky  mass, 
insol.  alcohol  and  ether,  v.  si.  sol.  water.  Boiling 
water  converts  it  into  oxalic  acid  and  NH. 


Salts.—  KJCaNO^:  long  needles  (from 
water).—  Agn(C2N02)n:  yellow  pp.,  insol.  HN03. 

Methyl  ether  Men(COCN)n.  [154°].  Ob- 
tained by  polymerisation  from  methyl  cyano- 
f  ormate  under  the  influence  of  HC1.  Also  from 
the  silver  salt  and  Mel.  Small  needles. 

Ethyl  ether  Etn(COCN)n.  [165°].  Formed 
by  saturating  cyano-formic  ether  with  HC1  and 
heating  the  liquid  to  100°  for  several  hours,  or 
leaving  it  to  itself  in  the  cold  for  a  few  weeks 
(Weddige).  Six-sided  prisms,  v.  si.  sol.  cold,  si. 
sol.  hot,  alcohol.  Cannot  be  distilled.  Boiling 
alkalis  give  oxalic  acid,  NH3,  and  alcohol. 

Isobutyl  ether  (PrCH^yCOCN),,.    [158°]. 

Amide  (CN.CO.NH.,)n.    Amorphous. 

Methylamide  (CN.CO.NHMe)n.  [250°]. 
Needles. 

A  nil  id  e  (CN.CO.NHPh)n.    Needles. 

CYANOGEN  CN.  Mol.  formula  C2N2.  Mol. 
w.  52-96.  [-34-4°]  (Faraday,  A.  56,  158  ;  Loir  a. 
Drion,  J.  1860.  41).  (c.  -20°)  (Bunsen,  P.  46, 
101).  S.G.  -866  at  17°  (Faraday).  V.D.  1-805. 
S.  (gas)  at  20°  =  4|  ;  S.  (gas)  in  alcohol  at  20° 
=  23;  S.  (gas)  in  ether  at  20°  =  5.  Vapour- 
pressure  in  atmos.  at  —  17-7°  =  1-25,  at  -9*4° 
=  1-72,  at  -5°  =  2,  at  0°  =  2-37,  at  +6-9°  =  3,  at 
17-2°=  4,  at  25°=  5,  at  31-3°=  6,  at  37-4°  =  7 
(Faraday,  I.e.),  MO  =  1-000804,  p.*  =  1-000834, 
/*G=  1-000895  (Croullebois,ACfc.[4]  20,  185;  v. 
also  Chappuis  a.  Eiviere,  C.  B.  103,  37).  H.F. 
[C2,N2]=  -65,700;  H.C.  [C2N2,04]  =  259,620  (Th. 
2,  388).  For  spectrum  v.  Wiillner  (P.  144,  517), 
and  Ciamician  (W.  A.  B.  79  [2nd  part],  8)  ;  dis- 
persion v.  Croullebois  (A.  Ch.  [4]  20,  185),  and 
Mascart  (C.  B.  71,  617,  679).  For  transpiration- 
coefficient  v.  Meyer  (P.  143,  14). 

Cyanogen  was  first  prepared  by  Gay-Lussac 
in  1815  ;  he  compared  cyanogen  with  chlorine, 
and  the  compounds  of  one  with  those  of  the 
other,  hence  arose  the  conception  of  the  com- 
pound radicle  CN  replacing  the  simple  radicle 
Cl.  The  name  cyanogen  (from  nvavos)  was  sug- 
gested by  the  colour  of  Prussian  blue,  which  was 
the  earliest  known  compound  of  cyanogen. 

The  formula  Cy  is  often  used  to  denote 
cyanogen. 

Occurrence.  —  In  the  gas  from  coke-ovens 
(Bunsen  a.  Playfair,  J.  pr.  42,  145). 

Formation.  —  1.  By  passing  induction-sparks 
between  carbon  poles  in  an  atmosphere  of  N 
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(Morren,  C.  E.  48,  342).  —  2.  By  heating 
(NH4)2C204  or  C202(NH2)2,  either  alone  or  with 
dehydrating  agents  (Dumas,  A.  10,  295  ;  Berta- 
gnini,  A.  104,  176).— 3.  By  heating  AgCN  (Del- 
briick,  A.  64,  296)  or  Au(CN)s  (Himly,  A.  42, 
157,  337). 

Preparation. — Perfectly  dry  mercuric  cyanide 
is  heated  in  a  dry  flask  or  small  retort  with  a 
long  exit  tube  dipping  under  mercury  in  an  in- 
verted tube ;  the  cyanide  is  decomposed  to 
cyanogen  and  mercury,  which  condenses  in  the 
exit  tube. 

Properties. — A  colourless  gas,  with  penetra- 
ting odour  resembling  that  of  HON.  Very 
poisonous.  Burns  with  purple  flame.  Liquefied 
by  cold  and  pressure;  at  -20'7°  at  ordinary 
pressure  ;  liquefaction  may  be  effected  by  heat- 
ing Hg(CN)2  or  porous  charcoal  saturated  with 
cyanogen  (Melsens,  C.  E.  77,  781)  in  a  Faraday- 
tube  (cf.  also  Hofmann,  B.  3,  663).  At  very  low 
temperatures  freezes  to  a  crystalline,  ice-like 
mass.  Liquid  cyanogen  is  a  colourless,  mobile 
liquid;  non-conductor  of  electricity;  dissolves 
P,  I,  camphor,  and  various  other  bodies  (v.  Gore, 
C.  N.  24,  303).  Cyanogen  gas  is  absorbed  by 
Hg  at  c.  100°  (Amagat,  C.  E.  68,  1170) ;  it  is 
also  largely  absorbed  by  porous  charcoal  (Hunter, 
C.  J.  [2]  9,  76;  10,  642).  Cyanogen  combines 
with  several  non-metals,  e.g.  with  Cl,  Br,  I,  S, 
P;  it  also  forms  compounds  with  most  of  the 
metals ;  in  its  chemical  relations  it  shows  analo- 
gies with  the  halogens,  e.g.  in  the  composition 
and  properties  of  the  acids  HM  and  HMO, 
where  M  =  C1,  Br,  or  CN,  and  in  the  composi- 
tion of  many  cyanides.  The  hydracid  HCN  is 
much  weaker  than  the  corresponding  halogen 
acids.  Substitution  of  H  in  aromatic  hydro- 
carbons by  the  group  CN  generally  results  in  the 
production  of  compounds  one  or  more  H  atoms 
in  which  are  acidic  (v.  Meyer,  B.  20,  2944 ; 
Schneidewind,  B.  21,  1323;  Papcke,  5.21, 1331; 
Knoevenagel,  B.  21,  1344).  The  modes  of  pre- 
paration of  cyanogen,  e.g.  from  (NH4)2C204,  and 
its  reaction  with  H20  to  form  C202(NH2)2,  show 
that  it  is  the  nitrile  of  oxalic  acid. 

Beactions.—l.  Heated  to  c.  500°  paracyano- 
gen  is  slowly  formed  (Troost  a.  Hautefeuille, 
C.E.  66,  735,  795;  v.  also  PABACYANOOEN),  at 
c.  1200°  N  is  liberated  (Meyer  a.  Goldschmidt, 
B.  15,  1161).  Heated  in  presence  of  iron  or  pla- 
tinum C  and  N  are  formed.  — 2.  Decomposed  to 
C  and  N  by  a  series  of  electric  sparks,  but  after 
a  time  re-formation  of  Cy  begins  (Buff  a.  Hof- 
mann, A.  113,  129;  Andrews  a.  Tait,  Pr.  10, 
427). — 3.  Water  dissolves  Cy,  the  solution  slowly 
decomposes,  except  an  acid  be  present  (Gianelli, 
•J.  1856.  435),  with  separation  of  brown  flocks  of 
azulmic  acid  (Pelouze  a.  Kichardson,  A.  26,  63), 
and  formation  of  NH4  oxalate  and  carbonate 
(Vauquelin,  A.  Ch.  9,  113 ;  22,  132),  and  also 
HCN  and  C0.2NH2  (Wohler.P.  15,  627).— 4.  Al- 
coholic and  ethereal  solutions  decompose  simi- 
larly to  aqueous  solutions  (Buff  a.  Hofmann,  A. 
113,  129;  Marchand,  J.pr.  18,  104).— 5.  Water 
in  presence  of  aldehyde  produces  oxamide. — 
6.  With  sulphuretted  hydrogen  either  cyan-thio- 
formamide  (CN.CS.NH2)  (q.  v.)  or  dithio-oxamide 
(NH2.CS.CS.NH,)  (q.  v.)  is  formed,  according  as 
the  Cy  or  the  H2S  is  in  excess. — 7.  Chlorine  re- 
acts only  in  presence  of  moisture  and  sunlight, 
CNC1  and  (CN)3C13  are  formed  (Serullas,  A.  Ch. 


[2]  35,  291,  337).— 8.  Hydrogen  at  500°-550° 
forms  HCN  (Berthelot,  Bl.  [2]  33, 2) ;  HCN  is  also 
produced  when  electric  sparks  are  passed  through 
a  mixture  of  Cy  and  H  (Boillot,  C.  E.  76,  1132). 
Nascent  hydrogen  (Zn  and  HClAq)  produces 
ethylene-diamine  (q.  v.)  (Fairley,  A.  Suppl.  3, 
371). — 9.  Potassium  and  sodium  heated  in  Cy 
form  cyanides.— 10.  Strongly  heated  iron  decom- 
poses Cy  with  formation  of  C  and  N.— 11.  Zinc 
forms  cyanide,  rapidly  at  100°;  cadmium,  copper, 
and  lead,  at  high  temperatures,  form  small  quan- 
tities of  cyanides ;  mercury  and  silver  do  not  re- 
act (Berthelot,  Bl.  [2]  33,  2).— 12.  When  a  mix- 
ture of  Cy  and  oxygen  is  submitted  to  a  powerful 
electric  spark,  explosion  occurs  with  production 
of  CO  and  C02 ;  with  a  weak  spark  no  explosion 
occurs ;  the  explosion  is  not  dependent  on  the 
dryness  of  the  gases  ;  slow  combustion  occurs  in 
presence  of  strongly  heated  Pt  (Dixon,  C.  J.  49, 
384). — 13.  Cone,  cold  hydrochloric  acid  produces 
oxamide  (Schmidt  a.  Glutz,  B.  1,  66) ;  HC1  in 
absolute  alcohol  forms  oxalic  ether  (Volhard,  A. 
158, 118 ;  Pinner  a.  Klein,  B.  11, 1481).— 14.  Cone. 
hydriodicacid  when  cold  forms  oxamide  (Schmidt 
a.  Glutz,  B.  1,  66);  when  hot  forms  glycocoll 
(Emmerling,  B.  6,  1352) ;  at  280°  forms  NH3 
and  C2H4  (Berthelot,  J.  1867.  347).— 15.  With 
potash,  cyanide  and  cyanate  are  formed. — 
16.  With  dry  ammonia,  hydrazulmin,  C4H6N6 
(q.  v.  vol.  i.  p.  429),  is  formed  ;  when  Cy  is  passed 
into  very  cone.  NH3Aq,  azulmic  acid,  C4H5N50 
(q.  v.  vol.  i.  p.  429),  is  produced;  with  dilute  NH3Aq 
oxamide  is  formed  along  with  NH4,  oxalate,  and 
oxamate. 

Combinations. — 1.  With  hydrogen  to  form 
HCN  (v.  Eeactions,  No.  8).— 2.  With  water  in 
presence  of  aldehyde  to  form  oxamide. — 3.  With 
sulphuretted  hydrogen  to  form  cyan-thio-form- 
amide  or  dithio-oxamide  (v.  Eeactions,  No.  6). — 
4.  With  ammonia  to  form  hydrazulmin,  <fec.  (v. 
Eeactions,  No.  16). — 5.  With  some  metals  to 
form  cyanides  (v.  Eeactions,  Nos.  9,  10,  11). 

POLYMERIDE  OP  CYANOGEN.  Paracyanogen 
a?CN.  When  HgCy2  or  AgCy  is  heated,  a  part  is 
changed  to  a  loose,  brownish-black  solid,  having 
the  composition  xCN  ;  the  value  of  x  is  unknown ; 
MaumenS  thinks  it  may  be  4  (Bl.  35,  597). 
Liquid  cyanogen  is  slowly  polymerised  by  heat- 
ing (at  350°-500°,  Troost  a.  Hautefeuille,  C.  R. 
66,  735,  795).  Paracyanogen  is  prepared  by 
heating  dry  HgCy2  to  440°  in  a  closed  tube  for 
24  hours,  and  then  passing  cyanogen  into  the 
tube  at  the  same  temperature  to  volatilise  and 
remove  the  Hg  (T.  a.  H.,  I.e.).  The  quantity  of 
paracyanogen  formed  depends  on  the  temperature 
and  pressure.  Heated  to  800°  in  a  closed  tube, 
or  heated  in  a  stream  of  C02  or  N,  paracyanogen 
is  changed  to  cyanogen.  At  each  temperature 
equilibrium  results  between  the  cyanogen  and 
paracyanogen  when  a  definite  pressure  is  at- 
tained ;  T.  a.  H.  give  the  following  data : — 
Temp.  Equilibrium-pressure 

502°  34  mm. 

506  56     „ 

559  123    „ 

575  129    „ 

587  157    „ 

599  275    „ 

601  318    „ 

629  868    „ 

640  1310    , 
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Heated  in  H  paracyanogen  forms  HCN,  NH3, 
and  C  (Delbruck,  J.  pr.  41,  161).  With  molten 
KOH  it  forms  KCN  and  KCNO ;  boiled  with 
cone.  KOHAq  it  is  slowly  dissolved  with  evolu- 
tion of  NH3;  by  prolonged  boiling  with  cone. 
HN03Aq  it  forms  a  yellow  solution. 

Cyanogen  bromides.  Two  are  known,  CNBr 
and  aCNBr,  x  probably  =  3.  Mol.  w.  of  the  poly- 
meride  is  not  known  with  certainty,  analogy  with 
C3NSC13  points  to  formula  C3N3Br3.  For  prepara- 
tion, &c.,  v.  CYANOGEN  BROMIDE  and  CYANUBIC 
BROMIDE,  under  CYANIC  ACID,  p.  313. 

Cyanogen  chlorides.  Two  are  known,  CNC1 
and  C3NSC1S  v.  under  CYANIC  ACID,  p.  312. 

Cyanogen  iodides.  Two  are  known,  CNI  and 
a  polymeride  which  is  probably  (CN)3I3 ;  v.  under 
CYANIC  ACID,  p.  313. 

Cyanogen  phosphide  (CN)3P.  (Phosphorus 
cyanide.)  Mol.  w.  not  determined.  White 
needles ;  very  easily  decomposed  in  contact  with 
moist  air  to  P,  H3P03,  and  HCN.  Melts  at  200°- 
203°,  and  boils  a  few  degrees  higher.  Takes 
fire  when  slightly  heated  in  air.  SI.  sol.  ether, 
CS2,  and  PC13.  With  alcohol  forms  ethylic 
phosphite  and  HCN.  Prepared  by  moistening 
AgCy  with  PC13  at  a  low  temperature,  closing 
the  tube,  and  heating  to  130°-140°  for  6  hours, 
warming  (after  opening  the  tube)  to  remove  ex- 
cess of  PC13,  and  heating  residue  to  130°-140°  in 
a  stream  of  dry  C02  till  the  P(CN)3  sublimes 
(Hiibner  a.  Wehrhane,  A.  127,  254  ;  132,  277). 

Cyanogen  selenide  ?(CN)2Se  (Schneider,  P. 
129,  634).  Colourless  plates ;  obtained  in  small 
quantity  by  adding  dry  AgCy  to  a  solution  of 
Se.,Br2  in  CS2,  and  crystallising  from  CS.2.  De- 
composed by  hot  water  to  Se,  H2Se03,  and 
HCN. 

Cyanogen  sulphides  (CN)2S,  and  (CN)2S3. 
Mol.  w.  of  neither  has  been  determined. 

I.  CYANOGEN  SULPHIDE.  (Sulphur  cyanide. 
Sulphocyanic  anhydride.)  (CN)2S.  Produced 
by  reaction  between  SI2  and  AgCy,  SC12  and 
HgCy2,  and  Cyl  and  Ag,S.  Prepared  by  mixing 
ethereal  solution  of  Cyl  with  an  equivalent 
quantity  of  AgNCS,  evaporating  with  constant 
stirring,  and  allowing  to  stand  in  a  small  closed 


crystals 

vacuo  over  H2S04.  Forms  rhombic  plates  melt- 
ing at  c.  60° ;  decomposed  by  heating  in  moist 
air ;  sol.  ether,  alcohol,  and  water  ;  decomposed 
by  H2S04Aq,  HClAq,  or  HN03Aq ;  with  NH3 
forms  NH4CyS ;  with  H2S  forms  HCN,  HCNS, 
and  S  (Linnemann,  A.  120,  36). 

II.  CYANOGEN    PERSULPHIDE    (CN)2S3.      Ob- 
tained along  with  (CN)2S  in  reaction  between 
AgCy  and  SC12.  Exists  in  two  forms :  (1)  colour- 
less crystalline  mass,  sol.  CS2 ;  (2)  dark -yellow 
powder,  formed  by  spontaneous  change  of  (1),  in- 
sol.  alcohol,  ether,  water,  or  CS2,  becomes  elec- 
trical when  rubbed  (Schneider,  J.  pr.  [2]  32, 187). 

III.  The  compound  C3N3HS3  is  sometimes 
called  PSEUDOCYANOGEN  SULPHIDE.     This  body  is 
produced  by  the  action  of  oxidisers  on  HSCN  or 
on  soluble  sulphocyanides.  Obtained  by  passing 
Cl  into  KSCNAq,  or  gently  warming  a  solution 
of  1  pt.  KSCN  in  3  pts.  water  with  i  its  weight 
of  cone.  HN03Aq ;  the  yellow  pp.  is  repeatedly 
washed  with  hot  water  (H2C2N2S3  is  dissolved 
out,  Jamieson,  A  59,  339),  then  with  CS2  (which 


removes  S,  Linnemann,  A.  120,  36),  it  is  then 
dissolved  in  cone.  H2S04,  re  -  ppd.  by  water, 
dried,  boiled  with  absolute  alcohol  and  again 
dried  (Volckel,  A.  89,  126;  Letnii,  B.  8,  767; 
Laurent  a.  Gerhardt,  A.  Ch.  [3]  19,  98  ;  Liebig, 
P.  15,  546;  Wohler,  G.  A.  69,  271).  Insol.  in 
water,  alcohol,  and  ether;  sol.  without  change 
in  cone.  H2S04  and  in  dilute  alkalis ;  si.  sol.  in 
NH3Aq.  Decomposed  by  molten  KOH  to  KSCy 
and  KCyO;  heated  with  cone.  NH3Aq  to  100° 
NH4SCy  and  C3H5N5S  (thio-ammelin)  are  formed. 
Heated  with  PC15  reacts  thus  C3S,N3H  +  3PC15 
=  C3N3C13  +  2PC13  +  PSC13  +  S,C12  +  HC1  (Pono- 
mareff,  C.  E.  79,  1335).  Heated  alone,  gives 
CS2,  S,  and  mellone  (C6N9H3)  (Liebig,  P.  15,  546). 
Heated  with  Cl,  forms  CyCl,  S.,C12,  and  mellone. 
Cone.  HClAq  at  130°-140°  produces  CS2,  S,  and 
cyanuric  acid.  Not  acted  on  by  nascent  H,  nor 
by  HIAq  (Glutz,  A.  154,  39,  44,  48). 

M.  M.  P.  M. 

CYANOGEN  HYDROXIDE  v.  CYANIC  ACID. 

CYANO-MALONIC  ETHER  CN.CH.(C02Et),. 
Formed  by  acting  on  sodium  malonate  with 
cyanogen  chloride.  Formed  also  from  sodium 
cyano-acetic  ether  and  ClC02Et  (Haller,  Bl.  [2] 
39,  262  ;  C.  R.  95,  143 ;  105,  169).  Strong  acid, 
forming  crystalline  lead  and  calcium  salts. 
Boiling  alkalis  give  malonic  acid. 

Salts.— NaCCy(C02Et)2:  slender  needles.— 
CaA'22|aq:  triclinic  prisms.— PbA'2  aq.  [88°]. 
Needles. 

CYANO-MELAMIDINE  v.  GUANIDINE. 

CY ANO- METHYL -ACETO- ACETIC  ETHER 
CHs.CO.CMe(CN).C02Et.  (c.  93°)  at  20  mm. 
S.G.  22  -996.  From  methyl-aceto-acetic  ether, 
NaOEt,  and  CyCl  (Held,  C.  E.  98,  522 ;  Bl.  [2] 
41,  330).  Oil;  insol.  alkalis.  Boiling  alkalis 
form  acetic  and  butyric  acids. 

CYANO  -  NAPHTHALENE  v.  Nitrite  of 
NAPHTHOIC  ACID. 

CYANO-NAPHTHOPHENAZINE  CI9H9CyN2 
[237°].  From  sodium  naphthophenazine  sul- 
phonate  by  distilling  with  KCy  and  K3FeCy6 
(Brunner  a.  Witt,  B.  20,  2660).  Alcoholic  KOH 
gives  naphthophenazine  carboxylic  acid  [above 
360°]. 

a-CYANO-(o)-NAPHrHYL-o-AMIDO-PRO- 
PIONIC  ACID  CH3.C(CN)(NHC10H7).C02H. 

Ethyl  ether  A'Et.  [134°].  Formed  by 
digesting  a-cyano-a-oxy-propionic  ether  with  (a)- 
naphthylamine.  Small  white  plates ;  sol.  hot 
water,  sparingly  cold,  v.  sol.  alcohol  and  benzene 
(Gerson,  B.  19,  2968). 

a-Cyano-(/8)-naphthyl-a-amido-propionic  acid 
CH3.C(CN)(NHC10H7).C02H. 

Ethyl  ether  A'Et.  Formed  by  heating  a- 
cyano-o-oxy-propionic  ether  with  (/3)-naphthyl- 
amine.  Small  rosettes ;  sol.  benzene  and  hot 
alcohol,  nearly  insol.  water  and  cold  alcohol 
(Gerson,  B.  19,  2969). 

a-CYANO-a-OXY-PROPIONIC  ACID 
CH3.C(OH)(CN).C02H.        Pyruvic-acid-cyanhy- 
drin.  Crystals  (containingEtOH) ;  [151°].  Formed 
by  slowly  adding  pyruvic  acid  to  KCN  suspended 
in  boiling  alcohol  (Gerson,  B.  19,  2963). 

CYANO-PHENOL  v.  Nitrite  of  OXY-BENZOIC 

ACID. 

o-CYANO-PHENYL-ACETO-NITRILE    v.    o- 

CYANO-BENZYL  CYANIDE. 

0  -  CYANO  -  PHENYL  -  0  -  AMIDO  -  BUTYRIC 
ETHER  CH3.C(CN)(NHPh).CH2.C02Et.  Formed 


CYANO-TOLYLAMIDO-PROPIONIG   ETHER. 
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by  the  action  of  aniline  upon  the  cyanhydrin  of 
acetoacetic  ether  (Schiller-Wechsler,.B.18, 1039). 
o  -  CYANO  -o-PHEN YL  -  AMIDO  -  PROPIONIC 
ETHER  CH3.C(CN)(NHPh).C02Et.  [102°]. 
Formed  by  digesting  an  alcoholic  solution  of 
o-cyano-o-oxy-propionic  ether  with  aniline  for 
24  hrs.  at  80°.  Large  trimetric  crystals,  a:b:c 
=  •7902:1-0:1-56366  (Gerson,  B.  19,  2963). 

o-CYANO-PHENYL-BUTYRONITRILE 
CBH4(CN).CHEt.CN.  a-Ethi/l-homo-o-phthalo- 
nitrile.  [40°].  (294°).  Formed  by  warming 
o-cyano-benzyl-cyanide  C6H4(CN).CH2.CN  with 
alcoholic  NaOEt  and  EtI.  Short  thick  prisms. 
By  heating  with  cone.  H2S04  and  pouring  into 
water  it  is  converted  into  the  imide  of  phenyl- 

/CHEt.CO 
ethyl-acetic-o-carboxylic  acid   C^H/ 

\CO  — NH 
(Gabriel,  B.  20,  2505). 

DI-CYANO-DI-PHENYL-ETHANE 
CN.CHPh.CHPh.CN.  [218°].  Crystalline  solid. 
Formation. —  1.  By  reduction  of  di-cyano-di- 
phenyl-ethylene  with  sodium-amalgam. — 2.  To- 
gether with  di-cyano-di-phenyl-ethylene  by  boil- 
ing phenyl-bromo-acetonitrile  with  an  excess  of 
alcoholic  KCN  (Keimer,  B.  14,  1793). 

DI-CYANO-DI-PHEHYL-ETHYLENE 
CN.CPh:CPh.CN.  Di  -  cyano  -  stilbene  [158°]. 
Colourless  plates.  Insol.  water,  sol.  hot  alcohol, 
benzene,  acetic  acid,  and  CS2.  Prepared  by  the 
action  of  bromine  on  benzyl  cyanide,  or  from 
phenyl-bromo-acetonitrile  by  heating  to  170°, 
or,  better,  by  boiling  with  alcoholic  KCN 
(Reimer,  B.  13, 742  ;  14, 1798).  By  boiling  with 
alcoholic  KOH  it  gives  diphenyl-fumaric  anhy- 
dride. By  reduction  with  zinc  and  HC1  it  gives 
a  compound  of  the  constitution  C,fiH14N2  which 
forms  small  needles  melting  at  [208°] ;  insol. 
water,  sol.  alcohol. 

CYANO-PHENYL-METHYL-TRIAZOLE 

N— NPh 
C)0H8N4     probably        //      \  [109°]. 

MeC— N=C(CN) 

Formed  by  the  action  of  acetic  anhydride  upon 
di-cyan-phenyl-hydrazine.  Also  by  warming 
di-cyan-phenyl-hydrazine  with  pyruvic  acid  in 
alcohol :  Ph.N(NH2).C(CN):NH  +  CH3.CO.C02H 
=  C10H8N«  +  HC92H  +  H20.  By  alcoholic  KOH 
it  is  converted  into  phenyl-methyl-triazole-car- 
boxylic  acid  [170°]  (Bladen,  B.  19,  2598). 

o-CYANO-PHENYL-PROPIO-NITRILE 
CtiH,(CN).CHMe.CN.  a-Methyl-Jiomo-o-phthalo- 
nitrile.  [37°].  (285°).  Large  trimetric  crys- 
tals ;  a:b:c  =  -9449:1:1-0809 ;  a  =  97°2',  £  =  103°13', 
7  =  87°  11'.  Prepared  by  warming  an  alcoholic 
solution  of  o-cyano-benzyl-cyanide  (o-cyano- 
phenyl-aceto-nitrile)  with  KOH  and  methyl 
iodide.  V.  sol.  ordinary  solvents,  si.  sol.  ligroin. 
By  heating  with  cone.  H2SO4  at  c.  130°  and 
pouring  into  water  it  yields  the  imide  of  phenyl- 

/CHMe.CO 

methyl-acetic-carboxylic  acid  CtiH<  |    . 

\CO  —  NH 
(Gabriel,  B.  20,  2503). 

CYANO-PHENYL-TETRAZOLE 

N^         |          .    Formed  by  the  action  of  nitrous 

\N=C.CN 

acid  upon  di- cyano -phenyl-hydrazine.  On 
saponification  it  gives  phenyl  -  tetrazole  -  car- 
boxylic  acid  (Bladin,  B.  18,  2907). 


a-CYANO-PROPIONIC  ACID 
CH3.CH(CN).C02H. 

Ethyl  ether  EtA'.  (194°).  V.D.  4-34. 
From  sodium  cyano-acetic  ether  and  CyCl 
(Henry,  C.  R.  104,  1618).  Heavy  oil. 

£-Cyano-propionic  acid.    Amide 
CN.CH2.CH2.CONH2.     Formed,    together    with 
ethylene  cyanide,  by  digesting  ethylene  bromide 
with  alcoholic  KCy  (Pinner,  B.  16,  360).   Prisms 
(from  water). 

Cyano-propionic  acid  (?)  C4H5N02.  Prepared  by 
dissolving  wool  (1  pt.)  in  water  by  means  of  KOH 
(3pts.),  and  oxidising  by  KMn04  (2pts.)  (Wank- 
lyn  a.  Cooper,  P.  M.  [5]  7,  356).  Amorphous, 
pale  yellow,  brittle  solid  (containing  1|  aq). 
Softens  at  100°.  V.  sol.  water  and  alcohol. 
When  strongly  heated  it  gives  off  acetonitrile. 
Potash-fusion  gives  ethylamine  and  oxalic 
i  acid. 

Salts.— Sol.  water,  but  not  in  alcohol. — 
KA'aq.  —  KA'  4aq.  —  KA'  5aq.  —  CaA'0  4aq  (at 
100°).  — BaA'23aq  (at  100°).  —  Ba3A'~40  7aq.  — 
PbA'2aq  (at  100°).— MgA',  3aq.—  AgA'  £aq  (at 
100°).— Ag3A'2(OH)  aq  (at  100°). 

CYANO-PROPIONYL-ACETIC  ETHER 
CH2Me.CO.CHCy.C02Et.  (160°)  at  50  mm.  From 
sodium  cyano-acetic  ether  and  propionyl  chloride 
(Haller,    C.  E.    106,    1083).— CaA'2  2aq :    long 
needles,  v.  sol.  water. 

DI-CYANO-PROPYL   ALCOHOL 
CH2Cy.CHCy.CH2OH.     (151°).    From  allyl  al- 
cohol and  cyanogen  (Tollens,  B.  5,  621). 

CYANO-PYRIDINE  v.   Nitrile  of  PYRIDINE 

CARBOXYLIC   ACID. 

CYANO-QUINOLINE  v.  Nitrile  O/QOINOLINE 

CARBOXYLIC   ACID. 

CYANO-SUCCINIC  ETHER  C9H13N02  i.e. 
CH(CN)(C02Et).CH2.C02Et.  (158°)  at  14  mm. 
Formed,  together  with  cyano-tricarballylic  ether, 
by  the  action  of  sodium  on  cyanoacetic  ether 
dissolved  in  alcohol,  the  product  being  decom- 
posed with  chloro-acetic  ether.  Oil.  Sol.  alco- 
hol, ether,  and  alkalis  (Haller  a.  Barthe,  C.  B. 
106, 1413).— C9H12NaN02. 

CYANO-TEREPHTHALIC  ACID 
C,.H3(CN)(C02H)2.  From  amido  -  terephthalic 
acid  by  cuprous  cyanide  and  nitrous  acid 
(Ahrens,  B.  19, 1635).  Amorphous  yellow  mass. 
Decomposed  by  boiling  alkalis  into  trimellitic 
acid. 

w-CYANO-o-TOLTTIC  ACID  C9H7N02  i.e. 
CN.CH2.C6H4.C02H.  [116°].  From  phthalide 
and  alcoholic  KCy  (W.  Wislicenus,  A.  233,  102). 
Crystalline  powder  (from  HOAc).  Aqueous 
KOH  gives  C02H.CH2.C6H4.C02H. -CaA'2  2aq. 

£  -  CYANO  -  0  -o - TOLYLAMIDO  -  BUTYRIC 
ETHER  CH3.C(CN)(NHC7H7).CH,.C02Et. 

Formed  by  heating  the  cyanhydrin  of  aceto- 
acetic ether  with  o-toluidine  (Schiller-Wechsler, 
B.  18,  1050). 

o  -  CYANO  -  a  -  o  -  TOLYLAMIDO  -  PROPIONIC 
ETHER  CH3.C(CN)(NHC7H7).C02Et.  [93°]. 
Formed  by  digesting  o-cyano-a-oxy-propionic 
ether  with  o-toluidine  in  alcoholic  solution. 
Small  white  needles ;  v.  sol.  benzene  and  warm 
alcohol,  si.  sol.  cold  alcohol,  insol.  water  (Gerson, 
B.  19,  2966). 

a  -  Cyano  -  o  -p  -  tolylamido  -  propionic  ether 
CH,.C(CN)(NHC7H7).CO,Et:  [81°];  glistering 
spangles  ;  sol.  alcohol  and  benzene,  si.  sol.  water. 
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Formed  by  digesting  o-cyano-o-oxy-propionic 
ether  in  alcoholic  solution  with  ^-toluidine 
(Gerson,  B.  19,  2967). 

7-CYANO-VALERIC  ACID  C5H9Cy02  i.e. 
C^Cy.CO-jH.  [95°].  Formed  by  heating  valero- 
lactone  to  290°  with  KCN.  Prisms.  Sol.  water, 
CHC13,  and  C6H6.  Gives,  on  saponification, 
a-methyl-glutaric  acid  (W.  Wislicenus,  A.  233, 
114).  ' 

CYANPHENINE  v.  CYAPHENINB. 

CYANPROTINE  C12H21N3.  [115°].  S.  -063 
at  23 3.  Formed  by  the  action  of  sodium  on 
butyronitrile  under  an  extra  pressure  of  about 
20cm.  of  mercury  (E.  v.  Meyer,  J.  pr.  [2]  37, 
397).  White  prisms  (from  ether). 

Reactions. — 1.  Is  converted  by  heating  with 
cone.  HC1  to  180°  into  C12H2?N2O,  [97°],  S.  -067 
at  28°. — 2.  Gives  with  bromine  in  an  acid  solu- 
tion the  hydrobromide  of  bromocyanpropine  from 
which  ammonia  liberates  the  base  [80°]. 

Salt.— (B'HCl)2PtCl4.  [97°J.  Beddish-yel- 
low  prisms. 

CYANURATES  (metallic) ;  and  SULPHO- 
CYANURATES  (metallic).  Cyanuric  acid  is  a 
polymeride  of  cyanic  acid  HNCO ;  it  probably 
has  the  constitution  (CN)3(OH)3. 

CYANURATES.  Cyanuric  acid  is  tribasic ;  with 
most  bases,  however,  it  forms  acid  salts.  Cyan- 
urates  of  the  alkalis  and  alkaline  earths  are 
sol.  water,  the  others  are  insol.,  or  only  si.  sol. ; 
the  alkali  cyanurates  are  decomposed  by  heat  to 
HNCO,  (NH4)NCO,  C02,  N,  and  cyanate  of  the 
metal;  the  cyanurates  are  decomposed  by 
H2S04Aq  or  HN03Aq,  giving  H3N3C303. 

Ammonium  cyanurate 
(NHJH^NaCgOa.ELjO ;    white    lustrous  prisms, 
which  effloresce  in  air. 

Barium  cyanurates. 

(1)  Ba(H2.N3C303)2.2H20;    obtained  by  adding 
BaOAq  to  boiling  H3N3C303Aq  till  slight  per- 
manent   pp.  is  formed;   loses  2H/)  at  280°. 

(2)  Ba2(HN,C303)2.3H20  ;    crystalline    pp.    by 
adding    boiling    H3N3C303Aq    to    ammoniacal 
BaCljAq  (Wohler,  A.  62,  241). 

Calcium  cyanurate.  Not  obtained  in 
definite  form  (Chevallier  a.  Lassaigne,  A.  Ch. 
[3]  13,  155). 

Copper  cyanurates.  The  normal  salt 
Cu3(C3N303)2.H20  is  obtained  by  mixing  acid  Mg 
cyanurate  with  CuSO4Aq ;  when  Na3CsN3O3Aq  is 
used  the  salt  CuHC3N303.3H2O  is  obtained  (Glaus 
a.  Putensen,  J.  pr.  [2]  38,  208).  C.  a.  P.  also 
obtained  the  basic  salt  (CuOH)3.C3N303.3H20. 
The  following  ammonio-copper  cyanurates  are 
described :  Cu(HN3C3O3).2NHs.H2O  (W.,  I.e.) ; 
Cu(H2N3C303)2.2NH3  (Wiedemann,  P.  74,  73) ; 
Cu(H2N3C3Os).zNH3  where  x  =  3  and  4,  and  the 
acid  salt  Cu(H2N3C803).H3N3C303.NH3.H20  (C.  a. 
P.,  I.e.). 

Lead  cyanurate  Pb(HN3C3O3)23H20  ;  pp. 
obtained  in  microscopic  prisms  by  dropping  ex- 
cess of  basic  Pb  acetate  into  boiling  HjjNgCaO.jAq ; 
decomposed  to  (NH4)CN,  CO(NIL)2,  and  Pb  by 
heating  in  H  (W.,  I.e.). 

Potassium  cyanurates.  (1)  KH2N3C308; 
by  adding  HClAq  to  crude  K  cyanate  solution ; 
difficultly  sol.  water  (Liebig  a.  Wohler,  P.  20, 369 ; 
Campbell,  A.  28,  52).  (2)  K^HN.CA  ;  by  adding 
alcohol  to  solution  of  the  first  salt,  in  presence 
of  KOH ;  decomposed  by  water  to  KOH  and  the 
dihydrogen  salt  (L.  a.  W.,  I.e.). 


Silver  cyanurates.  (1)  Ag2HN3C303;  pp. 
obtained  by  adding  cyanuric  acid  to  silver  acetate 
in  acetic  acid  (W.,  I.e.).  (2)  Ag3C3N303 ;  by  add- 
ing  hot  AgN03Aq  'to  hot  H3N3C303  in  NH3Aq, 
and  drying  pp.  at  300°  (Liebig,  A.  26,  123  ;  De- 
bus, A.  72,  20 ;  cf.  Wohler,  A.  62,  241). 

Silver -ammonium  cyanurates. 
(1)  Ag2HN3C303.2NH3 ;  formed  by  digesting  the 
first  Ag  salt  with  NH3Aq  ;  loses  allNH,  on  heat- 
ing. (2)  Another  salt  is  described  by  Liebig 
(A.  26,  123  ;  cf.  Wohler,  A.  62,  241),  probably 
AgtC3N303.(NH4)3C3N303.H20. 

Silver-potassium  and  silver-lead  cy- 
anurates. By  boiling  triargentic  cyanurate  with 
KOHAq  a  salt  is  formed,  probably  Ag2KC3N303 
(W.,  I.e.}.  By  boiling  Pb  cyanurate  with  excess 
of  AgN03Aq,  the  salt  Ag4Pb(C3N303)2.2H20  is 
produced  (W.,  I.e.). 

Sodium  cyanurate  Na3C3N303;  fine 
needles;  separates  on  adding  excess  of  hot 
NaOHAq  to  cone.  H3C3N3OsAq  (Hofmann,  B.  3, 
770). 

SULPHOCYANURATF.S  (Hofmann,  B.  18,  2196). 
Salts  of  sulphocyanuric  acid,  H3C3N3S3.  For 
an  account  of  sulpJiocyanuric  acid  v.  CYANIC 

(SDLPHO)   ACID   and   POLYMERIDES,  p.  303. 

Sodium  sulphocyanurate 
NaH2C3N3S8;    large    crystals,    e.    sol.    water; 
formed  by  digesting  Na2S  with  methyl  sulpho- 
cyanurate.   Sulphocyanurates  of  Cu,  Pb,  Li,  K, 
and  Ag  are  described. 

DISULPHOCYANIDES  (Fleischer,  A.  179,  204). 
Salts  of  disulphocyanic  acid  H2S2C2N2  (q.  v. 
p.  303,  under  CYANIC  (SULPHO)  ACID  AND  POLYMER- 
IDES). 

Potassium  disulphocyanide 
K2S2C2N2.H20 ;  obtained  by  adding  an  alcoholic 
solution  of  KOH  to  persulphocyanic  acid, 
H2C2N2S3,  and  pressing  the  crystals  which  sepa- 
rate. Yellow  monoclinic  prisms ;  insol.  absolute 
alcohol ;  v.  sol.  water  ;  solution  in  water  changes, 
quickly  when  heated,  to  K  sulphocyanide.  The 
other  salts  described  by  Fleischer  (I.e.)  are 
BaS2C2N2.2H20 ;  v.  soluble,  white  rhombic 
prisms;  CuS2C2N2,  brown-red  pp.  insol.  dilute 
acids;  PbS2C2N2,  citron-yellow  pp.  not  acted 
on  by  dilute  acids ;  Ag2S2C2N2,  green  pp. ; 
AgKS2C2N2,  yellow,  crystalline. 

M.  M.  P.  M. 

CYANURIC  ACID  v.  p.  319. 

CYANURIC  BROMIDE  v.  p.  320. 

CYANURIC  CHLORIDE  v.  p.  319. 

CYANUROMALIC  ACID  C6H6N404.  An  un- 
stable crystalline  body  formed  by  dissolving  the 
cyanide  of  barbituric  acid  (q.  v.)  in  aqueous  KOH 
(Nencki,  B.  5,  887). 

CYAPHENINE  (C.H-N)3  i.e.  Cy3Ph3.  [230°]. 
(above  350°). 

Formation. — 1.  By  heating  benzoyl  chloride 
with  KNCO  (Cloez,  A.  115,  27).— 2.  By  heating 
benzonitrile  bromide  alone  or  with  lime  (Engler, 
A.  133,  146).— 3.  From  benzonitrile  and  Na 
(Hofmann,  B.  1,  194).— 4.  Traces  are  got  from 
benzamide  and  COC12  (E.  Schmidt,  /.  pr.  [2]  5, 
35).  5.  From  benzonitrile  and  ZnEt2,  the  pro- 
duct being  treated  with  alcohol  and  then  with  HCl 
(Frankland  a.  Evans,  C.  J.  37,  564).— 6.  From 
Cy.,Cl3,  bromo-benzene  dissolved  in  ether,  and 
sodium  (Klason,  J.pr.  [2]  35, 82),  Cy3ClPh2  [136°] 
being  the  chief  product. 

Preparation. — 10  g.  of  benzonitrile  are  added 
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gradually  to  50  g.  of  slightly  fuming  H._,S04,  kept 
cold.  After  48  hours  the  liquid  is  slowly  poured 
into  300  cc.  water.  The  ppd.  cyaphenine,  after 
washing  with  water  and  alcohol,  weighs  1-1  g. 
(A.  Pinner,  J.  pr.  [2]  30,  126  ;  B.  11,  764). 

Properties. — White  branching  crystals.  Insol. 
water,  v.  si.  sol.  alcohol  and  ether.  Not  affected 
by  boiling  KOH  or  HC1. 

Reactions. — Heated  in  a  sealed  tube  at  250° 
with  cone.  HC1  it  is  entirely  converted  into 
benzoic  acid  and  NH3  (F.  a.  E.). 

CYCLAMIN  C?(iH3(;0I8(?)  [236°].  [«]D 
=  -11°  40'  (in  alcohol)  (Michaud,  C.  C.  1887, 
1397);  =-15°10'  (Sachsse).  Occurs  in  the 
roots  of  Cyclamen  europceum  and  perhaps  also  of 
cowslips  ('Primulin')  (De  Luca,  Cimento nuovo, 
5,  225 ;  8,  182 ;  G.  2,  556  ;  Martius,  Buhner's 
N.  Eepert.  8,  388;  Mutschler,  A.  185,  214; 
Fliickiger,  Ph.  [3]  8,  488).  White  amorphous 
substance  (from  alcohol).  Irritates  the  throat. 
V.  sol.  boiling  alcohol,  insol.  ether,  chloroform, 
CS2,  and  alkalis.  Absorbs  water  from  moist 
air,  swelling  up ;  slowly  dissolves  in  water.  The 
aqueous  solution  froths  like  soap,  and  is  coagu- 
lated by  heating.  In  contact  with  water  it 
slowly  decomposes  forming  glucose  and  mannite 
(De  Luca,  C.  R.  87,  297).  Aqueous  HC1  coagu- 
lates it  and,  at  80°,  forms  sugar.  HOAc  dis- 
solves it  and  does  not  coagulate  it  on  heating. 
It  gives  a  white  pp.  with  Fehling's  solution,  but 
does  not  reduce  it  even  when  hot.  Cone.  H2S04 
forms  a  red  solution ;  on  diluting  with  water 
glucose  remains  in  solution,  and  there  is  ppd. 
white  amorphous  cyclamiretin  C15H2202  [198°]. 
Chlorine  water  forms  'cyclamicacid'  C36H560,g(?) 
HN03  forms  '  chrysolin  '  CI5H21N06. 

CYCLOPIC  ACID  C7H8O4.  Occurs  in  the 
leaves  of  Cyclopia  Vogelii  (Cape  Tea).  The 
aqueous  decoction  is  digested  with  Pb(OH)2,  the 
lead  compound  suspended  in  dilute  (50  p.c.)  al- 
cohol, and  decomposed  by  H2S.  The  filtrate  is 
concentrated  and  mixed  with  alcohol  and  ether. 
Cyclopin  is  ppd. ;  cyclopic  acid  is  obtained  by 
evaporating  the  filtrate  (Church,  C.  N.  22,  2 ; 
Ph.  [3]  11,  693;  Greenish,  Ph.  [3]  11,  569). 
Yellow  needles,  sol.  water,  insol.  alcohol,  ether, 
and  CS.2.  Aqueous  alkalis  form  a  yellow  solution 
with  green  fluorescence.  FeCl3  gives  a  green 
colour,  becoming  brown  on  heating.  Cupric  ace- 
tate gives  a  grey  pp.  K2Cr207  and  HC1  give  a 
dark  brownish-red  colour. 

Cyclopin  C25H280I3aq.  Obtained  as  above. 
Eed  substance,  v.  sol.  water,  insol.  benzene,  CS2, 
ether,  CHC13,  and  ligroin.  Its  aqueous  solution 
decomposes  on  standing  into  glucose  and  cyclo- 
pin-red.  KOH  gives  a  brownish-red  solution 
with  green  fluorescence.  FeCl3  gives  an  olive- 
green  colour  turned  yellow  by  HC1  and  brown 
by  NH3.  Ppts.  salts  of  Cu,  Pb,  and  Ag. 

Cyclopin-red  C,9H22010.  Formed  as  above. 
SI.  sol.  water,  ether,  and  benzene,  v.  sol.  alcohol 
(when  freshly  ppd.).  Alkalis  dissolve  it,  forming 
red  solutions.  FeCl3  gives  a  brown  colour. 
CaClo  or  alum  followed  by  NH3  gives  a  violet  pp. 

CYCLOTHRAUSTIC  ACID  C17H12N2O3  i.e. 
[2:1]C02H.C6H4.NH.CO.C9H6N[P7/.  3j.  [252°]. 

Formation. — a-Diquinoline  is  oxidised  by 
KMnO4  in  presence  of  hot  cone.  AcOH.  The 
pp.  is  filtered  and  digested  with  S02  until  all  the 
Mn02  is  converted  into  sulphate.  After  filtering 
again  and  well  washing  with  hot  water,  the  acid 


is  dissolved  in  KOH.  The  K-salt  is  decomposed 
with  weak  H2S04,  washed,  dried,  recrystallised 
from  boiling  xylene,  and  decolourised  with 
animal  charcoal. 

Preparation.— By  heating  dry  anthranilic 
and  quinaldinic  acids  together  to  180°  (Weidel 
a.  Wilhelm,  M.  8,  197). 

Properties.— White  woolly  needles;  insol. 
water,  v.  si.  sol.  hot  EtHO,  Et20,  CHCL,  CJHL, 
and  xylene  ;  v.  sol.  hot  AcOH  and  HC1. 

Salts.— A'2Ca4aq  :  yellow  flakes.— A'^a  aq. 

Reactions.— I.  With  Ac2O  it  forms  an  anhy- 
dride C17H10N202  [196°],  crystallising  in  long 
colourless  needles.— 2.  KMnO4  in  alkaline  solu- 
tion oxidises  it  to  '  pyridanthrilicacid '  C15H10N207, 
in  acetic  acid  solution  quinaldinic,  o-oxyisocin- 
chomeronic,  and  anthranilic  acids  are  formed 
(Weidel  a.  Strache,  M.  7,  285). 

CYMENE  C10H14  i.e.  CaH4MePr[l:4].  p-Pro- 
pyl-toliane.  Mol.  w.  134.  (175°).  V.D.  4-63 
(calc.  4-65).  S.G.  ^  -864  (Schiff,  A.  220,  94) ; 
2?°  -8569  (Bruhl,  A.  235,  19).  C.E.  (9-8  to 
175-4°)  -001159  (S.).  na  1-494  (B.).  /ID  1-484 
(Gladstone,  C.  J.  49,  623).  H.C.  1401609 
(C,  O2  =  94;  Hj,  O  =  69)  (Stohmann,  J.  pr.  [2] 
35,  41).  S.V.  184-5  (Schiff) ;  181-62  (Kamsay). 

Occurrence. — In  the  volatile  oil  of  cumin 
(from  Cuminum  Cyminum) ;  in  the  seeds  of  the 
water-hemlock  (Cicuta  virosa) ;  in  the  oil  of 
thyme;  in  oil  of  Ptychotis  Ajowan-,  in  Euca- 
lyptus oil ;  and  (to  the  extent  of  6  p.c.)  in  oil  of 
lemons  (Gerhardt  a.  Cahours,  A.  Ch.  [3]  1,  102, 
372  ;  A.  38, 101,  345 ;  Trapp,  A.  108,  386 ;  Lalle- 
mand,  A.  Ch.  [3]  49,  156  ;  Haines,  C.  J.  8,  289 ; 
H.  Muller,  B.  2,  130 ;  Faust  a.  Homeyer,  B.  7, 
1429  ;  Ar.  Ph.  [3]  5,  385  ;  Beilstein  a.  Kupffer, 
B.  6,  1181 ;  A.  170,  282  ;  Fittica,  A.  172,  303  ; 
Tilden,  Ph.  [3]  9,  654). 

Formation. — 1.  By  the  dehydration  of  cam- 
phor by  means  of  P205,  ZnCl2,  P2S5,  or  PC15 
(Gerhardt,  A.  48,  234 ;  Delalande,  A.  38,  342 ; 
Pott,  B.  2,  121 ;  Fittig,  Kobrich,  a.  Jilke,  A. 
145,  129  ;  Wright,  C.  J.  26,  686 ;  Beckett  a. 
Wright,  C.  J.  29,  1).— 2.  By  heating  dibromides 
of  terpenes  C,6H,6Br2  with  aniline  (Oppenheim, 

B.  5,   94,   628).— 3.    By  distilling  crystallised 
terpin  hydrate  with  Br  (Barbier,  C.  R.  74,  194). 
4.  From  thymol  and  P2S5. — 5.  From  oil  of  tur- 
pentine and  iodine  (Kekule"  a.  Bruylants,  B.  6, 
437)  or   chlorine   (Naudin,  Bl.   [2]  37,  111).— 
6.  From  oil  of  turpentine  and  H.,S04  or  Et2SO, 
(Eiban,  Bl.  [2]  20,  100,  244 ;  Wright,  C.  J.  26, 
700  ;  C.  N.  29,  41 ;  Paterno,  G.  4,  113  ;  Bruere, 

C.  R.  90,  1428 ;  Kichter,  B.  6,  1257).— 7.  From 
absinthol  and  P2S5  (Faust  a.  Homeyer,  B.  7, 
1427 ;  Graebe,  B.  5,  680 ;  Beilstein  a.  Kupffer, 
A.  170,  282).— 8.  From  menthene  C10H1S  and  Br 
(Wright,  C.  J.  29,  1).  —  9.  By  boiling  cuminic 
alcohol  with  zinc-dust  (Kraut,  A.  192,  224).— 
10.    From   ^-bromo-toluene,  n-propyl-bromide, 
and  sodium  (Fittig,  Schaffer,  a.  Konig,  A.  149, 
334;    Fittica,   A.  172,   320;    Jacobsen,  B.  11, 
2049). — 11.  According  to  Bouchardat  (C.  R.  90, 
1560),  cymene  may  be  obtained  from  valerylene 
(derived  from  amyl  alcohol)  by  heating  it  to  250° 
and  treating  the  resulting  divalerylene  C10H,6 
with  Br  in  CS2. — 12.   By  passing  steam  into 
cymene- sulphonic  acid]dissolved  in  diluted  H.,S04 
hydrolysis  begins  at  130°  (Armstrong  a.  Miller, 
C.  J.  45,  148). 
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Spectrum. — Absorption  bands  in  ultra-violet, 
a  narrow  one  at  cadmium-line  17,  and  a  broad 
band  between  Cd  17  and  Cd  18.  The  first  band 
enables  the  presence  of  cymene  in  essential  oils 
to  be  detected  and  estimated,  for  it  is  visible 
when  diluted  with  20,000  volumes  of  alcohol,  and 
examined  in  a  column  15  mm.  long  (Hartley, 
C.  J.  37,  676). 

Reactions.— 1.  H2S04  and  K2Cr207  give  tere- 
phthalic  acid. — 2.  Oxidised  by  air,  in  presence 
of  aqueous  NaOH,  to  cuminic  acid.  In  this  re- 
action Pr  changes  to  Pr. — 3.  The  urine  of  animals 
who  have  been  given  doses  of  cymene  contains 
cuminuric  acid,  together  with  small  quantities 
of  cuminic  acid  (Jacobsen,  B.  12,  1512 ;  cf. 
Nencki  a.  Ziegler,  B.  5,  749).  Here,  also,  w-pro- 
pyl  becomes  isopropyl. — 4.  KMn04  gives  oxy- 
isopropyl-benzoic  acid  [c.  153°],  as  well  as  tere- 
phthalic  acid  (Remsen  a.  Emerson,  Am.  8,  267). 
5.  HN03  forms^-tolyl  methyl  ketone  and^)-toluic 
acid.  HN03  containing  nitrous  fumes  forms 
•  j8-nitrocymene  '  C18H16N204  [125°]  (Holleman, 
B.  T.  C.  6,  60).— 6.  Converted  by  A12C16  at  150° 
into  toluene  and  other  products  (Anschiitz,  A. 
235, 191).  Liquid  compounds  (C10H14)3Al2Cld  and 
(C10H14)3Al2Br6  may  be  prepared  (Gustavson,  J. 
B.  11,  81).  AljBre,  in  presence  of  Br,  ultimately 
forms  penta-bromo-toluene  and  isopropyl  bromide 
(Gustavson,  B.  10,  1101).  In  this  reaction  the 
PrBr  first  formed  is  changed  by  the  Al2Br6  into 
PrBr.— 7.  By  the  action  of  Cr02Cl2,  and  treat- 
ment of  the  compound  with  water,  it  gives  p- 
tolyl-propionic  aldehyde  (Eichter  a.  Schiichner, 
B.  17,  1931 ;  cf.  Etard,  B.  16,  2921 ;  A.  Ch.  [5] 
22,  258). 

Cymene  hexahydride  C10H.,0.  (172°). 
S.G.  -^  -812.  Occurs  in  oil  of  resin  (Kenard, 

A.  Ch.  [6]  1,  230). 

o-Cymene  C6H4PrMe[l:2].  o-Propyl-toluene. 
(182°  uncor.).  From  7&-propyl  bromide,  o-bromo- 
toluene,  and  sodium  (Glaus  a.  Hansen,  B.  13, 
897). 

m-Cymene  CriH4PrMe[l:3].  m-Propyl  toluene. 
(177°).  S.G.  i£  -863.  From  ra-bromo-toluene, 
n-propyl  bromide,  and  sodium  (Glaus  a.  Stiisser, 

B.  13,  899). 

w-Isocymene  CttH4MePr  [1:3].  (175°).  S.G. 
•865.  Occurs  in  the  essential  oil  obtained  by 
distilling  resin  of  fir  trees  (Kelbe,  A.  210,  1 ; 
Kenard,  A.  Ch.  [6]  1,  249).  Formed  from 
toluene,  isopropyl  iodide  and  A12C16  (Kelbe,  A. 
210,  1).  Formed  also,  together  with  ordinary 
cymene,  by  the  dehydration  of  camphor  (Spica, 
G.  12,  543  ;  Armstrong  a.  Miller,  B.  16,  2258). 

Preparation.— Essence  of  resin  is  washed 
with  aqueous  NaOH  (to  remove  phenols),  distilled 
with  steam,  shaken  with  dilute  and  afterwards 
with  cone.  H2S04  in  the  cold,  washed  again  with 
NaOH  and  distilled  with  steam.  It  is  then 
sulphonated  with  a  mixture  of  H2S04  (4  pts.), 
and  fuming  H2S04  (1  pt.)  at  90°.  The  sodium 
salt  of  the  iso-cymene  sulphonic  acid  is  decom- 
posed by  heating  with  cone.  HC1  for  two  days  at 
185°,  and  the  liberated  cymene  distilled  over 
with  steam  (Kelbe  a.  Warth,  A.  221,  158). 

Reactions. — 1.  Oxidised  by  chromic  acid  or 
permanganate  to  isophthalic  acid  (Zeigler  a. 
Kelbe,  B.  13,  1399).— 2.  Dilute  HNO3  forms 
w-toluic  acid  or  aldehyde.  Fuming  HNO3  forms 
a  tri-nitro-  derivative  [72°]. — 3.  CrOXl.,  forms  a 


chocolate-brown  powder  whence  water  liberates 
m-toluic  acid. 

^-Isocymene  C^MePr  [1:4].  (173°).  S.G.  2 
•869;  ^-862.  From  ^-bromo-cumene,  Mel,  and 
sodium  (Jacobsen,  B.  12, 429  ;  B.  Meyer,  A.  220, 
27),  or  from  isopropyl  chloride,  toluene,  and 
A1,C16  (Silva,  Bl.  [2]  43,  321). 

CYMENE-AZO-CYMENE  v.  Azo-  COMPOUNDS. 

CYMENE-CARBOXYLIC  ACID 
C6H3MePrC02H.  [63°].  Prepared  by  fusing  the 
amide  with  potash,  or  preferably  by  heating  it 
with  concentrated  hydrochloric  acid  at  180°. 
Crystallises  in  slender  needles  isomeric  with 
Bossi's  homo-cuminic  acid  (Patern6  a.  Spica, 
0.  9,  400). 

4mideC6H3MePr.CONH2.  [139°].  Formed 
from  potassium  cymene  sulphonate  by  fusing 
with  KCy  and  treating  the  resulting  crude  nitrile 
with  alcoholic  KOH  (Paterno  a.  Fileti,  O.  5,  30). 
Needles,  si.  sol.  cold  water,  v.  sol.  alcohol  and 
ether. 

w-Cymene  carboxylic  acid  CuH,MePr(CO,H) 
[2:5:1].  [75C].  From  the  nitrile  which  is  formed 
from  tri-carvacryl  phosphate  and  KCy  (Kreysler, 
B.  18,  1714).  Needles  (from  dilute  alcohol).  V. 
si.  sol.  cold  water. — AgA'. 

Nitrile  C6H,MePrCN.     (245°). 

CYMENE  SULPHINIC  ACID 
C6H3MePr(S02H)   [1:4:2].      From    cymene  sul- 
phonic chloride,   water,   and  zinc-dust.     Syrup 
(Berger,  B.  10,  977).— KA'3|aq.— AgA'. 

CYMENE  (a)-SULPHONIC  ACID 
CaH3MePr(S03H)  [1:4:2].  Formed,  together  with 
the  (|3)-isomeride,  by  shaking  cymene  with  cone. 
H2S04  or  C1SO.,H  at  90°  (Gerhardt  a.  Cahours, 
A.  Ch.  [3]  1,  106 ;  Delalande,  A.  Ch.  [3]  1,  368 ; 
H.  Muller,  B.  2,  130 ;  Jacobsen,  B.  11,  1060 ; 
Claus  a.  Cratz,  B.  13,  901 ;  14,  2141 ;  Spica,  G. 
11,  201 ;  B.  14,  652  ;  Sieveking,  A.  106,  260  ; 
Beilstein,  A.  170,  287 ;  Paterno,  B.  7,  591 ;  G. 
3,  544;  Kraut,  A.  192,  226;  Baur,  A.  220,  18). 
Also  formed  by  debromination  of  bromo-cymene 
sulphonic  acid  obtained  from  cymidine  (Wid- 
mann,  B.  19,  249). 

Tables  (from  dilute  H,S04).  The  crystals 
contain  2aq  and  melt  at  51°  (S.)  or  79°  (C.) ; 
when  anhydrous  they  melt  at  220°  (C.).  The 
K  salt  is  oxidised  by  KMn04  to  oxy-isopropyl-sul- 
pho-benzoic  acid  C6H3(C02H)(S03H).CMe2(OH). 
HN03  forms  sulpho-p-toluic  acid.  Potash -fusion 
forms  carvacrol.  By  treatment  in  aqueous  solu- 
tion with  bromine  it  yields  bromo-cymene 
CtiH3PrMeBr[4:l:2]  and  bromo-cymene-sulphonic 
acid  CeH2PrMeBr(S03H)[4:l:5:2]  (Kelbe  a. Kosch- 
nitzsky,  B.  19,  1730). 

Salts.— KA'aq.— NaA'3aq  (Paterno,  G.  8, 
291).— NaA'  5aq.— BaA'2  3aq.  S.  (of  BaA'2)  2-5 
at  12°  (S.).  Pointed  leaflets,  crystallising  readily  ; 
m.  sol.  90  p.c.  alcohol. — CaA'.,  2aq :  monoclinic 
crystals,  a:b:c  =  1-374:1:1-124  ;  0  =  95°  13'  (Jero- 
fejeff,  A.  170, 297).-PbA'2  3aq.  S.  (of  PbA'2)  1-3 
to  1-9.— NiA'2  5aq. 

Amide    CtiH3MePr(S02NH2).      [112°]    (J.) ; 
[116°]  (Kelbe,  B.  19,  1969).— 
C6H3MePr(S02NHAg)  (Berger,  B.  10,  976). 

Benzoyl-amide  C6H3MePr(S02NHBz). 
[153°]  (Wolkoff,  B.  5,  142). 

Cymene  (j8)-sulphonic  acid  CtJH3MePr(S03H) 
[1:4:3].  [131°].  Formed,  in  small  quantity,  in 
the  sulphonation  of  cymene  (Claus  a.  Cratz,  B. 
13,  901 ;  14,  2141).  Formed  also  by  debromina- 
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tion  of  bromo-cymene  sulphonic  acid  (Eemsen 
a.  Day,  Am.  5, 154  ;  v.  also  Kelbe  a.  Koschnitzky, 
B.  19,  1730 ;  Glaus  a.  Christ,  B.  19,  2165).  Gra- 
nules ;  extremely  sol.  water,  sol.  alcohol,  insol. 
ether. 

Salts.— NaA'aq.  —  KA'aq.  —  CaA'2xaq.  — 
BaA'23aq  (over  H2S04).  Gelatinous;  v.  e.  sol. 
water,  sol.  alcohol. — PbA'2  3aq  :  amorphous,  v.  e. 
sol.  water. — CuA'.,  aq. 

Amide  C6H3MePr.SO.,NH2.     [148°]. 

o-Cymene  (a)-sulphonic  acid  C6H3MePr(S03H) 
[l:2:x].  Formed,  together  with  the  following,  by 
sulphonating  o-cymene,  especially  at  low  tempe- 
ratures (Glaus  a.  Hansen,  B.  13,  897).-  KA'^aq. 
BaA'  aq  :  stellate  groups  of  laminae.-  CuA'.,  4aq. 

o-Cymene  (0)  -sulphonic  acid  CaH3MePr(SO:1H) 
[l:2:a;].  Formed  as  above. — BaA'2a;aq:  gelati- 
nous mass,  v.  e.  sol.  water. 

Amide.     Very  slender  needles  (from  water). 

m-Cymene  (o)-sulphoDic  acid 
C6H3MePr(S03H)  [l:3:s].  Formed  ,together  with 
the  (£)-isomeride,  by  warming  m-cymene  with 
cone.  H.,S04  (Glaus  a.  Stiisser,  B.  13,  899).— 
KA'.—CaA'22aq.—BaA'2aq:  laminae.  S.  (of  BaA'.,) 
•43  at  17°.— PbA'23aq.— CuA'24aq. 

w-Cymene  (£)-sulphonie  acid 
CttH3MePr(S03H)  [l:3:x].    Formed  as  above.— 
BaA'2aq :  needles.     S.  (of  BaA'2)  3-83  at  16°. 

m-Isocymene  (a) -sulphonic  acid 
CtiH3MePr(SO:jH)  [1:3:6].  [89°].  Formed,  to- 
gether with  the  (jS)-isome.ride,  by  treating  iso- 
cymene  with  cone.  H2S04  (Kelbe,  A.  210,  30 ;  B. 
15,  39;  Spica,  G.  12,  487,  546).  Deliquescent 
micaceous  leaflets.  Br  in  the  cold  gives  bromo- 
isocymene  sulphonic  acid,  but  at  40°  it  forms 
(6,l,3)-bromo-isocymene.  KOH  and  KMn04  gives 
oxy-isopropyl-sulpho-benzoic  acid. 

Salt  s.— Na A'  aq. — KA'  3aq. — KA'  (Armstrong 
a.  Miller,  B.  16,2258).— BaA'2aq :  pearly  plates, 
v.  si.  sol.  cold,  si.  sol.  hot,  water.  S.  '37  (Spica). 
BaA'2:  plates  (Boner,  A.  220,  33).— PbA'2  aq. 
S.  1-3  at  22°  (Spica).— CuA'22aq.—CuA'2  4aq.— 
NiA',  5aq. 

Amide  C6H3MePr.SO,NH2.  [73°]  (K.) ;  [75°] 
(S.).  Laminae,  si.  sol.  boiling  water. 

?M-Isocymene   (£) -sulphonic  acid 
C6H<MePr(S03H)  [1:3:4]. 

Formation. — 1.  By  sulphonation  of  isocy- 
mene. — 2.  By  sulphonation  of  (a)-bromo-isocy- 
mene  and  removal  of  the  Br  by  sodium  amalgam 
(Kelbe  a.  Czarnomski,  B.  17,  1746  ;  A.  235,  285). 

S  alts.— NaA'  3aq.— BaA'2  8aq :  laminae,  v.  e. 
sol.  water.— CaA'25'aq.— CuA'23iaq.— PbA'28aq. 

^wideC10H13(S02NH,)  [162°]. 

£>-Iso-cymene  (a)-sulphonic  acid 
CiH.!MePr(S03H)  [1:4:2].  From  iso-cymene  and 
H,S04,  together  with  the  (j8)-isomeride  (Jacobsen, 
B.  12,  431).  KOH  and  potassium  permanganate 
converts  it  into  oxy-propyl-sulpho-benzoic  acid 
C<ft((X)4H)(C(OH)Mej)8OtH  (K.  Meyer  a.  H. 
Boner,  A.  220,  30).  Potash-fusion  gives  oxy- 
terephthalic  acid  and  oxy-cuminic  acid  [88°]. 

Salts .— BaA'2  aq  :  slender  needles.  S.  4-28 
at  0°.— CuA'24aq:  blue  leaflets. 

Amide  C6H3MePr(S02NH2).     [98°]. 

£>-Isocymene  (ft)  -sulphonic  acid 
C6H3MePr(S03H).     Formed  as  above.     Its  Ba 
salt  is  extremely  soluble  in  water. 

Amide  C(iH3MePr(S02NH,).     [80°-90°]. 

Cymene  disulphonic  acid  CHH2MePr(S03H)2. 
From  cymene  and  fuming  H2S04  (Kraut,  A.  192, 


226).— BaA" aq:  v.  e.  sol.  water  (Glaus,  B.  14, 
2140). 

w-wo-CYMENOL  CtiHJPrMe(OH)  [4:2:1]. 

Methyl-isopropyl-phenol  m-isocymophenol. 
(231°).  BQO  1'52.  From  w-isocymene  sulphonic 
acid  (1  pt.)  by  fusion  with  KOH  (6  pts.)  (Kelbe, 
A.  210,  40).  Liquid,  smelling  like  thymol. 
Gives  a  violet  colour  with  FeCl3.  By  KOH 
fusion  it  is  converted  into  o-oxy-isophthalic  acid 
andjp-cuminol-carboxylic  acid  C6H3Pr(OH)C02H 
[4:1:2]. 

Benzoyl  derivative  C6H3PrMe(OBz). 
[73°].  Monoclinic  crystals;  a:b:c=  -52:l:-82 ; 
0  =  82°  17'. 

Methyl  ether  C6H3PrMe(OMe)  :    (217°). 

Ethyl  ether  C6H3PrMe(OEt) :  (224°). 

Tri-bromo-derivative  C6Br3PrMe(OH) : 
[222°] ;  plates  (Jesurun,  B.  19,  1413). 

Isomerides:  CARVACROL  and  THYMOL. 

w-iso-CYMENOL-CABBOXYLIC  ACID 
CdH2PrMe(OH)C02H  [1:3:4:5].  Cymenotic  acid. 
[147°].  Formed  by  the  action  of  C02  upon 
sodium  m-tso-cymenol  (m-isopropyl -phenol). 
Long  slender  needles  (from  hot  water).  81.  sol. 
hot  water,  nearly  insol.  cold  water.  Fe2Cl6  pro- 
duces a  bluish- violet  colouration. 

Salts. — AgA':  small  needles,  m.  sol.  hot 
water. — BaA'2  4aq :  needles,  v.  sol.  alcohol. 

Methyl  ether  A'Me:  [148°] :  short  needles 
(from  alcohol)  (Jesurun,  B.  19,  1414). 

Isomerides :  CARVACROTIC  and  THYMOTIC 
ACIDS. 

CYMIDINE  C(jH3(C3H7)(CH3)NH2  [4:1:3]. 

Preparation.  —  Nitro  -  cymylene  -  dichloride 
CtjH:j(C3H;)(NO2)(CHCl2),  obtained  by  the  action 
of  PC15  on  nitrocuminic  aldehyde,  is  reduced  with 
zinc  and  HC1. 

Properties. — Colourless  oil.  Volatile  with 
steam.  Sol.  alcohol  and  ether.  Stable  towards 
oxidising  agents.  By  nitrous  acid  it  is  converted 
into  thymol. 

Salts.— B'HCl:  fine  needles.— (B'HCl)2PtCl4: 
sparingly  soluble  yellow  needles. — B'2H2S04  2^  aq : 
small  white  needles,  si.  sol.  cold  water. 

Acetyl  derivative,  [about  112°].  White 
needles  (Widman,  B.  15,  167  ;  21,  2126 ;  cf.  Bar- 
low, A.  98,  248 ;  P.  M.  [4]  10,  454). 

Cymidine  C6H3PrMe(NH,)  [4:1:2].  From 
(2,4,l)-nitro-cymene  (Loderbaum,  B.  21,  2127). 
—B'HCL— B'2H2S04  aq. 

w-Isocymidine  C6H3PrMe(NH2)  [3:1:5  or  ]. 
(233°).  From  nitro-iso-cymene  (Kelbe  a.  Warth 
A.  221,  163).  Yellowish  oil.  V.  si.  sol.  water, 
v.  sol.  alcohol,  light  petroleum,  or  benzene. 

gait  s.— B'2H2S04.  81.  sol.  water.  — B'H.,C2O4. 

Acetyl  derivative  C6H3PrMeNHAc. 
[118°]. 

Benzoyl  derivative  CtiH3PrMeNHBz. 
[165°]. 

Phthalyl  derivative 
CaH4C202NCtiH3PrMe.     [145°]. 

(?n)-CYMIDINE-SULPHONIC  ACID 
C6H,Me(C3H7)(NH,)S03H  [1:4:3:6].  Formed  by 
heating  cymidine  with  fuming  H2S04.  Thin 
glistening  colourless  plates  or  prismatic  needles. 
V.  si.  sol.  cold  water.  Insol.  alcohol.  Is  pro- 
bably a  n-propyl-derivative,  since  by  treat- 
ment of  the  diazo-  compound  with  HBr  and 
denomination  it  gives  rise  to  the  sulpho- 
nic acid  of  n-cymene.  The  corresponding 
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/S03 
Diazo-   compound   C6H2MePr<Q  |         forms 

small  white  needles,  v.  e.  sol.  water,  si.  sol. 
alcohol,  insol.  ether.  T$y  warming  with  absolute 
alcohol  it  is  converted  into  the  sulphonic  acid  of 
the  ethyl-ether  of  thymol  (Widmann,B.  19, 246) 

Isocymidine  sulphonic  acid 
C6H.,MePr(NH2) (S03H).  From  amido-iso-cymene 
and  fuming  H2S04  (Kelbe  a.  Warth,  A  221, 177). 

Salt.— BaA'2. 

CYMINYL.    Also  called  CYMYL  (g.  v.). 

CYMOPHENOL  v.  CYMENOL. 

CYMOPHENONE  v.  PHENYL  CYMYL  KETONE. 

CYMYL.  The  radicle  CtiH3Me(C3H7).  Its 
derivatives  are  described  below ;  see  also  CARVA- 
CBYL  and  THYMYL  compounds.  Cuminyl 
CbH,(C3H7)CH2  is  isomeric  with  cymyl. 

CYMYLAMINE  v.  THYMYLAMINE  and  CARVA- 

CBYLAMINE. 

ISOCYMYL-CARBAMIC  ETHER 

C6H3PrMeNH.C02Et.  [229°].  From  ClC02Et 
and  amido-iso-cymene.  Slender  needles  (from 
alcohol). 

ISOCYMYL  CARBAMINE  CfiH3PrMeNC. 
From  amido-iso-cymene,  KOH,  CHC18,  and  al- 
cohol (Kelhe  a.  Warth,  A.  221, 170).  Oil  of  very 
nasty  odour,  nearly  insol.  water,  sol.  alcohol, 
ether,  and  benzene.  Can  be  distilled  with  steam, 
but  not  alone  at  ordinary  pressure. 

DI-CYMYL  ETHYLENE  DIKETONE 
(C6H3MePr.CO)2C2H4.    (c.  320°).    From  cymene, 
puccinyl    chloride,    and    A1C13    (Glaus,   B.  20, 
1378). 

ISOCYMYL  ETHYL  GUANID1NE 
C6H3PrMeNH.C(NH).NHEt. 
From  C6H3PrMeNH.CS.NHEt,  alcoholic  NH3, 
and  PbO  (K.  a.  W.).    Gummy  mass. 

Tribenzoyl  derivative 
CfiH3PrMeNBzC.(NBz).NBzEt.    [165°].    Needles 
(from  alcohol). 

CYMYL  ETHYL  KETONE  CARBOXYLIC 
ACID  C6H3(C3H7)Me.CO.CH2.CH2.C02H.  From 
cymene,  succinyl  chloride,  CS2,  and  ALCL  (Glaus, 
B.  20,  1378).— PbA'2. 

ISOCYMYL  ETHYL  THIO-UREA 
C6H3PrMeNH.CS.NHEt.          Methyl-iso-propyl- 
phenyl-thio-ethyl-urea.      Formed    by    heating 
amido-iso-cymene  with  ethyl-mustard  oil.    An 
amorphous  gummy  mass  (K.  a.  W.). 

CYMYL  METHYL  KETONE 
CH3.CO.C6H3MePr  [1:2:5].  (248°).  From  cymene, 
AcCl,  and  A1C13  (Glaus,  B.  19,  232). 

DI-ISOCYMYL  THIO-UREA 
(C6H3PrMeNH)2CS.     [160°].     From  amido-iso- 
cymene    and    CS2  in  a  sealed    tube    at   100° 
(K.  a.  W.).     Slender  needles  (from  alcohol). 

ISOCYMYL  -  UREA  NH2.CO.NH.CfiH3PrMe. 
Eso-methyl-eso-iso-propyl-phenyl-urea.  [176°]. 
From  KNCO  and  amido-iso-cymene  sulphate 
(Kelbe  a.  Warth,  A.  221, 171).  Matted  glittering 
needles  (from  water). 

Di-isocymyl-urea  CO(NH.C6H3PrMe)2.  From 
COC12  and  amido-iso-cymene  in  ether.  Slender 
needles  (from  alcohol). 

CYNANCHOL.  A  crystalline  substance  ex- 
tracted by  Butlerow  (A.  180,  349)  from  Cynan- 
chum  acutum,  a  creeping  plant  growing  near 
the  Oxus,  and  said  to  poison  camels.  According 
to  Hesse  (A.  182, 163)  it  is  a  mixture  of  cynan- 
chocerin  [146°]  and  cynanchin  [149°]. 


CYNAPINE.  Areddish-yellow  oil  with  power- 
ful odour,  contained  in  the  seeds  of  fool's  parsley 
(JEthusa  Cynapium),  whence  it  may  be  extracted 
by  distilling  with  milk  of  lime.  Strongly  alkaline 
in  reaction  (Ficinus,  Mag.  Pharm.  20, 357 ;  Bern- 
hardt,  Ar.  Ph.  [3]  16, 117). 

CYNENE  v.  CINENE. 

CYNEOL  v.  CINEOL. 

CYNURENIC  ACID  is  OXY-QUINOLINE  CAR- 

BOXYLIC  ACID  (q.  V.). 

CYNURIC  ACID  C9H7N05  i.e. 
CO.jH.CeH^CO.CO.^H.  Oxaloxyl-o-amido-benzoic 
acid.  [189°].  S.  1-12  at  10°.  Formed  by  oxi- 
dising  cynurenic  acid,  acetyl-quinoline  tetra- 
hydride,  or  carbostyril  by  alkaline  KMnO4 
(Kretschy,  M.  4,  157  ;  Friedlander  a.  Ostermaier, 
B.  15,  332).  Formed  also  by  heating  dry  oxalic 
acid  with  o-amido-benzoic  acid  at  130°  (Kretschy 
M.  5,  21).  Needles  (from  ether).  Fe2Cl6  colours 
its  aqueous  solution  crimson.  Boiling  acids  and 
alkalis  split  it  up  into  oxalic  and  o-amido- 
benzoic  acids. 

S  alt  s.-KHA"|aq.-  (NH,)^".— BaH^aq. 
BaA."  aq.— CaA"  2±aq.  -Cu3A"20  4aq.— Ag2A". 

EthyletherEtA.'.  [181°].  From  indoxylic 
ether  and  chromic  mixture  (Baeyer,  B.  15,  778). 
Needles  (from  alcohol). 

CYSTEIN  C3H7NS02  i.e. 

CH3.C(NH2)(SH).C02H.  Prepared  by  adding 
tin  to  a  solution  of  cystin  in  hydrochloric  acid 
(Baumann,  If.  8,  299).  Crystalline  powder,  sol. 
water,  ammonia,  and  acids.  The  aqueous  solu- 
tion is  oxidised  to  cystin  even  by  the  air. 

CYSTIN  C6H12N2S204  t.e.S(CMe(NH2).CO,H)2. 
[a]D=  -206°  in  11  p.c.  HClAq  (Mauthner,  H.  7, 
225) ;  [a]j  =  - 142°  in  NH3Aq  (Kulz,  Z.  B.  20, 1). 
Occasionally  occurs  as  urinary  calculus  or  sedi- 
ment (Wollaston,  P.  T.  1810,  223  ;  Golding  Bird, 
Treatise  on  Urinary  Concretions ;  Toel,  A.  96, 
247  ;  Lassaigne,  A.  Ch.  [2]  23,  328  ;  Baudrimont 
a.  Malaguti,  J.  Ph.  24,  633 ;  Thaulow,  A.  27, 
197 ;  Marchand,  /.  pr.  16,  254 ;  Kobert,  /.  Ph. 
7,  165  ;  0.  Henry,  J.  Ph.  23,  11 ;  Taylor,  P.  M. 
[3]  12,  337;  Niemann,  A.  187,  101;  Udranszky 
a.  Baumann,  B.  21,  2744).  Found  also  in  the 
kidneys  of  the  ox  (Cloetta,  A.  99,  299)  and  in  the 
liver  of  a  drunkard  who  died  of  typhus  fever 
(Scherer,  N.  Jahrb.  Pharm.  7,  306).  In  very 
small  quantities  it  is  a  normal  constituent  in 
urine  (Goldmann  a.  Baumann,  H.  12,  254). 

Properties. — Neutral  and  tasteless.  Crystal- 
line mass.  Insol.  water  and  alcohol ;  sol.  aqueous 
ammonia  (difference  from  uric  acid)  and  potash, 
and  reppd.  as  six-sided  lamina  by  HOAc.  Sol. 
HClAq.  Separates  from  an  ammoniacal  solu- 
tion as  colourless  laminse.  Cold  ammoniacal 
AgNOs  followed  by  HN03  gives  a  canary  yellow 
pp.,  but  hot  ammoniacal  AgNO3  ppts.  Ag.,S 
(Dewar  a.  Gamgee,  Ph.  [3]  1, 385).  Baryta- water 
at  150°  gives  barium  sulphide  and  sulphite. 
Nitrous  acid  forms  pyruvic  acid  (Dewar  a.  Gam- 
gee,  Ph.  [3]  3,  144  ;  H.  5, 329).  Boiling  aqueous 
NaOH  converts  part  of  its  S  into  H2S. 

Benzoyl  derivative  C6H10Bz2N2S204. 
[158°].  Its  Na  derivative  is  ppd.  by  adding  BzCl 
to  a  solution  of  cystin  in  aqueous  NaOH.  Slender 
needles.  Strong  acid,  insol.  water,  si.  sol.  ether, 
m.  sol.  alcohol  (G.  a.  B.). 

CYTISINE  C?0H27N30.  [155°  cor.].  An  al- 
kaloid occurring  in  the  unripe  seeds  of  the  labur- 
num, Cytisus  Laburnum  (Chevallier  a.  Lassaigne 
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J.  Ph.  4,  340 ;  7,  235  ;  Peschier,  J.  Chim.  Med. 
6,  65 ;  Husemann  a.  Marme,  Z.  [2]  1,  161 ;  5, 
677).  Crystalline  mass  (from  alcohol)  or  thin 
needles  and  laminae  (by  sublimation).  V.  e.  sol. 
water  and  alcohol,  nearly  insol.  ether,  benzene, 
and  chloroform.  Expels  NH3  from  its  salts, 
even  in  the  cold.  Poisonous.  Does  not  reduce 
Fehling's  solution.  Potassio-mercuric  iodide 
gives  a  white  flocculent  pp.  becoming  crystal- 
line. I  in  KI  gives  an  amorphous  red  pp. 
changing  to  prisms.  Bromine-water  gives  an 
orange  pp.  even  in  very  dilute  (1:15000)  solu- 


tions. Sodium  phosphomolybdate  gives  a  yellow 
pp.  Tannin  forms  a  pp.  only  after  neutralisa- 
tion with  NaOH.  Picric  acid  gives  a  yellow  pp. 
soon  becoming  crystalline. 

Colour  tests.— Cone.  H2S04  gives  no  colour. 
Sulphomolybdic  acid  reaction  gives  no  colour. 
H2S04  and  K2Cr2O7  a  yellow  turning  brown. 
HN03  an  orange-yellow. 

Salts.— B'(HN03)2 2aq :  prisms,  with  bitter 
taste.— B'H3C13  zaq.  —  B'H-jPtClg.— B'H4PtClB.— 
B'(HAuCl4)2.— B'Hg2Cl4. 
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DAMALURIC  ACID  CdHJ002.  [53°].  An  acid 
said  to  have  been  obtained  from  cows'  urine 
(Stadeler,  A.  77,  27 ;  Werner,  Z.  [2]  4,  413). 

DAMBONITE  C8HJ606.  [190°].  Di-methyl- 
dambose.  Di-methyl-inosite.  Occurs  in  a  pecu- 
liar kind  of  caoutchouc.  Exported  from  Gaboon 
in  West  Africa  (Girard,  G.  B.  67,  820).  Six- 
sided  prisms  (from  alcohol),  oblique  prisms  (con- 
taining 3aq)  (from  water),  or  slender  needles 
(by  sublimation).  Not  affected  by  dilute  acids 
or  alkalis,  by  Fehling's  solution,  or  by  fermen- 
tation. HI  gives  Mel  and  dambose,  identical 
with  inosite.  KI  forms  crystals  of  C8HI606KI. 
HN03  and  H,S04  form  an  explosive  nitrate 
(Champion,  C~ E.  73, 114). 

Acetyl  derivative  C8H,2Ac406.  [193°]. 
(337°).  Needles  (Maquenne,  A.  Ch.  [6]  12,  566 ; 
C.  B.  104,  1853). 

Benzoyl  derivative  C8H12Bz406.  [250°J. 
Minute  pale-yellow  needles  (M.). 

DAMBOSE  C6H1206.  [218°].  Obtained  by 
heating  dambonite  with  aqueous  HI  at  120° 
(Girard,  C.  B.  67,  820  ;  73,  426 ;  77,  995).  Ac- 
cording to  Maquenne  (C.  B.  104,  1853)  it  is 
identical  with  inosite  (v.  INOSITE  and  SUGARS). 
Six-sided  prisms  (from  dilute  alcohol) ;  mono- 
clinic  prisms  (containing  2aq)  (from  water).  In- 
active. V.  e.  sol.  water,  insol.  absolute  alcohol. 
Not  prone  to  fermentation. 

Hexa-acetyl  derivative  C^HA^O,, 
[211°]. 

Methyl  e^Tier  CeHnMeO(J.  Bornesite.  [175°]. 
In  caoutchouc  from  Borneo  (Girard,  Z.  [2]  7, 
335). 

Di-methyl  ether  v.  DAMBONITE. 

DAMMARA  RESIN.  New  Zealand  Kauri 
gum,  the  gum-resin  from  Dammara  australis 
contains  a  slightly  Icevorotatory  terpene  dam- 
marole  CIOH16  (158°)  S.G. is  -863  (Rennie,  C.J. 
39,  240 ;  cf.  Thomson,  A.  Ch.  [3]  9,  499  ;  Muir, 
C.J.  27,  733).  Dammar-Puti  or  East  Indian 
dammara  resin  may  be  separated,  according  to 
Dulk  (J.  pr.  14,  16),  by  successive  treatment  with 
weak  alcohol,  absolute  alcohol,  and  ether  into 
hydrated  dammarylic  acid  C45H7404  [50°], 
anhydrous  dammarylic  acid  C45H7303 


[60°],  and  dammaryl  C45H72  [190°] 
being  C90H1440  [215°].  Franchimont 


U.  V^j^-LX-.^ 

,  the  residue 


limont  obtained  an 
acid      "__  ~ 

DANAlN  C,4H140V   Said  to  occur  in  the  root 
of  Danais  fragrans,  and  to  give  by  hydrolysis  a 


sugar  and  resinous  danaidin  (Schlagdenhauffen, 
J.  1885,  1815). 

(3:4)    M  CH:CH 

DAPHNETIN  C,H2(OH)2<  |     .    Di- 

\(2)  0-CO 

oxy-coumarin.  [256°].  Prepared  by  hydrolysis 
of  daphnin,  a  glucoside  occurring  in  the  bark  of 
Daphne  alpina  and  Daphne  Mezereum  (Zwenger, 
A.  115,  8;  Stiinkel,  B.  12,  109). 

Synthesis. — By  heating  molecular  proportions 
of  pyrogallol  and  malic  acid  with  H2SO4  (twice 
the  weight  of  the  former),  and  precipitating  the 
melt  in  cold  water  (Pechmann,  B.  17,  938). 

Properties. — Needles  or  prisms.  Sol.  hot 
water,  si.  sol.  ether,  nearly  insol.  chloroform, 
benzene,  and  CS2.  Dissolves  in  alkalis  with  a 
reddish-yellow  colour. 

Beactions. — Fe2Cl6  gives  a  green  colouration 
which  changes  to  red  on  adding  Na2C08.  Po- 
tassic  ferricyanide  and  NH3  gives  a  reddish-yel- 
low colour.  HN03  gives  an  intense  red.  It  re- 
duces AgN03  and  Fehling's  solution  in  the  cold. 
Baryta  water,  Zn(OAc)2,  and  Pb(OAc)2  give  yel- 
low pps.  After  boiling  with  NaHS03,  Fe2Cl8 
gives  an  intense  blue  colour. 

Di-acetyl  derivative  GgH402(OAc)2 : 
[129°] ;  colourless  needles,  insol.  water,  sol. 
other  solvents. 

Di-benzoyl  derivative  C9H402(OBz)2 : 
[152°];  fine  needles,  insol.  water  and  ether, 
sparingly  soluble  in  alcohol  (Pechmann,  B.  17, 
933). 

Mono-ethyl  ether  C9Hs03(OEt) :  [155°]; 
colourless  glistening  plates,  v.  sol.  alcohol,  ether, 
benzene,  and  aqueous  alkalis,  si.  sol.  water. 

Di-ethyl  ether  C9H402(OEt)2 :  [72°];  co- 
lourless needles.  V.  sol.  alcohol,  ether,  and 
benzene,  insol.  water  and  aqueous  alkalis  (Will 
a.  Jung,  B.  17,  1081). 

Bromo-daphnetin  C,,H5Br04. 

Di-ethyl  ether  C9H3BrO,(OEt)2 :  [115°]; 
colourless  feathery  crystals.  Sol.  hot  alcohol, 
ether,  and  benzene,  si.  sol.  cold  alcohol,  insol. 
aqueous  alkalis.  Formed  by  bromination  of  the 
di-ethyl  ether  of  daphnetin.  By  boiling  with 
alcoholic  KOH  it  is  converted  into  the  di-ethyl- 
derivative  of  daphnetilic  acid  (Will  a.  Jung,  B. 
17,  1084). 

Tetra-bromo-daphnetin.  Acetyl  deriva- 
tive C9HBr4Ac04.  [c.  290°].  From  acetyl- 
daphnetin  and  Br  at  100°  (Stiinkel). 
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J3-M  ehyl-daphnetin 

C(CH3):CH 


Formed    by    the 


action  of  H2S04  on  a  mixture  of  aceto-acetic 
ether  and  pyrogallol.  By  boiling  with  sodium 
bisulphite  till  dissolved  and  then  adding  Fe2Cl8 
a  blue  colouration  is  produced  (Pechmann  a. 
Cohen,  JB.  17,  2188). 

Daphnetic  acid  C6H2(OH)3.CH:CH.C02H. 
Tri-oxy-cinnamic  acid. 

Tri-ethyl  derivative 

CdH2(OEt)8.C2H2.C02H :  [193°]  ;  colourless  crys- 
tals. V.  sol.  hot  alcohol,  ether,  and  benzene, 
insol.  water  and  CS2.  Obtained  by  evaporating 
the  di-ethyl-ether  of  daphnetin  with  aqueous 
NaOH,  and  heating  the  residue  with  ethyl 
iodide.  On  oxidation  with  KMn04  it  gives  tri- 
ethoxy-benzoic  aldehyde  and  acid  (Will  a.  Jung, 
B.  17,  1086). 

Daphnetilic  acid  C(JH30(OH)2.C02H. 

Di-ethyl  derivative  C8H30(OEt)2.C02H. 
[154°].  Fine  felted  needles.  Formed  by  boiling 
the  di-ethyl  ether  of  bromo-daphnetin  with  alco- 
holic KOH  (Will  a.  Jung,  B.  17,  1085). 

DAPHNIN  C15H1609.  [c.200°J.  Aglucoside 
occurring  in  the  bark  of  certain  species  of 
Daphne  (Vauquelin,  A.  Ch.  84,  173 ;  Gmelin  a. 
Baer,  Sell.  J.  35,  1 ;  Zwenger,  A.  115,  1).  Eect- 
angular  prisms  (containing  2aq)  (from  water). 
SI.  sol.  cold  water,  v.  sol.  boiling  alcohol,  insol. 
ether.  Alkalis  and  alkaline  carbonates  dissolve 
it,  forming  a  yellow  solution,  which  turns  brown 
in  air.  Fe2Cl6  colours  its  aqueous  solution 
bluish.  It  slowly  reduces  boiling  Fehling's  solu- 
tion. Hot  solutions  are  ppd.  by  basic  lead  acetate. 
Emulsin  or  dilute  acids  split  it  up  into  glucose 
and  daphnetin. 

DATISCIN  0^0,2.  [180°].  A  glucoside 
occurring  in  the  leaves  and  roots  of  Datisca 
cannabina,  which  are  used  to  dye  silk  yellow 
(Braconnot,  A.  Ch.  [2]  3,  277 ;  Stenhouse,  Chem. 
Gaz.  1856,  No.  318 ;  A.  98, 166).  Silky  needles, 
si.  sol.  cold  water,  v.  sol.  alcohol,  y.  si.  sol. 
ether.  Tastes  bitter.  Eesolved  by  dilute  acids 
into  glucose  and  datiscetin.  Bases  dissolve  it 
with  deep-yellow  colour.  Lead  acetate,  Fe2Cl6, 
CuS04,  and  SnCl4  ppt.  its  solution. 

Datiscetin  C15H,0O6.  Formed  as  above. 
Tasteless  needles,  nearly  insol.  water,  v.  e.  sol. 
ether.— C15H8Pb06. 

DATUKINE  is  identical  with  ATROPINE  (q.v.). 

DAVYTTM.  According  to  Kern,  some  speci- 
mens of  Eussian  platinum  ores  contain  a  metal 
which  is  not  Ir,  Os,  Pd,  Pt,  Eh,  nor  Eu  (C.  N. 
36,  114).  The  mother-liquor  remaining  after 
separation  of  Eh  and  Ir  by  Bunsen's  method 
(P.  M.  [4]  36,  253)  was  heated  with  excess  of 
NH4C1  and  NH4N03 ;  the  dark-red  pp.  thus  ob- 
tained was  strongly  heated,  whereby  the  new 
metal  was  obtained  as  a  spongy  mass,  which 
fused  in  the  0-H  flame  to  a  silver-white  button. 
The  ore  contained  about  -045  p.c.  of  the  new 
metal,  to  which  Kern  gave  the  name  Davyum. 
The  metal  is  described  as  hard,  but  malleable 
when  heated ;  e.  sol.  aqua  regia,  v.  si.  sol.  boil- 
ing H2S04.  S.G.  9-389.  At.  w.  about  154. 
Several  salts  of  this  metal  are  described  by  Kern. 
The  whole  subject  requires  re-investigation. 

M.  M.  P   M 

DECACRYLIC  ACID  v.  DECENOIC  ACID. 


DECANAPHTHENE  v.  DECYLENE. 

w-DECANE  C10EU  (169°-170°)  at  742  mm.; 
(107°)  at  100  mm. "  S.G.  £  -745  ;  ^  -734  ;  IM 
•669.  S.  (glacial  acetic  acid)  8  at  c.  15°  ;  20  at 
60q.  From  n-octyl  bromide,  EtBr  and  Na 
(Lachowicz,  A.  220,  179).  Formed  also  from 
methyl  ennyl  ketone  by  treatment  with  PC15  and 
reduction  of  the  product  by  HI  and  P ;  and  by 
reducing  octoic  acid  with  HI  and  P  (Krafft,  B. 
15,  1695).  Has  hardly  any  smell  and  no  taste. 
Not  attacked  by  cone.  H2S04.  Attacked  by  I!r 
only  when  heated. 

Decane  C10H.,0.  Inactive  di-isoamyl.  (158-8° 
cor.)  at  732-8  mm.  S.G.  ^  -7216  (Lachowicz,  A. 
220,  172).  V.D.  72  (for  71).  S.  (in  glacial  acetic 
acid)  8  at  c.  15°  ;  20  at  65°.  S.V.  231-3  (Schiff ,  A. 
220,  88).  From  isoamyl  iodide  and  zinc  (Frank- 
land,  C.  J.  3,  32).  From  isoamyl  bromide  or 
iodide  and  sodium  (Wurtz,  A.  Ch.  [3]  44,  275  ; 
Grimshaw,  B.  10,  1602;  C.  J.  32,  260,  687). 
Formed  also  by  the  electrolysis  of  sodium  hexoate 
(Brazier  a.  Gossleth,  C.  J.  3,  221).  Tasteless, 
with  faint  odour.  Flashing-point  53°.  Not  at- 
tacked by  HN03  or  cone.  H2S04.  Gives  with 
bromine  decyl  bromide,  which  on  distillation 
splits  up  into  decylene  and  HBr. 

Decane    CHMeEt.CH,.CH2.CHMeEt.    Active 

!  diamyl.     (160°).     V.D.  4-82  (for  4-91).     S.G.  ff 

•7463.     [o]D  =  6-49°  for  100  mm.  at  22°.    From 

active  amyl  iodide  and  sodium  (Just,  A.  220, 155). 

Decane  (152°-153°).  S.G.  21  -7187.  V.D. 
69-4  (for  71).  In  Galician  petroleum  (Lachowicz, 
A.  220,  195). 

Another  decane  from  same  source :  (162°- 
163°).  S.G.  22  -7324. 

Decane  C,0H,2.  (160°)  (Pelouze  a.  Cahours, 
A.  Ch.  [4]  1,  5)";  (156°)  (Wurtz,  Bl.  1863,  300; 
Lemoine,  Bl.  [2]  41, 165).  S.G.  &  -757  (P.  a.  C.) ; 
fi  -764  (L.).  V.D.  4-95.  Occurs  in  American 
petroleum. 

Decane.  (171°).  S.G.  ^  -756.  In  coal  tar 
(Jacobsen,  A.  184,  202). 

DECARBUSNIC  ACID  v.  USNETIC  ACID. 

DECENE  v.  DECYLENE. 

DECENOIC  ACID  C10H180.,  i.e. 
C6H)3.CH:CH.CH2.C02H.  [10°].  Formed  by 
distilling  the  lactoneof  £-oxy-heptyl-succinic  acid 
(q.  v.).  Oil,  hardly  soluble  in,  and  lighter  than, 
water.  Volatile  with  steam.  Combines  with 
HBr  (Schneegans,  A.  227,  91). 

Salts .— BaA'2.— Ca  A'2.— AgA'. 

Decenoic  acid  C10H]802.  Amenyl-valeric  acid. 
(269°).  S.G.  i2  -961.  From  sodium  isoamylate 
and  CO  at  165°  (Frohlich  a.  Geuther,  A.  202,  297). 
Oil.  The  Na  salt  is  deliquescent. 

Decenoic  acid  C10HI802.  Amydecylenic  acid. 
(242°  cor.).  S.G.  $  -9096.  Formed  by  oxidation 
of  the  corresponding  aldehyde  (Borodin,  B.  5, 
481 ;  Hell  a.  Schoop,  B.  12,  193).  Oil.  Oxidised 
by  chromic  mixture  to  acetic  and  isovaleric  acid 
(Gaess,  B.  10,  455).  The  K  salt  is  deliquescent. 
CaA'2|aq:  needles  (from  alcohol). 

Decenoic  acid  C10H,802.  Decacrylic  acid. 
[86°].  S.  (cold  alcohol)  -08  ;  (hot  alcohol)  2. 
Occurs  in  cork.  Amorphous.  Acid  to  litmus 
(Siewert,  Z.  1888,  383). 

DECENOIC  ALDEHYDE  C10H,80.  Diisova- 
leric  aldehyde,  (c.  189°).  S.G.  s.  -861.  Formed 
from  isovaleric  aldehyde  by  heating  with  zinc 
filings,  or  by  treating  with  Na,  KOH,  K2C03,  or 
HC1  (Borodin,  B.  2,  552 ;  5,  481 ;  6,  983  ;  Eiban, 
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SI.  [2]  18,  64  ;  Kekule,  B.  3,  135  ;  Gaess  a.  Hell, 
B.  8,  371).  Oil.  Does  not  combine  with  NaHS03. 
Keduces  ammoanical  AgNO3. 

DECENYL  ALCOHOL  C10H,00  i.e. 
CH.,:CH.CH2.CPr.2.OH.  Allyl-di-propyl-carbinol. 
(192°  i.V.).  S.G.  §  '8602  ;  ^  -8427.  C.E.  (15°- 
29°)  -00101.  H.C.  1,544,900  (Louguinine,  Bl.  [2] 
35,  563).  From  di-propyl-ketone,  zinc,  and  allyl 
icd  de  (Saytzeff,  A.  196,  109).  Oil,  smelling  like 
turpentine.  Chromic  mixture  oxidises  it  to  di- 
propyl-ketone,  butyric  acid,  and  propionic  acid. 
Aqueous  KMnO4  gives  C02H.CH2.CPr2.OH. 

Acetyl  derivative  CIOH19OAc.  (210°  i.V.). 
S.G.  Q  -890 ;  =£  -8733. 

Decenyl  alcohol  C,0H200  i.e. 
CH2:CH.CH2.CPr2.OH.  "  Allyl-di-isopropyl-car- 
binol.  (170°).  S.G.  2  -8671;  %4  -8477.  C.E. 
(0°-24°)  -00095.  From  di-isopropyl-ketone,  allyl 
iodide,  and  zinc  (Lebedinsky,  J.  pr.  [2]  23,  22). 
Oil,  smelling  like  turpentine.  KMn04  gives 
C02H.CH2.CPr2.OH  and  isobutyric  acid.  Forms 
a  liquid  dibromide. 

Decenyl  alcohol  C1(,H2(,0.  (c.  194°).  From 
acetone  (75  g.),  allyl  iodide  (205  g.),  isobutyl 
iodide  (230  g.),  and  granulated  zinc  (Schatzky, 
J.pr.  [2]  30,  216).  Oil. 

DECENYLENE  v.  DECINENE. 

DECENYLENE  TETRABROMIDE  v.  TETRA- 

BROMO-DECANE. 

DECINENE  C10H18.  Decenylene.  (c.  158°). 
S.G.  g  -787;  ^  '774;  ^  -770.  E^  77«1  to 
78-8  (theory  75-8).  Formed  by  heating 
allyl-di-propyl-carbinol  (decenyl  alcohol)  with 
H2S04  (1  pt.)  and  water  (1  pt.)  at  130°.  The  oily 
product  is  distilled,  and  the  portion  boiling  at 
150°-170°  is  distilled  over  sodium  in  an  atmo- 
sphere of  CO2.  Absorbs  oxygen  from  the  air. 
Combines  with  bromine  forming  C,0H18Br4.  Oxi- 
dised by  chromic  mixture  gives  acetic,  propionic 
and  butyric  acids  (S.  Keformatsky,  J.pr.  [2]  27, 
389  ;  Bl.  [2]  40, 185). 

Decinene  C10H18.  Rutylene.  (150°).  From 
diamylene  bromide  and  alcoholic  KOH  (Bauer, 

A.  135,  344). 

Decinene  C10HI8.  Sebacin.  [55°].  (above 
300°).  Formed  by  distilling  calcium  sebacate 
(Petersen,  A.  103,  184). 

Decinene  Ci0H,8.  (165°).  Formed  by  the 
action  of  alcoholic  potash  on  di-bromo-decane 
derived  from  petroleum  (Keboul  a.  Truchot,  A. 
144,  248). 

Decinene  C10H18.  Hydrocamphene.  [120°]. 
(160°).  A  product  of  the  action  of  sodium  on 
the  solid  hydrochloride  C,0H16HC1  derived  from 
turpentine  (Montgolfier,  A.  Ch.  [5]  19,  145).  In- 
active. 

Decinene  CIOH,,.  Hydrocamphene.  [140° 
uncor.].  Prepared  by  the  action  of  sodium  and 
gaseous  HC1  on  a  benzene  solution  of  bornyl 
chloride  (C10H17C1),  or  of  camphor-dichloride 
(C10H16Cl.j  (Kachler  a.  Spitzer,  B.  13,  615 ;  M. 
1,  589).  White  crystalline  solid.  V.  sol.  ether, 
less  sol.  alcohol  and  acetic  acid.  Does  not  com- 
bine with  HC1.  Very  stable  towards  oxidising 
agents.  Probably  identical  with  the  preceding. 

Decinene  (?)C,0H18.  Camphine.  (c.  169°). 
S.G.  £5  -827.  Formed  by  distilling  camphor 
with  iodine  or  HI  (Glaus,  /.  pr.  25,  264  ;  Weyl, 

B.  1,  96).    Br  acts  upon  it  by  substitution. 


DECINOIC  ACID  C10H1H02.  [52-5°].  (307°) 
Formed  by  the  action  of  sodium  on  butyric 
ether  (Briiggemann,  .4.246, 132).  Long  needles. 

DECINYL  ALCOHOL  CIOHI8O  i.e. 
(CK.2:CH.CH2)2CPr.O'K.Di-allyl-propyl-carbinol. 
(194°).  S.G.  §  -9707.  C.E.  (0°-20°).  -00082. 
KOO  78-7.  From  n-butyric  ether,  allyl  iodide, 
and  zinc ;  the  product  being  poured  into  water 
and  distilled  (Saytzeff,  A.  193,  362).  Oil,  smell- 
ing like  turpentine. 

Decinyl  alcohol  ClnH,80  i.e. 
(CH2:CH.CH2)2CPr.OH.  Di-allyl-isopropyl-car- 
binol.  (183°  i.V.).  S.G.  &  -8647 ;  f  -8512. 
From  isobutyric  ether,  allyl  iodide,  and  zinc 
(Eiabinin  a.  Saytzeff,  A.  197,  70;  BL  [2]  31, 
199).  Oxidised  by  the  air. 

Decinyl  alcohol  (?)C10H180.  (176°).  From 
valerylene  and  diluted  H2S04  (Keboul,  A.  143, 
373).  Oil. 

Decinyl  alcohol  (?)C10HI80.  (c.  211°).  A 
product  of  the  action  of  allyl  iodide  and  zinc  on 
acetic  ether  (Schestakoff,  J.  pr.  [2]  30,  215). 

DECIPP1UM.  According  to  Delafontaine 
(C.  B.  87,  632  ;  93,  63  ;  C,  N.  38,  223  ;  44,  67) 
Samarskite  from  North  Carolina,  and  Sipylite 
from  Virginia,  contain  an  element  belonging  to 
the  group  of  the  earths,  but  differing  from  all  the 
other  metals  of  this  class.  To  this  element  De- 
lafontaine gave  the  name  Decippium.  The 
double  sulphate  of  Dp  and  K  is  insoluble  in  satu- 
rated K2S04Aq ;  on  this  fact  is  based  a  method 
of  separating  from  terbium.  Further  researches 
are  required  before  the  existence  of  decippium 
can  be  regarded  as  established  (c/.  EARTHS  ;  and 
EARTHS,  METALS  OF  THE).  M.  M.  P.  M. 

DECOIC  ACID  C10H,002.  Capric  acid.  Mol.w. 
172.  [30°].  (269°).  S.G.  ^-930. 

Occurrence. — 1.  As  glyceryl  ether  in  butter 
(Chevreul,  Eecherches  sur  les  corps  gras)  and  in 
cocoa-nut  oil  (Gorgey,  A.  66,  295). — 2.  As  iso- 
amyl  ether  in  fusel  oil  from  grapes  (Fischer,  A. 
118,  307  ;  Grimm,  A.  157,  264),  and  in  fusel  oil 
from  Scotch  whiskey  (Kowney,  A.  79,  236). — 3. 
In  Limburg  cheese  (Iljenko,  A.  65,  85). — 4.  To 
the  extent  of  5  p.c.  in  the  fatty  mass  deposited 
by  the  water  used  to  extract  yolk  (suint)  from 
wool  (Buisine,  C.  B.  105,  614). 

Formation. — 1.  By  the  distillation  of  oleio 
acid  (Gottlieb,  A.  57,  63).— 2.  By  oxidation  of 
oleiic  acid  by  HN03  (Eedtenbacher,  A.  59,  54).— 
3.  From  octyl-aceto-acetic  acid  (Guthzeit,  A. 
204,  5). 

Properties. — Slender  needles,  hardly  sol. 
water,  of  faint  rancid  odour.  Sol.  alcohol  and 
ether. 

Salts. — AgA'.  Needles  from  boiling  water. 
SI.  sol.  water. — BaA'2.  Plates  from  boiling 
water.  SI.  sol.  water,  sol.  alcohol.— CaA'r — 
MgA',.— CuA'2.— NaA'.  Sol.  water. 

Methyl  ether  Me  A'.     (224°). 

Ethyl  ether  EtA'.     (244°).    S.G.  -862. 

Iso-amyl  ether  (275°-290°).  In  fusel  oil 
from  grapes. 

Chloride  CIOH19OC1.  (c.  210°)  (Grimm,  A. 
157,  272). 

Amide  C10H19ONH2.  [98°].  Prepared  by 
digesting  ammonic  decoate  at  230°  under 
pressure ;  the  yield  is  75  p.c.  (Hofmann,  B.  15, 
984). 

DECOIC  ALDEHYDE  C9H19.COH  (c.  106°) 
at  15  mm.  Formed  by  distilling  a  mixture  of 
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barium  decoate  (caprate)  and  barium  formate. 
Liquid.  On  reduction  with  zinc-dust  and  acetic 
acid  it  gives  ?t-prim-decyl  alcohol  (Krafft,  B. 
16,  1716). 

Isodecoic  aldehyde  C19H,00.  (169°  cor.). 
S.G.  -  *828.  Formed  by  oxidation  of  iso-capryl 
alcohol.  Oil.  Does  not  combine  with  NaHS03 
(Borodin,  J.  1870,  680). 

DECOMPOSITION,  CHEMICAL.  The  break- 
ing down  of  one  definite  kind  of  matter  into 
simpler  kinds  is  called  chemical  decomposition. 
By  a  definite  kind  of  matter  is  meant,  in  chemis- 
try, an  element  or  a  compound.  The  term  de- 
composition can  be  applied  in  strictness  only  to 
one  class  of  changes  undergone  by  compounds. 
The  products  of  the  decomposition  of  a  com- 
pound are  either  elements  or  compounds ;  the 
mass  of  each  is  different  from  the  mass  of  the 
compound  decomposed,  and  the  properties  of 
each  are  different  from  those  of  the  original  com- 
pound. The  simplest  cases  of  chemical  decom- 
position are  those  brought  about  by  the  action 
of  an  external  agency  such  as  heat,  light,  or 
electricity  on  a  compound ;  water,  for  instance, 
is  decomposed  by  the  electric  current  into  hydro- 
gen and  oxygen ;  salammoniac  is  decomposed  by 
heat  into  ammonia  and  hydrogen  chloride.  By 
a  slight  extension,  the  term  chemical  decomposi- 
tion is  used  to  include  cases  of  chemical  inter- 
action between  two  or  more  bodies  resulting  in 
the  formation  of  new  bodies,  some  at  least  of 
which  are  simpler  than  the  original  substances. 
Thus  when  water  and  potassium  interact  potash 
and  hydrogen  are  produced ;  the  water  is  often 
said  to  be  decomposed  by  the  potassium,  inas- 
much as  one  of  the  products  of  the  interaction 
is  the  element  hydrogen,  which  was  formerly 
combined  with  oxygen  forming  water.  So  when 
acetic  acid  and  phosphorus  pentachloride  react 
to  produce  acetyl  chloride,  phosphorus  oxy- 
chloride,  and  hydrochloric  acid,  each  of  the  re- 
acting bodies  may  be  said  to  be  decomposed  by 
the  other.  This  example  shows  that  the  term 
chemical  decomposition  is  used  as  covering  the 
greater  number  of  reactions  known  as  chemical 
changes.  The  combination  of  two  elements,  or 
of  one  element  and  compound,  or  of  two  (or 
more)  compounds,  would  not  generally  be  called 
a  decomposition ;  nor  would  the  term  be  custom- 
arily employed  with  reference  to  an  isomeric  or 
allotropic  change,  such  as  that  of  ammonium 
cyanate  into  urea,  or  of  one  form  of  crystalline 
arsenious  oxide  into  the  other  form ;  but  with 
these  exceptions  the  terms  chemical  decomposi- 
tion and  chemical  change  have  practically  the 
same  connotation. 

When  a  chemical  change  between  two  or 
more  bodies  is  called  a  decomposition,  the  term 
is  generally  used  with  the  object  of  concentrat- 
ing attention  chiefly  on  one  of  the  changing  sub- 
stances. Thus  the  change  which  occurs  when 
potash  solution  reacts  with  chlorine  to  form 
potassium  chloride  and  chlorate  is  a  decomposi- 
tion of  the  potash,  but  a  combination  of  the 
chlorine  with  other  elements.  Again,  when  it  is 
said  that  common  salt  is  decomposed  by  sul- 
phuric acid  with  production  of  hydrogen  chloride, 
only  one  part  of  the  chemical  change  is  brought 
prominently  forward ;  it  might  be  necessary  some- 
times to  say  that  sulphuric  acid  is  decomposed 
by  common  salt  with  production  of  sodium  sul- 


phate ;  neither  statement  is  a  full  account  of  the 
occurrence. 

Among  chemical  decompositions,  in  a  nar- 
rower sense  of  the  term,  processes  of  dissociation 
take  a  prominent  place.  In  these  processes  one 
definite  compound  is  resolved,  by  the  action  of 
heat,  into  two  or  more  elements  or  compounds 
differing  from  itself,  and  each  weighing  less  than 
the  original  compound ;  thus  hydrogen  iodide  is 
dissociated  into  hydrogen  and  iodine,  ammonium 
carbamate  is  dissociated  into  ammonia  and  car- 
bon dioxide,  and  so  on. 

Chemical  decompositions  are  special  cases  of 
chemical  change ;  the  laws  which  state  the  con- 
ditions and  course  of  chemical  changes  apply  to 
chemical  decomposition.  These  laws  are  stated 
and  discussed  in  other  articles;  v.  especially 
AFFINITY,  vol.  i.  p.  67 ;  CHEMICAL  CHANGE,  vol.  i. 
p.  731 ;  COMBINATION,  CHEMICAL,  LAWS  OF  ;  COM- 
POSITION, CHEMICAL.  M.  M.  P.  M. 

DECONENE  C,0H16.  (c.  148°).  From  di- 
bromo-decylene  (rutylene  bromide)  and  alco- 
holic potash  (Bauer  a.  Verson,  A.  151,  52; 
Tugolesoff,  J.  B.  13,  447).  Oil,  smelling  like 
turpentine.  Its  bromide  C10HI6Br2  gives  no 
cymene  when  heated  with  aniline.  HC1  gives 
(CJOH16)2HC1. 

Isomerides  v.  TEBPENES. 

DECONOIC  ACID  C10H1402.  Tri-ethenyl- 
butyric  acid  (?)  (c.  255°).  Formed  by  heating 
NaOEt  and  NaOAc  in  a  current  of  CO  at  205° 
(Geuther  a.  Frohlich,  A  202,  309). 

n-priw-DECYL-ALCOHOL  C,0H21.OH  i.e. 
CH3(CH2)8CH2OH.  Mol.  w.  158.  [7°].  (119°)  at 
15  mm.  S.G.  (liquid)  J  -8389  ;  250  -8297 ;  f  -7734. 
Large  rectangular  prisms  or  a  thick  sweet-smell- 
ing highly -refractive  liquid. 

Formation. — Capric  aldehyde  (obtained  by 
distilling  barium  caprate  with  barium  formiate) 
is  reduced  with  zinc-dust  and  acetic  acid. 

Acetyl  derivative  C,,,H21OAc  (125°  at  15 
mm.).  Mobile  peculiar-smelling  liquid.  Solidifies 
at  a  low  temperature  (Krafft,  B.  16,  1716). 

Decyl  alcohol  C6H18CHPr.OH.  Propyl-liexyl- 
carbinol.  (211°).  S.G.  fi  -839 ;  25°  -826.  From 
O3nanthol  and  ZnPr2  followed  by  water  (Wagner, 
Bl.  [2]  42,  330  ;  J.  E.  16,  329).  Oil. 

Decyl  alcohol  C10H21OH.  (200°).  S.G.  ^ 
•858.  From  the  decane  of  petroleum  vid  decyl 
chloride  (Lemoine,  BL  [2]  41,  165 ;  c/.  Pelouze 
a.  Cahours,  /.  1863,  529 ;  A.  Ch.  [4]  1,  5). 

Decyl  alcohol  C10H21OH.  Isocapric  alcohol. 
(203°).  S.G.  ^  -857.  From  isovaleric  aldehyde 
and  sodium  (Borodin,  Z.  1870,  415). 

Acetyl  derivative  C10H21OAc.  (220°). 
S.G.  2  -883. 

Benzoyl  derivative  C10H21OBz.  (above 
280°). 

Decyl  alcohol  C10H21OH.  (c.  230°).  S.G.  -84. 
From  isoamyl  isovalerate  and  sodium  (Louren?© 
a.  Aguiar,  Z.  1870,  404). 

Acetyl  derivative  C10H2,OAc.    (c.  232°). 

Decyl  alcohol  C10H2,OH.  Diisoamyl  alcohol. 
(203°).  Formed,  together  with  an  isomeride 
(212°),  from  di-isoamyl  (decane),  by  chlorination 
and  displacement  of  Cl  by  OH  (Grimshaw,  B.  10, 
1602). 

DECTL  BROMIDE  CIOH21Br.  From  di-iso- 
amyl. Splits  up  on  distillation  into  IIBr  and 
decylene. 
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DECYL  CHLORIDE  C18H21C1.  (200°).  From 
di-isoamyl  and  Cl  (Schorlemmer,  A.  129,  246). 

Decyl  chloride  C^Cl.  (c.  202°)  (Pelouze 
a.  Cahours,  A.  Ch.  [4]  1,  5).  S.G.  is  -908  (Le- 
moine,  Bl.  [2]  41,  165).  From  decane  of  petro- 
leum and  chlorine. 

Decyl  chloride  C10H21C1.  (c.  195°)  (Wurtz, 
Bl.  [2]  5,  315).  From  Cl  and  the  decane  from 
di-bromo-decane  (diamylene  bromide). 

Decyl  chloride  C10H21C1.  (c.  180°).  From 
decyl  alcohol  (isocapryl  alcohol)  (Borodin,  J. 
1864,  338). 

DECYLENE  C10H.,0.  Di-amylene.  (156°- 
156-3°)  at  757-4  mm. ;  S.G.  ^  -7789  ;  C.E.  (10°- 
156°)  -00121 ;  V.D.  4-86  (for  4-84) ;  S.V.  211-3 
(Schiff,  A.  220,  90). 

Formation. — 1.  From  isoamyl  alcohol  by 
treatment  with  P205  or  ZnCl2  (Cahours,  A.  30, 
295;  Balard,  A.  52,  316).— 2.  From  amylene 
(tri-methyl-ethylene)  and  ZnCl2  or  cone.  H2S04 
(Bauer,  Sitz.  W.  44  [2]  87;  Wyschnegradsky, 
J.  B.  7,  165 ;  Berthelot,  A.  128,  311 ;  Lebedeff, 
J.  E.  7,  246  ;  Erlenmeyer,  Z.  1865,  362  ; 
Schneider,  A.  157,  207). 

Properties. — Oil.  Yields,  among  the  products 
of  its  oxidation,  amethenic  acid  C7H1402. 

Decylene  C10H20.  (163-7°  cor.)  at  744  mm. 
S.G.  ^  -7387.  V.D.  70  (calc.  70).  From  di-iso- 
amyl by  treatment  with  Br  and  distillation  of  the 
resulting  bromo-di-isoamyl  (Lachowicz,  A.  220, 
178).  Formed  also  by  distilling  decyl  acetate 
(from  decyl  bromide  and  NaOAc).  Aromatic 
liquid.  Soluble  in  dilute  H2S04  (1:1).  Combines 
readily  with  Br,  but  some  HBr  also  comes  off. 
The  product  is  decomposed  by  distillation. 

Decylene  C10H20.  (c.  159°).  S.G.  ^  -855. 
From  petroleum  decane  (Lemoine,  Bl.  [2]  41, 
165). 

Decylene  C^H^.  Decanaphthene.  (161°).  S.G. 
-  '795.  B  a,  77*2.  Occurs  in  petroleum  from 
Baku  (Markownikoff  a.  Ogloblin,  J.  B.  15,  332). 

Decylene  C10H20.  (171°).  Among  the  products 
obtained  by  strongly  heated  paraffin  (Thorpe  a. 
Young,  A.  165,  22). 

Decylene  C10H20.  (175°).  S.G.  a -791.  From 
blubber  by  saponification  and  distillation  of  the 
lime  salts  of  the  resulting  acids  (Warren  a.  Storer, 
Z  1868,231). 

Decylene  C10H20.  (176°).  S.G.  *  -823.  From 
petroleum  from  Burmah  (Warren  a.  Storer,  Z. 
1868,  231). 

Isomerides  v.  Tetrahydrides  of  TEKPENES. 

DECYLENE  GLYCOL  v.  DI-OXY-DECANE. 

DECYLENE  OXIDE  C10H,0O.  Diamylene 
oxide.  (170°-180°).  From  C10H20(OAc)2  and  solid 
KOH  (Bauer,  Sitz.  W.  45  [2]  276).  Oil.  Keduces 
anwnomacal  AgN03. 

Decylene  oxide  C10H200.  (c.  201°).  V.D. 
5-3  (calc.  5-4).  Formed  by  the  action  of  cone. 
KOHAq  on  the  product  of  the  action  of  crude 
amylene  on  Bz202  at  110°  (Lippmann,  M.  5, 563). 
Does  not  reduce  ammoniacal  AgN03  nor  combine 
with  NaHS03. 

DEHYDRACETIC  ACID  C8HS04  i.e. 
CMe.O.CMe 

||  (?).     [109°].     (270°  cor.).    S.  1 

CH.CO.C.C02H 
atO°. 

Formation. — 1.  By  passing  the  vapour  of 
aceto-acetic  ether  through  a  glass  tube  filled 
with  pumice  and  heated  to  redness  (Geuther,  Z. 
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[2]  4, 655 ;  Perkin,  jun.,  C.  J.  47, 240 ;  51, 489).— 
2.  By  the  action  of  pyridine  or  picoline  upon 
acetyl  chloride ;  these  bases  probably  only  act 
by  removing  HC1,  for  they  are  found  unaltered 
at  the  end  of  the  reaction  (Dennstedt  a.  Zimmer- 
mann,  B.  19,  75). 

Properties. — Needles  or  trimetric  tables  (from 
water).  V.  sol.  hot  water,  hot  alcohol,  and 
ether.  Fe2Cla  colours  its  solution  orange. 

Reactions. — 1.  Boiling  cone.  NaOHAq  splits 
it  up  into  C02,  acetic  acid,  and  acetone.  Alco- 
holic KOH  forms,  as  intermediate  products, 
aceto-acetic  ether  and  acetic  acid. — 2.  Ammonia 
forms  oxy-di-methyl-pyridine  (Perkin,  B.  18, 682 ; 
Haitinger,  M.  6,  105).— 3.  Zn  and  HC1  forms  an 
acid  [187°]  (Oppenheim  a.  Precht,  B.  9, 1101).— 
4.  PC15  forms  C8H602C12  [101°],  reconverted  by 
water  at  200°  into  dehydracetic  acid. 

S  a  1 1  s .  —  Na A'  2aq. — BaA'2  2aq.  —  CaA'2.  — 
ZnA'2  2aq.-AgA'. 

Methyl  ether  A'Me :  [91°];  prisms;  v. 
sol.  water.  Has  distinct  acid  properties,  forming 
C8H6(Na)04Me  (Perkin,  B.  18,  218). 

Ethyl  ether  EtA'.     [92°]. 

Amide  C8H703NH2.  [209°].  From  the  acid 
and  aqueous  NH3  (0.  a.  P.). 

Anilide  C8H703NHPh.    [115°]. 

Oxim  C7H803C(NOH) :  [173°] ;  colourless 
crystals,  sol.  alcohol.  Formed  by  the  action  of 
hydroxylamine  on  potassium  dehydracetate. 
Fe2Cl6  gives  a  purple-red  colouration. 

Phenyl  -  hydraeide  C7H803C(N.NHPh) : 
[c.  207°] ;  glistening  yellow  tables  (from  alcohol). 
Formed  by  the  action  of  phenyl-hydrazine  on 
potassium  dehydracetate  (Perkin  a.  Bernhart, 

B.  17,  1522). 

Chloro-dehydracetic  acid  C8H7C104.  [93°]. 
From  dehydracetic  acid  and  Cl  (0.  a.  P.).  Small 
needles. 

Bromo  -  dehydracetic     acid     C8H7Br04    i.e. 
CBr.CO.C.C02H 
II  II  (?).     [137°]. 

CMe.O.CMe 

Preparation.— Dehydracetic  acid  (5  g.)  is  dis- 
solved in  chloroform  (50  g.),  a  slight  excess  of 
bromine  and  a  little  iodine  are  then  added,  and 
the  whole  warmed  on  the  water-bath  at  about 
50°.  The  reaction  once  started  continues  by 
itself  and  is  finished  in  about  12  hrs.  (Perkin, 

C.  J.  51,  490). 

Properties. — Plates  and  prisms.  V.  sol.  hot 
alcohol,  chloroform,  benzene,  and  petroleum- 
ether,  si.  sol.  cold  alcohol. 

Oxy-dehydracetic  acid  C8H805  i.e. 
00^.0— CO— C.OH 

||  ||          (?).     [c.2530]. 

Me.C  — 0-C.Me 

Preparation.  —  Bromodehydracetic  acid  is 
dissolved  in  a  little  alcoholic  potash,  excess  of 
the  latter  is  then  added,  and  the  whole  allowed 
to  stand  for  several  days  at  about  40°  (Perkin, 
C.  J.  51,  491). 

Properties.  —  Four-sided  crystals.  M.  sol. 
hot  alcohol,  almost  insol.  cold  water,  chloroform, 
petroleum-ether,  benzene,  and  acetone.  Is  readily 
sol.  alkalis.  Sublimes  with  slight  decomposi- 
tion. 

Salt.-C8H605Ag2(?). 

Acetyl  derivative  C8H704(OAc).  [167°]. 
Bhomboidal  plates.  V.  sol.  hot  alcohol,  m.  sol. 
benzene,  chloroform,  ether,  and  CS2. 

BB 
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Isodehydracetic    acid   v.  Carbo-aceto-acetic 
ether,  vol.  i.  p.  20. 

DEHYDRODIACETONAMINE     v.    ACETON- 

AMINE. 

DEHYDRACETONE-BENZIL     v.    ACETONE- 

BENZIL. 

DEHYDRACETONE    -  PHENANTHRAQTTI- 

NONE  V.  ACETONE-PHENANTHEAQUINONE. 

DEHYDRACETOPHENONE-ACETO-ACETIC- 

ACID   V.   ACETOPHENONE-ACETO-ACETIC  ACID. 

DEHYDRACETOPHENONE  -  ACETONE      v. 

ACETOPHENONE-ACETONE. 

DEHYDRACETOPHENONE-BENZIL  v.  ACE- 


TOPHENONE-BENZIL. 

DEHYDRO-BENZOYL-ACETIC 
CH.CO.C.C02H 


ACID 


pared  by  heating  benzoyl-acetic  ether  for  7  or  8 
minutes  at  its  boiling-point,  alcohol  being  split 
off  (Baeyer  a.  Perkin,  jun.,  B.  17,  64 ;  C.  J.  47, 
262 ;  Am.  8,  101).  Long  yellow  needles.  V. 
sol.  ether  and  chloroform,  m.  sol.  alcohol,  si. 
sol.  ligroin. 

Reactions. — 1.  By  standing  with  cold  alco- 
holic KOH  it  is  reconverted  into  benzoyl-acetic 
acid. — 2.  It  dissolves  in  cold  HjSO,,  with  an 
olive-green  colour,  and  on  heating  becomes  a 
splendid  violet,  the  spectrum  of  which  exhibits 
the  indigo  bands;  on  dilution  with  water  the 
colour  vanishes. — 3.  Sodium  amalgam  reduces 
it  to  an  acid  C18H12O3  [112°],  and  an  acid 
C18H,404  [145°-150°].— 4.  Fe2Cl6  colours  the  hot 
alcoholic  solution  orange-red. — 5.  Does  not  com- 
bine with  Br. — 6.  Does  not  react  with  Ac20. 

7.  Bed-hot    soda-lime    gives    acetophenone.— 

8.  Phenyl-hydrazine  forms  a  yellow  compound. 

9.  PC15  gives  C18HnC103  [151°]. 

Salts. — FeS04  gives  a  blackish-violet  amor- 
phous pp.,  and  Fe2Cl6  gives  a  deep  scarlet  pp.  in 
neutral  solutions  (Baeyer  a.  Perkin,  B.  17,  64). 
A'Ag :  white  flocculent  pp. 

Ethyl  ether  EtA'.  [159°].  Needles.  M. 
sol.  alcohol,  benzene,  and  CS2,  si.  sol.  ether  and 
light  petroleum.  Fe2Cl6  colours  its  alcoholic 
solution  reddish-brown.  NaOEt  added  to  its 
ethereal  solution  forms  a  sodium  derivative. 

Derived  acid  C18H,203  i.e. 
C  :  CH.C.C02H 

||  ||          (?).    [112°].    Formed    as    above 

CPh.O.  CPh 

(Reaction  3).  Tables.  V.  sol.  alcohol,  ether, 
benzene,  CS2,  and  chloroform,  almost  insol. 
light  petroleum.  Does  not  decolourise  Br  in  CS2 
solution.  Cone.  H2S04  gives  an  intense  orange 
solution  which  on  warming  becomes  first  colour- 
less and  then  greenish-brown. 

Derived  acid  C,8H14O4  i.e. 
CH.CH(OH).C.C02H 
||  ||  (?).  [145°-150°].  Found  in 

CPh  — 0  — CPh 

the  mother-liquor  from  which  the  above  has  sepa- 
rated. Yellow  needles  (from  alcohol -petroleum). 
V.  sol.  most  solvents,  si.  sol.  light  petroleum  and 
CS2.  Gives  off  C02  on  fusion.  The  CS2  solution 
does  not  decolourise  Br  in  the  cold ;  on  warming 
HBr  is  given  off.  Cone.  H2S04  forms  a  yellow 
solution  which  becomes  brownish-red  on  warm- 
ing. Boiling  Ac2O  forms  C20H1404  [145°-150°] 
which  crystallises  from  80  p.c.  acetic  acid  in 
yellow  needles  ;  it  is  v.  sol.  hot  alcohol,  benzene, 


and  chloroform,  but  si.  sol.  ether  ;  and  its  alco- 
biolic  solution  is  turned  scarlet  by  Fe2Cl6. 

DEHYDROBENZYLIDENEDIACETOACETIC 
ETHER  v.  BENZYLIDENE-DIACETOACETIC  ETHER. 

DEHYDRO-CHOLEtC       ACID     v.     CHOLEIO 

ACID. 

DEHYDRO-CHOLIC  ACID  v.  CHOLIC  ACID. 
DEHYDRO-CINCHENE  v.  CINCHENE. 
DEHYDRO-CINCHONINE  v.  CINCHOKINE. 
DE HYDRO  -  CONQUININE      v.      CINCHONA 

BASES. 

DEHYDRO-MTTCIC  ACID  v.  Mucic  ACID. 

DEHYDRO-DIPROTOCATECHUIC  ACID  v. 
TETRA-OXY-DI-PHENYL  DI-CABBOXYLIC  AGED. 

DELPHININE  C^NGv  [119°]  (Blyth). 
S.  -02  at  20° ;  S.  (alcohol)  5  at  20°  ;  S.  (ether)  9 
at  20° ;  S.  (chloroform)  6'3  at  20°.  An  alkaloid 
occurring  in  the  seeds  of  stavesacre,  or  Del- 
phinium staphisagria  (Lassaigne  a.  Feneuille, 
A.  Ch.  12,  358 ;  Brandes,  Schw.  J.  25,  369 ; 
0.  Henry,  /.  Ph.  18,  661 ;  Couerbe,  A.  Ch.  [2] 
52,  352 ;  A.  9,  101 ;  Erdmann,  Ar.  Ph.  [2]  117, 
43 ;  Marquis,  Russ.  Zeit.  Pharm.  16,  449,  481, 
513).  Trimetric  crystals  (from  ether) ;  a:b:c 
=  •637:1:  -804.  Decomposes  at  120°.  Inactive  ; 
has  a  slightly  alkaline  reaction.  Tastes  somewhat 
bitter.  Cone.  HjS04  gradually  forms  a  faintly 
brown  solution  changing  to  reddish-violet.  A 
mixture  of  delphine  (1  pt.)  and  malic  acid  (1  pt.) 
is  coloured  orange  by  H2S04,  the  colour  changing 
through  deep  rose  to  blue  (Tattersall,  C.  N. 
41,  63). 

Salts.— B'2HC1.— B'HAuCl,.— B  32HN03  (?). 
— B'S2H2S04  (?).— B'HHgI3. 

Delphinoidine  C42H68N207.  [110°-120°]  (?). 
S.  -017;  S.  (ether)  33.  Separates  from  the 
ethereal  solution  out  of  which  delphinine  has 
crystallised  (Marquis).  Miscible  with  alcohol. 
Inactive.  Tastes  bitter.  Has  an  alkaline  re- 
action. With  sugar  and  H2S04  it  becomes  first 
brown,  then  green  (cf.  Schneider,  Fr.  12,  219). 
H2S04  and  bromine  water  give  a  violet  colour. 

Salts.-B'2HCl.  —  B'H3Au2Cl7.  —  B'H2S04. 
— B'2HN03.— B'2HOAc. 

Delphisine  C27H46N204  (?).  Once  found  in  the 
mother-liquors,  from  which  delphinine  had 
separated.  Less  soluble  than  delphinoidine 
which  it  resembles. 

Staphisagrine  C^H^NO^  [c.  90°].  S.  "5; 
S.  (ether)  -117.  Also  occurs  in  stavesacre.  Amor- 
phous. Differs  from  the  preceding  alkaloids  in 
being  much  less  sol.  ether.  Soluble  in  all  pro- 
portions in  alcohol  and  chloroform.  Optically 
inactive.  Has  an  alkaline  reaction.  Conc.H2S04 
gives  a  cherry-red  or  violet  colour.  Does  not 
give  a  green  with  sugar  and  H2S04,  or  violet 
with  H2S04  and  Br.  HN03  colours  it  orange. 

Salts.  —  B'HCl.  —  B'HN03.  —  B'HOAc.  — 
B'HAuCl,.— B'HgI2  (?).-B'2H2S04. 

DENSITIES,  RELATIVE,  of  solids,  liquids, 
and  gases. — The  subject  of  densities,  absolute 
densities,  relative  densities,  and  specific  gravities, 
deals  with  the  following  points  : — 

1.  The  mass  contained  in  a  definite  volume 
of  any  one  substance,  or,  knowing  that  weights 
are  proportional  to  masses,  the  weights  of  defi- 
nite volumes  of  different  substances. 

2.  The  ratio  between  the  mass  contained  in 
any  volume  of  a  substance  and  the  mass  con- 
tained in  an  equal  volume  of  a  substance  chosen 
'as  the  standard,  or,  expressing  this  somewhat 
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differently,  the  ratio  between  the  weight  of  a 
certain  volume  of  any  substance  and  the  weight 
of  an  equal  volume  of  the  standard  substance. 

The  terms  in  which  these  different  ideas  are 
embodied  are  density,  absolute  density,  relative 
density,  and  specific  gravity.  Unfortunately 
there  still  exists  a  great  deal  of  confusion  as  to 
the  use  of  these  terms,  and  even  the  standard 
text-books  do  not  show  agreement  on  this  point. 
It  is,  therefore,  necessary  to  give  definitions  of 
these  terms  showing  the  meanings  which  will 
be  given  to  them  in  this  article,  and  then  to 
indicate  wherein  there  is  want  of  scientific  pre- 
cision in  the  ordinary  use  of  the  terms,  and  also 
wherein  the  meanings  given  to  them  in  the 
text-books  differ. 

1.  The  density,  or  the  absolute  density,  of 
any  substance  at  any  temperature  is  the  mass 
of    unit   volume    of    that    substance    at    that 
temperature. 

Thus,  if  T>t  stands  for  the  absolute  density 
of  the  substance  at  temperature  t,  Mt  for  the 
mass  of  the  substance  at  temperature  t,  Vt  for 
the  volume  of  the  substance  at  temperature  t, 

we  have  the  relation  Df=—  ^;  the  numerical 

Yf 

value  for  the  absolute  density  will  depend  on 
the  units  of  mass  and  length  employed. 

Making  use  of  the  notation  of  dimensional 
equations  as  introduced  by  Maxwell  we  get 

m=M=[M]m-; 

that  is,  we  find  the  unit  of  density  to  be  of  one 
dimension  in  mass,  and  of  minus  three  dimen- 
sions in  length. 

2.  The  specific  gravity,  or  the  relative  density, 
of  a  substance  at  any  temperature  is  the  ratio  of 
the  mass  of  any  volume  of  the  substance  to  that 
of  an  equal  volume  of  some  standard  substance. 
The    standard    substance  generally  chosen  is 
water    at    the    temperature  of    its    maximum 
density. 

The  above  definitions  show  that  relative 
density  may  be  found  by  comparing  the  masses 
of  any  volume  ;  we  may  choose  the  masses  of 
unit  volume,  but  inasmuch  as  we  have  given 
the  name  of  density  or  of  absolute  density  to 
the  mass  of  unit  volume,  we  shall  thus  get  a 
new  definition  for  specific  gravity  or  relative 
density,  namely, 

The  specific  gravity  or  the  relative  density  of 
a  substance  at  any  temperature  is  the  ratio  of 
its  absolute  density  to  the  absolute  density  of  the 
standard  substance. 

Putting  S  for  the  relative  density,  we  get 
M, 


and,  if 


^  then  s 

M2 


where  M,  and  M2  stand  for  the  masses  of  volumes 
V,  and  V2. 

It  is  evident  from  the  above  formula  that, 
inasmuch  as  S  is  the  ratio  between  two  masses, 
its  value  is  independent  of  the  unit  chosen  for 
mass.  Hence  the  number  expressing  the  rela- 
tive density  or  specific  gravity  is  a  pure  number, 
and  has  no  dimensions. 

On  referring  back  to  the  two  definitions  given 
above,  we  find  density  and  absolute  density, 
relative  density  and  specific  gravity,  used  as 


synonymous  terms.  It  does  not  matter  which 
of  them  we  employ,  but  it  is  better  to  make 
a  definite  choice  at  the  outset  and  to  abide  by 
it.  Absolute  density  goes  with  relative  density, 
and  density  with  specific  gravity.  The  terms 
absolute  density  and  relative  density  will  be 
used  in  this  article.  Unfortunately  the  terms 
density  and  specific  gravity  are  often  used  as 
synonymous,  specific  gravity  being  applied  to 
solids  and  liquids  and  density  to  gases.  To 
give  the  same  meaning  to  two  terms  which 
express  entirely  distinct  ideas  is  quite  unpardon- 
able. Attention  has  been  drawn  to  this  un- 
scientific use  of  scientific  terms  in  some  of  the 
more  recent  standard  text-books,  but  there  is  still 
a  difference  of  opinion  as  to  the  advisability  of 
using  the  term  specific  gravity  in  preference  to 
relative  density,  or  vice  versa.  Agreement  on 
this  point  would  be  desirable.1 

We  have  found  that  the  numerical  value  for 
the  absolute  density  depends  on  the  system  of 
units  employed,  while  that  of  the  relative  density 
is  the  same  whatever  the  system  of  units.  If 
we  use  the  C.G.S.  system  of  units,  as  is  now 
done  in  scientific  work,  we  find  that  there  is  a 
definite  relation  between  the  unit  of  mass  and 
the  unit  of  volume,  the  unit  of  mass  being  the 
mass  of  unit  volume  of  water  at  the  tempera- 
ture of  its  maximum  absolute  density.  There- 
fore the  maximum  absolute  density  of  water  is 
equal  to  unity,  and  the  relative  density  of  any 
substance  when  referred  to  water  at  its  'maxi- 
mum absolute  density  as  standard  is  expressed 
by  a  number  which  is  identical  with  that  of 
its  absolute  density.  Thus,  taking  the  case  of 
gold,  its  absolute  density  in  the  C.G.S.  system 
of  units  is  19'2  grams,  i.e.  1  c.c.  of  gold  weighs 
19-2  grams ;  the  relative  density  of  gold  is  also 
19'2,  that  is,  the  mass  contained  in  any  volume 
of  it  is  19*2  times  as  great  as  that  contained  in 
an  equal  volume  of  water. 

There  are  evidently  two  main  methods  for 
experimentally  determining  the  relative  density 
of  any  substance. 

1.  Determine  its  absolute  density,  that  of  the 
standard  being  known. 

2.  Determine  the  ratio  of  the  mass  of  the 
substance  to  that  of  an  equal  volume  of  the  stan- 
dard. 

A  short  account  of  the  principles  underlying 
the  most  important  methods  for  determining 
relative  densities  is  all  that  can  be  given  here. 
For  detailed  accounts  of  the  relative  values  of 
the  various  methods  and  for  the  necessary  ex- 
perimental precautions  books  on  practical  phy- 
sics must  be  consulted.  (The  article  Dichte  in 
Ladenburg's  Handwb'rterbuch  der  Chemie,  3, 
231-280,  is  particularly  complete.) 

I.  EELATIVE  DENSITIES  OF  SOLIDS. — The  stan- 
dard substance  is  water  at  the  temperature  of 
its  maximum  density.  It  is  not  easy  to  produce 
this  temperature  and  maintain  it  constant ;  how- 
ever, we  know  accurately  the  density  of  water 

1  The  German  equivalents  of  density  (Dichtigkeit)  and 
specific  gravity  (Specifaches  Gewichl)  are  used  in  exactly 
the  same  sense  as  in  English.  There  seems  to  exist  a 
great  deal  of  ambiguity  about  the  use  of  the  French  terms 
densit6  and  poids  speciflque.  The  two  are  used  as  synony- 
mous, or,  if  a  difference  is  made,  this  consists  in  defining 
densit^  as  the  mass  contained  in  unit  volume,  and  poids 
specifique  as  the  weight  of  unit  volume  (v.  Ditte,  Expose  de 
quelques  proprieles  genera les  des  corps). 
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at  various  temperatures,  so  that  we  can  always 
calculate  what  the  mass  of  water  at  the  tempe- 
rature of  the  experiment  would  become  at  the 
temperature  of  maximum  density. 

1.  Experimental  processes  based  on 
the  first  method,  that  is,   on  determining 
the    absolute    density,    that    of    water    being 
known.  —  Using  the  C.G.S.   system   of   units 
we  find  the  absolute  and  the  relative  density  to 
be  numerically  the  same.    From  the  formula 

D  =  —  we  see  that  the  experimental  work  con- 
sists in  determining  (a)  a  mass,  that  is  practi- 
cally a  weight,  (6)  a  volume.  The  following 
methods  are  used  in  practice. 

(i.)  The  body  is  weighed  in  air  and  then 
thrown  into  a  graduated  vessel  partly  filled  with 
liquid.  The  difference  in  readings  before  and 
after  introduction  of  the  solid  gives  its  volume. 
The  weight  in  grams  divided  by  the  volume  in 
cubic  centimetres  gives  the  absolute  density 
which  is  numerically  equal  to  the  relative  den- 
sity. 

(ii.)  By  means  of  the  stereometer  or  volu- 
menometer. The  use  of  this  apparatus  is  based 
on  the  assumption  of  the  truth  of  Boyle's  law, 
according  to  which  pressure  x  volume  =  constant, 
when  temperature  is  constant.  (For  a  descrip- 
tion of  the  instrument  reference  must  be  made 
to  a  manual  of  practical  physics.) 

2.  Experimental  processes  based  on 
the  second  method,  that  is,  on  determining 
the  ratio  between  the  mass  of  the  substance  and 
the  mass  of  an  equal  volume  of  the  standard 
substance. 

(i.)  The  specific  gravity  bottle. — The  form 
and  capacity  of  this  instrument  vary  widely,  ac- 
cording to  the  special  purpose  for  which  it  is 
used.  Generally  it  is  a  small  flask  of  thin  glass 
which  will  hold  a  definite  volume  of  liquid.  The 
amount  of  liquid  is  adjusted  either  by  filling  the 
flask  up  to  a  mark  on  the  neck  or  by  filling  it 
completely  and  inserting  a  perforated  stopper 
through  which  excess  of  liquid  flows  out.  The 
observations  necessary  are : 

(a)  The  weight  of  the  flask  filled  with  dis- 
tilled water  W,. 

(6)  The  weight  of  the  solid  in  air 

(c)  The  weight  of  the  flask  into  which  the 
solid  has  been  introduced  filled  with  water  up 
to  the  mark  or  completely  as  before 

Then  we  know  that  owing  to  the  introduc- 
tion of  the  solid  into  the  flask  a  volume  of 
water  has  been  expelled  which  is  equal  to  that 
of  the  solid  introduced,  the  weight  of  this  vo- 
lume of  water  is  (Wy  +  W)— W,,,  therefore  the 
relative  density  of  the  solid  is 

a  _  weight  of  solid 


W 


weight  of  equal  volume  of  water 


W,  +  W-W,, 

The  following  methods  for  determining  rela- 
tive densities  of  solids  are  based  on  the  principle 
of  Archimedes,  according  to  which  a  body  when 
immersed  in  a  liquid  experiences  a  loss  of  weight 
equal  to  the  weight  of  the  volume  of  liquid  dis- 
placed. 

(ii.)  The  hydrostatic  balance.— The  solid  is 


weighed  in  air ;  call  this  weight  W  ;  it  is  then 
suspended  by  means  of  a  fine  thread  from  one 
of  the  scale  pans  and  weighed  again ;  call  this 
W, ;  it  is  then  suspended  as  before,  immersed 
in  water  and  weighed ;  call  this  W7/.  Then,  by 
the  principle  enunciated  above,  the  weight  of 
water  displaced  by  the  solid — that  is,  the  weight 
of  a  volume  of  water  equal  to  the  volume  of  the 
solid  immersed — is  W7/  —  W;,  and  the  relative 

"W 

density  of  the  solid  is  S  =  . 

(iii.)  Jolly's  balance. — The  principle  is  the 
same  as  that  of  the  hydrostatic  balance. 

(iv.)  Nicholson's  hydrometer. — This  instru- 
ment belongs  to  the  class  of  hydrometers  in  which 
the  volume  immersed  is  kept  constant  while  the 
weight  is  changed.  It  consists  of  two  cups 
connected  by  a  fine  stem  on  which  is  placed  the 
mark  of  constant  immersion.  The  instrument 
is  placed  in  a  vessel  of  distilled  water  of  suitable 
size  and  the  following  observations  are  made  : — 

(a)  Weights,  W,  are  placed  in  the  upper  cup 
till  the  instrument  sinks  to  the  mark. 

(b)  The  solid,  together  with  sufficient  weights, 
W,,  to  produce  the  same  result,  are  placed  in  the 
upper  cup. 

(c)  The  solid  is  placed  in  the  lower  cup,  and 
weights,  W,,,  in  the  upper  cup  till  the  instru- 
ment sinks  to  the  mark  again.  From  these  data 

we  find  the  relative   density  S 

All  the  methods  mentioned  must  be  modified 
for 

1.  Porous  substances.  In  order  to  determine 
what  is  termed  the  apparent  density,  that  is,  the 
weight  of  the  apparent  volume  including  air 
spaces,  porous  substances  pervious  to  water  must 
be  covered  with  varnish  before  immersion. 

2.  Substances  soluble  in  water.    It  is  neces- 
sary to  substitute  for  water  some  liquid  of  known 
relative  density,  p,,  in  which  the  solid  will  not  dis- 
solve.   Then  if  p  is  the  relative  density  of  the 
solid  when  referred  to  the  liquid  of  density  p,  as 
standard,  its  relative  density  referred  to  water  is 
p.  pt. 

3.  Solids  lighter  than  water,    (a)  A  liquid  of 
known  density  in  which  the  solid  will  sink  is  sub- 
stituted for  water.    The  calculation  is  the  same 
as  above  in  2.     (6)  The  solid  may  be  attached 
to  one  of  known  weight,  w,  and  known  relative 
density,  p,,  and  of  such  a  volume  that  the  two 
together  will  sink.    The  heavy  solid  is  called  a 
sinker ;  the  form  it  takes  must  vary  according 
to  the  light  solid,  the  relative  density  of  which 
is  required.    The  calculation  is  simple.   Let  the 
weight  of  the  solid  in  air  be  W ;  the  total  loss  of 
weight  on  immersing  sinker  plus  solid  =  W, ; 

then  weight  of  water  displaced  by  sinker  =  - 

Pii 

therefore,  loss  of  weight  on  immersion  due  to 
light  solid  =  W,-w, 

Pl  w 

and  relative  density  of  light  solid  =  S  =      _    • 

P, 

(c)  The  solid  may  be  prevented  mechanically 
from  rising ;  this  might  be  done  by  having  a 
wire  cage  attached  to  the  lower  pans  in  a  Jolly's 
balance  or  in  a  Nicholson's  hydrometer. 
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II.  EELATIVE  DENSITIES  OF  LIQUIDS.  —  The 
standard  is  water  at  the  temperature  of  its 
maximum  density. 

1.  Experimental  processes   based  on 
the     determination     of     the     absolute 
density  are  not  numerous.     Specific  gravity 
bottles  which  when  filled  up  to  a  mark  in  the 
neck  contain  a  definite  volume,  generally  marked 
outside,  are  much  in  use.     The  difference  be- 
tween the  weight  of  the  bottle  when  filled  with 
liquid  and  when  empty  gives  the  weight  of  a 
known  volume  of  liquid,  from  which  the  absolute 
density,  i.e.  the  weight  of  unit  volume,  can  be 
calculated. 

2.  Experimental  processes  based  on 
determining  the  ratio  between  a  speci- 
fied mass  of  the  liquid  and  that  of  an 
eqiial    volume    of  water. 

(i.)  The  hydrostatic  balance.—  A.  glass  rod  is 
weighed  first  in  air,  then  immersed  in  the  liquid, 
and  finally  immersed  in  water.  If  W  and  W,  are 
the  losses  of  weight  on  immersion  in  the  liquid 
and  in  water  respectively,  then  these  are  the 
weights  of  equal  volumes,  as  both  are  the  weight 
of  a  volume  of  liquid  equal  to  the  volume  of  the 
rod.  Hence  the  relative  density  of  the  liquid 


. 

(ii.)  The  specific  gravity  bottle.  —  A  glass 
vessel  of  suitable  size  and  form  is  weighed  when 
empty  in  air  —  let  this  be  W  ;  it  is  then  weighed 
when  filled  with  water—  let  this  be  W,  ;  it  is 
again  weighed  when  filled  with  the  liquid—  let 
this  be  W,,;  the  relative  density  is  given  by 

the  formulas  = 


(iii.)  Method  based  on  the  fact  that'  when 
two  columns  of  liquid  are  in  equilibrium  with 
each  other  their  heights  are  inversely  propor- 
tional to  their  densities.—  A.  tube  of  the  shape 


D 


shown  in  the  figure  is  very  suitable.  There 
is  air  between  A  and  B,  water  between  B  and  F, 
and  the  liquid  under  examination  between  A  and 
E.  The  vertical  distances  A  E  and  B  F  are 
measured — let  these  be  h  and  h';  then  ph  =  plhl 
where  p  and  p,  are  the  absolute  densities  of  the 

two  liquids,  but  p,  =  1  and  p  =  ^. 

(iv.)  Hydrometers.— These  are  of  various 
kinds. 

A.  The  volume  immersed  is  kept  constant, 
and  is  indicated  by  a  mark  on  the  stem. 


The    relative  density  is  given  by  S-Q    3« 

where  G  is  the  weight  of  the  hydrometer,  W  is 
the  weight  necessary  to  make  it  sink  to  the 
mark  when  immersed  in  the  liquid,  and  W,  is 
the  weight  required  to  cause  it  to  sink  to  the 
same  mark  when  immersed  in  water.  Nichol- 
son's and  Fahrenheit's  hydrometers  belong  to 
this  class. 

B.  The  weight  of  the  hydrometer  is  kept  con- 
stant, and  the  volume  immersed  varies.  A  scale 
is  attached  to  the  stem;  this  is  divided  differently 
in  different  types  of  instruments. 

a.  It  is  divided  into  equal  parts;  to  find  the 
relative  density  it  is  necessary  to  consult  a  table 
in  which  these  arbitrary  units  are  expressed  in 
terms  of  densities.  Beaume's  hydrometer  is  an 
instrument  belonging  to  this  class. 

p.  The  scale-readings  give  directly  the  relative 
densities  sought.  In  order  that  this  may  be  done 
the  volumes  immersed  must  decrease  in  har- 
monical  progression  as  the  densities  increase  in 
arithmetical  progression.  Twaddle's  hydrometer 
belongs  to  this  class.  A  difference  in  relative 
density  of  0-005  is  taken  as  one  degree,  so  that 
there  are  200°  for  a  range  of  relative  density 
between  1  and  2.  Hence  for  a  reading  of  n 

Twaddle,  the  relative  density  S  =  1  +  ~~ 

(v.)  Specific  gravity  balls. — These  are  sets 
of  small  glass  balls  with  the  number  indicating 
a  relative  density  marked  on  each.  The  ex- 
perimental work  consists  in  ascertaining  which 
ball  will  just  float  in  the  liquid.  The  number 
on  the  ball  gives  directly  the  relative  density  of 
the  liquid. 

The  nature  of  the  liquid,  the  quantity  of  it 
at  our  disposal,  and  the  degree  of  accuracy  re- 
quired, must  decide  to  which  of  the  above 
methods  the  preference  is  to  be  given.  For  very 
rapid  and  only  approximate  work  it  is  best  to 
use  a  hydrometer,  while  the  specific  gravity 
bottle,  which  can  be  made  very  small  and  so  as 
to  present  a  minute  surface  for  evaporation,  is 
best  for  accurate  work  as  well  as  for  cases  in 
which  we  have  to  deal  with  only  a  small  quantity 
of  liquid  or  with  a  very  volatile  liquid. 

III.  BELATIVE  DENSITIES  OF  OASES  AND 
VAPOURS.— The  standard  is  air  at  0°  and  a  pres- 
sure of  760  mm.  Belative  densities  are  found 
by  determining  the  absolute  density  at  a  known 
temperature  and  pressure,  and  then  calculating 
what  that  density  would  be  at  0°  and  760  mm. 
pressure,  on  the  assumption  of  the  rigorous 
truth  of  Boyle's  and  Charles's  laws.  The  ab- 
solute density  of  the  standard,  that  is  of  air,  is 
supposed  known ;  Begnault's  value,  0-001293,  is 
generally  accepted.  It  is  to  be  regretted  that 
the  word  density  is  almost  universally  used 
when  the  relative  density  or  the  specific  gravity 
of  a  gas  or  vapour  is  meant. 

A.  Relative  densities  of  gases,  that 
is,  of  substances  which  are  gaseous  at  the  ordi- 
nary temperature. 

1.  Begnault's  method. — The  method  first 
used  by  Biot  a.  Arago l  was  wonderfully  im- 
proved by  Begnault.*  A  large  glass  balloon  is 

1  Biot  a.  Arago,  'Determination  du  poids  du  litre 
d'air,'  Mem&ires  de  VAcad.  1806. 

a  Eeguault,  'Determination  de  la  densitd  des  gaz,* 
M6moires  de  rinstitut,  XXI. 
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filled  with  the  gas  at  pressure  H,  and  the  tem- 
perature of  melting  ice.  In  order  to  avoid  the 
very  uncertain  correction  for  buoyancy  in  air, 
which  is  of  the  greatest  importance  in  weighing 
quantities  of  gas,  which  are  often  lighter  than 
the  air  displaced,  the  balloon  is  weighed  when 
counterbalanced  by  one  of  the  same  volume  and 
made  of  the  same  glass.  It  is  then  exhausted 
to  pressure  h,  the  temperature  being  kept  at 
zero,  and  weighed  again.  The  difference,  W, 
between  the  two  weights  gives  the  weight  of  the 
gas  filling  the  balloon  at  pressure  H-h,  from 
which  that  at  normal  pressure  is  deduced  to  be 

s=W0=W.g^:.      The  volume  of    the    balloon 

being  known  or  determined,  we  possess  all  the 
necessary  data  for  calculating  the  absolute  den- 
sity of  the  gas.  The  utmost  has  been  done  from 
the  physical  side  to  secure  accuracy  in  these  de- 
terminations ;  the  great  difficulty  at  present  is  to 
obtain  the  gases  used  in  a  state  of  sufficient 
chemical  purity. 

2.  Bunseri's  method* — This  is  based  on  the 
law  that  the  velocity  of  effusion  of  gases  through 
fine  tubes  is  inversely  proportional  to  the  square 
roots  of  their  relative  densities.  This  method  is 
applicable  when  only  small  quantities  of  gases 
are  at  our  disposal,  and  when  only  approximate 
values  are  required. 

B.  Relative  densities  of  vapours,  that 
is,  of  substances  which  must  be  raised  to  a  tem- 
perature above  that  of  the  atmosphere,  in  order 
to  change  them  into  gases. 

Here,  again,  it  is  the  absolute  density  which 
is  determined  directly,  and  which  is  referred  to 
that  of  air.  The  experimental  processes  consist 
either  in  determining  the  weight  of  a  known 
volume  of  gas  (Dumas 's  method),  or  in  determin- 
ing the  volume  occupied  by  a  known  weight2 
(Gay-Lussac's,  Hofmann's,  Meyer's  method). 

Let  W  be  the  weight  of  any  volume,  v,  of  any 
vapour  at  temperature  t  and  pressure  p ;  let  W 
be  the  weight  of  an  equal  volume  of  air  at  the 
same  temperature  and  pressure ;  then  the  rela- 

W 
tive  density  of  the  vapour  d  =       but 


W     760. 


i+ar 


where  5  is  the  weight  of  1  c.c.  of  air  at  0°  and 
760  mm.  According  to  this  formula,  in  which  S 
and  o  are  constants,  four  magnitudes,  v,  t,  p,  and 
W,  must  be  determined  in  order  to  give  us  d. 

Dumas' s  method. — The  weight  w  of  a  thin 
glass  balloon  ending  in  a  long  fine  neck,  when 
full  of  dry  air  at  temperature  T  and  pressure  P, 
is  determined.  Excess  of  the  substance  to  be 
vapourised  is  introduced  into  the  balloon, 
which  is  then  heated  in  a  bath  to  a  suitable  tem- 
perature. When  vapour  ceases  to  escape  from 
the  neck  of  the  balloon,  the  end  of  the  neck  is 
sealed  by  melting  in  the  blowpipe  ;  the  tempe- 
rature, t,  of  the  bath,  and  the  atmospheric  pres- 
sure, p,  being  noted.  The  weight,  wf,  of  the 
balloon  full  of  vapour  is  thus  determined.  By 
breaking  the  point  of  the  neck  under  water  or 
mercury,  the  balloon  is  completely  filled  with 
one  of  these  liquids,  and  the  difference  between 

1  Bunsen,  Gasometrisctie  Methoden. 
•  Qf.  ANALYSIS,  vol.  i.  pp.  227-229. 


the  weight  of  it  when  filled  and  when  empty 
gives  the  weight  of  liquid  filling  it  ;  the  ab- 
solute density  of  this  liquid  being  known,  we 
have  the  data  required  for  calculating  the  volume 
of  the  balloon.  We  have  now  obtained  v,  t,  and 
p  by  direct  observations.  We  must  find  the 
weight,  W,  of  vapour  filling  the  balloon  at  temp. 
t,  and  pressure  p. 
W  =  w,  —weight  of  glass 

=  Wj—  (w  —  air  filling  balloon  at  temp.  T  and 
pressure  P) 

=  w,  —w  +  w,, 

where  w//  =  „«.  .        . 


Oay-Lussac's  method.  —  A  tube  of  about  half 
the  barometric  height,  divided  into  cubic  centi- 
metres, and  completely  filled  with  mercury,  dips 
into  a  trough  of  mercury  and  is  surrounded  by  a 
vessel  of  water.  The  whole  apparatus  can  be 
heated  to  the  required  temperature.  A  known 
weight  of  the  substance  contained  in  a  small 
glass  bulb  is  allowed  to  rise  in  the  tube  filled 
with  mercury.  On  heating  the  apparatus  the  bulb 
breaks,  and  the  substance  is  changed  to  vapour. 
The  four  data  necessary  for  substitution  in  the 
above  formula  are  obtained  in  the  following 
way:  — 
W  =  the  weight  of  substance,  is  obtained  by 

direct  weighing  ; 

v  =  the  volume,  is  obtained  by  reading  the 
volume  occupied  by  the  vapour  in  the 
tube  in  terms  of  scale-divisions  ; 
t  =  the  temperature  of  the  surrounding  water  ; 
p  is  given  by  the  difference  (reduced  to  0°) 
between  the  height  of  the  barometer 
and  the  height  of  the  mercury  column 
in  the  tube. 

Hofmanri's  me  thod.—  This  method  is  a  modifi- 
cation of  that  of  Gay-Lussac,  a  tube  longer  than 
the  barometric  height  being  used.  The  observa- 
tions and  calculations  are  the  same  as  in  Gay- 
Lussac's  method.  This  method  has  the  advantage 
that  the  substances  are  volatilised  at  tempera- 
tures lower  than  their  ordinary  boiling-points. 

F.  Meyer's  method.  —  A  known  weight,  W,  of 
substance  is  dropped  into  a  glass  vessel  of  the 
form  shown  in  the  figure.  The  bulb 
of  the  apparatus  is  kept  at  a  tempera- 
ture higher  than  the  boiling-point  of 
the  substance.  The  volume,  v,  of  the 
air  which  escapes  through  the  side 
tube,  and  whose  place  in  the  tube  is 
taken  by  an  equal  volume  of  vapour, 
is  collected  and  measured  at  temp,  t 
and  pressure  p.  We  have  so  ob- 
tained all  the  data  necessary.  This 
method  is  very  rapid,  and  it  possesses 
the  additional  advantage  of  not  re- 
quiring a  determination  of  the  tempera- 
ture of  the  vapour  itself,  a  process  which 
is  always  attended  with  great  uncer- 
tainties. 

Corrections  to  be  applied  in 
determinations  of  relative  den- 
sities. The  relative  density  being 
the  ratio  of  two  absolute  densities, 
we  have  to  consider  the  circumstances 
which  produce  a  change  in  the  absolute 
density,  and  how  we  can  introduce 
suitable  corrections.  The  absolute  density  being 
got  by  dividing  the  weight  by  the  volume,  it  is 
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best  to  consider  the  corrections  to  be  applied 
to  each  of  these  two  quantities  separately. 

1.  The  weight. — In  order  to  eliminate  errors 
due  to  the  balance  we  must  in  all  accurate  work 
use  the  method  of  double  weighing.     This  gives 
the  true  weight  in  air  ;  the  true  weight  in  vacua 
is  given  approximately  by 

W  =  w>(  1  —  ~  +  -  ) ,  where  w  =  true  weight  in  air. 

A  =  relative  density  of  air  at  the  moment  of 
weighing.  This  will  depend  on,  and  entail 
a  knowledge  of,  the  temperature,  pressure, 
and  hygroscopic  condition,  of  the  air. 

<r  =  relative  density  of  substance  weighed.  The 
approximate  value  for  this  obtained  by 
using  the  uncorrected  weight  may  be  used. 

p  =  relative  density  of  the  weights. 

2.  The  volume. — The  volume  changes  with 
the  temperature  and  with  the  pressure. 

a.  Influence  of  temperature. — In  nearly 
all  cases  the  volume  increases  as  the  tempera- 
ture is  raised.      Hence    the    absolute   density, 
which  varies  inversely  as  the  volume,  decreases. 
If  the  volume  V0  at  temperature  0°  changes  to 
V«  at     temperature    t,   where  Vf  =  V(l  +  ta),    a 
being  the  coefficient  of  cubical  expansion,  the 

density  D0  changes  to  jqrj^ 

It  is  therefore  necessary  in  all  accurate  density 
determinations  to  state  the  exact  temperature  at 
the  time  of  the  experiment,  and  to  record  the 
result  as  relative  density  at  temperature  t',  or  if 
the  determination  has  to  be  reduced  to  normal 
temperature,  that  is,  to  the  temperature  of  the 
standard  (4°  when  water,  0°  when  air),  it  is  neces- 
sary to  calculate  what  the  absolute  density  at 
that  temperature  would  be  from  the  above 
formula,  knowing  the  value  for  o. 

b.  Influence  of  pressure. — The  change  in 
volume  owing  to  change  in  atmospheric  pressure 
is  imperceptible  in  the  case  of  liquids  and  solids, 
but  it  is  very  large  in  the  case  of  gases  and 
vapours.    Boyle's   law  gives  us  the  means  of 
calculating  what  the  volume  would  be  at  normal 
pressure,  that  at  any  other  pressure  being  known. 
The  volume  being  inversely  proportional  to  the 
pressure,  the  absolute  density  is  directly  propor- 
tional to  the  pressure. 

Lord  Eayleigh  has  pointed  out  (Pr.  43,  356) 
that  the  glass  balloon  used  in  Eegnault's  method 
for  determining  the  relative  densities  of  gases 
when  exhausted  is  sensibly  compressed  by  the 
pressure  of  the  air ;  hence  the  tare  of  the  balloon 
is  too  large  because  of  the  lessened  buoyancy  of 
the  atmosphere,  and  therefore  the  weight  of  the 
gas  when  the  balloon  is  filled  is  too  small.  A 
correction  must  therefore  be  experimentally  made 
for  each  balloon  used  (for  method  v.  Lord  Eay- 
leigh I.e.,  also  Cooke  and  Eichards,  P.  Am.  A. 
24,  184).1 

1  Dumas'  method  for  determining  the  relative  densities 
of  gases  is  described  in  A.  Ch.  [2]  33,  337 ;  Gay-Lussac's  in 
Biot's  Traitt  de  Phys.  1,  291  ;  Hofmann's  in  B.  1,  198  ;  and 
Victor  Meyer's  in  B,  11,  1868  and  2253.  For  criticisms  on, 
and  modifications  of,  Meyer's  method  v.  B.  12,  609,  and 
1112  ;  13,  401,  851,  991, 1079,  1185,  and  2019  ;  14,  1727  ;  and 
15,  137,  1161,  and  2775  (in  the  last  paper  by  V.  Meyer  (B. 
15,  2775)  will  be  found  an  interesting  and  valuable  criti- 
cism of  the  various  methods  for  finding  the  rel.  densities 
of  gases)  ;  v.  also  B,  16,  1051 ;  19,  1861  ;  also  C.  J.  Trans. 
for  1880,  491.  Modifications  of  Dumas's  method  are  de- 
scribed by  Bunsen,  v.  GasomeMscte  Methoden,  2nd  ed.  1877, 
p.  172  ;  also  by  Pettersson  and  Ekstrand,  B.  13,  1191 ;  and 


It  remains  now  to  indicate  in  how  far  the  de- 
termination of  the  density,  that  is,  of  one  of  the 
physical  constants,  of  various  kinds  of  matter  is 
of  importance  in  those  investigations  into  the 
constitution  and  the  decompositions  of  matter 
with  which  the  chemist  is  concerned.  In  these 
investigations  it  is  often  found  more  convenient 

to  deal  with  the  reciprocal  of  the  density -3 

to  which  the  name  of  specific  volume  has  been 
given. 

Let  us  first  consider  those  cases  in  which  we 
are  concerned  only  with  the  constitution  of  sub- 
stances in  the  state  of  chemical  equilibrium,  and 
not  with  chemical  change. 

1.  The  density  being  a  well-defined  physical 
constant,  a  determination  of  its  value  tells  us  in 
many  cases  whether  the  substance  under  exami- 
nation is  or  is  not  approximately  pure.  It  must, 
however,  be  borne  hi  mind  that  in  the  case  of 
many  metallic  elements  the  value  of  the  relative 
density  will  depend  on  the  previous  treatment 
the  substance  has  undergone,  such  as  whether 
it  has  been  hammered  or  drawn  into  wire,  whether 
it  has  been  tempered,  &c. 

2.  Many  tables  have  been  compiled,  in  which 
the  percentage  of  acid  or  of  alkali  contained  in 
an  aqueous  solution  of  definite  relative  density 
is  given.    By  the  help  of  such  tables  the  deter- 
mination of  the  relative  density  enables  us  at 
once  to  estimate  quantitatively  the  acid  or  alkali 
present  in  a  known  volume  of  the  solution. 

3.  How  the  determination  of  the  relative  den- 
sity of  a  gas  or  of  a  vapour  gives  us  the  means 
of  calculating  its  molecular  weight  will  be  found 
described  in  the  article  ATOMIC  AND  MOLECULAR 
WEIGHTS  (vol.  i.  p.  336). 

4.  Those  elements  which  exist  in  allotropic 
modifications,  and  those  compounds  which  show 
polymorphism,  differ,  though  often  only  slightly, 
in  density.    Thus  we  have 


Sulphur 

Octahedral  ....  2-05 
Prismatic  ....  1-98 
Amorphous  insoluble  1*95 


Phosphorus 
White  .     .  1-82 
Bed          .  2-2 


Carbon 
Diamond     .    .    . 
Graphite     .    .    . 
Gas  carbon  .    .    . 

.  3-55 
.  2-3 

.  1-885 

Arsenious  oxide 
Amorphous 
vitreous  3-7385 
Octahedral  3-695 
Ehombic  .  3-85 

Titanic  acid  Calcium  carbonate 

Eutile 4-24        Arragonite  2-94 

Brookite 4-15        Calcite     .  2-72 

Anatase 3*9 

especially  by  Pawlewski,  B.  16, 1293.  Thorpe  (C.  J.  Trans. 
for  1880,  147-150)  has  described  a  very  complete  method 
based  on  Hofmann's  process.  V.  Meyer  (B.  9, 1260,  and  10, 
2068)  has  described  a  method  based  on  the  displacement  of 
mercury.  In  W.  A.  22,  465  and  493,  von  Klobukow  de- 
scribes two  processes  for  determining  vapour  densities  with 
great  accuracy  ;  one  is  adapted  for  bodies  with  low  boiling- 
points,  the  other  for  bodies  which  boil  at  high  tempera- 
tures. La  Coste  (B.  18,  2122)  describes  a  modification  of 
V.  Meyer's  apparatus  whereby  the  vapour  densities  of 
easily  decomposable  compounds  may  be  determined  at  low 
temperatures  and  under  very  small  pressures.  A  modifi- 
cation of  V.  Meyer's  apparatus,  by  which  a  vapour  density 
and  the  exact  temperature  of  observation  can  be  simulta- 
neously determined,  is  described  by  Nilson  and  Pettersson 
in  J.pr.  [2]  33, 1  ;  v.  also  Schall,  B.  20,  1433.  Malfattiand 
Schoop  (Z.  P.  C.  1,  159)  describe  an  apparatus  for  deter- 
mining vapour  densities  under  small  pressures. 
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Silica 

Quartz     .    .    .  2-65 
Tridymite    .     .  2-3 

(c/.  ALLOTROPY,  vol.  i.  p.  128).  Little  has  been 
done  as  yet  in  tracing  the  connexions  be- 
tween these  differences  in  density  and  the  other 
physical  and  chemical  properties  of  these  sub- 
stances, but  some  interesting  facts  have  been 
brought  to  light.  Thus  we  know  that  long-con- 
tinued heating  changes  the  relative  density  of 
anatase,  3*9,  and  of  brookite,  4'15,  to  4-24, 
which  is  the  relative  density  of  rutile ;  in  the 
case  of  silica,  and  in  that  of  calcium  carbonate, 
the  relative  density  of  the  heavier  variety  is 
changed  into  that  of  the  lighter  variety,  by  the 
action  of  heat.  It  has  also  been  noticed  that  in 
a  great  many  cases  the  higher  relative  density 
belongs  to  that  allotropic  modification  which  con- 
tains the  less  potential  energy  in  so  far  as  there 
has  been  production  of  heat  in  the  change  from 
the  less  dense  to  the  more  dense  modification. 
Thus  80  gram  units  of  heat  are  produced  in  the 
change  of  32  grams  of  prismatic  sulphur  (rel. 
dens.  1-98)  into  octahedral  sulphur  (rel.  dens. 
2-05) ;  the  change  of  white  phosphorus  (rel.  dens. 
1-82)  to  red  phosphorus  (rel.  dens.  2-2)  is  accom- 
panied by  the  production  of  about  25,000  thermal 
units  per  31  grams  phosphorus  changed.  How- 
ever, the  case  of  the  change  of  arragonite  (rel. 
dens.  2-94)  to  calcite  (rel.  dens.  2*72),  which  is 
accompanied  by  the  production  of  4,000  heat 
units  per  100  grams  material  changed,  as  well 
as  other  similar  cases,  prove  that  this  rule  is  by 
no  means  general.1 

5.  It  has  been  observed  that  on  bringing  to- 
gether quantities  a  and  o'  of  two  substances  of 
relative  density  d  and  d',  the  resulting  density  is 

ci  +  o! 

not  given  by  A  = 

a    a' ;  that  is  the  resulting  vo- 

3+3, 

lume  is  not  the  sum  of  the  volumes  of  the  con- 
stituents. The  following  cases  have  been  inves- 
tigated : — 

I.  Solution  of  a  salt  in  water.— Contraction 
generally  takes  place.    From  measurements  of 
the  amount  of  contraction,  and  of  the  specific 
heat  of  the  solution,  and  the  coefficient  of  expan- 
sion, Deville  has  calculated  the  amount  of  heat 
due  to  the  contraction,  and  has  tried  to  show 
that  in  most  cases  this  is  sufficient  to  account 
for  all  the  thermal  phenomena  of  solution. 

It  has  been  observed  further  that  the  amount 
of  contraction  increases  with  the  quantity  of  the 
solvent,  approaching  a  maximum.  Also  the 
amount  of  contraction  for  the  same  amount  of 
solvent  decreases  as  the  temperature  at  which 
solution  is  effected  is  raised.  The  most  interest- 
ing researches  in  connexion  with  this  subject 
are  those  of  Valson,2  who  has  endeavoured  to  show 
that  the  contraction  produced  on  dissolving  a 
salt  in  water  is  made  up  of  two  parts,  one  of 
which  is  a  characteristic  constant  of  the  basic 
radicle,  and  the  other  is  a  characteristic  con- 
stant of  the  acidic  radicle. 

II.  Mixture  of  two  liquids. — A  contraction 
always  takes  place  which  varies  in  magnitude 

1  St.  Claire  Deville,  Sur  la  Contraction  et  la  Chaleur  de 
Contraction  (C.  R.  50). 

•  Valson,  Propriitte  modulaires  des  solutions  salines  au 
point  de  vue  des  densil6s  (C.  R.  63). 


with  the  relative  quantities  of  the  two  liquids 
used.  Here  again  Deville  has  tried  to  explain 
the  thermal  effect  produced  on  mixing  the  two 
liquids  by  means  of  this  contraction.  The  vo- 
lume-change on  mixing  alcohol  and  water  is  the 
one  which  has  been  most  thoroughly  studied. 

III.  Chemical  action  between  two  solutions. — 
The  cases  studied  deal  mainly  with  neutralisa- 
tion-phenomena. It  has  been  established  that 
the  volume-change  is  expansion  if  the  bases  are 
KOH  and  NaOH,  and  contraction  if  the  base  is 
NH4.OH.  Here  also  the  volume-change  decreases 
as  the  temperature  is  raised.  Ostwald,  who  in- 
vestigated the  density-changes  attendant  on  the 
neutralisation  of  dilute  aqueous  solutions,  has 
arrived  at  a  law  the  same  as  that  found  by  Val- 
son for  solution.  He  found  the  volume-change 
due  to  chemical  change  to  be  the  sum  of  two 
constants  which  belong  individually  to  each  of 
the  components,  and  which  do  not  depend  on 
the  substance  with  which  each  component  com- 
bines. 

6.  A  knowledge  of  the  relative  density  of  an 
element  or  of  a  compound  is  necessary  for  the 
determination  of  the  constants  ; 

atomic  volume  =  (  atomic  weight  i 
\relative  density/ 

and  molecular  volume^  (molfleolar  weif  *V 
\  relative  density  / 

A  description  of  how  the  atomic  volume,  regarded 
as  a  periodic  function  of  the  atomic  weight,  assists 
in  classifying  the  elements  will  be  found  in  the 
articles  CLASSIFICATION,  CHEMICAL,  and  PERIODIC 
LAW.  The  generalisations  arrived  at  with  regard 
to  molecular  volumes  of  solids,  and  especially  of 
liquids,  will  be  dealt  with  in  the  article,  PHYSICAL 

METHODS  USED  IN  CHEMISTRY. 

7.  Another  physical  constant  which  entails  a 
knowledge  of  the  relative  density  of  a  body,  and 
which  has  led  to  some  valuable  generalisations 
as  to  the  interdependence  of  chemical  constitu- 
tion and  physical  properties,  is  the  refraction 

equivalent.    This  constant  is  defined  as  ^-M, 

where  /i  is  the  refractive  index,  M  the  molecular 
weight,  and  d  the  relative  density,  of  the  sub- 
stance under  examination.  On  this  subject  v. 
PHYSICAL  METHODS  USED  IN  CHEMISTRY. 

The  cases  in  which  a  knowledge  of  the  rela- 
tive density  has  been  employed  in  the  solution 
of  problems  belonging  to  chemical  kinetics  are 
but  few. 

1.  The  change  in  the  relative  density  of  va- 
pours and  gases  (calculated  to  normal  tempera- 
ture and  pressure)  under  different  temperatures 
and  pressures  has  been  utilised  to  trace  the  rate 
of  decomposition  relatively  to  the  change  of  tem- 
perature or  pressure  (v.  DISSOCIATION). 

2.  From  a  knowledge  of  the  volume-change 
produced  on  neutralising  a  base  A  by  an  acid  B, 
and  on  neutralising  A  by  another  acid  C,  as  well 
as  from  knowing  the  specific  volume  of  a  solu- 
tion containing  A,  B,  and  C,  in  equivalent  quan- 
tities, Ostwald  deduced  the  chemical  composi- 
tion of  this  solution,  that  is,  he  determined  the 
ratio  between  the  quantities  present  of  AB  and 
AC.     The  knowledge  of  this  ratio  enabled  him 
to  calculate  the  coefficients  of  relative  affinity 
of  the  acids  B  and  C  (v.  AFFINITY,  vol.  i.  p.  75). 
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3.  In  his  researches  on  the  velocity  of  chemi- 
cal change  as  dependent  on  the  varying  conditions 
of  the  experiment,  van  't  Hoff '  investigated  the 
velocity  of  the  change  of  rhombic  sulphur  into 
monosymmetric  by  observing  the  increase  in 
volume  at  fixed  intervals  of  time.  The  increase 
in  volume  being  due  to  the  change  of  rhombo- 
hedral  sulphur  of  relative  density  2-05  into 
oblique  sulphur  of  relative  density  1*98.  I.  F. 

DEOXIDATION.  This  term  was  originally 
used  to  denote  any  process  wherein  oxygen  was 
removed,  wholly  or  in  part,  from  a  compound. 
Thus  the  formation  of  KC103  by  heating  KC104, 


several  classes  of  compounds  to  produce  less 
oxidised  bodies  is  called  a  deoxidising  agent  or 
reducing  agent ;  while  any  element  or  compound 
which  generally  reacts  to  form  bodies  more 
oxidised  than  the  original  substances  is  called 
an  oxidising  agent  or  oxidiser.  Probably  every 
element  and  compound  takes  part  in  some 
chemical  changes  in  which  it  acts  either  as  an 
oxidiser  or  a  deoxidiser;  but  these  terms  are 
generally  confined  to  such  elements  and  com- 
pounds as  frequently  react  in  the  way  indicated 
by  the  names.  The  following  equations  exhibit 
some  common  cases  of  deoxidation  : — 


Original  element  or 
compound 

02 

(in  this  case  the 

C12 


2C12 
C12 

2HN03 

2KC103 

Fe203 

CuO 

BeCl2 

Fe2(S04)3Aq 

2FeCl3Aq 

H202Aq 

2HgCl2Aq 

HgCl2Aq 

2AgN03Aq  +  H2O 

K2Mn.,08Aq 

FeCl3Aq 


Deoxidiser  Deoxidised  product  Oxidised  product 

•f     2H2  2H20     +     (2H20) 

water  may  be  regarded  as  produced  either  by  the  oxidation  of 

hydrogen  or  by  the  reduction  of  oxygen) 
+     H2  =  2HC1     +     (2HC1) 

+     Hg  02     +     HgO 

(in  this  case  the  ozone  is  reduced  to  oxygen) 


2HgO 

K4FeCy6 

Sn 

3C 

3H2 

CO 

Na 

S02 

Zn 

HN02Aq 

SnCl2Aq 

SnCLjAq 

C..H4O 

3H,C204Aq 

KIAq 


as  well  as  that  of  KC1  by  heating  KC103,  are 
alike  deoxidations ;  similarly  the  production  of 
Cr203  from  Cr03  by  the  action  of  alcohol,  and 
the  formation  of  Cr  by  heating  Cr203  with 
carbon,  are  deoxidations.  But  as  the  term 
oxidation  (q.  v.)  has  been  widened  to  include 
those  chemical  reactions  wherein  the  negative 
or  acidic  radicle  of  a  compound  is  increased 
rel  itively  to  the  rest  of  the  body,  and  also  those 
wherein  an  element  combines  with  a  more  nega- 
tive element,  or  with  a  radicle  more  negative  than 
itself,  so  has  the  term  deoxidation  been  extended 
until  it  is  now  generally  applied  to  all  processes 
which  result  in  the  withdrawal  of  the  whole  or 
a  part  of  the  negative  radicle  of  a  compound. 

The  terms  deoxidation  and  reduction  are 
practically  synonymous  ;  the  latter  is  more  com- 
monly used  than  the  former. 

As  thus  employed  the  terms  deoxidation  and 
oxidation  are  correlative ;  the  deoxidation  of  one 
body  is  accompanied  by  the  oxidation  of  another. 
Thus,  to  take  a  very  simple  case,  when  hydrogen 
is  burnt  in  oxygen  with  production  of  water,  the 
hydrogen  is  oxidised  and  the  oxygen  may  be  said 
to  be  deoxidised.  If  the  reaction  is  represented 
in  molecular  formulas  the  processes  of  oxidation 
and  deoxidation  are  made  apparent ;  2HH  +  00 
=  2H.,0.  Similarly,  when  hydrogen  and  chlorine 
combine,  HH  +  CiCl  =  2HC1,  the  hydrogen  is 
oxidised  while  the  chlorine  is  deoxidised  or 
reduced. 

Any  element  or  compound  which  reacts  with 
1  Etudes  de  Dynamique  Chimique. 


H&QCL 

KC1 

NA 

2KC1 

2Fe 

Cu 

Be 

2FeS04Aq 

2FeCl.,Aq 

H20 

2HgCl 

Hg 

2Ag 

K,OAq  +  2Mn02 
FeCl2Aq  +  I 


C120 

K3FeCy6 

Sn02  +  H20 

3CO2 

3H20 

C02 

2NaCl 

280^ 

ZnCl-jAq 

HN03Aq 

SnCl4Aq 

SnCl4Aq 

C2H402+2HN03Aq 

3H,0  +  6C02 

KClAq 


Among  the  substances  commonly  used  in  the 
laboratory  to  accomplish  deoxidations,  hydrogen, 
carbon,  carbon  monoxide,  sulphur  dioxide,  ni- 
trous acid  or  a  nitrite,  stannous  chloride,  and 
aldehyde  are  prominent.  The  conditions  under 
which  deoxidations  occur  vary  much :  thus, 
HgCLjAq  is  almost  instantly  reduced  by  SnCl2  at 
the  ordinary  temperature  ;  to  reduce  Fe2(S04)3Aq 
completely  to  FeS04  by  S02  the  gas  must  be 
passed  into  the  liquid  for  a  long  time,  even  when 
the  liquid  is  kept  hot ;  KjMn2O?Aq  is  reduced  by 
H2C204Aq  rapidly  if  the  liquid  is  warm  and  con- 
tains sufficient  H.^S04  to  dissolve  the  Mn02  pro- 
duced ;  to  effect  the  complete  reduction  of 
FeCl3Aq  by  KI  the  iquid  must  be  slightly  acid, 
and  the  reaction  should  proceed  for  some  time 
at  a  fairly  high  temperature  and  under  increased 
pressure ;  Fe203  is  deoxidised  by  H  when  a 
stream  of  the  gas  is  passed  over  the  heated 
oxide  ;  to  reduce  BeCL2  by  Na  the  chloride  must 
be  kept  molten  (cf.  articles  COMBUSTION,  OXIDA- 
TION, REDUCTION).  M.  M.  P.  M. 

DEOXY-  v.  DESOXY-. 

DEOXYBENZOIN  v.  PHENYL  BENZYL  KETONE. 

DEOXY-BENZOIN-ACETIC  ACID  v.  PHENYL- 

BENZOYL-PEOPIONIC  ACID. 

DEOXY-BENZOlN  CAEBOXYLIC  ACID  v. 
PHENYL  BENZYL  KETONE  CABBOXYLIC  ACID. 

Anhydride  v.  BENZYLIDENE-PHTHALIDE. 

DESMOTROPY.  A  term  given  to  the  break- 
ing up  of  the  'double  bonds'  in  the  benzene 
ring.  Thus  phloroglucin  forms  a  penta-ethyl 
derivative  in  which  the  five  ethyl  groups  are 
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directly  united  to  ring  carbon  atoms.    The  con- 
stitution of  this  body,  according  to  Herzig  a. 

CEt:C(OH).CEt2 
Zeisel  (M.  9,  217),  must  be   | 

CO  .  CEt2 .  CO 

DESOXALIC  ACID  C,H608  i.e. 
C02H.CH(OH).C(OH)(CO,H)2.  Carboxy-racemic 
acid.  Its  ether  is  formed,  together  with  a  syrupy 
isomeride  (Brunner,  B.  12,  542)  and  other  pro- 
ducts, by  the  action  of  3  p.c.  sodium-amalgam 
on  cold  oxalic  ether.  After  saponification  by 
KOH  the  free  acid  is  obtained  by  exactly  neu- 
tralising the  Ba  salt  by  H.,S04  and  evaporating 
at  45°  (Lowig,  J.  pr.  79,  4~55  ;  83,  139  ;  84,  1; 
Klein,  J.pr.  [2]  20,146). 

Properties. — Hygroscopic  crystalline  mass 
(containing  aq).  V.  e.  sol.  water  and  alcohol. 
Decomposed  by  heat.  Its  solution  evolves  C02 
on  evaporating  above  50°,  leaving  racemic  acid. 

Salts.— Na3A'/'.—K2HA"/.  S.  5-2  at  16°: 
crystalline  crusts.— K3A"':  gummy.— Ba3A'"22aq. 
— Ca3A"'2  3aq.— Pb7A'"2O4.— Ag3A"'. 

Ethyl  ether  Et3A'":  [85°].  S.  10  at  16°. 
Triclinic  crystals,  a:b:c  =  -422:1:  -757 ;  a  =  84°  27', 
£  =  90°  32',  7  =  90°  6'. 

Acetyl  derivatives  C5H5Ac08  and 
C3H4Ac208  are  non-hygroscopic  oils,  not  decom- 
posed at  120°. 

Benzoyl  derivatives  C5H5Bz08  and 
C5H4Bz208  are  oils,  not  decomposed  at  140°. 

Amide.    Amorphous  (Brunner). 

DESOXY-AMALIC  ACID  v.  AMALIC  ACID. 

DESOXY-BENZOIN  v.  PHENYL  BENZYL  KE- 
TONE. 

DESOXY-CHOLIC  ACID  v.  CHOLIC  ACID. 

DESOXY-CODEINE  v.  CODEINE. 

DESOXY-CUMINOIN  v.  CUMINOI'N. 

DEUTERO-ALBTTMOSE  v.  PROTEIDS. 

DEXTRANE  C6H1005  (at  130°).  [o]D  =  223°. 
A  gummy  substance  occurring  in  unripe  beet- 
root (Scheibler,  J.  T.  C.  1875,  790).  Formed 
also  in  the  lactic  fermentation  of  sugar  (Tieg- 
hem,  Jahres.  d.  Agriculturchemie,  1879,  544). 
Amorphous ;  v.  sol.  water,  forming  a  sticky  li- 
quid. Insipid  taste.  Its  cone,  aqueous  solution 
is  ppd.  by  lead  subacetate,  and  gives  with  Feh- 
ling's  solution  a  light-blue  sticky  pp.,  no  reduc- 
tion taking  place.  Boiling  dilute  H2S04  con- 
verts it  into  glucose.  HN03  gives  oxalic  acid 
only.  Iodine  gives  no  colouration. 

Animal  dextrane  C6H,005.  [a]D  =  157°.  Se- 
creted by  Schizoneura  lanuginosa,  a  louse  that 
forms  galls  on  elm  trees.  Amorphous.  SI.  sol. 
cold,  more  sol.  boiling,  water,  insol.  alcohol  and 
ether.  Fehling's  solution  gives  a  gelatinous 
coagulum,  without  reduction.  Iodine  gives  no 
colour.  Boiling  dilute  H2S04  gives  a  substance 
that  reduces  Fehling's  solution  (L.  Liebermann, 
Pf.  40,  454). 

DEXTRIN  nC12H20010.  Although  this  term 
has  been  in  use  for  a  long  time,  and  a  correct 
percentage  composition  stated  for  the  body  it 
represents,  it  is  only  recently  that  its  characters 
have  been  more  accurately  denned,  and  a  place 
given  to  it  among  chemical  compounds.  Most 
of  the  substances  to  which  the  term  has  hitherto 
been  given  have  many  properties  in  common 
with  dextrin,  but  it  is  evident  that  many  of  these 
hold  no  relation  to  it,  and  many  more  of  them 
are  impure  conditions  of  it. 

Occurrence. — (a)  Dextrin  is  said  to  be  present 


in  the  sap  of  plants  and  in  most  seeds.  The 
evidence  of  this  is,  however,  altogether  unsatis- 
factory, other  bodies  possessing  some  of  its  pro- 
perties being  in  most  cases  mistaken  for  it. — 
(b)  It  is  a  constituent  of  the  juice  of  horse-flesh 
(Limpricht,  J.  1865,  673),  and  it  is  probable, 
though  not  proved,  that  the  body  therein  found 
is  true  dextrin. — (c)  Eeichardt  (Ar.  Ph.  [3]  5, 
502)  states  that  the  urine  of  diabetic  patients, 
under  certain  conditions,  contains  dextrin  ;  but 
from  his  description  it  is  impossible  to  say 
whether  the  body  he  had  under  observation  was 
dextrin  or  not. — (d)  Dried  starch,  heated  to 
210°  and  maintained  at  that  temperature  for 
some  time,  yields  a  product  known  as  British 
gum  or  commercial  dextrin. — (e)  By  moistening 
the  starch  with  dilute  nitric  acid,  and  drying 
before  heating,  this  conversion  is  expedited. — 
(/)  Digestion  with  dilute  acids,  inorganic  and 
organic,  converts  starch  into  dextrin  and  other 
bodies.  The  commercial  products  from  these 
sources  contain  dextrin  or  dextrins,  but  there 
are  no  analyses  of  them  to  show  what  dextrins 
they  contain.  For  the  action  of  heat  and  acids 
on  starch  see  Biot  and  Persoz,  A.  Ch.  [2]  52,  72  ; 
Payen,  ibid.  55,  225;  61,  372;  65,  225,  334; 
Gu6rin-Varray,  ibid.  60,  68 ;  Jacquelain,  ibid. 
[3J  8,  225  ;  Bechamp,  C.  R.  51,  256 ;  Anthon, 
D.  P.  J.  218,  182 ;  219,  457 ;  O'Sullivan,  C.  J. 
25,  581. —  (g)  When  starch  paste  is  submitted 
to  the  action  of  the  unorganised  ferment  found 
in  germinated  grain,  and  known  as  diastase, 
dextrins,  among  other  substances,  are  produced. 
It  is  one  of  the  bodies  derived  from  this  source 
upon  which  we  shall  look  as  a  chemical  entity, 
and  describe  as  dextrin ;  and  it  is  only  in  as  far  as 
the  bodies  hitherto  called  dextrin,  and  obtained 
from  the  various  sources  above  mentioned,  agree 
in  properties  with  those  we  shall  find  this  to 
possess  that  we  can  consider  them  dextrin. — (h) 
Dextrin  is  found  in  beer,  and  is  probably  present 
in  bread,  being  the  product  of  the  action  of  diastase 
on  starch. — (i)  Cellulose  is  converted  into  dextrin 
by  the  action  of  sulphuric  acid  (Branomot,  A.  Ch. 
12,  172),  but  the  identity  of  the  body  thus  pro- 
duced is  not  established.—^')  Dextrose  is  said 
to  be  converted  into  dextrin  (Musculus,  Bl.  [2] 
18,  66)  by  submitting  the  sulpho-glucosic  acid 
to  the  action  of  spirit  containing  95  p.c.  alcohol. 
This,  from  its  optical  activity,  is  not  pure  dextrin. 
Preparation. — 100  grams  of  carefully  purified 
potato  starch  (any  other  starch  would  answer, 
but  this  is  most  easily  manipulated)  are  stirred 
up  with  200  c.c.  of  water  at  55°-60°,  and  as  soon 
as  the  granules  are  thoroughly  dispersed  through 
the  liquid  400  to  500  c.c.  of  boiling  water  are 
added  with  continual  stirring.  In  this  way  an 
almost  transparent  and  perfectly  homogeneous 
paste  is  obtained.  This  is  cooled  to  62°,  and  a 
solution  containing,  in  50  c.c.,  1  to  1-5  grams 
diastase,1  or  its  equivalent  in  cold  malt-extract 
added  to  it,  and  the  mixture  maintained  at 
60°-63°  until  the  filtrate  from  a  portion  cooled 
no  longer  gives  a  colouration  with  iodine,  and  it  is 

1  It  is  impossible  to  state  an  exact  quantity  of  the  pre- 
paration of  diastase  or  of  cold  malt-extract,  because  the 
activity  of  the  extract  from  a  definite  quantity  of  malt, 
and  of  the  preparation  of  diastase,  varies  very  consider- 
ably. A  few  experiments  will,  however,  be  sufficient  to 
determine  the  quantity  of  either  necessary  to  transform 
starch  paste  into  products  having  an.  optical  activity 
[«]  =  177°. 
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found  that  the  optical  activity  of  the  solid  matter 
in  solution  (v.  SACCHARIMETRY)  is  [a]j  =  176-6° 
(O'Sullivan,  J.  C.  [2]  17,  125),  166-7°  (Brown  a. 
Morris,  ibid.  47,  527).  If  the  diastase  is  fairly 
active,  and  the  proportion  above  given  employed, 
this  point  is  reached  in  five  minutes'  digestion  or 
less ;  but  inasmuch  as,  if  the  diastase  is  not 
very  active,  no  further  conversion  to  any  extent 
takes  place  in  a  moderate  time,  the  digestion 
may  be  continued  for  15  or  30  minutes  without 
any  injurious  effect.  The  solution  is  then  cooled 
and  filtered,  to  remove  a  slight  turbidity  due  to 
a  little  flocculent  matter  from  the  diastase  and 
impurity  from  the  starch  or  undissolved,  because 
ungelatinised,  starch.  The  filtrate  is  then  quickly 
boiled  and  evaporated,  best  under  diminished 
pressure  in  a  vacuum  vessel,  to  about  200  c.c., 
and  alcohol  (S.G.  '83)  added  until  a  precipitate 
begins  to  form ;  a  little  more  alcohol  is  added, 
and  the  mixture  allowed  to  stand  until  the  syrupy 
layer  collects  at  the  bottom.  The  clear  super- 
natant liquid  is  decanted  off,  and  the  syrup 
washed  with  alcohol.  This  is  dextrin  more  or 
less  contaminated  with  maltose  and  a  constituent 
of  the  diastase ;  the  former  can  be  completely, 
but  with  difficulty,  separated  by  repeatedly  dis- 
solving in  water,  and  carefully  precipitating  with 
alcohol  in  the  least  possible  excess,  until  a 
portion  of  the  precipitate,  dissolved  in  water, 
no  longer  gives  a  reaction  when  boiled  for  three 
or  four  minutes  with  Fehling's  solution.  The 
diastase  bodies  are  separated  also  with  difficulty : 
the  precipitate,  freed  from  maltose,  is  dissolved 
in  a  little  water  and  alcohol  gradually  added, 
until  5  to  10  p.c.  of  the  whole  is  precipitated, 
pure  dextrin  remains  in  the  supernatant  liquid, 
and  is  precipitated  from  it  by  strong  alcohol.  To 
obtain  it  in  the  dry  state  the  precipitate  is 
treated  with  absolute  alcohol,  which  extracts 
water  from  it,  and  renders  it  capable  of  being 
rubbed  down  to  a  white  hygroscopic  powder. 
The  dextrin  thus  dried  retains  alcohol  with  much 
pertinacity,  and  if  it  be  required  to  obtain  a  pre- 
paration absolutely  free  from  that  body,  the 
powder  must  be  dissolved  in  a  little  water,  and 
boiled  in  a  vacuum  vessel  until  all  alcohol  is 
eliminated,  and  the  solution  reduced  to  a  thick 
syrup.  It  is  then  transferred,  in  small  quanti- 
ties at  a  time,  to  an  evaporating  dish,  and,  while 
hot,  placed  under  the  bell  glass  of  an  air-pump 
over  sulphuric  acid  and  the  air  pumped  out.  If 
the  syrup  was  sufficiently  thick  it  swells  up  and 
blows  out  from  loss  of  water.  When  this  cools 
it  becomes  a  porous,  brittle,  glassy  mass,  which 
can  be  rubbed  down  to  a  white  powder  if  allowed 
to  stand  over  sulphuric  acid  for  a  day  or  two,  or 
in  a  few  hours  if  the  temperature  of  the  dish  be 
maintained  by  a  steam  coil  in  the  air-pump  re- 
ceiver. Brown  and  Morris,  acting  on  a  suggestion 
of  Wiley  (C.  N.  46,  175),  propose  to  remove  the 
last  traces  of  maltose  by  treating  a  solution  of 
the  impure  dextrin  with  a  slight  excess  of  a 
solution  containing  equal  weights  of  mercuric 
cyanide  and  caustic  soda  until  no  further  re- 
duction takes  place.  This  product  would  have 
to  be  purified  from  the  materials  employed, 
from  the  decomposition  products,  &c.  This 
could  probably  be  accomplished  by  neutralising 
with  hydrochloric  acid,  evaporating  to  a  syrup 
in  a  vacuum  vessel,  and  submitting  to  dialysis, 
precipitating  the  dextrin  in  the  concentrated 


solution  with  alcohol,  and  further  purifying  by 
partial  precipitation  with  some  reagent  until  the 
optical  activity  of  the  chief  product  becomes 
constant. 

Properties. — Dextrin  is  uncrystallisable ;  dried 
as  described  above,  it  is  a  glassy,  colourless 
body,  capable  of  being  rubbed  down  to  a  white 
powder.  It  is  without  marked  taste,  and  is 
colourless.  Its  solutions  are  neutral.  It  is  easily 
soluble  in  water,  and  solutions  containing  as 
much  as  80  p.c.  of  the  body,  although  syrupy, 
are  thin-fluid.  It  is  slightly  soluble  in  dilute 
spirit,  but  insoluble  in  spirit  containing  60  p.c. 
alcohol.  It  is  not  coloured  by  iodine.  Exposed 
to  moist  air,  and  then  allowed  to  stand  over 
sulphuric  acid,  its  weight  becomes  constant, 
when  it  contains  from  9*5  to  10  p.c.  water.  This 
is  almost  completely  lost  in  a  vacuum  over  sul- 
phuric acid,  and  completely  in  a  current  of  dry 
air  at  100°.  The  quantity  of  water  corresponds 
to  the  formula  n(C,2H20O1020H2),  and  the  amount 
of  carbon  and  hydrogen  yielded  by  the  dry  body 
agree  well  with  the  formula  CI2H200,0.  It  is  not 
precipitated  by  lime  or  baryta  water,  but  it  forms 
compounds  with  those  earths  which  are  insoluble 
in  alcohol.  It  is  precipitated  by  ammoniacal 
lead  acetate,  but  not  by  the  neutral  or  basic  salt 
alone.  Dilute  sulphuric  acid  converts  dextrin 
into  maltose,  and  thence  into  dextrose,  according 
to  the  equations  C]2H.,00,0  +  OH2  =  C12H22On  and 
C^H^O, ,  +  OH2  =  2C6H1206.  The  phases  of  this 
reaction  have  as  yet  not  been  fully  worked  out. 
Diastase  converts  it  slowly  into  maltose.  Nitric 
acid  converts  dextrin  into  saccharic  and  oxalic 
acids.  With  a  mixture  of  nitric  and  sulphuric 
acids  it  yields  a  nitrate,  C6H8(N02)205,  dinitrate 
according  to  B6champ.  By  dissolving  dextrin 
in  acetic  anhydride,  and  heating  to  160°,  tri- 
acetyl  dextrin  is  produced  (Schtitzenberger  a. 
Naudin,  C.  B.  68, 814),  but  these  substitution  pro- 
ducts require  further  investigation .  A  solution  of 
10  grams  dry  dextrin  in  100  c.c. — a  vessel  holding 
exactly  100  grams  water  at  15-5— has  a  S.G.  1-0396, 
and  its  apparent  optical  activity  is  [o]j  =  222, 
=  [a]D  =  200-4.  These  are  good  working  factors ; 
but  a  careful  and  accurate  determination  of 
them  is  yet  required.  Under  the  influence 
of  ordinary  saccharomyces  it  is  not  converted 
into  alcohol  (fermented)  in  a  moderate  time  ;  in 
presence  of  active  diastase  and  this  organism  it 
ferments  easily.  Besides  the  dextrin  here  de- 
scribed, there  are  other  dextrins  to  be  found 
amongst  the  products  of  the  action  of  diastase 
and  of  acids  upon  starch  (v.  STARCH),  but  experi- 
menters with  these  bodies  are  not  yet  agreed  as 
to  their  number  or  properties.  Most  of  the  pro- 
perties just  described  are  common  to  all  the 
dextrins ;  but  the  distinguishing  character  of 
the  dextrin  of  which  we  write  is  the  action  of 
diastase  upon  it.  When  a  solution  containing 
dextrin  and  diastase,  in  the  proportion  of  1  of 
the  latter  to  100  of  the  former,  is  digested  at 
60°-63°  no  more  maltose  is  formed  in  the  first 
five  minutes  than  in  the  second  five,  in  propor- 
tion to  the  amount  of  dextrin  in  solution,  the 
conversion  being  a  very  slow  and  gradual  process. 

It  may  be  fairly  said  that  the  opinions  of 
Bondoneau  (C.  B.  81,  972,  1210)  and  those  of 
Musculus  and  Gruber  (BL  30,  54)  have  been 
shown  to  be  untenable.  The  former  describes 
three  dextrins  with  different  optical  activities 
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and  powers  of  reducing  copper  oxide ;  the  latter 
mentions  three  not  coloured  by  iodine,  of  different 
optical  activity,  two  having  the  same  reducing 
power,  and  the  third  a  higher  power.  0' Sullivan 
(C.  J.  35,  770)  isolated  and  described  three,  and 
indicated  the  existence  of  a  fourth  dextrin,  all 
possessing  the  same  optical  activity  as  that 
given  above,  and  being  without  reducing  action 
on  alkaline  copper  solution.  Brown  and  Heron 
(C.  J.  35,  596)  and  Brown  and  Morris  (ib.  47,  527) 
maintain  the  evidence  of  eight  dextrins  without 
isolating  any  of  them,  but  confirm  O'Sullivan's 
observations  that  all  the  dextrins  have  the  same 
optical  activity  cy  =  222,  and  that  they  are  with- 
out  action  on  alkaline  copper  solution.  The 
/3-dextrin-iii  of  0' Sullivan,  and  the  final  dextrin 
of  Brown  and  Morris,  agree  in  properties  ;  it  is 
the  dextrin  described.  All  the  dextrins  are  white, 
glassy,  friable  bodies,  v.  sol.  water,  and  insol. 
strong  alcohol.  0' Sullivan  characterises  the 
dextrins  as  follows : — a-dextrin,  coloured  by 
iodine  reddish- brown,  unacted  upon,  or  but 
slightly,  by  diastase  at  69°- 70°;  at  66°-67°, 
17-4  p.c.,  on  transformed  products,  of  maltose  is 
produced  in  four  ta  ten  minutes,  there  being  no 
increase  in  the  next  two  hours  if  the  diastase  is 
not  in  excess  and  the  temperature  maintained ; 
at  65°-66°,  34-5  p.c.  maltose  is  formed ;  at  63°-64°, 
51-2  p.c. ;  and  below  62°,  67-8  p.c.  This  would 
indicate  the  molecule  of  this  dextrin  to  be  at 
least  C72H120060.  ^-dextrin,  not  coloured  by 
iodine.  j8-dextrin-i  is  not  acted  upon,  or  but 
slightly,  by  Diastase  at  66° ;  at  63°- 64°  it  yields 
in  five  or  ten  minutes  34*6  p.c.  maltose ;  at 
61°-62°  the  same  quantity  is  observed,  and  at 
58°-59°  there  is  no  increase  in  the  yield  ;  this 
would  indicate  the  formula  CggHgoOg,,  for  j8-dex- 
trin-i,  if  the  formula  of  0-dextrin-iii  be  taken  as 
C^H^O-jo.  According  to  Brown  and  Morris  (I.e.) 
there  are  eight  dextrins,beginning  withC,08H180090, 
each  differing  from  the  one  below  it  by  the  group 
Cj2H20010,buttheydo  not  appear  to  have  prepared 
any  one  of  the  bodies  in  a  pure  state.  They  deter- 
mine the  position  in  the  series  of  an  unknown 
one  of  them  by  the  amount  of  maltose  that  it  is 
capable  of  yielding  when  acted  upon  by  diastase 
at  60°  (C.  J.  47,  543).  All  the  high  dextrins  are 
acted  upon  in  a  fermenting  solution,  and  yield 
maltose,  and  thence  alcohol,  the  lowest  dextrin 
being  left.  Although  the  researches  referred  to 
herein  have  thrown  much  light  on  the  nature 
and  character  of  the  dextrin  bodies,  much  still 
remains  to  be  done  before  we  can  consider  our 
knowledge  complete. 

Estimation. — In  substances  from  which  dex- 
trin has  not  hitherto  been  isolated,  and  in  which 
its  presence  is  suspected  from  the  optical  acti- 
vity of  their  solution,  or  the  nature  of  their 
source,  before  any  attempt  at  estimation  is 
made,  it  would  be  necessary  to  prove  its  presence 
by  eliminating  the  bodies  with  which  it  may  be 
accompanied  by  processes  indicated  above,  and 
comparing  the  properties  of  the  body  isolated 
with  those  herein  given  for  dextrin.  The  esti- 
mation may  then  be  effected  after  the  manner 
indicated  below,  attention  being  given  to  the 
nature  of  the  bodies  with  which  it  may  be 
accompanied.  In  products  in  which  the  presence 
of  dextrin  is  well  established,  viz.  the  various 
commercial  sugars  obtained  by  the  action  of 
acids  on  starch,  malt-extract,  beer,  and  such 


products,  dextrin  is  estimated  as  follows :— In 
the  commercial  starch  sugars  a  known  weight  of 
the  sugar  (15  g.  or  thereabouts  is  a  suitable 
quantity)  is  dissolved  in  a  small  quantity  of 
boiling  water,  the  solution  cooled  and  then  made 
up  to  100  c.c.  This  is  submitted  to  fermentation 
with  0-5  g.  yeast,  and  the  fermentation  pushed 
as  far  as  possible.  The  alcohol  is  eliminated 
by  distillation,  the  residue  filtered  and  made  up 
to  100  cc.  with  the  washings ;  of  this  an  optical 
activity  is  taken  and  K  determined  (v.  SAC- 
CHARIMETRY)  ;  if  the  latter  indicates  more  than 
15  p.c.  calculated  on  the  solid  matter  unfer- 
mented,  the  solution  must  again  be  submitted 
to  fermentation,  and  the  amount  of  reducing 
sugar  further  diminished  ;  if  less,  the  reducing 
body  may  be  taken  as  maltose,  and  the  calcula- 
tion made  accordingly. 

Example.— 15  g.  glucose  syrup  dissolved  to 
100  c.c.,  submitted  to  fermentation  with  0*5  g. 
yeast,  yielded  100  c.c.  of  residue  of  S.G.  1-0012 
=  about  3-038  g.  solid  matter  per  100  c.c.  18-57  g. 
of  this  solution  yielded  0-087  g.  CuO ;  this  corre- 
sponds to  -087  x  '7256  !  =  -0631  g.  maltose,  and 
to  a  total  amount  of  maltose  in  the  100  c.c.  of 
100-12  x-0631  M  or  to  .087  x  -4535 


18-57 
=  '0394  g.  dextrose,  giving  a  total  amount  of 

dextrose  in  the  100  c.c.  of  100'^^:°394  =  -2124 g. 

lo'Oi 

This  is  less  than  15  p.c.  on  the  solid  matter  in 
solution,  hence  the  reduction  found  above  is 
taken  as  maltose.  The  optical  activity  of  the 
solution  was  26-5  divisions  of  a  Soleil-Ventzke- 
Scheibler  saccharimeter ;  this  corresponds  to 
26*-*4^_2.U3  dextrin>  ftnd  fts  the  golid 

matter  was  found  to  be  82-0  p.c.  of  the  syrup  the 
dextrin  is  17*4  p.c.  of  the  solid  matter.  In 
beer  the  estimation  is  made  in  the  same  way, 
only,  as  a  rule,  in  a  beer  of  any  age  the 
cupric  oxide  reduced  may  be  calculated  as  mal- 
tose without  further  consideration,  a  correction 
of  -0008  g.  being  subtracted  from  the  weight  of 
CuO  for  every  gram  of  beer  taken  for  the  reduc- 
tion. In  malt-extract  the  estimation  is  effected 
in  the  same  manner  as  described  for  sugar  syrup 
above,  the  procedure  after  fermentation  being 
the  same  as  followed  in  the  case  of  beer.  Should 
active  diastase  be  present  in  the  malt-extract, 
as  is  usually  the  case  in  the  best  preparations, 
the  solution  should  be  boiled  before  fermentation. 
According  to  Wiley  (C.  N.  46, 175)  dextrin  can  be 
estimated  in  the  starch  products  by  eliminating 
the  reducing  bodies  by  alkaline  solution  of  mer- 
cury dicyanide.  He  proceeds  as  follows: — The 
mercury  solution  is  made  by  dissolving  120  g. 
HgCy2  and  120  g.  NaOH  in  water,  and  making 
up  to  1  litre.  1  g.  of  the  sugar  to  be  examined 
is  dissolved  in  10  c.c. ;  this  is  boiled  for  two  or 
three  minutes  with  an  excess  of  the  mercury 
solution,  of  which  25  c.c.  will  as  a  rule  be  found 
sufficient.  The  solution  is  cooled,  neutralised 
with  HC1,  and  the  bulk  made  up  to  50  c.c.  An 
observation  of  the  optical  activity  of  this  solu- 
tion gives  the  dextrin.  For  example,  the 
optical  activity  of  a  solution,  prepared  as 
described,  and  observed  in  a  200  mm.  tube, 
was  found  to  be  2-3  divisions  of  a  S.V.S. 
1  CuO  x  0-7256= maltose  corresponding  to  CuO. 
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gaccharimeter—  2-3  -r-  11'56  =  -20  g.  dextrin  in 
100  c.c.,  i.e.  •!  g.  in  50  c.c.  1  g.  sugar  yields 
•1  g.  dextrin  or  10  p.c.  (Further  on  this  subject 
v.  SACCHARIMETRY.)  If  any  of  the  higher  dextrins 
should  be  present  the  quantity  could  be  approxi- 
mately estimated  by  the  action  of  malt-extract 
at  the  various  temperatures  indicated  above, 
and  the  position  and  approximate  quantity  of 
the  dextrin  inferred  from  the  amount  of  maltose 
formed  in  five  to  ten  minutes.  C.  O'S. 

DEXTRO-.  Compounds  beginning  with  this 
prefix,  indicating  a  right-handed  rotatory  effect 
on  light,  are  described  under  the  remaining  part 
of  the  name  ;  e.g.  dextro-tartaric  acid  under 
TABTABIC  ACID. 

DEXTRONIC  ACID  v.  GLUCONIC  ACID. 

DEXTROSE  v.  SUGARS. 

DI-.  When  this  prefix  is  used  in  a  numerical 
sense  it  is  entirely  left  out  of  account  in  deter- 
mining the-  alphabetical  position  assigned  to  a 
compound  in  this  dictionary. 

DIALURIC  ACID  C4H4N204  i.e. 

CO<NNHCO>CH-OH*  Tartronyl-urea.  Mol. 
w.  144. 

Formation.  —  1.  By  passing  HjS  through  a 
boiling  aqueous  solution  of  alloxan  (Liebig  a. 
Wohler,  A.  26,  276).—  2.  By  treating  alloxan 
with  zinc  and  HC1.  —  3.  By  dissolving  uric  acid 
in  dilute  HN03  and  adding  ammonium  sulphide. 
4.  By  treating  an  aqueous  solution  of  alloxan 
with  ammonium  or  potassium  cyanide  (Strecker, 
A.  113,  49).—  5.  By  treating  alloxantin  with 
sodium  amalgam  (Baeyer,  A.  127,  12).  —  6.  By 
treating  di-bromo-barbituric  acid  with  H2S 
(Baeyer,  A.  130,  133). 

Properties.  —  Needles,  si.  sol.  water,  acid  to 
litmus.  Oxidised  by  moist  air  to  alloxantin. 
Combines  with  alloxan  forming  alloxantin. 
Heated  with  glycerin  at  100°  it  forms  hydurilic 
acid. 

Salts.  —  NH4A'  :  silky  needles;  converted 
at  100°  into  blood-red  murexide.—  KA'  (cf.  Men- 
schutkin,  A.  182,  70).  Urea  dialurate 
CON2H4C4H4N204  :  stellate  crystals  (Mulder,  B. 
6,  1010). 

NH-C(OH) 

Iso  -  dialuric  .  acid 


CO/ 

NH— 


CO 

Iso-tartronyl  urea.  Formed  by  the  action  of 
bromine  water  on  isobarbituric  acid,  amido- 
uracil,  or  hydroxanthine  (Behrend  a.  Boosen, 
B.  21,  1000).  Prisms  (containing  2aq).  V.  sol. 
water.  Stable  towards  oxidising  agents.  Is 
converted  by  warming  with  urea  and  cone. 
H2S04  into  what  is  believed  to  be  uric  acid. 

DIALYSIS.  The  separation  of  certain  sub- 
stances by  liquid  diffusion;  v.  DIFFUSION  and 
PHYSICAL  METHODS. 

DIAMOND  v.  CARBON,  vol.  i.  pp.  685,  686, 
687. 

DIASTASE  C  44-33,  H  6'98,  N  8-92,  S  1-07, 
O  32-91,  ash  4-79.  The  substance  that  enables 
malt  to  convert  starch  into  dextrin  and  sugar. 
Green  barley  malt  is  digested  with  dilute  alcohol 
(20  p.c.)  for  24  hours  ;  the  extract  is  ppd.  with 
2|  vols.  absolute  alcohol,  and  the  pp.  washed 
with  alcohol  and  ether  (O'Sullivan,  C.  J.  45,  2  ; 
Lintner,  J.pr.  [2]  34,  386  ;  36,  481). 

Purification.  —  Cannot    be   purified  by  ppg. 


with  basic  lead  acetate  (L.) ;  purified  by  repeated 
solution  in  water  and  ppn.  with  alcohol  ;  the 
ash  can  be  reduced  by  dialysis  to  less  than  5  p.c. 
consisting  of  calcium  phosphate. 

Properties. — Amorphous ;  has  not  been  ob- 
tained pure.  Its  action  on  starch  is  prevented 
by  strong  acids  or  alkalis,  by  salts  of  Cu,Hg,  and 
Ag,  by  alum,  and  by  Fe.jCl6,  but  not  by  phenol. 
Hydroxylamine,  formic  aldehyde,  and  nitrous 
acid  at  40°  render  diastase  inactive  (Loew.J.jpr. 
[2]  37,  101).  Presence  of  C02  accelerates  the 
power  of  diastase  to  convert  starch  into  sugar 
(Baswitz,  B.  11, 1443).  Above  63°  the  ferment- 
ing power  is  weakened. 

Reactions. — 1.  Does  not  reduce  Fehling's 
solution  even  after  boiling  with  HC1.—  2.  Does 
not  give  a  violet  colour  with  CuS04  and  KOH.— 
3.  Ppd.  by  boiling.— 4.  HC1  gives  a  pp.,  sol. 
NaOH.— 5.  HOAc  a  pp.  sol.  excess.— 6.  HgCl2  a 
pp. — 7.  Basic  lead  acetate  a  pp.— 8.  HOAc  and 
K4FeCy6  a  pp.— 9.  Millon's  reagent  gives  albu- 
men reaction. — 10.  Warmed  with  fuming  HC1  a 
violet  colour. — 11.  Guaiacum  tincture  mixed  with 
a  little  H202  gives  a  blue  colour. 

References. — Payen  a.  Persoz,  A.  Ch.  [2]  53, 
73;  56,  237;  60,  441;  61,  351;  Guerin-Varry, 
A.  Ch.  57,  108 ;  60,  22  ;  61,  22  ;  Bouchardat,  A. 
Ch.  [3]  14,  61 ;  Fankhauser,  Bied.  Centr.  1888, 
205 ;  Defresne,  C.  R.  89,  1070 ;  Brasse,  C.  R. 
100,  454 ;  H.  Muller,  Ann.  Agronom.  12,  481 ; 
Bourquelot,  C.  R.  104,  576 ;  Kjeldahl,  C.  J.  38, 
562  ;  Zulkowski  a.  Eenner,  C.  J.  38,  561 ;  B.  C. 
1879,  929 ;  Schartler,  C.  C.  1887,  534  ;  Huppe, 
C.  J.  44,  101 ;  Schneider,  C.  J.  46,  1366  ;  Herz- 
field,  B.  C.  10,  203  ;  Stutzer  a.  Isbert,  H.  12,  72). 

V.  also  FERMENTATION,  DEXTBIN,  STARCH,  and 
SUGARS. 

Diastase  of  Kdji.  Koji  is  used  in  Japan  to 
make  beer.  It  is  formed  by  steaming  rice-graina 
and  leaving  them  till  a  fungus  grows  on  them. 
An  aqueous  infusion  of  this  Koji  acts  somewhat 
like  malt-extract,  for  it  inverts  cane-sugar  and 
hydrates  maltose  and  dextrin,  and  it  liquefies 
starch  paste,  forming  first  maltose  and  dextrin, 
then  glucose  and  dextrin  (B.  W.  Atkinson,  Pr. 
31,  523  ;  32,  299).  The  diastase-like  ferment  is 
obtained  from  the  albuminous  matters  in  the 
rice  through  changes  produced  by  the  growth 
of  the  fungus. 

DIATEREBIC  ACID  v.  TEREBIC  ACID. 

DIATEREBILENIC    ACID    v.    TEBEBILENIO 

ACID. 

DIATERPENYLIC  ACID  v.  TERPENYLIC  ACID. 

DICHROINS.  A  name  given  by  Brunner  and 
Chuit  (B.  21,  249)  to  the  fluorescent  colouring 
matters  obtained  in  Liebermann's  reaction  by 
treatment  of  phenols  with  cone.  H2S04  and 
nitrous  acid.  They  are  obtained  by  the  action 
of  H2S04  saturated  with  nitrous  acid  on  para- 
nitrosophenols  ;  but  only  those  polyhydric 
phenols  having  the  hydroxyl-groups  in  the  meta- 
positions  to  one  another  yield  dichroins.  The 
dichroins  are  divided  into  (o) -dichroins  containing 
the  complex  C6.N:(O.C8)2,  and  (0) -dichroins  with 

the  group  C6.N<^Q^>C6.  The  colouring  matters 

C18H15NO  from  phenol,  C18H15N06andC36H,6N2010 
from  resorcin,  and  C2iH2jN06  from  orcin  belong 
to  the  (a) -group,  whilst  the  (£)  -group  includes 
C14HnN03  from  orcin,  azoresorcin,  azoresorufin, 
and  azoresorufin  ether;  the  last  three  are  re- 
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spectively  (B)-resorcin-,  di-(£)-resorcin-,  and 
tetra-(£)-resorcin-dichroin  (H.  Brunner  and 
P.  Chuit,  B.  21,  2479). 

Chroins.  —  Chroins  are  colouring  matters  re- 
sulting from  the  action  of  H2S04  containing  ni- 
trous acid  on  nitroso-phenols,  which  are  analogous 
to  the  quinoneoximes,  and  they  appear  to  con- 
tain the  (C6)2:N—  0—  N:(C?)2. 

Oxy  chro'ins.  —  Oxychroms  are  bodies  bearing 
a  similar  relation  to  mtro-phenols  as  dichroins 
do  to  nitroso-phenols.  They  are  obtained  in 
most  reactions  along  with  the  dichroins  during 
the  preparation  of  the  latter.  They  are  richer 
in  oxygen  than  dichroins  and  do  not  fluoresce. 

DICHROISM.  The  property  exhibited  by 
many  doubly  refracting  crystals  of  showing  dif- 
ferent colours  when  examined  in  different  direc- 
tions. 

BICHROMATES.  Salts  of  the  hypothetical 
acid  H2Cr207  v.  CHROMIUM,  ACIDS  or,  p.  154,  157. 

DICONIC  ACID  C9H,006.  [200°].  Formed 
by  heating  citric  acid  with  cone.  HClAq  at  200° 
(Hergt,  J.  pr.  [2]  8,  372)  ;  aconitic  acid  seems  to 
be  an  intermediate  body.  Small  crystals,  v.  sol. 
water,  alcohol,  and  ether.  Eeddens  litmus. 

Salts.—  KL"  :  deliquescent.  — 


[95°]  ;  deliquescent  crystalline  mass.—  BaA"l|aq: 
more  sol.  cold    than   hot  water.  ' 


SrA"5aq.—  CaA"aq.—  MgA"6aq:  hard  crystal- 
line crusts,  v.  sol.  water.—  Fe(OH)2HA"  (?).— 
MnA"5aq:  plates.  —  CoA"6aq:  rose-coloured 
monoclinic  plates.  —  NiA"6aq.  —  ZnA"6aq:  mo- 
noclinic  plates.  —  ZnH2A"27aq.  —  CuA"3aq  : 
bluish  -green  prisms.—  SnA"Sn04aq  :  insoluble 
pp. 

Diethyl  ether  Et2A.".    Oil. 

DIDYMIUM  Di.  At.  w.  143  (exact  value 
doubtful).  Mol.  w.  unknown.  S.G.  6-544.  S.H. 
•04563  (Hillebrand,  P.  158,  71).  Melts  above 
Ce  and  La.  In  1842  Mosander  separated  a  new 
metal  from  the  mineral  Cerite  (P.  56,  503)  ;  as 
the  metals  Ce  and  La  had  already  been  found 
in  this  mineral,  the  name  didymium  was  given 
to  the  new  metal  to  suggest  its  close  relationship 
to  lanthanum  (SiSvfios  =  two-fold).  Eecent  inves- 
tigation has  succeeded  in  obtaining  from  certain 
Di  salts  what  seem  to  be  two  classes  of  com- 
pounds distinguished  by  their  absorption-spectra 
and  colour  ;  these  compounds  in  all  probability 
are  salts  of  two  distinct  elements  (v.  infra)  ;  the 
name  didymium  is  therefore  a  singularly  happy 
one.  In  the  present  state  of  knowledge  of  the 
rarer  elements  it  seems  well  to  describe  the  body 
regarded  until  recently  as  a  single  element,  and 
the  compounds  of  this  body. 

Occurrence.  —  As  silicate  in  various  Scandi- 
navian and  Siberian  minerals,  Cerite,  Gadoli- 
nite,  Orthite,  &c.,  accompanying  Ce  and  La. 

Preparation.  —  The  mixed  oxides  of  Ce,  La, 
and  Di  are  separated  from  Cerite  by  treatment 
with  H2S04,&c.,as  described  under  CERIUM  (vol.  i. 
p.  723)  ;  Ce  is  then  separated  as  basic  nitrate 
by  one  of  the  methods  described  under  CERIUM. 
The  solution  of  Di  and  La  nitrates  may  then  be 
treated  in  different  ways  :  Bunsen  a.  Jegel  (P. 
155,  377)  recommend  ppn.  of  the  hydrated  oxides 
of  Di  and  La  by  NH3Aq,  solution  in  H2S04Aq, 
evaporation,  and  crystallisation  of  the  sulphates  ; 
the  sulphates  are  then  dried  and  powdered, 
1  part  is  dissolved  in  small  successive  portions 
in  6  parts  water  at  2°-3°,  the  solution  is  heated 


to  c.  40°,  when  La23S04  separates,  the  mother- 
liquor  is  slowly  evaporated  by  standing  in  a 
warm  place,  when  rose-coloured  rhombohedra 
of  Di23S04  separate  ;  thin  violet  plates  generally 
also  form  on  the  sides  of  the  dish,  these  are  a 
mixture  of  the  two  sulphates,  they  are  easily 
distinguishable  from  the  Di23S04  crystals;  the 
rose-coloured  crystals  are  picked  out,  and  puri- 
fied by  re-crystallisation  (Mosander,  P.  56,  5015, 
or  P.  M.  28,  241).  The  crystals  thus  obtained 
usually  contain  a  little  La23S04;  Hermann 
( J.pr.  82,  385)  evaporates  the  solution  of  Di23S04 
containing  some  La23S04  to  dryness  at  about 
18°-20°,  adds  a  little  cold  water  to  the  residue 
which  dissolves  Di23S04  with  very  little  La23S04, 
evaporates  to  dryness  at  18°-20°,  treats  with 
cold  water,  &c.,  and  repeats  these  operations  so 
long  as  there  is  any  residue  not  quickly  sol.  in 
a  little  cold  water.  To  complete  the  separation, 
Hermann  (I.e.)  dissolves  the  Di23S04,  which  may 
contain  traces  of  La23S04,  in  water,  divides  the 
solution  into  two  parts,  ppts.  one  part  by  NH3Aq, 
washes  the  pp.  thoroughly,  mixes  it  while  moist 
with  the  other  part  of  the  solution,  and  allows 
the  whole  to  remain  at  a  moderate  temperature 
for  some  days ;  basic  La  sulphate  thus  dissolves 
completely  and  basic  Di  sulphate  separates ; 
after  a  few  days  the  crystals  which  separate 
are  collected,  washed,  dissolved  in  H2S04Aq,  and 
again  crystallised  (v.  also  Erk,  Z.  [2]  7,  104). 

Other  methods  for  separating  Di  salts  from 
La  salts  are  based  on  the  relative  solubilities  of 
the  oxalates  and  nitrates  of  the  two  metals ; 
v.  Marignac,  A.  Ch.  [3]  27,  226;  Holzmann, 
Zeitschr.  filr  Chem.  und  Pharm.  1862.  668 ; 
Zschiesche,  J.  pr.  107,  65 ;  Frerichs  a.  Smith, 
A.  191,  331.  Frerichs  (B.  7,  798)  describes  a 
method  of  separation  founded  on  the  reaction 
between  DiCl3  and  LaOCl,  whereby  Di203  and 
LaCl3  are  produced. 

According  to  Cleve  (C.  J.  43, 362)  the  Di23S04 
prepared  as  described  may  still  contain  samarium 
salts ;  samarium  oxide  is  separated  by  long  con- 
tinued fractional  ppn.  with  cold  dilute  NH3Aq, 
the  earlier  fractions  are  rich  in  samaria,  the 
later  are  chiefly  didymia;  by  solution  of  the 
later  portions  in  HN03Aq  and  repeated  fractional 
ppn.  by  dilute  NH3Aq,  didymia  is  at  last  ob- 
tained free  from  samaria.  (Cleve' s  paper  con- 
tains a  description  of  a  method  for  the  approxi- 
mate separation  of  the  rare  earths,  which  he 
says  is  very  convenient.) 

The  Di23S04  purified  as  described  is  dissolved 
in  water,  and  NH^q  is  added  in  excess,  the 
ppd.  hydrate  is  washed,  and  dissolved  in  HClAq, 
the  liquid  is  evaporated  after  addition  of  NH4C1, 
and  the  residue  is  heated;  nearly  pure  DiCl3 
containing  a  little  DiOCl  is  obtained.  The  DiCl3 
may  be  reduced  by  heating  with  K  in  a  porcelain 
tube ;  on  washing  with  water  small  particles  of 
Di  are  obtained  (Marignac,  A.  Ch.  [3]  38,  148) ; 
the  reduction  is  better  effected  by  mixing  with 
NaCl,  melting,  and  electrolysing  (Hillebrand  a. 
Norton,  P.  155,  633). 

Properties  and  Reactions.  —  White  metal, 
malleable  and  ductile,  harder  than  Ce.  Oxidises 
in  air ;  when  finely  divided  it  burns  in  a  flame 
with  production  of  much  light ;  dissolves  readily 
in  dilute  HClAq,  HN03Aq,  and  H2S04Aq ;  de- 
composes cold  water  slowly  and  hot  water 
rapidly. 
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The  atomic  weight  of  Di  has  been  determined 
(1)  by  analysing  the  sulphate  (Marignac,  A.  Ch. 
[3]  27,  231 ;  Erk,  Z.  [2]  7,  106) ;  (2)  by  analys- 
ing the  chloride  (Marignac,  A.  Ch.  [3]  38,  153) ; 
(3)  by  transforming  the  oxide  into  sulphate,  or 
vice  versd  (Hermann,  /.  pr.  82,  387 ;  Erk,  Z. 
[2]  7,  106 ;  Zschiesche,  J.  pr.  107,  65 ;  Cleve, 
BL  [2]  21,  246;  39,  289;  C.  J.  43,  362 ;  Brau- 
ner,  C.  J.  41,  68,  and  (later)  W.  A.  B.  3,  141, 
499) ;  (4)  by  determining  S.H.  of  Di,  Hillebrand 
a.  Norton  (P.  158,  71).  The  numbers  obtained 
for  the  atomic  weight  of  Di  vary  from  c.  145  to 
c.  142 ;  Cleve  thinks  that  the  value  142-124  ± 
•0326  may  be  accepted;  Brauner  thinks  that 
Di  =  145-2  to  145-4  (C.  J.  43,  288). 

Separation  of  didymium  into  different  con- 
stituents.— La-NH4  nitrate  is  more  sol.  HN03Aq 
than  Di-NH4  nitrate;  when  a  long  process  of 
fractional  crystallisation  is  conducted  with  a 
mixture  of  these  salts,  the  La  salt  may  be  com- 
pletely removed,  and  at  the  same  time  the  Di 
salt  separated,  according  to  v.  Welsbach,  into 
two  perfectly  distinct  compounds  (Sitz.  W.  92 
[2nd  part],  317).  A  large  quantity  of  the  mixed 
nitrates  of  La  and  Di  obtained  from  cerite  after 
separating  basic  Ce  nitrate  (v.  vol.  i.  p.  723)  is 
mixed  with  the  necessary  quantity  of  NH4N03, 
about  ^th  part  cone.  HN03Aq  is  added,  and  the 
liquid  is  evaporated  until  small  crystals  appear 
on  the  surface,  a  little  water  is  added,  and  crys- 
tallisation is  allowed  to  proceed  for  about  24 
hours ;  the  crystals  are  drained  and  washed  with 
a  little  HN03Aq  which  is  added  to  the  mother- 
liquor;  the  mother-liquor  is  evaporated  and 
crystallised  ;  the  liquor  from  this  is  again  eva- 
porated, and  so  on  until  6-8  fractions  have  been 
obtained ;  these  fractions  are  then  systemati- 
cally refractionated  by  crystallisation  from 
HN03Aq  several  thousand  times.  Two  nitrates 
are  finally  obtained,  one  forming  a  pale-green 
solution,  the  other  forming  a  rose-coloured  solu- 
tion ;  these  solutions  give  different  emission- 
and  absorption-spectra,  the  sum  of  the  two 
spectra  is  the  same  as  the  spectrum  of  didymium 
nitrate.  From  each  solution  salts  are  obtain- 
able, one  series  is  green,  the  other  is  rose-co- 
loured ;  by  decomposing  the  green  nitrate  by 
heat  a  brownish-black  oxide  is  obtained,  and  by 
decomposing  the  rose-red  nitrate  a  blue-grey 
oxide  is  produced ;  analyses  of  the  oxides  and 
salts  are  not  given  in  the  original  paper.  For 
the  element  which  forms  green  salts  v.  Wels- 
bach proposes  the  name  praseodymium,  and  for 
that  which  gives  rose-coloured  salts  he  proposes 
the  name  neodymium ;  he  assigns  the  atomic 
weight  143-6  to  praseodymium,  and  the  atomic 
weight  140*8  to  neodymium,  the  oxides  having 
the  composition  M203.  When  a  salt  of  praseo- 
dymium is  mixed  in  certain  proportions  with 
a  salt  of  neodymium,  the  spectrum  of  the  mix- 
ture is  the  same  as  that  of  didymium. 

Becquerel  (C.  JR.  104,  1691;  777)  has  ex- 
amined the  absorption-spectra  of  Di  salts,  and 
concludes  that  these  salts  are  mixtures  of  at 
least  two  substances.  Brauner  (C.  J.  43,  281) 
got  indications  of  the  complex  nature  of  Di  by 
careful  fractional  ppn.  of  Di3N03  solution  by 
NH3Aq.  Crookes  (N.  34,  266)  did  not  succeed 
in  separating  v.  Welsbach's  praseo-  and  neo- 
dymium from  didymium  ;  he  thinks  that  these 
names  may  represent  two  different  groups  of 


molecules  into  which  what  is  called  didymium 
is  separated  by  one  particular  method  of  frac- 
tionation. 

Chemical  relations  of  Didymium.—  li  the  body 
called  didymium  is  an  elementary  substance,  it 
must  be  placed  in  Group  V.  with  N,  P,...and  Bi. 
Di  forms  the  oxide  Di203,  and  probably  Di205,  but 
only  one  class  of  salts  Di23X  where  X  =  S04,2N03, 
&c.  ;  one  class  of  haloid  salts  is  known,  DiX3, 
where  X  =  F,  01,  Br  ;  the  oxychloride  DiOCl  has 
been  prepared.  Di  is  more  closely  analogous  to 
Bi  than  to  any  other  element  of  Group  V. 

Didymium  arsenate  v.  vol.  i.  p.  308. 

Didymium  bromide  DiBr3.6H20.  Violet, 
deliquescent  crystals;  S.G.  2-81  (Cleve,  BI. 
[2]  39,  289)  ;  obtained  by  dissolving  Dlf)3  in 
HBrAq  and  evaporating  over  HjSO,,.  Forms 
double  salts  (Frerichs  a.  Smith,  A.  191,  342)  : 
2DiBr3.3NiBr2.18H20  ;  2DiBr3.3ZnBr2.36H20 
(24H20  according  to  Cleve,  BL  [2]  39,  289),  very 
deliquescent  ;  DiBr3.AuBr3.10H20  (Cleve,  I.e.). 

Didymium  chloride  DiCl3.6H20.  Violet,  de- 
liquescent, monoclinic  crystals;  very  soluble  in 
water  or  alcohol  ;  S.G.  2-286  (Cleve,  I.e.).  Ob- 
tained by  dissolving  Di203  in  HClAq,  evapora- 
ting, and  crystallising  ;  when  the  solution  is 
evaporated  to  dryness  after  addition  of  NH4C1 
and  the  residue  is  heated,  or  when  the  residue 
obtained  by  evaporating  Di203  in  HClAq  to  dry- 
ness  is  heated  in  a  stream  of  HC1,  nearly  pure 
DiCl3,  containing  a  little  DiOCl,  is  obtained. 

Double  salts.—  2DiCl3.3AuCl3.2H20  :  bril- 
liant yellow  deliquescent  plates,  by  evaporating 
a  solution  of  the  mixed  chlorides  (Frerichs  a. 
Smith,  A.  191,  340)  ;  2DiCl3.9HgCl2.24H20  ; 
2DiCl3.3PtCl4.24H20  (F.  a.  S.)  ; 
DiCl3.PtCl4.10iH20,  deliquescent  prisms  ;  S.G. 
2-689  (Cleve,  BI.  [2]  39,  289)  ;  DiCl3.SnCl4.10|H20 
(Cleve,  BI.  [2]  31,  196). 

Didymium  fluoride  2DiF3.H20;  reddish  pp. 
by  adding  HFAq  to  solution  of  Di  acetate 
(Cleve).  According  to  Frerichs  a.  Smith  (A. 
191,  343)  the  pp.  formed  by  adding  HFAq  to 
Di,3S04Aq  is  2DiF,.3HF  ;  this  is  denied  by  Cleve 
(B.  11,  910). 

Double  salts.  —  Obtained  by  treating  Di205 
with  KF.HF  (Brauner,  C.  JA1,  68)  ; 
2DiF3.3HF.H20;  3DiF8.3KF.H20  ;  4DiF3.3KF. 

Didymium  hydroxides  v.  DIDYMIUM,  OXIDES 

AND  HYDBATED  OXIDES  OF. 

Didymium  iodide.  Not  isolated.  Frerichs  a. 
Smith  (A.  191,  343)  obtained  the  double  salt 
2DiI3.3ZnI2.24H20  as  deliquescent  yellow  plates. 

Didymium,  oxides  and  hydrated  oxides  of. 
Di  forms  the  oxide  Di203  ;  another  oxide  Di205, 
and  another  intermediate  between  these,  Di2O4  or 
Di409,  probably  exists.  The  hydrated  oxide 
Di203.3H20  seems  not  to  have  been  obtained  in 
a  state  of  purity  ;  Di205.3H20  has  probably  been 
isolated.  The  oxides  and  hydrated  oxides  of  Di 
are  basic  ;  the  higher  oxides  react  with  acids 
as  peroxides,  forming  salts  of  the  series  Di23X 


DIDYMIUM  OXIDE  Di203.  S.G.  7-18  (Cleve,  BI. 
[2]  39,  289)  ;  S.H.  -081  (Nilson  a.  Pettersson,  B. 
13,  1459).  Obtained  by  ppg.  DiCl3Aq  by  KOHAq, 
and  strongly  heating  the  hydrated  oxide  thus 
formed  ;  also  by  strongly  heating  Di(N03)3, 
DL(C.,0.,)3,  or  DL(C03)3;  it  is  advantageous  to 
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complete  the  decomposition  in  a  stream  of  H  to 
deoxidise  any  higher  oxide  formed.  Greyish- 
blue  solid  (Cleve,  BL  [2]  39,  289) ;  white  without 
any  blue  tinge  according  to  Hermann  (J.  pr.  82, 
385).  Unchanged  by  heating  in  H;  probably 
combines  with  0  when  heated  in  that  gas  (v. 
infra).  Emits  white  light  when  very  strongly 
heated,  the  lines  in  the  spectrum  of  the  light 
emitted  are  the  same  as  the  dark  lines  in  the 
absorption-spectrum  of  dilute  Di  salt  solutions. 
Dissolves  in  acids  to  form  salts  Di23X  where 


S04 


&c.     Insoluble  in  water,  but  in 


hot  water  forms  a  hydrate  probably  Di203.3H20. 
In  ordinary  air  forms  DL$C03 ;  decomposes  hot 
solutions  of  NH4  salts,  evolving  NH3. 

HYDEATED  DIDYMIUM  OXIDE  ?Di203.3H20 
(  =  Di(OH)3).  The  pp.  obtained  by  adding 
KOHAq  or  NaOHAq  to  solutions  of  Di  salts  is 
gelatinous,  pale  rose-red,  insoluble  in  excess  of 
the  pptnt. ;  it  always  contains  a  little  carbonate. 
NH3Aq  ppts.  basic  salts  from  solutions  of  Di 
salts.  Thomsen  gives  the  heat  of  neutralisation 
of  didymium  hydrate  [Di203.o?H20,3H2SO*Aq] 
=  77,160  (Th.  1,375). 

OXIDES  OF  DIDYMIUM   OTHER  THAN  Di203.      Ac- 

cording  to  Frerichs  a.  Smith  (A.  191,  344),  Di203 
prepared  by  gently  heating  Di(N03)3  absorbs  O 
when  heated  in  that  gas,  forming  a  chestnut- 
coloured  powder  approximating  to  the  composi- 
tion Di409.  The  same  chemists  also  obtained 
Di409  by  heating  Di,(C204)3  in  a  stream  of  O. 
Hermann  (J.pr.  82,  385),  by  heating  Di203  inO, 
obtained  a  product  with  only  c.  '8  p.c.  more  0 
than  DijO, ;  Cleve  (B.  11,  910)  states  positively 
that  Di409  cannot  be  obtained  as  described  by 
Frerichs  a.  Smith.  Brauner  (C.  J.  41,  68)  says 
that  the  oxide  obtained  by  carefully  heating 
basic  Di  nitrate  to  dull  redness  in  a  stream  of  0 
has  the  composition  Di205;  he  describes  this 
oxide  as  an  amorphous  chocolate-brown  powder, 
soluble  in  dilute  HN03Aq  or  dilute  HjSC^Aq 
without  evolution  of  gas,  but  soluble  in  more 
cone,  acids  with  evolution  of  0,  insoluble  in 
HFAq,  decomposed  when  strongly  heated  with 
production  of  O  ;  reduced  in  H  at  low  red  heat ; 
S.G.  at  15°  =  5-368;  reacts  with  acids  to  form 
salts  Di-jSX,  and  must  therefore  be  classed  as  a 
basic  peroxide.  Brauner  (Z.c.)  ppd.  a  solution  of 
Di3N03,  containing  H^O,,  by  dilute  KOHAq  and 
dried  in  vacuo,  he  thus  obtained  a  light  red 
powder  to  which  he  assigns  the  formula 
Di205.3H20.  It  is  still  uncertain  whether  Brau- 
ner' s  peroxide  can  be  obtained  from  a  specimen 
of  Di3N03  perfectly  free  from  samarium. 

Didymium,  oxyhaloid  compounds  of.  The 
only  one  of  these  compounds  definitely  known 
is  the  oxy  chloride,  DiOCl ;  it  is  a  greyish  powder, 
S.G.  5-751  (Cleve,  BL  [2]  39,  151),  obtained  by 
heating  DiCl3.6H20  and  treating  the  residue  with 
water  (Marignac,  A.  Ch.  [3]  38,  148),  or,  accord- 
ing to  Frerichs  a.  Smith  (A.  191,  341),  by  heating 
Di203  in  Cl  at  200°. 

Didymium  oxy sulphide.  Marignac  (A.  Ch. 
[3]  38, 148)  describes  a  greyish  powder,  insoluble 
in  water,  obtained  by  heating  Di20s  with  S  and 
NaOH ;  he  gives  it  the  formula  Di202S. 

Didymium,  salts  of.  Di  forms  one  class  of 
salts,  Dia3X,  where  X  =  N03r§2«,  p>Q4,  &c. ; 


many  of  them  are  soluble  in  water,  forming  rose- 
red  liquids ;  several  double  salts,  but  very  few 
basic  salts,  are  known.  The  chief  salts  are 
borate,  bromate,  carbonate,  chlorate,  iodate, 
molybdate,  nitrate,  oxalate,  phosphates,  selenate 
and  selenite,  sulphate  and  sulphite,  tungstate, 
vanadate ;  v.  CARBONATES,  NITRATES,  SULPHATES, 
&c. 

Didymium  sulphide  Di2S3.  A  brownish  - 
green  powder ;  obtained  by  heating  Di2O3  in  H 
charged  with  CS2  vapour.  Decomposed  easily 
by  acids  with  evolution  of  H2S  ;  decomposed  by 
heat  to  Di203  and  basic  Di  sulphates  (Marignac, 
A.  Ch.  [3]  38,  148 ;  Frerichs  a.  Smith,  A.  191, 
345). 

Didymium  sulphocyanide  v.  SULPHOCSANIDES 
under  CYANIDES,  p.  350.  M.  M.  P.  M. 

DIFFUSION.  The  mixing  or  mutual  inter- 
penetration,  by  reason  of  the  movements  of  the 
minute  particles  of  the  fluids,  of  gases  or  liquids 
which  do  not  chemically  interact,  is  called  dif- 
fusion, whether  the  fluids  are  in  immediate  con- 
tact or  are  separated  by  porous  partitions.  When 
a  liquid  passes  through  a  membrane  into  another 
liquid  the  process  is  generally  called  osmotic 
diffusion  or  simply  osmose ;  when  the  diffusion 
of  a  liquid  is  accompanied  by  a  separation, 
partial  or  complete,  into  two  or  more  chemically 
different  bodies,  the  process  is  generally  known 
as  dialysis.  Substances  which  when  in  solution 
pass  freely  through  a  porous  membrane,  or 
readily  diffuse  into  another  liquid  in  contact 
with  them,  are  generally  called  crystalloids, 
while  those  substances,  solutions  of  which  do 
not  diffuse,  or  diffuse  very  slowly,  are  usually 
called  colloids.  For  an  account  of  diffusion  and 
the  applications  of  this  process  to  chemical 
questions  -y.  PHYSICAL  METHODS. 

M.  M.  P.  M. 

DIGITALIN  C  58-2  p.c.;  H  3-7  p.c. 
S  (cold  90  p.c.  alcohol)  8£ ;  (boiling  90  p.c.  al- 
cohol) 17.  Occurs  in  the  leaves  of  the  common 
foxglove  (Digitalis  purpurea).  It  may  be  ex- 
tracted from  the  leaves  by  dilute  (50  p.c.)  alcohol ; 
the  solution  treated  with  basic  lead  acetate,  and 
the  filtrate,  freed  from  excess  of  lead  by 
Na2C03,  ppd.  by  tannin.  The  digitalin  tannate 
is  then  decomposed  by  lead  oxide  and  the 
liberated  digitalin  crystallised  from  alcohol 
(Lefert,  J.  Ph.  [5]  6,  424 ;  cf.  Nativelle,  J.  Ph. 
[4]  9,  255 ;  20,  81 ;  Ph.  [3]  2,  865 ;  Le  Eoyer, 
Bibl  Univ.  26,  102  ;  Lancelot,  A.  12,  251  ; 
Trommsdorff,  A.  24,  240  ;  Ar.  Ph.  10,  113 ; 
Homolle,  J.  Ph.  [3]  7,  57 ;  O.  Henry,  J.  Ph.  [3] 
7,  460 ;  Homolle  a.  Quevenne,  Memoires  sur  la 
Digitaline,  Paris,  1851 ;  Rtpert.  Pharm.  [3]  9,  2 ; 
Walz,  Jahrb.  pr.  Pharm.  14, 20 ;  21, 29  ;  24,  86 ; 
26,  296  ;  Gerh.  4, 286  ;  N.  Jahrb.  Pharm.  8,  332  ; 
9,  302  ;  10,  319  ;  /.  1847,  645  ;  1851,  567  ;  1852, 
679;  1853,  568;  1857,  520;  1858,  528;  Delffs, 
N.  Jahrb.  Pharm.  9,  26 ;  /.  1858,  528 ;  Koss- 
mann,  J.  Ph.  [3]  38,  5  ;  [4]  20,  427 ;  C.  J.  28, 
650 ;  Fliickiger,  N.  Jahrb.  Pharm.  39, 129  ;  C.  C. 
1873,  371 ;  Goerz,  /.  1873,  815  ;  Schmiedeberg, 
Ph.  [3]  5,  741 ;  Morin,  /.  Ph.  [3]  7,  294). 

Properties. — Slender  needles  grouped  around 
a  common  axis  (Nativelle)  or  small  minute  plates 
(Fliickiger).  Insol.  water  and  dilute  alkali,  v.  si. 
sol.  ether,  v.  sol.  chloroform,  chloroform-alcohol, 
and  acetic  acid.  Hydrochloric  acid  dissolves  it, 
forming  a  yellowish  solution,  slowly  becoming 
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emerald-green.  Cone.  H2S04  and  H3P04  also  give 
green  colours.  Digitalin  has  no  smell  but  a  bitter 
taste.  It  is  poisonous,  acting  on  the  heart.  Split 
up  by  boiling  dilute  acids  into  glucose,  digitaliretin 
(C.  66  p.c. ;  H.  4-6  p.c.),  and  other  bodies  (Koss- 
mann).  Treatment  with  HjS04  (1  pt.)  and  alco- 
hol (1  pt.)  containing  a  few  drops  of  aqueous 
Fe.XJlg  gives  a  greenish-blue  solution  (Lafon,  BL 
[2]  44,  18).  Digitalin,  being  a  glucoside,  colours 
a  hot  mixture  of  bile  and  H2S04  red  (Petten- 
kofer's  reaction  ;  cf.  Brunner,  B.  6,  96). 

Digitalein  C  53-2  ;  H  8-1  p.c.  An  amorph- 
ous substance  occurring  in  the  leaves  of  Digitalis 
purpurea  and  D.  lutea.  V.  sol.  water  and  cold 
alcohol,  si.  sol.  chloroform,  insol.  ether.  Ppd. 
from  its  aqueous  solution  by  tannin  or  lead  sub- 
acetate.  Split  up  by  dilute  acids  into  glucose 
and  digitaliretin.  Narcotic  poison. 

Digitin  (C4Ha02)a;?  Occurs  in  foxglove 
leaves.  Stellate  groups  of  needles,  insol.  water, 
chloroform,  and  benzene,  v.  sol.  ether  and  al- 
kalis (Goerz,  /.  1873,  814). 

Digitonin  C  53-4  p.c. ;  H  7'5  p.c.  A  white 
amorphous  substance  occurring  in  foxgloves. 
Kesembles  saponin  and  melanthin.  V.  sol. 
water,  forming  a  solution  that  froths  on 
shaking.  Ppd.  from  its  aqueous  solution  by 
alcohol,  baryta-water,  or  lead  subacetate.  Gives 
a  red  colour  when  boiling  with  dilute  acids 
(Greenish,  Ph.  [3]  10,  909  ;  1013). 

Digitoxin  C  63-6  p.c. ;  H  8'1  p.c.  Occurs  in 
the  leaves  of  the  foxglove.  Needles  or  tables, 
insol.  water  and  benzene,  si.  sol.  ether,  v.  sol. 
alcohol  and  chloroform.  Boiling  dilute  acids 
convert  it  into  amorphous  soluble  toxiresin. 
Both  digitoxin  and  toxiresin  are  very  poisonous. 
According  to  Kopp  digitoxin  is  eight  times  as 
poisonous  as  digitalin. 

DILITUBIC  ACID  v.  NITRO-BARBITURIC  ACID. 

DILL  OIL.  S.G.  -9.  (c.  190°).  The  volatile 
oil  of  Apium  (or  Anethum)  graveolens.  It  con- 
tains carvene  and  carvol  (Wallach,  A.  227,  292; 
cf.  Nietzki,  Ar.  Ph.  [3]  4,  317 ;  Gladstone,  C.  J. 
17, 1 ;  25,  1). 

DIMORPHISM  and  TRIMORPHISM.  These 
terms  are  used  to  denote  the  existence  of  the 
same  chemical  substance,  elementary  or  com- 
pound, in  different  crystalline  forms.  The  two 
kinds  of  crystals  of  a  dimorphous  body,  or  the 
three  kinds  of  crystals  of  a  trimorphous  body, 
may  belong  to  different  systems,  e.g.  carbon  crys- 
tallises in  the  regular  system  as  diamond  and  in 
hexagonal  forms  as  graphite ;  nickel  sulphate 
crystallises  in  trimetric  prisms,  in  dimetric  octa- 
hedra,  and  in  monoclinic  prisms ;  or  the  different 
crystals  of  the  same  body  may  belong  to  the 
same  system,  and  yet  so  differ  in  their  corre- 
sponding angles  that  they  cannot  be  reduced  to 
the  same  form ;  mono-sodium  phosphate,  for  in- 
stance, NaH2P04.xH20,  crystallises  in  two  differ- 
ent trimetric  forms.  Di-  and  tri-  morphism  is 
usually  accompanied  by  differences  of  S.G., 
colour,  hardness,  or  other  properties  (v.  CRYSTAL- 
LISATION and  ISOMORPHISM).  M.  M.  P.  M. 

DIOSMIN  C  53  p.c. ;  H  6-1  p.c.     [243°]. 

Occurrence. — In  the  leaves  of  Barosma  ere- 
nata  and  betulina  (Cape  of  Good  Hope). 

Preparation. — The  leaves  are  first  extracted 
with  petroleum  to  remove  the  essential  oils  to- 
gether with  chlorophyll,  a  wax  and  a  resin  ;  then 
they  are  extracted  with  cold,  and  finally  with 
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hot,  alcohol  (80-85  p.c.).  The  diosmin  is  obtained 
by  heating  with  ammonium  carbonate,  and 
finally  washing  with  alcohol  and  ether  (P.  Spica, 
G.  18,  1). 

Properties.— White  or  yellowish-white  crys- 
tals, insol.  most  solvents,  but  sol.  hot  alcohol 
(80-85  p.c.).  In  composition  it  is  practically 
identical  with  hesperidin  (Paternd  a.  Briosi,  G. 
6,  169).  Keduces  Fehling's  solution.  Dissolves 
in  concentrated  acids  and  alkalis,  but  is  reppd. 
on  neutralisation.  Heated  with  concentrated 
mineral  acid  it  is  decomposed  into  a  glucose  and 
an  orange-yellow  crystalline  substance  [145°]. 
Shimoyama  (Archiv  der  Pharm.  1887)  considers 
the  similar  glucoside  hesperidin  to  be  present 
in  the  leaves  of  various  species  of  the  Barosma. 

DIOSPHENOL  C10H16O2-  [82°].  (c.  220°). 
The  stearoptene  in  oil  from  buchu  leaves  (Spica, 
G.  15,  195 ;  Shimoyana,  Ar.  Ph.  [3]  26,  403). 
Monoclinic  crystals  (by  sublimation)  ;  v.  sol. 
alcohol,  si.  sol.  ether,  insol.  water.  Smells  like 
camphor.  FeCl3  gives  a  green  colour. 

Reactions.— 1.  Alcoholic  KOH  partly  con- 
verts it  into  diolic  acid  C10H1803aq,  which 
forms  the  following  salts :  BaA'2  5aq.  S.  1*5  at 
17-5° ;  5  at  100°.— AgA'.— 2.  Beduction  in  alco- 
holic solution  by  sodium  amalgam  forms  C)0H,803 
[159°].— 3.  Bromine  gives  C10H14Br202  [43°]. 

Methyl  derivative  C10H15Me02.  (234°). 
S.G.  ^  -985.  From  diosphenol,  KOH,  and  Mel. 

Ethyl  derivative  C10H15Et02.  (271°). 
S.G.  ^  -967. 

Acetyl  derivative  C10H15Ac02.  (270°). 
S.G.  ^  -1032. 

DIPPEL'S  OIL.  An  oil  obtained  by  rectify- 
ing the  oily  product  of  the  destructive  distillation 
of  bones  or  other  animal  matter.  Becommended 
as  a  medicine  by  Dippel,  an  apothecary  of  the 
seventeenth  century;  v.  BONE-OIL,  vol.  i.  p.  522. 

DISACRYL  v.  ACROLEIN. 

DISPOLINE  CnHnN.  (282°-304°).  An  al- 
kaloid homologous  with  quinoline  found  among 
the  products  obtained  by  distilling  cinchonine 
with  potash  (Greville-Williams,  Laboratory,  p. 
109 ;  Z.  1867,  428).  Oil.— B'2H2PtCl6.  Not  de- 
composed by  boiling  water  (De  Coninck,  Bl.  [2] 
40,  271). 

DISSOCIATION.  A  term  proposed  by  Deville 
for  the  purpose  of  particularising  a  certain  class 
of  reactions  chiefly  studied  by  himself  and  by 
those  whom  he  inspired. 

Many  facts  now  studied  by  the  method  of  the 
theory  of  dissociation  have  been  known  from  early 
days.  The  observations  of  Gay-Lussac  on  the 
decomposition  of  chalk  by  heat,  and  of  Avogadro 
in  1811,  and  Ampere  in  1814,  on  the  abnormal 
vapour  densities  of  gases  may  be  mentioned.  The 
starting-point  of  the  modern  doctrine  is  Grove's 
Bakerian  Lecture  (T.  1847),  in  which  the  decom- 
position of  gases  by  heat,  and  especially  the  de- 
composition of  water  by  fused  platinum,  is  an- 
nounced and  explained.  The  following  extracts 
will  show  that  the  theory  of  the  decomposition  of 
water  was  correctly  stated  by  Grove,  though  the 
terms  in  which  he  expresses  it  are  now  obsolete. 
After  describing  the  action  of  a  hot  platinum  wire 
on  dry  and  wet  carbonic  oxide  respectively,  he 
continues : — 

•  I  thought  much  upon  this  experiment ;  it  appeared  to 
me  ultimately  that  the  ignited  platinum  had  no  specific 
effect  in  producing  either  composition  or  decomposition  of 
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water,  but  that  it  simply  rendered  the  chemical  equilibrium 
unstable,  and  that  the  gases  then  restored  themselves  to  a 
stable  equilibrium  according  to  the  circumstances  in  which 
they  were  placed  with  regard  to  surrounding  affinities ; 
that  if  the  state  of  mixed  oxygen  and  hydrogen  gas  were, 
at  a  certain  temperature,  more  stable  than  that  of  water, 
ignited  platinum  wire  would  decompose  water  as  it  does 
ammonia.'  '  It  now  appeared  to  me  that  it  was  possible  to 
effect  the  decomposition  of  water  by  ignited  platinum ; 
that,  supposing  the  atmosphere  of  steam  in  the  immediate 
vicinity  of  ignited  platinum  were  decomposed,  or  the  affi- 
nities of  its  constituents  loosened,  if  there  were  any  means 
of  suddenly  removing  this  atmosphere  I  might  get  the 
mixed  gases  ;  or  secondly,  if,  as  appeared  by  the  last  two 
experiments,  quantity  had  any  influence,  that  it  might  be 
possible  so  to  divide  the  mixed  gases  by  a  quantity  of  neu- 
tral ingredient  as  to  obtain  them  by  subsequent  separation 
(or  as  it  were  nitration)  from  the  neutral  substance.  Both 
these  were  realised.' 

He  then  relates  how  on  heating  platinum  in 
steam  he  got  a  small  bubble  of  gas,  which  deto- 
nated when  all  was  cold ;  and  then  says : — 

'The  experiment  was  then  repeated,  continuing  the 
ignition  for  a  longer  time,  but  the  gas  could  not  be  in- 
creased beyond  a  very  limited  quantity ;  indeed,  it  was 
not  to  be  expected,  as,  supposing  it  to  be  a  mixed  gas,  re- 
combination of  the  excess  would  have  taken  place.' 

The  matter  was  taken  up  by  Deville  in  1857, 
who  repeated  Grove's  experiments  on  a  large 
scale.  Advantage  was  taken  of  an  old  observa- 
tion of  Kegnault  concerning  the  action  of  molten 
silver  on  steam,  and  an  equivalent  method,  in 
which  silver  is  replaced  by  fused  litharge,  was 
described. 

This  is  the  first  of  the  many  ingenious 
methods  invented  by  Deville  for  the  study  of 
dissociation-phenomena,  and  to  him  and  his 
pupils  we  owe  much  of  our  knowledge  on  the 
subject.  The  appended  bibliography  (v.  end  of 
this  article)  will  indicate  the  further  history  of 
the  matter,  as  well  as  the  more  important 
memoirs  which  have  appeared  on  the  subject. 

Before  defining  the  meaning  of  the  term 
dissociation  it  will  be  well  to  become  in  some 
measure  acquainted  with  the  simpler  facts  and 
arguments  of  the  subject.  Let  AB  be  a  tube 


made  of  some  material  capable  of  resisting  a 
high  temperature,  such  as  glazed  porcelain.  Let 
c  be  a  porous  septum,  e.g.  a  plate  of  porous 
earthenware,  fitted  into  the  tube  A  B,  so  as  to 
be  air-tight  in  the  ordinary  signification  of  the 
term.  Let  there  be  means  of  placing  the  end  B 
of  the  tube  in  connexion  with  an  air-pump  and 
gas-analysis  apparatus.  The  end  A  can  be 
closed  by  a  non-porous  stopper,  and  the  tube  is 
to  be  so  placed  that  it  can  be  raised  to  any 
desired  temperature.  The  space  CA  can  be 
filled  with  any  gas  or  vapour,  and  the  stopper 
at  A  furnished  with  such  arrangements  as  to 
allow  the  pressure  of  the  vapour  in  CA  to  be 
kept  constant,  whatever  the  temperature  may 
be.  Though  such  a  combination  of  apparatus 


as  this  has  never  been  put  together,  and  though 
it  would  be  exceedingly  inconvenient  in  prac- 
tice, it  is  easy  to  understand,  and  will  serve  to 
establish  the  main  principles  of  dissociation. 

The  part  of  the  tube  CA  is  supposed  to  be 
filled  with  saturated  water-vapour,  and  is  placed 
on  the  heating  apparatus.  B  c  is  kept  vacuous, 
or  as  nearly  so  as  possible,  by  means  of  the  air- 
pump.  In  now  studying  the  changes  produced 
in  the  water- vapour  by  the  action  of  heat,  let  us 
direct  our  attention  solely  to  the  part  of  the 
tube  c  A.  Then  we  know  that,  as  the  tempera- 
ture increases  from  100°,  the  dry  steam  in  c  A 
will  expand  at  almost  exactly  the  same  rate  as  a 
permanent  gas.  In  fact,  if  we  made  two  air- 
thermometers  at  constant  pressure,  and  filled 
one  with  dry  air  and  one  with  unsaturated 
steam,  they  would  keep  together  approximately 
till  a  very  high  temperature  is  attained— say,  up 
to  a  red  heat.  After  that  we  should  observe 
that  the  expansion  of  the  steam  becomes  greater 
than  the  expansion  of  air,  and  continues  to 
increase,  at  all  events  up  to  the  highest  tem- 
perature we  can  reach  experimentally.  If  we 
replaced  the  steam  by  the  vapour  of  acetic  acid, 
the  same  phenomena  would  be  observed,  except 
that  we  should  finally  be  able  to  reach  a  point 
where  the  coefficient  of  expansion  of  the  acetic 
acid  vapour  attained  a  maximum  ;  and  it  would 
decrease  from  that  point  till  it  again  became 
the  same  as  for  air.  The  apparatus  with  the 
porous  plate  will  enable  us  to  give  an  explana- 
tion of  the  change  in  the  coefficient  of  expansion 
of  dry  steam.  We  know  that  when  we  mix  two 
volumes  of  hydrogen  and  one  volume  of  oxygen 
and  keep  the  mixture  at  a  temperature  a  little 
over  100°,  and  then  explode  the  gases  by  means 
of  an  electric  spark,  so  that  they  may  form 
water- vapour,  and  finally  allow  the  temperature 
to  become  the  same  after  explosion  as  it  was 
before  explosion,  then  the  three  volumes  will 
become  reduced  to  two  volumes.  In  other  words, 
oxygen  and  hydrogen  when  combined  together 
only  occupy  two-thirds  of  the  space  they  occupy 
before  combination. 

Now,  suppose  that  we  heat  the  water-vapour, 
and  let  us  assume  that  the  heating  in  some  way 
undoes  the  combination  of  the  hydrogen  and 
oxygen,  so  that  we  no  longer  have  pure  water- 
vapour,  but  a  mixture  of  water- vapour,  oxygen, 
and  hydrogen.  If  we  further  assume  that  the 
ratio  of  the  weight  of  the  uncombined  gases  to 
the  weight  of  the  steam  increases  as  the  tem- 
perature rises,  we  shall  have  a  hypothetical 
explanation  of  the  change  in  the  coefficient  of 
expansion.  This  hypothetical  explanation  may 
be  converted  into  a  real  explanation  by  experi- 
ments performed  with  the  apparatus  described. 
The  rate  of  diffusion  of  different  gases  through 
porous  septa  is  very  nearly  inversely  propor- 
tional to  the  square  roots  of  the  densities  of  the 
gases.  Hydrogen,  therefore,  passes  through 
porous  septa  four  times  as  fast  as  oxygen  and 
three  times  as  fast  as  steam.  If,  therefore,  the 
steam  in  the  part  of  the  tube  A  c  be  really  de- 
composed, we  shall  be  able  to  detect  the  decom- 
position by  means  of  an  analysis  of  the  gases 
diffused  into  the  part  BC.  In  order  to  make 
the  proof  complete  we  must  still  show  that  no 
other  change  takes  place  in  the  steam  in  AC  ;  this 
would  be  very  difficult  to  do  directly,  especially 


DISSOCIATION. 


387 


for  steam  which  only  decomposes  at  very  high 
temperatures,  and  therefore  we  must  adopt  a 
rather  different  method.  If  we  can  show  that 
the  change  in  the  coefficient  of  expansion  is 
proportional  to  the  amount  of  steam  decomposed 
at  all  temperatures,  then  we  can  deduce  that 
the  most  important  part  of  the  change  at  all 
events  is  to  be  traced  to  the  decomposition,  or, 
as  we  shall  say  for  the  future,  to  the  dissociation, 
of  the  steam.  This  may  be  done  by  means  of 
our  apparatus.  Since  the  pressure  in  A  o  is 
kept  constant,  the  '  partial  pressure  '  produced 
by  the  hydrogen  and  oxygen  will  be  proportional 
to  the  ratio  of  the  weights  of  the  uncombined 
gases  to  the  weight  of  steam  per  unit  volume. 
We  know  from  experiment  that  the  weights  of 
gases  diffused  per  unit  time,  under  otherwise  con- 
stant conditions,  are  proportional  to  the  pres- 
sures, within  the  limit  that  the  pressure  is  above 
some  very  small  value  depending  on  the  kind  of 
gas  and  the  size  of  the  pores  in  the  septum. 
In  all  ordinary  experiments  the  pressure  is  well 
above  the  limit.  In  order  to  simplify  matters 
we  will  arrange  our  furnace  so  as  to  keep  B  c  at 
the  same  temperature  as  AC,  and  let  the  air- 
pump  work  so  fast  that,  however  much  gas 
comes  through  the  plate,  the  vacuum  is  not 
perceptibly  impaired.  For  a  reason  to  be  given 
further  on,  we  will  also  allow  the  gas  coming 
from  BC  to  cool  slowly,  so  that  the  hydrogen 
and  oxygen  may  recombine.  This  will  leave  us 
with  a  mixture  of  water- vapour  and  hydrogen 
in  our  analysis  apparatus.  We  have  therefore 
to  keep  our  diffusion-tube  at  different  constant 
temperatures,  allow  the  diffusion  to  go  on  slowly, 
and  measure  the  amounts  of  hydrogen  coming 
through  per  unit  time.  From  what  has  been 
said,  these  quantities  will  be  proportional  to  the 
dissociation  at  the  temperature  considered ;  and 
we  have  only  to  compare  them  with  the  co- 
efficients of  expansion  at  those  temperatures  to 
test  our  theory. 

In  no  particular  case  does  the  evidence  in 
favour  of  the  hypothesis  stated  above  amount 
to  a  complete  demonstration.  Thus  in  the  case 
of  bodies  like  sal-ammoniac,  which  decompose 
into  substances  chemically  different  from  them- 
selves, and  therefore  recognisable  by  chemical 
methods,  no  experiments  have  been  made  to 
show  that  the  abnormal  vapour  density  is  en- 
tirely accounted  for  by  the  dissociation.  Again,, 
in  the  case  of  substances  like  nitrogen  tetroxide 
and  acetic  acid,  where  the  vapour-density  is  a 
function  of  the  temperature,  experiments  have 
indeed  shown  that  the  quantities  of  heat  absorbed 
at  different  temperatures,  less  the  quantities  of 
heat  required  to  raise  similar  supposed  less  de- 
composable gases  through  the  same  range,  are 
proportional  to  the  rate  at  which  the  coefficient 
of  expansion  deviates  from  the  normal.  Unfortu- 
nately, in  both  these  cases  (the  only  ones  specially 
studied  as  to  this  point)  we  have  no  chemical 
means  of  testing  whether  the  supposed  molecular 
decomposition  takes  place  or  not.  In  fact,  some 
chemists  consider  it  does  not,  but  that  we  have 
in  these  cases  merely  a  change  comparable  with 
that  from  the  liquid  to  the  gaseous  state,  and 
which  does  not  take  place  at  a  definite  tem- 
perature, but  goes  on  gradually  even  though 
the  liquid  as  such  may  have  disappeared 
(v.  Berthelot  a.  Ogier,  A.  Ch.  [5]  36,  382).  In 


other  words,  these  chemists  are  inclined  to  at- 
tribute the  change  which  takes  place  in  the  co- 
efficient of  expansion  merely  to  the  molecules 
of  the  gas  increasing  their  mean  distance  from 
each  other  faster  in  these  cases  than  in  the 
standard  cases.  This  view,  however,  would  lead 
to  a  very  serious  modification  of  all  our  views 
as  to  the  physical  signification  of  the  gaseous 
state.  Avogadro's  law  would  have  to  be  aban- 
doned amongst  other  things.  On  the  other  hand, 
if  we  consider  that  nitrogen  tetroxide  and  acetic 
acid  vapour  suffer  molecular  decomposition, 
then  we  must  allow  that  all  other  gases  which 
are  formed  from  their  elements  with  condensa- 
tion— like  nitrous  oxide,  for  instance — may  also 
undergo  a  molecular  decomposition,  since  their 
specific  heats  have  small  positive  temperature- 
coefficients  (Regnault).  There  is  nothing  sur- 
prising in  this,  in  fact  it  is  in  complete  accord- 
ance with  the  views  of  Clausius  and  Williamson 
and  physicists  generally  on  the  meaning  of  the 
definite  composition  of  gases.  Eamsay  and 
Young  (C.  J.  49,  790)  have  shown  that  the 
specific  gravity  of  acetic  acid  vapour  decreases 
as  temperature  rises,  whether  the  pressure  be 
large  or  small,  and  that  the  specific  gravity  also 
decreases  as  pressure  falls,  whether  the  tem- 
perature be  high  or  low,  but  that  the  specific 
gravity  of  a  normal  vapour,  such  as  that  of 
alcohol  or  ether,  increases  as  temperature  falls 
until  a  limit  is  reached,  after  which  the  specific 
gravity  remains  unchanged. 

The  hypothesis  of  dissociation  sketched  above 
will  therefore  be  adopted  in  what  follows,  for 
not  only  is  it  in  complete  harmony  with  every 
experimental  fact  observed,  but  it  serves  to  co- 
ordinate and  bring  into  the  same  field  of  view  a 
very  great  number  of  experimental  results,  at  first 
sight  very  unlike  each  other  and  inexplicable 
separately.  It  will  be  noticed  that  we  have  as 
yet  said  nothing  as  to  the  mechanism  by  which 
dissociation  takes  place ;  this  is  a  very  obscure 
subject,  and  indeed  very  often  seems  to  depend, 
amongst  other  things,  on  the  form  and  material 
of  the  containing  vessel  (Menschutkin  a.  Kanona- 
low). 

The  effect  of  porous  surfaces,  however,  pre- 
sents little  difficulty  to  the  kinetic,  and  still  less 
to  the  vortex-ring,  theory  of  gases.  Practically 
it  may  be  taken  to  mean  that  an  experimenter 
attempting  to  reproduce  any  of  the  experiments 
described  below  will  most  probably  fail  to  repro- 
duce the  numerical  results  unless  he  carefully 
copies  the  original  experimenter's  apparatus. 
Particular  instances  will  be  found  in  their  proper 
places. 

There  is  no  reason  to  suppose  that  dissocia- 
tion is  limited  to  gases,  or  that  a  rise  of  tempe- 
rature is  the  only  physical  condition  capable  of 
bringing  it  about.  It  is  a  matter  of  common 
experience  that  chalk,  when  heated,  decomposes 
into  quicklime  and  carbonic  acid ;  and  if  the 
operation  be  conducted  in  a  closed  chamber  so 
that  the  carbonic  acid  cannot  escape,  it  is  found 
that  the  decomposition  of  the  chalk  is  never  com- 
plete, and  that  recombination  occurs,  to  a  certain 
extent,  when  the  temperature  falls.  There  are 
many  other  substances  which  behave  like  chalk 
as  far  as  their  decomposition  by  heat  is  con- 
cerned ;  that  is,  their  degree  of  decomposition 
in  closed  vessels  is  almost  entirely  a  function  of 

c  c  2 


388 


DISSOCIATION. 


the  temperature,  and  is  reversible.  The  consti- 
tution of  solutions  of  many  salts  in  water  or  in 
other  solvents  also  appears  to  be  dependent  on 
the  temperature.  All  these  phenomena  are  col- 
lected together  as  cases  of  thermolysis,  or  de- 
composition by  heat  alone,  and  their  study 
forms  the  larger  part  of  the  subject  of  dissocia- 
tion, which  also  embraces  cases  of  decomposi- 
tion by  other  physical  processes,  such  as  expo- 
sure to  light  or  electrical  discharges. 

There  are  many  substances  which  undergo  ' 
a  complete  and  non-reversible  chemical  change  ! 
under  the  action  of  heat ;  these  decompositions  • 
may  be  regarded  as  cases  of  unlimited  dissocia-  | 
tion,  and  are  generally  called  decompositions 
simply.    Such  unlimited  changes  are,  however,  j 
best  studied  by  themselves,  and  will  not  be  l 
dwelt  upon  in  this  article.    For  convenience  of 
treatment  we  may  define  dissociation  as  fol- 
lows : — 

Let  there  be  a  chemical  system  consisting  of 
atoms  of  kinds,  A,  B,  C,  &c.,  capable  of  combi- 
ning together  in  any  way ;  and  let  their  actual 
state  of  combination  at  any  instant  depend  par- 
tially on  the  physical  conditions  to  which  the 
system  is  exposed  at  the  instant  considered ; 
and  let  the  state  of  combination  be  called  the 
state  y  when  the  physical  conditions  are  denoted 
by  x.  Then  if  y  changes  when  x  changes,  in 
such  a  way  that  y  always  returns  to  its  original 
value  when  x  returns  to  its  original  value, 
the  system  is  called  a  dissociable  system.  In 
fact  the  value  of  x  must  be  independent  of 
the  '  previous  history'  of  the  system;  this  neces- 
sarily implies  that  in  dissociable  systems  the 
change  of  state  of  combination  must  be  rever- 
sible. Dissociation,  therefore,  is  the  doctrine 
of  reversible  chemical  reactions.  Dissociation- 
processes  are  but  special  cases  coming  under 
the  general  laws  of  chemical  equilibrium; 
as  such  they  will  be  considered  in  the  article 
EQUILIBRIUM,  CHEMICAL. 

The  changes  which  take  place  in  the  energy 
of  the  system  as  its  chemical  constitution  varies 
must  necessarily  exert  a  very  great  influence  on 
the  readiness  with  which  such  variation  can 
occur.  It  is  obvious,  for  instance,  that  the  state 
of  combination  oannot  change  by  itself  from  a 
condition  of  less  to  a  condition  of  greater  energy 
unless  that  energy  be  supplied  from  without. 
A  supply  of  energy  has  therefore  to  be  provided 
in  order  that  many  dissociation  reactions  may 
take  place.  In  consequence  of  this,  the  thermal 
changes  taking  place  during  some  cases  of  dis- 
sociation have  been  carefully  studied  (Berth elot); 
and  much  valuable  information  has  been  drawn, 
in  other  cases,  from  a  consideration  of  the  avail- 
able energy  of  the  electric  field  (J.  J.  Thomson). 

Before  treating  special  cases  in  detail  it  will 
be  well  to  form  a  simple  working  hypothesis 
of  dissociation,  in  order  to  shorten,  as  much  as 
possible,  the  treatment  of  the  experimental  re- 
sults. Such  an  hypothesis  is  ready  to  hand  if 
we  translate  the  results  of,  say,  our  experiments 
on  steam,  into  the  language  of  the  kinetic  theory 
of  gases,  and  the  ordinary  molecular  and  atomic 
theory  of  chemistry.  Taking  the  case  of  steam, 
we  may  sum  up  the  results  arrived  a't  by  saying 
that  as  the  temperature  rises  the  kinetic  energy 
of  the  molecules  increases,  and  in  consequence 
the  number  of  molecular  collisions  per  second, 


as  well  as  the  violence  of  these  collisions,  must 
also  increase.  When  the  atoms  of  oxygen  and 
hydrogen  are  uncombined  they  will  be  called 
free  atoms ;  when  combined  they  will  be  called 
'  paired '  atoms.  The  « mean  time '  during  which 
the  atoms  are  free  is  called  the  '  mean  free 
time,'  and  the  time  during  which  they  are  paired 
is  called  the  '  mean  paired  time.'  If  in  the  case 
of  a  system  of  oxygen  and  hydrogen  where  we 
may  have  molecules  of  oxygen,  hydrogen,  and 
steam,  as  well  as  atoms  of  the  two  former,  the 
actual  state  of  combination  at  any  instant  will 
depend  on  the  ratio  of  the  paired  to  the  free 
time.  If  the  time  during  which  the  atoms  of 
oxygen  and  hydrogen  are  paired  together  is  long 
compared  with  the  time  during  which  they  are 
free,  or  paired  with  atoms  of  the  same  kind  as 
themselves,  then  we  are  considering  what  is 
equivalent  to  a  volume  of  steam.  If,  however, 
the  paired  time  is  comparatively  short,  then  the 
state  of  the  system  approximates  more  to  that 
of  a  mixture  of  oxygen  and  hydrogen.  If  we 
assume  that  the  ratio  is  altered  by  a  variation 
of  the  frequency  of  collisions,  or  of  their  vio- 
lence, or  by  any  other  variation  produced  by  a 
rise  of  temperature,  then  we  shall  have  increased 
decomposition  if  the  ratio  of  paired  time  to  free 
time  decreases  as  the  temperature  increases. 
When  the  temperature  falls,  on  the  other  hand, 
we  shall  get  recombination. 

We  can,  therefore,  form  a  mental  image  of 
a  purely  mechanical  character  as  to  the  way  in 
which  dissociation  may  take  place.  We  should 
expect  that  the  effects  would  be  modified  at  the 
boundaries  of  the  gaseous  system;  and  that 
some  of  the  phenomena  observed  might  be 
traced  to  the  influence  of  the  state  of  the  walls 
of  the  containing  vessel ;  and  so,  in  fact,  it  is. 
The  presence  of  porous  bodies  in  particular 
seems  to  exercise  a  profound  influence  on  the 
chemical  state  of  gaseous  systems  exposed  to 
their  action.  The  above  hypothesis  of  the  me- 
chanics of  dissociation  is  at  present  to  be  re- 
garded as  a  mere  hypothesis  of  the  most  arbi- 
trary character :  if  we  can  justify  it  afterwards 
by  cumulative  evidence  that  is  another  matter. 

It  will  also  be  convenient  to  take  advantage 
of  a  very  simple  method  of  regarding  the  phe- 
nomena of  dissociation  first  put  forward  by 
Pfaundler  in  1867.  We  are  to  regard  a  system 
in  which  dissociation  is  taking  place  as  a  field 
in  which  two  tendencies  are  at  work ;  on  the 
one  hand  a  source  of  energy  from  without  the 
system  is  tending  to  produce  decomposition; 
and  on  the  other  the  '  chemical  nature  '  of  the 
component  parts  of  the  system  is  tending  to  pro- 
duce recombination.  Without  committing  oui- 
selves  to  explain  in  any  way  the  modus  operand* 
of  these  tendencies,  we  can  see  that  it  is  possible 
for  the  system  to  attain  a  state  such  that  the 
amount  of  decomposition  and  recombination 
per  unit  time  is  the  same.  When  this  state  is 
reached  the  '  limit  of  the  reaction '  is  said  to  be 
attained.  If  by  raising  the  temperature  of  the 
system,  or  by  any  other  means,  we  alter  the 
potency  of  one  of  the  tendencies,  we  shall  have 
a  new  equilibrium  or  limit.  The  idea  is  that 
for  every  given  set  of  conditions  we  shall  have 
a  definite  equilibrium,  which  will  alter  when  the 
conditions  alter,  and  which  is  therefore  called  a 
1  mobile  equilibrium.' 
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The  ratio  of  the  weight  of  the  uncombined 
part  of  the  system  to  the  weight  of  the  whole 
system  which  is  capable  of  combination  is  called 
the  'fraction  of  dissociation,'  and  is  a  very  con 
venient  quantity  in  discussing  dissociation  phe- 
nomena. Thus  in  a  system  of  hydriodic  acid, 
weighing  say  10  grams  before  dissociation  takes 
place,  we  might  arrive  at  a  temperature  such 
that  1  gram  became  decomposed ;  then  the  f rac 
tion  of  dissociation  would  be  denoted  by  j1^,  and 
would  be  expressed  by  the  same  number  whether 
we  added  iodine  or  hydrogen  in  excess,  or,  in- 
deed, any  inert  gas. 

If  the  external  conditions  change,  then  a 
period  of  time,  short  or  long,  is  required  for  a 
new  equilibrium  to  be  established.  Different 
writers  have  adopted  different  methods  of  ex- 
pression for  the  rate  at  which  the  new  equi- 
librium tends  to  become  established,  and  various 
arbitrary  rules  have  been  given  for  finding  the 
velocity  of  the  reaction,  depending  of  course  on 
special  definitions  of  the  expression  '  velocity  of 
reaction.'  In  some  cases  the  velocity  of  the  re- 
action has  been  defined  as  the  weight  of  sub- 
stances combined  or  decomposed  per  unit  time 
in  a  system  of  arbitrarily  chosen  weight.  The 
most  exact  method  would  be  to  define 
'  velocity  '  as  the  rate  at  which  the  fraction  of 
dissociation  changes.  The  particular  definition 
which  we  may  happen  to  adopt  is  not  of  any 
very  great  importance,  since  it  is  from  a  com- 
parison of  velocities,  and  not  from  their  abso- 
lute value,  that  useful  information  is  most  readily 
obtained. 

The  object  of  experiment  is  to  determine  the 
relation  existing  between  the  fraction  of  disso- 
ciation, when  the  limit  is  attained,  and  the  other 
quantities  involved.  The  most  important  of 
these  are  temperature,  pressure,  and  proportion 
of  reacting  substances.  The  velocities  of  the 
reactions  must  also  be  studied  experimentally. 

We  follow  Lemoine  in  his  distinction  between 
the  reactions  which  take  place  in  homogeneous 
systems,  and  those  which  occur  in  non-homo- 
geneous systems.  If  we  start  with  a  homo- 
geneous system  and  by  dissociation  convert  it 
into  a  system  which  is  not  homogeneous,  we 
should  expect  a  corresponding  modification  in 
the  reaction,  and  such  is  the  case.  The  most 
valuable  results  will  be  obtained  when  the  ex- 
perimental conditions  are  as  simple  as  possible ; 
and  therefore  more  attention  ought  to  have  been 
devoted  to  the  dissociation  of  systems  which 
remain  homogeneous  than  to  those  which  are 
non-homogeneous  to  start  with,  or  which  be- 
come so  by  dissociation.  Unfortunately,  how- 
ever, it  is  difficult  to  experiment  on  homogeneous 
systems. 

Qualitative  experiments  whereby  the  exist- 
ence of  the  dissociation  of  compounds  was 
established. — Eegnault  describes  some  experi- 
ments under  the  article  '  Chaux '  (Course  6U- 
mentaire  de  Chimie  [1854],  2,  2,3,5)  which  show 
that  some  solid  bodies,  decomposable  by  heat 
into  one  or  more  solids  and  a  gas,  give  off  the 
gas  more  freely  when  in  presence  of  a  foreign 
gas  than  when  exposed  to  the  products  of  their 
own  decomposition.  Chalk  loses  its  carbonic 
acid  more  freely  in  ordinary  air  than  in  an  at- 
mosphere of  carbonic  acid.  Hydrated  salts  lose 
their  water  of  hydration  more  readily  in  an 


atmosphere  of  dry  air  than  in  one  of  water 
vapour.  Grove,  as  we  have  seen,  demonstrated 
the  decomposition  of  steam  by  heat,  and  pointed 
out  that  the  condition  that  the  decomposition 
shall  be  sensible  is  that  the  products  of  decom- 
position must  be  rapidly  cooled,  or  in  some 
other  suitable  way  removed  from  the  sphere  of 
action  before  recombination  can  take  place. 
From  a  theoretical  point  of  view  it  is  immaterial 
whether  we  hinder  recombination  by  preventing 
the  atoms  from  getting  to  one  another  through 
admixture  with  an  inert  gas,  or  whether  we 
lower  the  temperature  so  rapidly  that  it  falls 
below  the  combination  point  before  all  the  atoms 
are  recombined. 

Deville  first  laid  down  these  principles  with 
great  clearness,  and  practically  invented  all  the 
apparatus  requisite  for  the  realisation  in  prac- 
tice and  on  a  large  scale  of  the  necessary  con- 
ditions. His  apparatus  is  of  three  kinds. 

I.  For  raising  gases  to  a  high  temperature, 
and  removing,   at  that  temperature,  the   pro- 
ducts of  dissociation,  by  taking  advantage  of  the 
laws  of  gaseous  diffusion. 

II.  For  raising  gases  to  a  high  temperature 
and  preventing  recombination  by  admixture  with 
an  inert  gas. 

III.  For  raising  gases  to  a  high  temperature 
and  preventing  recombination  by  sudden  cool- 
ing.   This  apparatus  took  two  forms  :— 

o  The  hot  and  cold  tube. 
£  Apparatus  for  sucking  the  hot  gases  into  a 
tube  through   which  water    is  circu- 
lating. 

Exact  information  may  be  obtained  from 
Deville's  papers  (v.  Bibliography) ;  and  espe- 
cially from  his  Legons  sur  la  Dissociation  pro- 
fesste  en  1864  devant  la  Soctite  Chimique. 

I.  A  glazed  porcelain  tube  is  fitted  with  good 
corks  at  each  end ;   through  these  corks,  and 
concentric  with  the  axis  of  the  porcelain  tube, 
another  tube  of  unglazed  earthenware  is  passed. 
The  porcelain  tube  can  be  heated,  by  means  of 
a  suitable  furnace,  to  a  very  high  temperature. 
The  gas  to  be  decomposed  is  made  to  circulate 
through  the  annular    space  between  the  two 
tubes.    A  current  of  an  inert  gas  continually 
passes  through  the  tube  of  unglazed  earthen- 
ware and  sweeps  away  with  it  the  products  of 
diffusion  (v.  fig.  1). 

Deville  decomposed  steam  by  means  of  this 
apparatus,  using  carbon  dioxide  as  the  inert 
gas  ;  the  carbon  dioxide  was  subsequently  ab- 
sorbed by  potash,  leaving  a  mixture  of  oxygen 
and  hydrogen. 

II.  A  porcelain  tube  is  filled  with  pieces  of 
porcelain  in  order  to  expose  a  large  surface. 
The  gas  to  be  decomposed  is  mixed  with  a  much 
larger  volume  of  some  inert  gas  and  passed 
through  the  tube  which  is  heated  as  before.  This 
apparatus  is  not  so  powerful  as  the  one  last  de- 
scribed.   In  an  experiment  in  which  a  mixture 
of  steam  and  carbon  dioxide  was  passed  through 
the  apparatus,  the  yield  of  explosive  mixture  of 
oxygen  and  hydrogen  was  much  smaller  than 
when  the  porous  tube  was  used;    though  of 
course  in  that  case  the  mixture  was  chiefly  hy- 
drogen.   This  method  is  less  applicable  to  quan- 
titative experiments  because  of  the  complication 
introduced  by  the  action  of  the  large  extent  of 
porcelain  surface  exposed. 
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Ilia.  The  hot  and  cold  tube :  this  was  used 
first  for  demonstrating  the  decomposition  of 
carbonic  oxide  into  carbon  and  carbon  dioxide. 
It  resembles  form  I.  with  the  modification  that 
the  porous  central  tube  is  replaced  by  a  tube  of 
silver  through  which  a  stream  of  cold  water  is 
kept  constantly  flowing.  The  decomposition  of 
the  carbonic  oxide  gas  was  proved  by  the  depo- 
sition of  carbon  on  the  silvered  tube,  and  by  the 
presence  of  carbon  dioxide  in  the  stream  of  gas 
which  passed  through  the  tube. 

111)3.  An  apparatus  of  the  same  kind  as  the 
last,  but  with  the  important  modification  that  a 
small  hole  of  '2  mm.  diameter  is  bored  in  the 
side  of  the  metal  tube.  The  result  is  that  when 
a  stream  of  water  is  allowed  to  flow  through  the 
tube,  air  is  sucked  in  at  the  small  hole  after  the 
manner  of  a  velocity  pump.  This  apparatus 
was  employed  by  Deville  to  examine  the  con- 
stitution of  the  gases  in  the  middle  of  a  candle 
flame  ;  and  was  afterwards  employed  by  Cailletet 
for  extracting  the  gases  from  a  blast  furnace 
(C.E.62,891). 

By  means  of  these  various  forms  of  ap- 
paratus the  dissociation  of  the  following  gases 
was  demonstrated : — 


an  accidental  phenomenon  connected  with  the 
rapid  heating  and  cooling  of  portions  of  the  gas. 
J.  J.  Thomson  (P.  M.,  June  1883)  has,  however, 
given  good  reason  for  believing  that  decomposi- 
tion is  a  necessary  condition  for  the  passage  of 
electrical  discharges ;  that  in  fact  a  spark  can 
no  more  pass  through  an  atmosphere  of  water- 
vapour  without  resolving  it  partially  into  oxygen 
and  hydrogen  than  an  electric  current  can  pass 
through  copper  sulphate  solution  without  de- 
composing it  into  copper  and  sulphuric  acid. 
Whether  Faraday's  law  of  electrolysis  extends 
to  gases  is  still  an  open  question ;  the  pro- 
bability is  that  it  does  not.  However  the  de- 
composition is  produced,  there  will  probably  be 
a  certain  amount  of  recombination  as  soon  as 
the  gases  cool  sufficiently.  Since  the  products 
of  decomposition  are  in  general  diluted  with  a 
large  proportion  of  undecomposed  gas,  the  tem- 
perature of  the  decomposed  portions  will  often 
fall  below  the  minimum  temperature  of  com- 
bination before  complete  recombination  has  had 
time  to  take  place.  This  will  leave  a  balance  of 
decomposition  at  each  spark.  As  soon,  how- 
ever, as  the  products  of  decomposition  have 
accumulated  to  a  small  extent,  they,  as  well  as 
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Water  vapour  by  I.  and  II. — Carbon  dioxide 
by  II. — Carbonic  oxide  by  III. ;  carbon  deposited 
on  the  tube. — Sulphur  dioxide  by  III.  ;  tube 
blackened,  and  deposit  of  sulphur  trioxide  on 
it. — Hydrochloric  acid  by  III. ;  surface  of  tube 
being  previously  amalgamated,  and  chloride  of 
mercury  and  silver  formed  by  the  dissociation. 

It  will  also  be  convenient  to  notice  here  the 
dissociation  of  gases  produced  by  electrical  dis- 
charge. There  is  no  real  difference  between  the 
spark  discharge  and  the  so-called  silent  dis- 
charge. The  silent  discharge  is  merely  a  spark 
discharge  in  which  the  sparks  are  very  numerous 
and  very  small.  In  the  cases  where  a  limit  has 
not  been  observed,  the  explanation  is  to  be  found 
in  the  fact  that  one  or  more  of  the  products  of 
decomposition  is  either  liquid  or  solid,  and  is  so 
removed  from  the  sphere  of  action.  This  is 
notoriously  the  case  with  acetylene  and  hydro- 
carbons generally.  Where  a  limit  is  attained,  the 
reaction  may  generally  be  made  complete  by  in- 
troducing a  substance  capable  of  absorbing  at 
least  one  of  the  products  of  decomposition.  It 
was  formerly  believed  that  the  decomposition  of 
gases  by  electric  sparks  was,  so  to  speak,  merely 


the  undecomposed  gas,  will  be  acted  on  by  the 
spark,  and  a  certain  amount  of  recombination 
will  take  place.  It  must  be  noted,  however,  that 
the  decomposition  produced  by  each  spark  is 
very  small,  since  the  energy  of  the  electric  field 
is  in  general  small  compared  with  the  amount 
of  energy  required  to  produce  even  a  small  de- 
composition. After  a  certain  length  of  time  the 
decompositions  and  recombinations  will  become 
equal,  and  the  limit  of  the  reaction  will  be  at- 
tained. The  production  of  a  limit  in  the  experi- 
ment of  ozonising  oxygen  is  well  known,  and  the 
production  of  ozone  at  all  shows  that  oxygen 
molecules  must  be  previously  electrolysed  into 
oxygen  atoms.  This  is  also  proved  by  an  ex- 
periment of  De  la  Hue  and  Miiller,  repeated  and 
modified  by  Thomson  and  Threlfall,  whereby  a 
large  increase  of  volume  is  observed  to  take  place 
in  a  tube  through  which  a  spark  passes,  and 
which  is  much  greater  than  can  be  accounted 
for  by  the  expansion  due  to  heating.  In  oxygen, 
if  the  sparks  are  very  small  so  that  the  heating 
is  insignificant,  a  diminution  of  volume  is  ob- 
served to  take  place  owing  to  the  production  of 
ozone.  The  action  of  the  spark  on  gases  seems 
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to  be  dependent  on  the  nature  of  the  spark,  and 
this  in  turn  depends  to  a  great  extent  on  the 
pressure  of  the  gas.  Much  work  still  requires  to 
be  done  in  this  direction.  At  present  the  fol- 
lowing list  of  gases  which  have  been  decom- 
posed will  suffice  :  Oxygen,  nitrogen  (?),  carbon 
dioxide,  methane,  ether,  acetylene,  ammonia, 
acetic  acid,  phosphoretted  hydrogen,  carbonic 
oxide,  hydrocarbons  generally,  sulphuretted  hy- 
drogen, seleniuretted hydrogen,cyanogen,&c.  De- 
composition of  the  fluorides  of  boron  and  silicon 
and  chlorine  has  not  yet  been  observed,  but 
there  is  little  doubt  that  the  decomposition  of  these 
bodies  will  ultimately  be  demonstrated.  Most  of 
the  above  observations  have  been  made  by  P.  and 
A.  Thenard  (C.  R.)  and  by  Berthelot  .  An  ac- 
count of  the  extremely  valuable  researches  of 
Berthelot  and  Vieille  on  dissociation  during  ex- 
plosion, as  well  as  of  the  observations  of  Dixon, 
will  be  found  in  the  article  EXPLOSION. 


tares  have  to  be  made,  and  these  are  subject  to 
the  almost  unavoidable  experimental  uncertainty 
attendant  on  that  very  difficult  operation.  A 
judgment  as  to  the  trustworthiness  of  the  re- 
sults obtained  can  in  general  be  formed  only 
from  a  study  of  the  observer's  own  account  of 
his  experiments. 

The  methods  of  thermal  chemistry  have  been 
applied  by  Berthelot  to  the  solution  of  many  in- 
teresting questions. 

Dissociation  in  non-homogeneous 
systems. — We  shall  consider  first  the  allotro- 
pic  change  produced  by  heat  in  ordinary  phos- 
phorus. When  yellow  phosphorus  is  heated 
in  a  closed  space  it  is  partially  changed  into  red 
phosphorus;  and  when  red  phosphorus  is 
heated  it  is  partially  converted  into  yellow  phos- 
phorus. It  is  found  that  neither  reaction  is 
complete,  but  that  the  same  limit  is  attained 
whether  we  start  from  red  or  from  yellow  phos- 


Curve  representing  the  pressures  of  ordinary  phosphorus  which  limit  the  allotropio 
transformation  of  the  phosphorus  at  different  temperatures. 
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Scales :  1  mm.  for  1  mm.  of  vapour-pressure,  and  0-2  mm.  for  1  degree  of  temperature. 

FIG.  2. 


Quantitative  Experiments  on  Dissociation. — 
It  is  now  our  business  to  discuss  the  quantitative 
experiments  which  have  been  made  on  particular 
cases  of  dissociation.  From  a  theoretical  point 
of  view  these  experiments  fall  into  two  classes  : 

(a)  Those  made  on  the  determination  of  the 
limit,  and  its  dependence  on  pressure,  tempera- 
ture, &c. 

(&]  Tlwse  referring  to  the  velocity  of  the 
reaction. 

From  an  experimental  point  of  view  very 
different  methods  have  to  be  adopted  in  different 
cases.  In  one  class  of  experiments  the  obser- 
vations take  the  form  of  determinations  of  va- 
pour density  at  different  temperatures  and  pres- 
sures. Experiments  on  velocity  usually  depend 
on  the  ordinary  methods  of  analysis ;  and  of 
course  involve  observations  by  the  chronometer. 
In  many  cases  observations  of  high  tempera- 


phorus.  If  we  start  with  yellow  phosphorus,  and 
heat  it  to  a  definite  temperature  in  a  closed 
vessel  in  connexion  with  a  manometer,  a 
transformation  into  red  phosphorus  will  take 
place.  Yellow  phosphorus  has  a  considerable 
vapour-pressure  ;  the  transformation  will  go  on 
till  the  pressure  inside  the  vessel  reaches  a  cer- 
tain value ;  this  value  will  be  less  than  the 
maximum  vapour-pressure  of  red  phosphorus 
corresponding  to  the  temperature,  and  is  called 
the  '  limiting  pressure.'  If,  on  the  other  hand, 
we  start  with  red  phosphorus,  the  vapour- 
pressure  will  diminish  from  the  maximum  to 
the  limiting  pressure.  This  pressure  is  found 
to  be  the  same  in  both  cases,  provided  the  tem- 
perature is  the  same.  Analysis  of  the  residue 
gives  the  proportions  of  red  and  yellow  phos- 
phorus. Each  temperature  has  its  definite 
limiting  pressure.  If  we  start  with  a  small 


392 


DISSOCIATION. 


Ordinary  phos- 

ducedSintor°a     Qualities   of  ordinary   phosphorus 
space  of   one         Persisting  at  440°  at  the  end  of  : 
litre. 


quantity  of  yellow  phosphorus,  and  heat  it  in 
a  vessel  so  large  that  it  is  not  able  to  produce 
the  limiting  pressure  corresponding  to  the  tem- 
perature, no  red  phosphorus  will  be  formed. 
The  phenomenon  is,  therefore,  quite  analogous 
to  the  vapourisation  of  a  liquid  according  to  the 
two  cases  when  the  conditions  are  such  that  the 
vapour  is  (a)  saturated,  or  (0)  unsaturated. 

The  accompanying  curves  (figs.  2,  3,  4)  and 
numbers  will  give  the  results  obtained.  (The 
results  are  chiefly  taken  from  Lemoine's  Etudes 
sur  les  Equilibres  Chimiques.) 

Curves  representing  the  weights  of  ordinary  phosplwrus  remaining  at  tJie  end  of  different  times,  for 
a  similar  weight  P  of  ordinary  phospJiorus  introduced  (Lemoine). 


5m.  |li.  2h.  8h.  17h.  24h.  32h.  41h. 

Grams.           gr.  gr.  gr.  gr.  gr.     gr.  gr.  gr. 

2-9  (Lemoine)     —  —  —  2-9  —      —  —  — 

5-9         id.             —  —  —  5-3  —      —  4-9  4'7 

16'0         id.             —  —  —  5-0  —      —  —  — 

24-0  (Hittorf)     15-5  11-1  7'0  4'4  —      —  —  — 

30-5  (Lemoine)     —  —  5-4  4'0  3'7     3-6  —  — 

The  common  limit  is  3'6  grm. 


5-9 


P=5*9  gr.  of  ordinary 
phosphorus  per  litre. 


P=24  gr.  of  ordinary 
phosphorus  per  litre. 


P=30  gr.  of  ordinary 
phosphorus  per  litre. 


28  17  24 

Scales  :  2|  mm.  for  1  hour,  and  2J  mm.  for  1  gram. 
FIG.  3. 


32  hours. 


1-8  gr.  of  red  phosphorus  per  litre. 


4-9  gr.  of  red  phosphorus  per  litre. 


16  gr.  of  red  phosphorus  per  litre. 


30  gr.  of  red  phosphorus  per  litre. 


t     -  8 

Scales  :  2£  mm.  for  1  hour,  and  2  ir.m.  for  1  gram, 

FIG.  4. 
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We  may  account  for  these  same  differences 
by  calculating,  according  to  the  preceding  data, 
the  mean  quantity  of  red  phosphorus  produced 
in  one  hour : — 


grms. 
6-9 


Red  phospho- 
rus employed 
per  litre. 


1-8 
4-9 
16 
30 
100 
1000 


Time, 
from  0  to  2h.from  2  to  8h.f  rom  8  to  32h. 

.<_       0-075        ->•         0-015 
12-30  0-233        0-015 

Temperature  440°. 

Quantities    of    ordinary    phosphorus 
in  grams  produced  at  the  end  of  : 


^ 

4h.  2h.  8h.  23h.  32h.     39h.  47h.   83h. 

—  0-80  1-33    —      —       1-7      — 

—  1-62  2-9     —      —       3-3      —    3-32 

—  3-67  4-6     —      4-0       —      —      — 
4-54  4-75  4-4     3'9     3'74      —     3'72    — 

_  _  4-2      —      —       —      —      — 

_  _  3.5?    _____ 


It  will  be  noticed  that  in  some  of  the  velo- 
city experiments,  starting  from  red  phosphorus, 
the  vapour-pressure  at  first  produced  is  higher 
than  the  pressure  of  the  limit ;  this  is  explained 
by  the  previous  history  of  the  red  phosphorus, 
of  which  it  appears  there  are  several  allotropic 
modifications  depending  on  the  temperature  at 
which  they  have  been  produced.  This  has  been 
studied  by  Troost  and  Hautefeuille  and  com- 
pletely explained. 

Cyanogen  is  slowly  transformed  into  para- 
cyanogen  on  heating.  The  velocity  is  very  small, 
but  appears  to  be  greatest  at  about  500°.  The  in- 
verse reaction  has  a  comparatively  great  velocity. 
There  is  a  limiting  pressure  of  transformation 
just  as  in  the  case  of  phosphorus.  Observations 
are  complicated  by  a  continual  slow  decomposi- 
tion of  the  cyanogen  into  nitrogen  and  carbon. 
An  analysis  has,  therefore,  to  be  made  of  the 
residue  before  the  correct  limiting  pressure  can 
be  obtained.  The  following  are  the  numbers  of 
Troost  and  Hautefeuille : 

Temperatures       Pressures  of  the  cyanogen  in  mm. 

502°  54 

506  56 

559  123* 

575  129* 

587  157 

599  275* 

601  318 

629  868* 

640  1310 

The  numbers  with  asterisks  have  been  obtained  with 
paracyanogen  prepared  from  cyanide  of  silver.  The  others 
have  been  furnished  by  paracyanogen  prepared  from 
cyanide  of  mercury,  and  perfectly  freed  from  the  metal. 

Cyanic  acid  is  converted  into  cyamelide  and 
vice  versa.  The  velocity  depends  on  the  tempe- 
rature ;  and  it  is  by  no  means  the  same  for  the 
two  reactions.  A  complication  is  introduced, 
because  above  150°  gaseous  cyanic  acid  is  trans- 
formed into  solid  cyanic  acid ;  and  below  150° 
cyamelide  is  produced.  The  production  of  a 
maximum  vapour -pressure  limiting  the  decom- 
positions is  perfectly  clear  and  definite.  The 
numbers  are — 

Temperatures 
160°     170  180  195  215  227  251  330  350 

Transformation  -pressures 
56mm.   68    94  125  157  180  285  740  1200 


Allotropic  transformations  of  homo- 
geneous systems.  Acetic  acid.  The  vapour 
of  acetic  acid  has  long  been  known  to  possess 
a  vapour  density  greater  than  the  theoretical 
density.  This  diminishes,  however,  as  the  tem- 
perature rises,  or,  in  other  words,  the  coefficient 
of  expansion  of  acetic  acid  vapour  between  cer- 
tain temperatures  is  greater  than  it  is  for  most 
gases.  A  discussion  of  the  explanations  ad- 
vanced to  account  for  this  has  been  already 
given.  The  data  for  the  dissociation  of  acetic 
acid  are  given  on  p.  394  (Kamsay  a.  Young,  C.  J. 
49,  790). 

Nitrogen  tetroxide  (Deville  and  Troost,  C.  B. 
64,  237).  The  relation  between  the  vapour- 
density  and  temperature  of  nitrogen  tetroxide 
under  ordinary  pressures  shows  that  at  about 
150°  the  change  of  tetroxide  into  a  gas  of  the 
molecular  formula  N02  is  complete.  The  num- 
bers are  as  follows : — 

Dissociation  of  nitrogen  tetroxide  N204.  Sp. 
gr.  of  N2O4  =  3-18 ;  of  N02  +  N02  =  1-59 ;  (air  =  1). 


Temp. 

Sp.  gr.  of 
gas 

Mean  increase  in  per- 
Percentage    centage  dissociation 
dissociation     for  10°  rise  of  tem- 

perature 

26-7° 

2-65 

19-96 

35-4° 

2-53 

25-65      • 

.     o-o 

39-8° 

2-46 

29-23      ' 

.     8-1 
n«ft 

49-6° 

2-27 

40-04      ' 

u 

60-2° 

2-08 

52-84      ' 

.  12-1 

1  Q 

70° 

1-92 

65-57      * 

.    lu 
1  n,  t 

80-6° 

1-80 

76-61      ' 

.   1U  4 

90° 

1-72 

84-83      * 

.    8-8 

A.A 

100-1° 

1-68 

89-23      ' 

•      44 
0.1 

111-3° 

1-65 

92-67      * 

•     ox 

Q.K 

121-5° 

1-62 

96-23      • 

O  O 
1  .O 

135° 

1-60 

98-69      '         *    x"° 

154° 

1-58 

100 

Troost,  continuing  the  experiments  in  1878 
at  very  low  pressures,  finds  that  at  temperatures 
as  low  as  27°  complete  dissociation  may  take 
place. 

Naumann  gives  a  large  series  of  numbers,  as 
in  the  case  of  acetic  acid  vapour,  between  tem- 
peratures of  —  6°  and  +  22-5°  and  pressures  of 
84  to  301  mm.  Another  determination  of  the 
density  of  nitrogen  tetroxide  vapour  has  been 
made  with  extreme  care  by  E.  and  L.  Natanson 
(W.  A.  1886.  164). 

As  has  been  already  stated,  Berthelot  and 
Ogier  have  measured  the  specific  heat  of  acetic 
acid  and  nitrogen  tetroxide  vapours.  The  method 
adopted  was  Begnault's  ;  care  was  taken  in  the 
case  of  nitrogen  tetroxide  to  have  all  the  apparatus 
made  of  glass.  The  specific  heats  were  of  course 
measured  under  constant  pressure.  Through  the 
range  of  temperature  over  which  it  undergoes 
change,  the  specific  heat  is  enormously  greater 
than  the  mean  specific  heat  of  permanent  gases 
formed  from  their  elements  with  condensation. 
For  the  latter  Kegnault  gives,  for  nitrous  oxide, 
for  instance ; 

Molecular  specific  heat    8-76  +  -00552 
And  for  carbon  dioxide    8-23  +  -011772, 
while  for  gases  formed  without  condensation  we 
have  practically  the  same  value  without  a  tem- 
perature-coefficient, at  least  up  to  200°.     For 
some  organic  substances  the  specific  heats  are 
much  greater.    Wiedemann  gives  as  follows :— 
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Molecular  specific  heat 
Ethyl  bromide  .     .    .    .  14-76  +  -0388J 

Acetic  ether 24-1   +  -0765J 

Benzene 17'45  +  -0798J, 

while  for  acetic  acid  and  nitrogen  tetroxide  the 
specific  heat  rises  above  50°,  and  the  tempera- 
ture-coefficient is  itself  a  function  of  the  tempe- 
rature. The  following  numbers  will  make  the 
results  of  Berthelot  and  Ogier  clear : — 


Total  heat 

Temperature  interval 

absorbed  by 
1  gram- 
molecule  of 
NS04  ex- 
pressed in 
gram- 

Mean  mole- 
cular specific 
heat  for 
the  range 
specified 

degrees 

27°  to   67°  (40  degrees) 

2988-0 

74-7 

67°      103°  (36      „      ) 

2050-8 

57-0 

103°      150°  (47      „      ) 

1271-1 

27-0 

150°      198°  (48      „      ) 

436-1 

9-1 

198°      253°  (55      „      ) 

463-4 

8-9 

253°      289°  (36      „      ) 

594-2 

12-9 

This  table  shows  that  the  heat  absorbed  is 
very  great,  even  at  27°,  and  the  specific  heat  di- 
minishes till  the  temperature  of  150°  is  reached. 
From  there  it  remains  fairly  constant  till  the 
temperature  rises  to  253°,  and  above  that  it  in- 
creases. Berthelot  subtracts  from  the  values 
given  above,  the  heat  which  would  be  taken  to 
raise  the  temperature  of  a  non-dissociable  gas 
through  the  same  ranges,  adopting  Begnault's 
formula,  molec.sp.  heat  =  8-76  +  -0055J.  The  re- 
maining heat  is  probably  taken  up  in  dissocia- 
tion-work ;  assuming  this  to  be  the  case,  Berthe- 
lot calculates  the  amount  of  dissociation  which 
should  take  place,  and  compares  the  result  with 
the  numbers  obtained  by  Naumann  and  Salet  as 
deduced  from  observations  on  the  vapour  density. 
If  will  be  seen  that  the  numbers  agree  as  well  as 
could  possibly  be  expected,  bearing  in  mind 
the  unavoidable  experimental  errors  of  such  a 
difficult  operation  as  a  determination  of  the 
specific  heat  of  a  gas. 


Decomposition  between 
different  temperatures  as 
deduced  from  heat  absorbed 

Decomposition  between 
different  temperatures  de- 
duced by  Naumann  and 
Salet  from  vapour  density 
observation 

Eange  of  tem- 
perature 

Decompo- 
sition in 
percen- 
tages of 
total 

Range  of  tem- 
perature 

Decompo- 
sition in 
percen- 
tages of 
total 

27C  to    67° 
67°  „  103° 
103°  „  150° 

40 
26-3 
13-2 

Below     26° 
26°    to  70° 
70°  „  100° 
100°  „  136° 

20 
35-6 
23-6 
9-5 

79-5 

68-7 

The  agreement  will  be  better  seen  from  the 
curve  (fig.  5).  In  order  to  compare  the  two 
effects  the  ordinates  are  proportional  to  the 
quantities  of  heat  absorbed  for  one  curve,  and 
proportional  to  the  decomposition  in  the  other. 
The  abscissae  give  the  temperatures.  It  will  be 
seen  that  the  agreement  is  very  close ;  if  it  were 
complete  the  curves  would  coincide.  It  is  still 
closer,  however,  for  acetic  acid  vapour,  for  which 
Berthelot  and  Ogier  have  made  similar  experi- 
ments and  calculations.  The  curves  will  explain 
this;  for  the  actual  numbers  v.  the  original 
paper.  An  extension  of  Gibbs'  thermo-dynamic 
theory  has  been  made  to  embrace  these  variations 
of  specific  heat  by  Duhem  (J.  de  Ph.,  July  1886). 
The  calculated  and  observed  variations  seem  to 
agree  fairly  well. 

Iodine. — The  vapour-density  of  iodine  varies 
with  temperature  and  pressure.  A  very  full  and 
complete  study  by  Crafts  and  Meier  has  been 
made  of  the  vapour  of  iodine  (v.  curves,  fig.  6). 
The  results  may  be  summarised  by  saying  that 
from  300°  to  700°  iodine  vapour  behaves  like  a 
perfect  gas ;  at  700°  the  relative  density  of  the 
vapour  begins  to  diminish  under  all  pressures, 
and  this  continues  till  the  temperature  reaches 
a  value  of  about  1,500°,  when  the  vapour  again 
conforms  to  the  gaseous  laws.  The  two  states, 
below  c.  700°  and  above  1,500°,  correspond  to  the 


Acetic  acid.    Theoretical  vapour- density  (H  =  1)  29*92. 
Pressure  in  mm. 


d 

20 

40 

100 

300 

500 

1000 

2000 

5000 

10000 

16000 

20000 

24000 

40° 

54-22 

50° 

50-62 

53-61 

60° 

47-04 

50-38 

70° 

43-55 

47-12 

51-21 

80° 

40-45 

43-86 

48-08 

100° 

35-63 

37-92 

41-81 

48-50 

120° 

32-75 

34-01 

36-50 

42-79 

46-71 

140° 

31-32 

32-12 

33-72 

38-05 

41-42 

46-81 

160° 

32-10 

34-77 

36-88 

41-80 

47-81 

180° 

31-17 

32-66 

34-01 

37-39 

42-58 

200° 

38-64 

47-99 

220° 

35-82 

42-39 

240° 

34-00 

38-79 

47-60 

260° 

32-89 

36-39 

42-80 

53-00 

2CO° 

32-21 

34-66 

39-10 

45-45 

51-34 

60-70 
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formulae  I2  and  I  respectively.  Considering  the 
rate  of  dissociation  and  its  relation  to  pressure 
we  may  say  that  the  rate  of  dissociation  per 
degree  of  temperature  becomes  greater  as  the 
pressure  diminishes.  These  changes  are  accom- 
panied by  a  change  of  the  absorption-spectrum 
(Salet,  Bl.  1873.  674). 

Dissociation  of  compounds. 

I.  Systems  that  are  not  homogeneous. 

Carbonate  of  calcium. 

Bibliography.— Deb-ray  (C.  R.  64, 603) ;  Wein- 
hold  (P.  149  ;  J.  1879. 119) ;  Eaoult  (C.  R.  1881. 
189);  Birnbaum  and  Maher  (Bl.  1880.  88); 
Wiedemann  (P.  Jubelbd.  1874.  474 ;  J.  pr.  [2]  9, 
338). 

Debray  made  the  first  research  on  this  sub- 
ject. His  method  consisted  in  heating  Iceland 


Debray  found  it,  and  that  the  variations  of  pres- 
sure are  never  regular.  Kaoult  finds  that,  start- 
ing with  quicklime  and  CO.;,  combination  takes 
place  with  incandescence  at  about  550°.  .  The 
compound  formed  has,  however,  the  formula 
(CaO)sGOr  This  compound  is  capable  of  ab- 
sorbing more  carbon  dioxide,  though  the  velocity 
of  the  reaction  is  very  small ;  in  twelve  hours 
after  a  continual  passage  of  a  stream  of  C02 
over  the  compound,  analysis  shows  that  a  body 
of  the  composition  4CaO.3C0.2  is  produced, 
and  an  extremely  slow  absorption  still  goes  on. 
Eaoult  also  finds  that  the  amount  of  carbon  di- 
oxide absorbed  depends  on  the  previous  history 
of  the  quicklime  and  that  it  is  much  less  ab- 
sorbent if  it  has  been  previously  heated  to  a 
high  temperature.  Wiedemann  finds  that  much 


10 


10 


For  the  acetic  acid  curves  the  temperature  scale  is 
supposed  to  be  increased  by  100°.  The  heat  absorbed 
between  120°  and  250°  is  divided  into  100  parts,  as  is  the 
change  of  vapour-density. 


110    120   130   140   150 


For  the  nitrogen  tetroxide  the  amount  of  heat  absorbed 
between  127°  to  198°  is  divided  into  100  parts,  as  is  the 
dissociation  as  given  by  Naumann  and  Salet. 


FIG.  5. 


spar  in  a  vessel  connected  with  a  manometer 
and  air-pump ;  an  arrangement  providing  for  the 
introduction  of  carbon  deoxide  was  also  attached 
to  the  apparatus.  Decomposition  of  the  calcium 
carbonate  begins  at  440°,  the  crystals  becoming 
opaque  owing  to  changes  at  the  surface.  Above 
this  point  the  phenomenon  of  limiting  pressure 
depending  on  the  temperature  is  observed.  Ac- 
cording to  Debray  the  limit  is  the  same  whether 
we  start  from  calcium  carbonate  in  a  vacuum,  or 
from  quicklime  in  an  atmosphere  of  carbon  di- 
oxide. If  in  any  case  the  pressure  is  kept  below 
the  limiting  pressure  corresponding  to  the  tem- 
perature, the  Iceland  spar  will  be  completely 
decomposed. 
Vapour-pressure  at  860°  =  85  mm.  of  mercury. 

1040°  =  520  mm.         „ 

Weinhold,  repeating  these  experiments,  finds 
that  the  pressure  of  C02  is  always  greater  than  j 


depends  on  the  crystals  of  Iceland  spar  selected 
being  previously  carefully  dried.  Debray  is 
probably  substantially  correct  in  his  general  de- 
ductions, but  not  in  his  experiments. 

Hydrated  salts. — Efflorescence  (Debray,  C.  R. 
1868.  194).  In  general,  the  same  phenomena 
are  observed  in  heating  hydrated  salts  as  in 
heating  calcium  carbonate.  There  is  a  definite 
limiting  pressure  for  every  temperature ;  this  is 
the  same  whether  the  water-vapour  exists  by 
itself  or  in  presence  of  air.  In  fact  the  hydrated 
salts  act  very  much  like  liquids  in  their  appre- 
ciation of  «  partial  pressures.'  The  phenomena 
are  modified  in  accordance  with  the  fact  that 
each  salt  is  generally  capable  of  forming  more 
than  one  definite  hydrate. 

The  numbers  observed  by  Debray  for  crys- 
tallised sodium  hydrogen  phosphate  will 
serve  as  examples.  (Na,HPO4  +  24H..O)  and 
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(Na2HP04  +  1411,0).     / 

is   maximum  vapour-  l                               CoS04.7H20 

pressure  of  the  salt,  F  is  pressure  of  water- 

Temp.            Pressures 

Temp.             Pressures 

vapour  at  same  temperature  :  — 

mm. 
22-1             115-9 

0                      mm. 

65                168-2 

Temperatures             Phosphate  of    Phosphate  of 

35                  34-6 

75                252-6 

E 

odium  con-  sodium  contain- 

35                  35-6 

75                254-7 

taining  from    ing  a  little  less 

45                  62-3 

85                377-4 

] 

L4  to  24  HaO      than  14HaO 

45                  65 

90                447*9 

$                           F 

55                106 

o 

millimetres           millimetres 

12-3                                 7-4    0-694      4-8    0-452 

NiS04.7H20 

16-3                                 9-9    0-717      6-9    0-500 

Temp.            Pressures           Temp.             Pressures 

20-7                                14-1    0-776      9-4    0-517 

0                     mm. 

mm. 

24-9                                18-2    0-777    12-9    0-551 

25                  19-3 

65                163-8 

31-5                                 30-2    0-819     21-3    0-618 

35                  36-4 

65                165-9 

36-4  (the  salt  melted)  39-5    0-877    30-5    0-678 

35                  38-4 

75                251-6 

40-0                               50-0    0-901    41-2    0*750 

45                  63-7 

83                342-5 

55                105-6 

Wiedemann  has  observed  the  relation  be- 
tween limiting  pressure  and  temperature  for  the 
following  salts  :  — 

Sulphate  of  iron  FeS04.7H.,0 
(The  crystals  melt  at  about  90°) 

Temp.             Pressures 

Temp.            Pressures 

MgS04.7H20 

0                     mm. 

20                 10-9 

°                     mm. 
65                163-4 

Temp.             Pressures 

Temp.             Pressures 

30                 20-3 

65                160-9 

mm. 
24-3               17-8 

mm. 
50                 75-7 

40-2               40-1 

75                263-9 

35                  35-6 

60                122-5 

50                  74-8 

86                397*7 

40                 47-2 

70-4             190-3 

55-2             103-5 

93-5             5489 

40-2              46-3 

80                276 

60                131-3 

Naumann  has  studied  the  efflorescence  of 

ZnS04.7H20 
(The  crystals  melt  at  70-5°) 

sulphate  of   copper  very  carefully,  and  it  is 
chiefly  through  his  researches  that  the  influence 

Temp.             Pressures 
mm. 
16-5             113-9 

Temp.             Pressures 
mm. 
60                116-6 

of  previous  history  and  the  precautions  neces- 
sary in  observing  the  equilibrium  of  slow  velocity 
changes  have  been  brought  to  light.    These  ex- 

30                 20-3 

70                170-8 

periments  show  very  clearly  how  the  velocity 

40                  44-2 

75                221-2 

depends  on  the  state  of  the  salt  with  respect  to 

40                  43-6 

85-5             376-4 

the  size  of  its  particles.    In  the  case  of  crystals 

50                  73-1 
50                  74-5 

90                427 

a  slow  progressive  change  goes  on  as  the  inner 
portions  become  dehydrated,  and  it  is  only  when 

Curve  representing  the  density  of  iodine  vapour  at  different  temperatures  and  at  different  pressure 
according  to  the  experiments  of  Crafts  and  Meier  (Lemoine). 
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1100 
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Scales ;  8  mm.  to  100  degrees,  12-25  mm.  to  1-0  of  variation  of  density. 
J^To.  6. 
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the    composition    of    the    crystals  is  uniform 
throughout  that  the  equilibrium  is  obtained. 

Carbonates  of  manganese  and  silver  (Joulin, 
A.  Ch.  1873. 276).— The  velocity  of  the  reaction  is 
very  slow;  and  the  influence  of  the  previous 
history  is  even  more  marked  than  in  the  case  of 
carbonate  of  lime,  so  much  so  that  the  author 
considers  that  allotropic  modifications  of  the 
salts  exist,  and  that  these  have  different  vapour 
pressures.  Carbonate  of  silver  appears  to  be 
even  more  irregular  in  its  behaviour  than  car- 
bonate of  manganese.  Lemoine  has  summed 
up  these  experiments  as  follows.  After  laying 
down  the  simple  principles  as  deduced  from  ex- 
periments on  carbonate  of  lime  he  says  :  '  Mais 


Oxide  of  iridium  (H.  St.  C.  Deville  and 
Debray,  C.  R.  1878.  441).— A  clear  example  of 
dissociation.  Limit  at  823°  is  5  mm.,  and  at 
1139°,  745  mm.  At  1000°  the  limiting  pressure 
is  greater  than  the  partial  pressure  of  oxygen  in 
the  air  at  atmospheric  pressure  ;  it  follows  from 
this  that  at  temperatures  below  1000°  the  iridium 
oxide  can  decompose  in  air,  and  at  temperatures 
above  this  iridium  is  non-oxidisable. 

Compounds  of  metallic  chlorides  with  am- 
monia, studied  by  Isambert  (C.  JR.  1878). — The 
curves  (taken  from  Lemoine)  will  suffice  to  ex- 
plain the  matter  sufficiently  (fig.  7). 

Chloride  of  sulphur,  and  the  compound 
formed  by  the  combination  of  cuprous  chloride 


Curves  representing  the  pressures  of  ammonia-gas  which  limit  the  dissociations  of 
ammoniacal  chlorides  at  different  temperatures. 


20 


40 


200° 


1600 


140 


160 


180 


100  120 

Temperatures. 

Scales :  0-5  mm.  for  1  degree  of  temperature,  and  5-0  mm.  for  100  mm.  of  pressure. 
FIG.  7. 


il  peut  se  presenter  des  cas  ou  la  combinaison, 
tout  en  se  f  aisant  en  m6me  temps  que  la  decom- 
position, soit  si  lente  que  toutes  sortes  de  cir- 
constances  accidentelles  influent  sur  elle:  il 
peut  se  faire  que  les  elements  mis  en  liberte 
eprouvent  des  modifications  allotropiques,  au 
moins  commencantes,  qui  ge"nent  leur  combi- 
naison nouvelle.  Dans  tous  ces  cas,  1'etablisse- 
ment  d'une  tension  limite,  tout  en  6tant  1'ex- 
pression  generale  du  phenomene,  se  manifestera 
moins  nettement,  parce  que  la  loi  est  compliquee 
par  diff6rentes  circonstances  accessoires.' 

Mercuric  oxide  (Myers,  Bl.  1871).  — The 
experiments  are  so  complicated  by  the  vapour 
of  mercury  set  free  that  no  useful  information 
has  yet  been  drawn  from  them. 


and  carbonic  oxide,  appear  to  dissociate,  and 
have  given  rise  to  some  discussion  (Berthelot, 
A.  Ch.  [3]  46,  48;  Michaelis,  A.  170;  Isambert, 
C.  E.  1878). 

Metallic  hydrides  (Troost  a,  Hautefeuille, 
C.  E.  1874  a.  1875).— These  researches  have 
shown  that  hydrogen  may  be  .associated  with 
metals  in  three  different  ways  :— 1.  By  simple 
condensation  as  in  the  well-known  case  of 
platinum  black.  2.  By  solution.  3.  By  chemi- 
cal combination.  Heating  the  substance  in  a 
closed  space  in  connexion  with  a  manometer  and 
air-pump  will  at  once  show  which  of  the  three 
forms  of  combination  is  exhibited  in  any  special 
instance.  If  the  gas  is  simply  condensed 
there  will  be  no  definite  relation  between  the 
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pressure  and  the  temperature.  It  generally 
happens  that  the  second  and  third  order  of 
phenomena  are  exhibited  together.  In  this  case 
the  gas  that  is  dissolved  will  be  simply  evolved 
on  heating,  and  will  leave  a  more  or  less  definite 
compound  having  a  definite  limiting  dissociation 
pressure. 

For  instance,  potassium  hydride  K2H  '  dis- 
solves '  forty  times  its  volume  of  hydrogen,  so 
that  on  heating  and  exhausting  this  gas  is 
evolved.  It  would  probably,  however,  be  more 
accurate  to  say  that  two  or  more  hydrides  may 
be  formed  of  different  degrees  of  stability.  On 
raising  the  temperature  we  get  a  definite  dis- 
sociation of  the  potassium  hydride  which  re- 
mains. The  numbers  are : — 


Palladium  hydride 

Pressures  of 
Temperatures     dissociation 
mm. 
20                  10 
40                  25 
60                 50 
80                106 
100                232 

?ives  : 

Tempe 

1 

1 
1 
1 

Pressures  of 

Temperatures     dissociation 
mm. 
45 


330 
340 
350 
360 
370 
380 


58 

72 

98 

122 

200 


1400' 


1200 


1000" 


600- 


400- 


Pressures  of 

Temperatures    dissociation 
0  mm. 


390 
400 
410 
420 
430 


363 
548 
736 
916 
1,100 


Pressures  of 

dissociation 

mm. 

467 

812 

1,475 

1,840 


The  compound  formed  by  chlorine  and  water 
dissociates  very  readily,  giving  the  curve  shown 
in  fig.  8. 

Hydrogen  selenide. — The  dissociation  of  this 
gas  has  been  studied  by  Ditte  (C.  -R.  1872. 
980).  It  apparently  presents  the  extraordinary 
anomaly  of  the  dissociation-pressure  not  in- 
creasing continuously  with  the  temperature.  It 
must  be  noted,  however,  that  below  the  tempera- 
ture of  270°  the  velocity  of  the  reaction  is  so 
small  that  the  composition  of  the  gaseous  mix- 
ture has  to  be  determined  by  a  sudden  cooling 
of  the  sealed  tubes  containing  the  gas,  and  a 
subsequent  analysis  of  their  contents.  It  may 
be  very  fairly  asked  how,  in  the  first  place,  this 


Dissociation  of  chlorine  hydrate. 


6  10  15° 

Temperatures. 

Scales  :  5  mm.  for  one  degree  of  temperature,  5  mm.  for  100  mm.  of  pressure. 
FIG.  8. 


And  for  sodium  hydride,  in  which 
much  less  soluble,  the  numbers  are 

hydrogen  is 

procedure  gets  over  the  velocity  difficulty,  and, 
in  the  second  place,  whether  it  is  likely  to  give 

any  information  at  all  seeing  that  no  cooling 

Pressures  of 
Temperatures     dissociation 

Pressures  of 
Temperatures    dissociation 

O                                    mm 

can  take  place  in  an  infinitely  short  time.    The 
following  numbers   will   give  an  idea  of    the 

QQA 

X11LU. 

28 

390 

284 

velocity  of  the  reaction  when  selenion  is  heated 

OO\J 

340 

40 

400 

447 

with  hydrogen  :  — 

350 
360 

57 
75 

410 
420 

698 
752 

Temperature  of  350°. 

370 

100 

430 

910 

Proportion  per 
Number  of      100  of  H~Se 

Proportion  per 
Number  of    100  of  H2Se 

380 

150 

hours             formed 

hours            formed 

10               31-4 

63             37-8 

24               33-1 

74             37 

25               34-3 

96             37-8 

44               36-6 
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Proportion  per 

Number  of      100  of  H.Se 

hours  formed 

15  45-3 

21  48-8 


Temperature  of  440°. 


Proportion  per 
Number  of     100  of  HaSe 
hours  formed 

69  50-6 

165  51-5 


The  effect  on  the  velocity  of  changing  the 
pressure  of  the  hydrogen  is  small,  and  acts  so 
as  to  diminish  the  velocity  when  the  pressure 
increases ;  but  the  limit  of  the  reaction  was 
probably  never  attained  in  these  experiments. 
The  effect  of  porous  bodies  has  also  been  studied 
by  Ditte,  and  the  result  is  that  a  small  but 
definite  increase  of  velocity  is  due  to  their 
action,  which  is  less  marked,  however,  at  high 
than  at  low  temperatures. 

Ammonia  and  carbon  dioxide  (Naumann, 
A.  84  ;  Horstmann,  A.  1887). — The  limiting 
pressures  of  dissociation  of  ammonium  carba- 
mate  are  given  by  Naumann  as  follows  : — 

Pressures  of 
dissociation 
mm. 
97-5 


Tempera- 
tures 


-15 

-10 

-  5 

0 

6 

10 
16 
20 


Pressures  of 
dissociation 

mm. 

2-6 

4-8 

7-5 
12-4 
22 
29-8 
46-5 
62-4 


Tempera- 
tures 


26 
30 
36 
40 
46 
50 
55 
60 


124 
191 
248 
354 
470 
600 
700 


The  velocity  is  small  and  increases  with  the 
temperature ;  it  also  largely  depends  on  the 
extent  of  surface  exposed  by  the  carbamate. 

Naumann  and  Horstmann  have  studied  the 
effect  of  the  presence  of  an  excess  of  ammonia 
or  carbon  dioxide.  They  find  that  the  effect  of 
an  excess  of  either  gas  is  to  hinder  the  dissocia- 
tion. In  other  words,  the  limiting  pressure  is 
diminished  by  the  presence  of  an  excess  of 
either  gas.  This  does  not  appear  to  be  the 
same  for  the  same  excess  of  either  gas.  With  a 
given  excess  the  limiting  pressure  is  greater 
in  carbon  dioxide  than  in  ammonia. 

Case  in  which  carbon  dioxide  is  in  excess  : — 


Case  in  which  ammonia  is  in  excess  :  — 

Total 

Partial 
pres- 

2 

Vapour- 
pressure  of 

£ 

pres- 

sure of 

s 

the  carba- 

1 

sure  ob- 
served 

of  4-01- 

the  gas 
added 

ftt 

mate  in  a 
vacuum  at 

Ratio 

Ratio 

1 

uiter 
mixture 

in 
excess 

ft 

temperature 
considered 

7T 

P 

P-7T 

P 

P 
P 

Pi 
P 

0 

mm. 

mm. 

mm. 

mm. 

21-8 

69-5 

24-4 

45-1 

70-9 

0-36 

0-67 

20-6 

75-2 

35-4 

39-8 

65-3 

0-54 

0-61 

20'8 

86-9 

57-1 

29-8 

66-2 

0-86 

0-45 

17-7 

68-9 

48-6 

30-3 

52-6 

0-92 

0-39 

20-8 

88-5 

66-1 

22-4 

66-2 

1-00 

0-34 

22-0 

103-5 

89-1 

14-4 

72-1 

1-24 

0-20 

20-8 

108-1 

93-4 

14-7 

66-2 

1-41 

0-22 

20-4 

111-8 

92-6 

19-2 

64-3 

1-44 

0-30 

17-3 

99-7 

86-0 

13-7 

51-2 

1-68  iO-27 

21-7 

132-1 

125-2 

6-9 

70-4 

1-78 

0-10 

20-7 

154-5 

141-6 

12-9 

65-8 

2-15 

0-20 

17-3 

128-0 

119-0 

9-0 

51-2 

2-33 

0-17 

21-7 

168-1 

165-8 

2-3 

70-4 

2-36 

0-03 

17-4 

1555 

146-4 

9-1 

51-5 

2-84 

0-18 

21-6 

203-3 

201-2 

2-1 

69-9 

2-88 

0-03 

21-7 

235-0 

232-9 

2-1 

70-4 

3-31 

0-03 

17-1 

180-3 

173-3 

7-0 

50-5 

3-43 

0-14 

20-6 

231-1 

226-4 

4-7 

65-3 

3-47 

0-07 

21-8 

293-6 

292-2 

1-6 

70-9 

4-15 

0-02 

20-8 

295-6- 

289-2  i     6-4 

66-2 

4-43 

o-io 

21-6 

325-9 

324-8       1-1 

69-9 

4-61 

0-02 

21-9 

374-5 

372-2       2-3 

71-5 

5-24 

0-03 

20-5 

417-4 

416-2 

1-2 

64-8 

6-42 

0-02 

17-8 

359-8 

355-3 

4-5 

53-0 

6-71  |  0-08 

Total 

Partial 

Vapour- 

pres- 

S 

pressure  of 

| 

E 

pres- 
sure ob- 
served 
after 

sure  of 
the  gas 
added 

i 

the  carba- 
mate  in  a 
vacuum  at 

Ratio 

Ratio 

1 

mixture 

in 

excess 

p 

temperature 
considered 

H 

7T 

p 

P-7T 

in 

P 

PL 

=Pl 

F 

P 

P 

o 

mm. 

mm. 

mm. 

mm. 

20-4 

78-9 

33-5 

45-4 

66-2 

0-52 

0-71 

21-8 

105-8 

69-9 

35-9 

71-0 

0-98 

0-81 

18-3 

112-4 

87-4 

25-0 

55-0 

1-59 

0-45 

18-3 

145-4 

122-3 

23-1 

55-0 

2-22 

0-42 

17-9 

167-9 

148-9 

19-0 

53-3 

2-79 

0-36  ' 

18-6 

203-4 

185-5 

17-9 

56-3 

3-28 

0-32 

17-9 

193-3 

175-7 

17-6 

53-3 

3-30 

0-33 

17-8 

225-3 

208-4 

16-9 

53-0 

3-93 

0-32 

17-6 

243-6 

228-5 

15-1 

52-3 

4-37 

0-29 

18-6 

302-9 

288-8 

14-6 

56-5 

5-10 

0-26 

17-7 

297-5 

285-6 

12-9 

52-6 

5-43 

0-24 

17-7 

328-8 

315-8 

13-0 

52-6 

5-99 

0-25 

18-4 

353-7 

340-7 

13-0 

55-5 

6-14 

0-23 

18-4 

426-4 

416-8 

9-6 

55-4 

7-52 

0-18 

II.  Dissociation  in  homogeneous  sys- 
tems.— Theoretically  by  far  the  simplest  cases; 
numerical  results  are,  however,  obtained  with 
greater  difficulty  than  in  the  cases  last  con- 
sidered. 

Amylene  bromide  (Wurtz,  C.  E.  60,  729). 
C5HHBr  dissociates  when  heated  into  amylene 
and  hydrobromic  acid;  the  dissociation  is  com- 
plete at  360°.  Wurtz  measured  the  thermal 
changes  produced  by  mixing  amylene  vapour 
and  hydrobromic  acid,  and  found  that  at  360° 
the  change  was  zero,  and  became  increasingly 
positive  as  the  temperature  fell  (C.  R.  72).  Here 
then  we  have  for  the  second  time  a  proof  of 
dissociation ;  the  heat  of  combination  of  amyl- 
ene and  hydrobromic  acid  bears  a  simple  relation 
to  the  amount  of  dissociation  as  deduced  from 
the  vapour  density  observations.  Want  of  agree- 
ment, however,  was  noticed  in  some  experiments, 
and  attributed  by  Wurtz  to  the  limit  not 
being  obtained  in  all  cases  since  the  velocity  is 
small. 

Phosphorus  pentachloride  PC15.  Owing  to 
the  researches  of  Wurtz  on  the  vapour  density 
of  this  body  we  may  consider  that,  subject  to 
the  application  of  Avogadro's  law,  dissociation 
has  in  this  case  been  demonstrated.  The  pri- 
mary object  of  Wurtz's  experiments  was  to  find 
whether  the  vapour  of  phosphorus  pentachloride 
conformed  to  the  law  of  Avogadro ;  assuming 
this  to  be  the  case,  it  follows  that  dissociation 
must  take  place  in  the  observed  cases  of  ano- 
malous vapour  density.  Applying  the  principle 
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of  the  action  of  mass,  Wurtz  hit  on  the  notion 
of  measuring  the  vapour  density  of  the  penta- 
chloride  when  it  was  vapourised  into  an  atmo- 
sphere of  phosphorus  trichloride  vapour.  From 
the  analogy  of  other  experiments  the  effect  of 
the  trichloride  should  be  to  prevent  dissociation, 
supposing  it  to  take  place  under  ordinary  cir- 
cumstances. This  was  found  to  be  the  case, 
and  thus  it  was  proved  that  phosphorus  penta- 
chloride  does  obey  Avogadro's  law ;  or  if  we  as- 
sume that  Avogadro's  law  expresses  the  very 
nature  of  the  gaseous  state  under  all  circum- 
stances whatever,  then  the  dissociation  of  the 
pentachloride  under  ordinary  circumstances  may 
be  considered  to  be  demonstrated. 

The  experiments  of  Cahours  were  made  at 
ordinary  pressures ;  of  Wurtz  and  of  Troost  and 
Hautef  euille  at  low  pressures ;  the  low  pressures 
were  produced  by  Wurtz  by  the  method  of  mix- 
ing air  with  the  vapour,  and  by  Troost  and 
Hautef  euille  directly  by  means  of  an  air-pump. 
The  numbers  are  : — 

Experiments  of  Cahours  at  atmospheric 
pressure. 


1 

Eatio 

Eatio 

a 

Vapour 

X 

1-x 

I 

Density 

of  PC1S  combined 
to  PC1S  possible 

of  PC1S  dissociated 
to  PC1B  possible 

o 

182 

5-078 

0-58 

0-42 

190 

4-987 

0-55 

0-45 

200 

4-851 

0-51 

0-49 

230 

4-302 

0-32 

0-68 

250 

3-991 

0-20 

0-80 

274 

3-840 

0-12 

0-98 

288 

2-67 

0-03 

0-97 

289 

3-69 

0-04 

0-96 

300 

3-654 

0-02 

0-98 

327 

3-656 

0-02 

0-98 

336 

3-656 

0-02 

0-98 

Experiments  of  Wurtz. 

Low  pressures  obtained  by  the  diffusion  of 

the  vapour  into  air. 


1 

Partial  pres- 

Density of 

Eatio 

X 

Eatio 
\—x 

1 

sure  sus- 
tained by 
the  diffused 
vapour 

the  vapour 
of  the 

chloride 

of  PC1S 
combined 
to  PC1S 
possible 

of  PC1S 
dissociated 
to  PC1S 
possible 

o 

mm. 

129 

170 

6-63 

0-91 

0-09 

129 

165 

6-31 

0-86 

0-14 

129 

191 

6-18 

0-83 

0-17 

137 

148 

6-47 

0-88 

0-12 

137 

243 

6-46 

0-88 

0-12 

137 

234 

6-42 

0-87 

0-13 

137 

281 

6-48 

0-89 

0-11 

137 

269 

6-54 

0-90 

0-10 

145 

311 

6-70 

0-92 

0-08 

145 

307 

6-33 

0-86 

0-14 

145 

391 

6-55 

0-90 

0-10 

Experiments  of  Troost  and  Hautefeuille. 
Low  pressures  obtained  directly  by  a  partial 


vacuum. 


Temperatures 

Pressure  of 
the 
vapour 

Density  of 
the  vapour 
of  the 
per- 
chloride 

Eatio 

of  PC1S 
combined 
to  PC15 
possible 

Ratio 
l-.r 
of  PC13 
dissociated 
to  PC15 
possible 

o 

mm. 

144-7 

247 

6-14 

0-82 

0-18 

148-6 

244 

5-964 

0-79 

0-21 

150-1 

225 

5-886 

0-77 

0-23 

154-7 

221 

5-619 

0-72 

0-29 

167-6 

221-8 

5-415 

0-67 

0-33 

175-8 

253-7 

5-235 

0-62 

0-30 

178-5 

227-2 

5-150 

0-60 

0-40 

The  results  of  Troost  and  Hautefeuille  are 
probably  the  best,  because  there  is  reason  to 
suppose  that  the  limit  was  not  always  reached 
by  Wurtz,  and  he  had  no  right  to  treat  the 
vapour  as  accurately  fulfilling  the  law  of  Boyle. 

Lemoine  has  calculated  the  influence  of  an 
excess  of  trichloride  vapour  from  the  experi- 
ments of  Wurtz  and  Cahours. 

Hydriodic  acid  (Lemoine,  C.  R.  1875  and 
1877  ;  A.  Ch.  1877). — Hydriodic  acid  was  chosen 
by  Lemoine  as  the  subject  of  an  exhaus- 
tive series  of  experiments  for  the  following 
reasons.  The  chemical  constitution  of  hydriodic 
acid  is  the  simplest  possible  for  a  compound; 
the  products  of  its  dissociation  are  gaseous  at 
manageable  temperatures,  and  the  thermal 
changes  undergone  during  dissociation  are  very 
small;  the  velocity  of  the  changes  is  large 
enough  to  be  manageable. 

Velocity  of  formation  or  decomposition  of 
hydriodic  acid  varies  enormously  with  the  tem- 
perature. At  440°  equilibrium  is  restored 
almost  in  an  hour ;  at  350°  days  are  required ; 
while  at  260°  the  period  is  one  of  months.  The 
decomposition  of  hydriodic  acid  at  260°  appears 
to  be  much  slower  than  the  combination  of 
hydrogen  and  iodine  vapours. 

Relation  of  free  to  total  hydrogen  at  the  end 
of  8  hours,  beginning  with  (a)  hydriodic  acid, 
(b)  mixture  of  hydrogen  and  iodine. 


Temperatures 
350° 
440° 


Hydriodic  acid 
0-03 
0-22 


Mixture  of  hydrogen 

and  iodine 

0-69 

0-25 


Again,  the  velocity  depends  on  the  pressure, 
being  greater  the  greater  the  pressure.  Thus,  at 
the  end  of  8  hours— 

At  a  pressure  of  4  atmospheres  0-44  free, 
leaving  0-56  combined. 

At  a  pressure  of  2  atmospheres  0-69  free, 
leaving  0'31  combined. 

At  a  pressure  of  1  atmosphere  0'97  free, 
leaving  0-03  combined. 

At  the  end  of  34  hours  we  shall  have — 

At  a  pressure  of  4  atmospheres  0-29  free, 
leaving  0-71  combined. 

At  a  pressure  of  2  atmospheres  0*48  free, 
leaving  0-52  combined. 

At  a  pressure  of  1  atmosphere,  0*61  free, 
leaving  0*39  combined. 
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The  relation  of  velocity  to  pressure  is  rendered 
clearer  by  the  curves  shown  in  figs.  9, 10,  and  11. 

The  horizontal  lines  represent  the  time  in 
days.  The  vertical  lines  represent  the  relation 
of  the  free  hydrogen  to  the  hydrogen  introduced 
(free  hydrogen  persisting  if  we  begin  with  iodine 
and  hydrogen ;  set  at  liberty  if  we  start  with 
hydriodic  acid). 

The  value  of  the  limit  varies  with  the  tem- 
perature and  pressure,  but  varies  much  less  than 
the  velocity.  The  variation  appears  to  be  regular. 
The  effect  of  pressure  is  very  small  but  real,  and 
more  marked  at  high  temperatures  than  at  low 
ones.  Compression  appears  to  make  combina- 
tion more  complete.  Special  care  was  taken  to 
insure  the  attainment  of  the  limit.  A  small 
correction  has  to  be  made  for  the  action  on  the 
glass,  this  has  been  determined  experimentally 
and  found  to  make  the  corrected  value  of  the 
limit  greater  than  the  uncorrected  value  :  a  very 
curious  result.  The  ratio  of  free  to  total  hydro- 
gen at  4-5  atmospheres  is  increased  about  4  p.c., 
and  at  9  atmospheres  about  14  p.c.,  but  these 
actual  values  can  hardly  be  considered  quite 
satisfactory.  The  curve  shown  in  fig.  12  indicates 
the  relation  between  the  limit  and  the  pressure. 


Hydrogen  and  iodine  vapour  heated  to  440° 
in  variable  proportions,  the  pressure  remaining 
constant  (Lemoine). 


Duration  of 

Pressure  at 

Ratio  of  the 

the  experi- 

440° of  the 

equivalents 

Ratio  of  free  to 

ment  in 

hydrogen 

of  iodine  and 

total  hydrogen. 

hours 

alone 

hydrogen 

atm. 

11 

2-20 

1-000 

0-240 

5 

2-33 

0-784 

0-350 

4 

2-33 

0-527 

0-547 

22| 

2-31 

0-258 

0-774 

26 

0-37 

1-360 

0-124? 

(Hautefeuille) 

n 

0-45 

1-000 

0-260 

8 

0-41 

0-623 

0-676f 

14 

0-45 

0-580 

0-614f 

9a 

0-46 

0-561 

0-600  \ 

22 

0-48 

0-526 

0-563 

22£ 

0-48 

0-256 

0-794? 

t  These  three  experiments,  which  lasted  respectively 
8,  14,  and  9fc  hours,  were  not  sufficiently  prolonged,  and 
the  limit  was  not  reached. 

In  considering  the  gaseous  volumes  for  a 
point,  m,  in  the  curve  (fig.  13),_pw  is  the  volume 
of  hydrogen  remaining  free,  mr  is  the  volume  of 


Curves  representing  the  proportion  of  gas  remaining  free  in  a  mixture  of  hydrogen  and  iodine 
vapour  in  equal  volumes,  or  in  hydriodic  acid  heated  to  the  temperature  of  350°  (Lemoine). 


Pressure  =  4  atmospheres. 
Hydrogen  and  iodine. 


1-0 

0-8- 

0-6 

0-4- 

0-2- 


10 


15  days. 


FlG.  9. 


i-o- 

0-8 
0-6  1 
0-4 
0-2 


Pressure  =  2  atmospheres. 
Hydrogen,  and  iodine  (descending  curve). 
Hydriodic  acid  (ascending  curve). 


10 


15  days. 


FlG.  10. 


The  ordinates  marked  by  points  represent 
the  relation  of  the  free  hydrogen  to  the  total 
hydrogen  calculated  when  the  action  of  the 
glass  is  neglected ;  the  ordinates  marked  by 
crosses  represent  the  same  relation,  taking  this 
action  into  account,  for  eight  hours'  heating. 

Excess  of  one  of  the  elements  has  the  same 
effect  as  diminishing  the  pressure  as  far  as 
velocity  goes,  that  is,  velocity  diminishes  with 
an  excess  of  either  element. 

The  influence  on  the  value  of  the  limit  is 
much  more  marked.  '  An  excess  of  either  element 
gives  stability  to  the  compound.'  This  is  shown 
by  the  curve  (fig.  13)  and  the  following  table : — 

VOL.  II. 


hydrogen  combined,  and  consequently  also  the 
volume  of  iodine  vapour  combined  ;  the  volume 
of  iodine  vapour  introduced  =  Ar  =  rq  (since  AB 
is  inclined  at  45  degrees) ;  mq  is  therefore  the 
volume  of  iodine  uncombined.  The  ratio  of  the 
hydriodic  acid  dissociated  to  the  hydriodic  acid 
possible  is  therefore  that  of  the  lines  mq  and  rq. 
If  all  the  iodine  combined,  the  curve  would  be 
reduced  to  the  straight  line  AB.  If  with  an  in- 
finitely small  quantity  of  iodine  there  was  no 
dissociation,  the  curve  would  be  tangential  to  AB ; 
this,  however,  does  not  occur. 

We  may  take  from  the  curve  the  ratio  of  the 
hydriodic  acid  dissociated  to  the  '  possible  '  hy- 

DD 
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driodic  acid,  that  is  to  say,  the  amount  of  hy- 
driodic  acid  which  would  be  formed  were  all  the 
iodine  taken  up  by  the  hydrogen.  In  the  case 
where  the  temperature  is  440°,  and  the  partial 
pressure  of  the  hydrogen  is  2-3  atmospheres,  we 
get  the  following  : — 

Ratio  of  the  number  Ratio  of  HI  dis-  Ratio  of  HI  per- 

of  equivalents  of  sociated  to  HI  sistent  to  HI 

iodine  and  hydrogen  possible  possible 

1-OOOH  +  I  0-24  0-76 

1-OOOH  +  0-7841  0-17  0-83 

1-OOOH  +  0-5271  0-14  0-86 

1-OOOH +  0-2581  0-12  0-88 

Again,  if  we  cause  1  equivalent  of  iodine  to 
act  respectively  on  1,  2,  3,  &c.,  equivalents  of 


alter  the  velocity  enormously,  but  have  only  a 
small  influence  on  the  limit.  The  action  of 
sunlight  appears  in  some  cases  to  destroy  the 
limit  entirely,  and  to  cause  perfect  combina- 
tion. 

Methyl  ether  and  hydrochloric  acid  (Friedel, 
C.  R.  81). — When  a  mixture  of  methyl  ether 
and  hydrochloric  acid  is  passed  through  well- 
cooled  tubes  a  liquid  is  formed  whose  composi- 
tion is  variable,  and  may  be  considered  to  be 
represented  by  the  formula  £c(CH3).20  +  7/HCl. 
If  the  gases  are  merely  mixed  a  dissociable 
system  is  obtained,  behaving  in  many  ways  like 
the  one  last  considered,  but  differing  from  it  in 
that  a  contraction  of  volume  takes  place  during 
the  combination  of  the  ether  with  the  hydro- 


Pressure  =  1  atmosphere. 
Hydrogen  and  iodine. 


1-0 

0-8 

0-6- 

0-4- 

0-2- 


5  10  15  days. 

Scales  :  0-2  mm.  per  hour  or  4*8  mm.  per  day  :  2  mm.  for  one-tenth  of  gas  remaining  free. 

FIG.  11. 

Curve  representing  the  relation  of  the  free  hydrogen  to  the  total  hydrogen,  that  is  to  say  the  limit 
of  decomposition  of  hydriodic  acid,  at  440°  for  different  pressures. 


0-3 


0-2 


4 


6  atmospheres. 


0  123 

Pressures. 

Scales  :  10  mm.  for  one  atmosphere,  and  10  mm.  for  O'l  of  hydriodic  acid  decomposed. 
FIG.  12. 


hydrogen,  we  get  the  following  relations,  which 
may  be  put  in  a  curve  (fig.  14)  :— 

Ratio  of  HI  dis-    Ratio  of  HI  per-  ; 

sociated  to  HI          sistent  to  HI 

possible  possible 

0-26  0-74 

0-16  0-84 

0-13?  0-87 

0-12  0-88 


Composition  of  the 
system  introduced. 

H  +  I 
2H  +  I 
3H  +  I 
4H  +  I 


Lemoine  considers  it  probable  that  an  indefi- 
nite increase  of  one  of  the  reacting  bodies  would 
never  tend  to  produce  total  combination  of  the 
other.  Berthelot  doubts  this. 

Porous  bodies,  and  especially  platinum  black, 


chloric  acid.  This  facilitates  observation,  but 
makes  the  application  of  theory  more  difficult. 
The  velocity  of  the  reaction  is  so  great  as  to  be 
unobservable. 

The  condensation  amounts  to  one-half  the 
volume  of  the  mixed  gases. 

Vapour  density  of  oxide  of  methyl  is      .     1-592 
„  „          hydrochloric  acid  is  .     1-263 

„  „          compound     if      com- 

pletely formed  is    .     2-854 
,,  ,,          mixture  of  equal  vo- 

lumes    of    methyl 
oxide  and  HC1  is         1-43 
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I.  Rise  of  temper  a  ture  increases  dissocia- 

tion.   Numbers  are  :— 

If  the  combination  be  total    . 

Vapour  density 
2-884 

At  the  temperature  of 

5° 

1-645 

»l 

15° 

1-570 

25° 

1-537 

35° 

1-516 

45° 

1-506 

55° 

1-498 

65° 

1-488 

75° 

1-483 

85° 

1-474 

95° 

1-467 

If  the  decomposition  be  total 

1-430,  orl-442 

with  the  gaseous  mixture  employed  by  Frie- 
del. 

II.  Influence  of  pr ess ure.—  Dissociation 
diminishes  with  increasing  pressure,  thus : — 

Vapour  density 


If  the  decomposition  were  total 
At  the  pressure  of  670mm.  of  mercury 
750 
850 
950 
1050 
1100 
If  the  combination  were  total  . 


1-430 
1-537 
1-548 
1-565 
1-583 
1-602 
1-611 
2-854 


III.  Influence  of  an  inert   gas,  such  as 
air,  is  the  same  as  that  of  a  reduced  pressure. 

Curve  representing  the  ratio  of  free  hydrogen  to  total  hydrogen  in  a  mixture  of  hydrogen  and 

iodine  vapour  heated  to  440°  in  variable  proportions. 
The  volume  of  hydrogen  OA  =  OB  is  constant,  and  in  excess  with  respect  to  the  iodine. 


0  0-2  p  0-4  0-6  0-8  1-0 

Numbers  of  equivalents  of  iodine  for  one  equivalent  of  hydrogen. 
Scales  :  7'5  mm.  represent  O'l  equivalent  of  iodine  for  one  equivalent  of  hydrogen ;  7'5  mm.  represent  O'l  of  hydrogen 

remaining  free  for  1-0  of  hydrogen  introduced. 

The  curve  uniting  the  points  represents  the  experiments  at  high  pressures. 

The  crosses  represent  the  experiments  at  low  pressures. 

FIG.  13. 

Curve  representing  the  ratio  of  the  hydriodic  acid  dissociated  to  the  hydriodic  acid  possible  in  a 
gaseous  system,  in  which  one  equivalent  of  iodine  vapour  is  heated  to  440°  in  presence  of  vari- 
able quantities  of  hydrogen. 

0-4 


1-2 


0-3 


0-2 

o-i 

y 

~~    r  —  —  - 

r 

012  4 

Number  of  equivalents  of  hydrogen  for  one  equivalent  of  iodine. 
Scales  :  20  mm.  for  each  equivalent  of  hydrogen  :  7-5  mm.  for  0-1  of  hydriodic  acid  dissociated. 

FIG.  14.  D  D  2 
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IV.  Effect  of  excess  is  the  same  as  for  hy- 
driodic  acid.  When  the  temperature  is  about 
20°  and  the  pressure  1  atmosphere,  the  numbers 
are  the  following : — 


Excess  of  oxide  of  methyl 

(with  respect  to  the 
total  volume  of  the  mixture) 

=  0 
0-10 
0-20 
0-40 
0-60 

Excess  of  hydrochloric  acid 
(with  respect  to  the  total 
volume  of  the  mixture) 

=  0 

0-10 
0-20 
0-40 
0-60 


Contraction  (with  respect 
to  double  the  volume  of 
the  less  abundant  gas) 

=  5-8 

7-7 

8-9 

10-8 

11-8 


5-8 

7-7 

8-6 

10-4 

11-2 


These  may  be  put  in  a  curve  thus  : — 


By  a  simple  calculation  the  fraction  of  dis- 
sociation may  be  obtained  from  the  vapour- 
density  observed.  If  y  is  the  weight  of  compound 
dissociated,  and  p  is  the  total  weight  per  litre, 

we  find  that  the  fraction  £  may  be  calculated 
P 

y      2'88 
from  the  equation  2  =  — _  - 1,  where  d  is  the 

p       a 

observed  vapour-density.     Thus  the  influence 
of  temperature  is  given  by  the  numbers  : — 


Temperature 

5° 
15 
25 
35 
45 
55 
65 
75 
85 
95 


ratio  z.  dissociated  at 

P 
different  temperatures 

0-75 

0-84 

0-88 

0-90 

0-92 

0-93 

0-94 

0-95 

0-96 

0-97 


Curve  representing  the  contraction  of  a  mixture  of  hydrochloric  acid  and  oxide  of  methyl,  in 
which  one  of  the  two  gases  is  in  excess. 


OM  0-2        0-1         0         0-1        0'2  0-4  0'6 

Excess  of  oxide  of  methyl  +  Excess  of  hydrochloric  acid. 

Excess  in  ratio  of  the  total  volume  of  the  mixture. 

Scales  :  17  mm.  for  a  contraction  of  10  per  cent,  with  respect  to  double  the  volume  of  the  less  abundant  gas 
7-6  mm.  for  0-1  of  one  of  the  gases  in  excess  in  a  volume  of  the  mixture  equal  to  1. 

FIG.  15. 


Curve  representing  the  fraction  of  dissociation  ^  in  a  mixture  of  hydrochloric  acid  and  oxide  of 
methyl,  when  one  of  the  bodies  is  in  excess. 


v- 


-JLO 


-0-6 


c 


0-6        0-5        0'4        0-3        0-2         O'l          0         O'l         0'2        0'3         0'4        0'5         0-6 
Excess  of  oxide  of  methyl  +  Excess  of  hydrochloric  acid. 

Excess  with  respect  to  the  total  volume  of  the  mixture. 

Scales  :  5  mm.  for  0*1  of  the  possible  combination  dissociated  ;  7-5  mm.  for  01  of  one  of  the  gases  in  excess 
in  a  total  volume  of  the  mixture  equal  to  1. 

FIG.  16. 
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The  influence  of  pressure  is  given  by  the 
numbers : — 

Ratio  t  dissociated  at  the 

Pressure  same  temperature  and  at 

mm.  different  pressures 

670  0-88 

750  0-86 

850  0-84 

950  0-82 

1,050  0-80 

1,100  0-79 

When  the  combination  takes  place  between 
two  gases,  of  which  one  is  in  excess,  the  reduc- 
tion is  more  complicated.  However,  it  is  not 
difficult,  and  is  given  by  Lemoine,  page  89  of 
his  book.  The  effect  of  an  excess  expressed  in 
this  way  is  given  by  the  following  numbers,  and 
in  the  curve,  fig.  16 : — 

Oxide  of  methyl  in  excess. 

Contraction 

Excess  with    with  respect 

respect  to     to  double  the  Fraction  of 

the  total         volume  of  Excess  p.  dissociation 

volume  of  the       the  less  expressed  in             y 
mixture       abundant  gas  equivalents              p 

0                 0-058  0                   0-884 

0-10            0-077  0-222            0-846 

0-20            0-089  0-500            0-822 

0-40            0-108  1-333            0'784 

0-60            0-118  3-000            0-764 

Hydrochloric  acid  in  excess. 
0  0-058  0  0-884 

0-10  0-077  0-222  0-846 

0-20  0-086  0-500  0-828 

0-40  0-104  1-333  0-792 

0-60  0-112  3-000  0-776 

The  calculations  involve  an  assumption  of 
the  applicability  of  Boyle's  law,  which  is,  how- 
ever, only  justifiable  in  a  limited  degree,  espe- 
cially with  respect  to  the  ether  vapour. 

Amongst  other  dissociable  systems  which 
have  been  more  or  less  studied  we  may  notice 

Calomel,  by  Debray  (C.  R.  83,  30). 

Ammonium  chloride,  by  Deville  (Leqons)\ 
Pebal  (A.  Ch.  [3]  77,  93) ;  Marignac  (Bl  1867. 
vol.  2). 

Pebal's  researches  have  been  already  com- 
mented on. 

Ammonium  sulphide. — Among  others,  by 
Bineau  (A.  Ch.  70,  26) ;  Deville  and  Troost 
(C.R.  56,  891;  88, 1239);  Horstmann  (A.Suppl. 
1863) ;  Salet  (C.  E.  86,  1080) ;  Mortessier  a. 
Engel  (C.  R.  1879). 

Chloral  hydrate.— The  subject  of  much 
discussion  by  Troost,  Wurtz,  Deville,  Berthelot, 
Naumann,  &c.  Remarkable  for  an  ingenious 
test  introduced  by  Troost  to  determine  the 
presence  or  absence  of  water-vapour,  as  well  as 
its  pressure,  in  the  vapour  of  chloral  hydrate. 
The  method  consists  in  exposing  hydrated  salts 
of  known  vapour-pressure  to  the  action  of  the 
vapour  and  observing  whether  they  become 
more  or  less  hydrated.  This  method,  how- 
ever, appears  troublesome  in  practice,  and  has 
hitherto  led  to  contradictory  results  (v.  Lemoine, 
faudes,  93). 

Dissociation  of  salts  in  solution  v.  SOLUTION. 


Dissociation  produced  by  electrical  agency. 
A  rough  and  provisional  theory  has  already  been 
given  of  the  action  of  the  electrical  discharge  in 
producing  dissociation 

Methods  employed. 

I.  A  series  of  sparks  may  be  caused  to  pass 
between    the   terminals  of   a    eudiometer-tube 
containing  the  gas  to  be  experimented  on.     In 
this  case  care  must  be  taken  to  prevent  the 
heating  of  the  terminals,  otherwise  the  rise  of 
temperature  produced  in  their  neighbourhood 
will  influence  the  effects  to  be  observed  in  an 
unknown  manner. 

II.  The  most  powerful  arrangement  yet  de- 
vised is  the  apparatus  of  Siemens.  This  consists 

!  essentially  of  two  concentric  glass  tubes ;  the 
|  outer  surface  of  the  larger  tube  and  the  inner 
surface  of  the  smaller  tube  are  both  coated  with 
some  conducting  material.  The  gas  to  be  ex- 
perimented  on  passes  through  the  annular  space 
between  the  two  glass  tubes.  Let  the  two  con- 
ducting surfaces  be  kept  at  different  potentials ; 
then  it  can  be  shown  that  there  will  be  an  elec- 
trical distribution  over  the  surfaces  of  discon- 
tinuity of  the  dielectric.  That  is,  there  will  be 
a  distribution  over  the  inner  surface  of  the  outer 
tube,  and  over  the  outer  surface  of  the  inner 
tube.  The  difference  of  potential  between  these 
two  surfaces  will  increase  as  the  difference  of 
potential  between  the  conducting  surfaces  in- 
creases. A  point  will  finally  be  reached  when 
the  difference  of  potential  of  the  distribution 
between  the  glass  surfaces  becomes  sufficient  to 
produce  a  breaking  down  of  the  insulation  of  the 
dielectric,  and  an  ordinary  discharge  will  be  the 
result.  The  electric  field  in  the  instruments 
generally  sold  is  fairly  uniform,  and  the  apparent 
electric  strength  of  the  insulating  layer  of  gas 
is  proportionately  large.  The  discharge,  when 
it  does  take  place,  consists  of  an  enormous 
number  of  small  sparks.  It  is  to  this  fact  that 
the  efficiency  of  the  apparatus  is  doubtless  to 
be  traced. 

Ozone. — The  subject  of  many  experiments. 

Hautefeuille  and  Chappuis  (C.  R.  1880)  give 

the  following  numbers,  for  the  proportion  of 

ozone  formed,  as  representing  the  limits  at  dif- 

I  ferent  temperatures  and  pressures : — 

Proportion  of  ozone  by  weight. 

Pressure  -23°  0°               20°              100° 

760mm.  0-214  0-149  0-106 

380     „  0-204  0-152  0-125        0-0117 

300     „  0-201  0-153  0-112 

225     „  0-191  0-153  0-104        0-0118 

180     „  0-181  0-137  0-089 

The  slow  resolution  of  the  mixture  of  ozone 
and  oxygen  produced  in  any  of  these  experiments 
j  into  pure  oxygen  would  form  a  convenient  field 
for  experiments  on  velocity.  A  certain  number 
of  such  experiments  has  been  made  by  Berthelot 
(C.  R.  1880)  :— 

Proportion 

of  ozone 

At  the  commencement  5-3 

After  1  day  2-9 

2  days  2-1 

6     „  1-2 

14     „  0-4 

51     „  traces 

60    ,  zero 
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Nitrogen  and  Oxygen. —  May  be  caused  to 
combine  under  the  influence  of  the  electric 
spark.  This  experiment  is  chiefly  interesting 
historically. 

Nitrogen.— "Li  has  already  been  pointed  out 
that  the  efficiency  of  the  spark  in  producing 
dissociation  of  an  observable  character  will  de- 
pend greatly  on  the  form  of  the  discharge.  This 
is  a  very  obscure  subject  and  cannot  be  treated 
here.  The  reader  is  recommended  to  consult 
a  paper  by  J.  J.  Thomson  on  the  electric  dis- 
charge in  gases  (P.  M.  1883).  It  is  there  shown 
that  the  pressure  must  exercise  a  very  important 
influence  on  the  phenomena  to  be  observed. 

At  pressures  of  about  0-8  mm.  a  discharge  of 
a  peculiar  kind  obtained  from  an  induction  coil 
by  inserting  a  large  resistance  in  the  circuit  was 
observed  by  Thomson  and  Threlfall  (Pr.  1886) 
to  produce  a  contraction  in  an  atmosphere  of 
pure  nitrogen.  On  heating  the  resulting  gas 
the  original  volume  was  recovered.  This  effect 
probably  points  to  the  production  of  an  allotropic 
form  of  nitrogen. 

Ammonia  forms  a  dissociable  system :  the 
limit  is  here  very  high :  that  is  the  ammonia 
may  be  almost  completely  decomposed.  On  the 
other  hand,  of  course  only  a  very  slight  combi- 
nation is  produced  if  we  start  from  nitrogen  and 
hydrogen,  though  this  may  be  made  indefinitely 
great  by  removing  the  ammonia  formed.  Some 
peculiar  views  have  been  put  forward  in  this 
connexion  by  Johnson  (P.  B.  1886,  No.  2  ;  v.  also 
Pamphlet,  Elementary  Nitrogen,  and  on  the 
Synthesis  of  Ammonia,  by  Johnson  [Churchill, 
1885]). 

Carbon  dioxide  is  decomposable  with  a  very 
low  limit.  If  a  bit  of  phosphorus  be  placed 
in  the  tube  to  absorb  the  oxygen  as  fast  as  it  is 
formed  the  reaction  becomes  unlimited.  The 
inverse  case  of  carbonic  oxide  and  oxygen  is 
curious.  Theoretically,  from  the  experiments 
on  carbon  dioxide,  combination  should  take  place 
easily,  or  rather  the  limit  should  be  high.  How- 
ever, in  an  experiment  continued  for  six  hours 
very  little  carbon  dioxide  was  produced,  if  any. 
This  may  be  accounted  for  if  we  assume  the 
velocity  of  the  reaction  to  be  extremely  slow, 
though  there  is  no  other  reason  for  such  an  as- 
sumption. 

Water-vapour,  decomposed  with  difficulty. 

Acetylene. — As  the  products  of  decompo- 
sition are  liquid  the  reaction  is  unlimited.  If 
the  sparks  are  large,  carbon  is  deposited  and  the 
reaction  goes  on  till  the  gas  consists  of  about 
seven  volumes  of  hydrogen  to  one  of  acetylene. 
In  this  case  there  is  an  approximate  limit. 
Berthelot  has  examined  its  relation  to  the  pres- 
sure, and  gives  the  following  numbers  : — 


Pressure  in 

metres 
of  mercury 

3-46 

0-76 

0-42 

0-41 

0-31 

0-23 
0-18 
0-10 


Limiting  proportion 

of  acetylene 
per  100  volumes 
11-9 

12-0  to  12-5 
11-9 
12-0 

6-5 

3-5 
3-1 
3-1 


It  will  be  noticed  that  the  relation  is  not  con- 
tinuous, this  is  probably  to  be  traced  to  the  fact 
that  the  products  of  decomposition  depend  on  the 
kind  of  spark  employed,  and  this  is  itself  con- 
ditioned by  the  pressure  of  the  gas. 

Hydrocyanic  acid.  —  This  is  formed  from 
acetylene  and  hydrogen  by  the  action  of  the 
spark.  The  reaction  is  complicated  by  the 
production  of  other  and  more  complex  sub- 
stances. 

Theories  of  Dissociation. 

A.  Theories  which  endeavour  to  account  for 
the  phenomena  of  dissociation  and  give  results, 
numerically  comparable  with  experiment,  based 
on  the  principle  of  the  action  of  mass  ;  Lemoine, 
Guldberg  a.  Waage,  Van  't  Hoff. 

B.  Theories  based  on  the  kinetic  theory  of 
gases  ;  Clausius  and  Lemoine. 

C.  Theories  based  on  the  generalisation  of 
the    principles    of   thermodynamics  ;     Willard 
Gibbs,  Horstmann,  Peslin,  Van  der  Waals. 

D.  Theory  based  on  the  vortex-atoms  hypo- 
thesis ;  J.  J.  Thomson. 

E.  Theory  deduced  from  general  equations 
of  dynamics  ;  J.  J.  Thomson. 

THEORY  OP  THE  ACTION  OF  MASS  SIMPLY 
(Pfaundler  and  Lemoine).  —  Let  two  gases  A  and 
B  in  a  system  be  in  circumstances  permitting 
combination.  Let  there  be  N  molecules  of 
A,  and  N'  molecules  of  B,  in  a  certain  closed 
space.  Other  things  being  equal,  the  chance 
of  a  molecule  of  A  combining  with  a  molecule 
of  B  will  be  greater  the  greater  the  number 
of  molecules  of  B  in  its  immediate  neighbour- 
hood. Similarly  the  chance  of  combination 
of  a  molecule  of  B  will  depend  on  the  number 
of  molecules  of  A  in  its  immediate  neighbour- 
hood. If  dy  is  the  amount  of  combination  in 
time  dt  we  shall  have 


If  we  assume  that  the  functions  are  identical, 
which  amounts  to  supposing  that  an  excess  of 
either  gas  would  have  the  same  influence  on  the 
result,  this  becomes 


If  the  gases  do  not  combine  in  equal  volumes 
the  violent  supposition  is  made  that  a  combina- 
tion takes  place  first  of  all  by  equal  volumes, 
and  that  then  a  further  combination  goes  on 
with  the  other  volumes  step  by  step.  Taking  the 
case  of  a  combination  of  one  volume  of  A  with 
two  of  B  first  of  all  in  tiiaedt  we  have  an  amount 
of  compound  formed  given  by  the  last  equation, 
viz.  :  — 

dy=bf(N)f(W)dt. 

This  then  combines  with  another  volume  of 
B  or 


A  further  assumption,  that  the  amount  of 
chemical  change  is  simply  proportional  to  the 
masses  in  presence,  reduces  our  first  case  to 


at 
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and  our  second  to 


=  6NN'2, 


whei'e  6  is  a  constant. 

This,  however,  except  in  a  few  cases,  is  found 
to  be  insufficient  to  account  for  experimental  re- 
sults, and  Lemoine,  therefore,  introduces  a  new 
constant,  thereby  abandoning  the  theory  of  the 
action  being  strictly  proportional  to  the  masses 
in  presence,  and  writes 


and 


at 


dt 


for  the  two  cases  respectively. 

The  same  result  may  be  arrived  at  from  a 
study  of  the  kinetic  theory  of  gases.  Although 
owing  to  the  assumptions  necessary  no  real 
knowledge  can  be  gained  from  the  theory  in 
question,  still  it  may  be  useful  to  give  a  sum- 
mary of  it  here.  The  reader  will  notice  the  con- 
fusion between  atoms  and  molecules. 

Let  A  and  A'  be  two  gases  tending  to  com- 
bine in  equal  volumes,  N  and  N'  the  number  of 
1  free  molecules  '  or  atoms  (?)  per  unit  volume. 
Let  \  and  \'  be  the  mean  distances  of  the  two 
kinds  of  molecules  :  then  we  have 
N\3=  N'\'3  =  1. 

We  have  to  find  the  chance  of  combination 
between  the  molecules  of  A  and  A.  To  do  this 
Clausius  assumes  that  two  '  molecules  '  will  com- 
bine when  their  centres  approach  to  a  distance 
smaller  than  2Z  where  I  is  called  the  '  radius  of 
chemical  activity  '  of  each  molecule.  The  mole- 
cules of  both  gases  are  supposed  to  be  in  motion 
in  accordance  with  the  well-known  laws  of  the 
kinetic  theory,  the  whole  of  which  as  far  as 
principles  go  is  here  assumed.  Instead  of  ex- 
plicitly considering  the  velocities  of  both  sys- 
tems, Clausius  shows  that  matters  are  simplified 
if  we  consider  the  molecules  of  A  at  rest,  and 
the  molecules  of  A'  endowed  with  a  velocity  of 

v—t  if  v'^>  v, 

v  and  v'  being  the  velocities  of  mean  square  of 
the  two  systems.  The  probability  of  a  molecule 
of  A'  'penetrating  the  sphere  of  action  '  of  a 
molecule  of  A  during  its  passage  between  two 
planes  perpendicular  to  one  another,  and  at  a 
small  distance  S  apart,  is  found  by  Clausius  to 

be  ^-S.    During  a  time  dt,  however,  a  molecule 

of  A'  will  go  over  a  space  udt  with  respect  to  the 
molecules  of  A  supposed  to  be  at  rest.  The 
chance  of  combination  during  this  time  is  there- 

fore v~udt  ;    or  substituting  for  \3,  irtfiidtNW  '. 

Therefore,  the  number  of  molecules  —  dN  =  —  dW 
combined  in  time  dt  is  -  NK'irFudt. 

Let  dy  be  the  number  of  molecules  of  the 
compound  formed  in  time  dt,  then  we  have 


dt 

or  collecting  constants,  remembering  that  '  u  '  is 
a  function  of  the  temperature  only, 


at 


which  we  got  before.  But  we  know  that  this 
formula  is  only  approximate,  and  therefore  we 
may  as  well  admit  at  once  that  the  theory  is 
insufficient.  At  best,  however,  the  idea  of  a 
'  radius  of  chemical  affinity '  is  only  a  dia- 
grammatic way  of  regarding  the  process  of  com- 
bination. If  we  consider  the  action  of  tempe- 
rature and  pressure  the  case  is  still  worse, 
for  in  default  of  any  information  at  all  we  are 
obliged  to  regard  the  radius  of  chemical  activity 
as  remaining  constant  when  the  temperature 
changes.  This,  of  course,  again  leads  to  incor- 
rect results,  and,  therefore,  I  is  supposed  to  vary 
in  a  manner  to  satisfy  the  experiments,  leaving 
us  exactly  where  we  were  before.  Again,  taking 
Lemoine' s  form  of  expression  involving  the  con- 
stant )8,  we  find  that  to  account  for  the  behaviour 
of  hydriodic  acid  the  '  constant '  has  to  be  made 
to  vary ;  thus,  at  a  temperature  of  350°  it  has  a 
value  assigned  to  it  of  'S,  and  at  440°  it  is  re- 
duced to  -553  or  -6  as  seems  most  convenient. 
Other  people  (Guldberg  a.  Waage  for  instance) 
avoid  the  difficulty  by  putting  several  constants 
in  to  begin  with.  We  may  also  note  the  follow- 
ing hints  which  are  given  us  by  the  kinetic  theory 
of  gases,  and  which  do  not  involve  any  special 
theory  of  the  mechanism  of  chemical  combina- 
tion. Change  of  combination-phenomena  with 
change  of  pressure  ought  to  be  slow,since  themean 
distances  of  the  molecules  vary  inversely  as  the 
cube  root  of  the  pressure.  Since  the  kinetic 
theory  gives  a  tolerably  reasonable  account  of 
the  mechanical  meaning  of  rise  of  temperature, 
any  information  as  to  what  chemical  combina- 
tion really  is  will  most  likely  be  drawn  from  a 
study  of  the  dependence  of  chemical  action  on 
the  temperature. 

The  action  of  pressure  and  temperature  has 
been  investigated  by  Clausius,  but  here  again 
special  assumptions  are  made. 

GULDBERG  AND  WAAGE 's  THEORY  OF  DISSOCIA- 
TION is  sufficiently  indicated  in  the  articles  AFFI- 
NITY and  CHEMICAL  CHANGE  (vol.  i. ;  v.  especially 
pp.  70,  73,  737,  746 ;  v.  also  EQUILIBRIUM,  CHE- 
MICAL). 

THEORIES  BASED  ON  THERMODYNAMIC  CON- 
SIDERATIONS.— Certain  very  important  ideas  ap- 
pear to  have  been  put  forward  by  Clausius  in  his 
discussion  of  the  term  'Disgregation.'  We  shall 
have  to  consider  them  when  we  come  to  the 
formal  theory  of  Horstmann.  At  present  it  will 
be  more  convenient  to  take  a  very  simple  case, 
which  seems  first  to  have  been  deduced  at  some 
length  from  Clausius'  results  by  Peslin  (A.  Ch. 
1871). 

Peslin  considers  the  case  of  carbonate  of  lime 
and  its  decomposition  by  heat.  According  to 
Debray  the  changes  which  take  place  are  per- 
fectly reversible,  and  Peslin  applies  the  general 
equation  of  Clausius  for  reversible  systems  to 
this  particular  case.  For  information  of  this 
general  kind  v.  Clausius'  Mechanical  Theory 
of  Heat  (translated  by  W.  E.  Brown),  and  Max- 
well's Theory  of  Heat. 

Assuming  the  reversibility  of  the  reaction  in 
question  (on  which  point  v.  supra),  we  may 
consider  a  reversible  engine  driven  by  the  pas- 
sage of  heat  from  a  mixture  of  carbonic  acid, 
carbonate  of  lime,  and  lime,  in  a  hot  vessel,  to 
the  same  mixture  contained  in  a  vessel  at  a 
lower  temperature. 
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Let  T  be  the  absolute  temperature  of  the 
hot  vessel. 

Let  T  —  e  be  the  absolute  temperature  of  the 
cold  vessel. 

Let  u  be  the  volume  occupied  by  unit  weight 
of  calcium  carbonate  before  dissociation  ;  u'  the 
volume  occupied  by  the  same  weight  after  dis- 
sociation. 

Let  L  be  the  'latent  heat'  of  dissociation, 
which  in  this  case  is  positive  ;  p  is  the  maximum 
pressure  of  dissociation  at  the  high  temperature  ; 
J  is  the  mechanical  equivalent  of  heat. 

Then  u'  —  u  is  the  volume  developed  by  the 
motion   of  the  piston   of   the  machine  during 
the  dissociation  of  unit  weight  of  substance,  and 
dp 
^6  is  the  difference  of  pressure  on  opposite 

sides  of  the  piston. 

The  work  done,  therefore,  during  this  pas- 
sage is 


By  Carnot's  principle  the  heat  transformed 
into  work  is 


therefore  the  equation  of  heat  transformation  is 


whence 


at 


Now 


where  a  is  the  coefficient  of  expansion,  and  this 
will  be  nearly  that  of  a  perfect  gas,  and  80  is 
the  density  of  the  carbonic  acid  of  dissociation 
reduced  to  0°  and  pressure  p0.  Substituting 
this  value  for  u'  —  u  and  rearranging,  we  have 


* 


is     nearly    so, 


Now  —  is  constant  : 

Po 


sufficiently  nearly  for  our  present  purpose 
where  we  do  not  intend  to  deal  with  any  very 
great  range  of  temperature.  In  fact  between 
1040°  and  860°  the  expression  does  not  change 
in  value  more  than  -2  per  cent. 

If  the  engine  works  from  a  pressure  P2  to  a 
pressure  Pj  we  have 

L* 


*-J--w7T« 

P.       P  ~PO  [\  1~u 


where  T2  and  T,  correspond  to  P2  and  P,  re- 
spectively. 

Solving  this  equation 


Now  we  may  get  all  these  values  from  ex- 
periment,  and  therefore  choose  one  to  calculate, 
say  L ;  and  then  compare  with  experiment. 
Peslin,  however,  uses  a  rougher  method  by  con- 
sidering the  engine  worked  with  steam,  and 

j  taking  the  expression  1  —  — •  as  the  same  for  both 

|  water  and  steam  on  the  one  hand,  and  carbonate 
i  of  lime  and  the  products  of  its  decomposition  on 
i  the  other.  Kegnault's  value  for  L  for  water  at 
!  69*1°  is  558-2  cal.,  and  the  comparison  will  be 
|  made  at  such  temperatures  that  69*1  is  the  mean 
'  of  T,=48-4,  and  T2  =  89-8,  corresponding  to  the 

vapour  pressures  P',  =  85  mm.  and  P'2  =  520  mm. 

This  gives  for  the  latent  heat  of  dissociation 
I  of  carbonic  acid,  if  A0  is  the  density  of  steam 

corresponding  to  50, 

l^-L..-  -  lHLrl 

L  =  558-2 K°  {  — A1 —      — i--2-  ? . 
so          *        _     _jL 
U  +  aT,         i  +  oTj 

Putting  in  values,  L  =  666-7  ;  finally  comparing 
this  with  the  value  deduced  from  Favre  and 
Silbermann's  results,  we  find  that  it  is  5  p.c. 
smaller  than  it  ought  to  be.  Considering  the 
assumptions  made  as  to  the  applicability  of 
Boyle's  law,  &c.,  this  is  at  least  as  good  as  one 
can  expect,  and  may  be  taken  as  some  evi- 
dence that  the  dissociation  process  in  question  is 
really  a  reversible  operation.  This  example  has 
been  dwelt  on  at  more  length  than  it  intrinsically 
deserves,  because  it  affords  a  very  instructive  ex- 
ample of  the  methods  pursued  in  theories  based 
on  thermodynamic  considerations.  We  pass 
on  to 

HORSTMANN'S  THEORY  (A.  170).— Clausius  has 
thrown  Thomson's  views  on  the  degradation 
of  energy  into  the  following  form :  '  The  entropy 
of  a  system  will  always  tend  towards  a  maxi- 
mum defined  by  the  other  conditions  to  which 
the  system  is  exposed.' 

There  is  no  reason  why  this  should  not 
apply  to  systems  undergoing  dissociation. 
During  dissociation  some  of  the  changes  tend 
to  increase,  and  some  to  diminish,  the  entropy  of 
the  system  ;  according  to  the  theory,  equilibrium 
will  be  attained  when  the  entropy  has  arrived 
at  its  maximum  value,  i.e.  when  its  variation 
vanishes.  Clausius  has  introduced  the  term 
'  disgregation  of  a  system,'  and  defines  it  as  a 
quantity  depending  on  the  arrangement  of  the 
parts  of  a  system,  in  so  far  as  it  is  the  value  of 
the  entropy  for  the  state  of  the  system  which  it 
thus  defines. 

'  Let  x  be  the  proportion  of  a  body  expressed 
in  molecular  weights  which  decomposes  or  com- 
bines with  another.'  This  quantity  x  may  then 
be  regarded  as  a  measure  of  the  degree  of  disso- 
ciation. All  the  other  quantities  which  vary 
during  dissociation  may  then  be  regarded  as 
functions  of  x.  Horstmann's  condition  of  equi- 
librium is  thus  ~  =  0  where  s  is  the  entropy. 
ax 

Let  Q  be  the  quantity  of  heat  which  is  concerned 
in  the  dissociation  of  an  amount  of  the  body 
equal  to  the  formula  weight  expressed  in  grams  ; 
then  Q,  for  instance  in  the  cas3  of  hydrochloric 
acid,  would  be  the  heat  required  to  dissociate 
36-5  grams.  To  produce  the  reaction  in  ques- 
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tion  we  should  require  Q#  units  of  heat.  If  T 
is  the  absolute  temperature,  and  Z  the  disgrega- 
tion  of  the  system,  we  have 


and  the  condition  of  equilibrium  is  found  by 
differentiation  of 


As  an  example,  we  may  apply  this  equation 
to  the  special  case  of  a  body  decomposing  into 
two  others.  Let  there  be  one  equivalent  at  the 
beginning  of  the  process,  and  suppose  there  re- 
mains undecomposed  at  the  instant  considered  a 
quantity  x,  then  the  result  is  to  give  r  molecules 
of  one  and  s  of  the  other,  and  let  m  be  the  weight 
of  one  of  the  substances  in  excess;  then  the 
three  bodies  in  presence  are  :  — 
x 

r(l-x)  +  m 
s(l-x). 

If  Zu  Z2,  Z3  are  the  disgregations  correspond- 
ing to  one  equivalent  of  each  of  the  three  states, 
we  have 

Z  -  xZ}  +  [r(l-a;)  +  w]Z2  +  s(l  -x)Za. 

Suppose  further  that  the  system  is  one  like 
carbonate  of  lime  where  one  of  the  products  is 
solid  and  one  gaseous  ;  then  Zj  and  Z2  are  inde- 
pendent of  x,  and  Z3  depends  only  on  the  volume 
available.  If  u  is  the  volume  of  one  equivalent 
of  the  gas  generated,  Clausius  gives 


where  Z's  is  the  disgregation  corresponding  to 
the  same  mass  of  gas  reduced  to  standard  con- 
ditions, i.e.  to  a  volume  u0.  R  is  the  well-known 
constant  used  by  Clausius  to  express  the  gaseous 

laws,  i.e.  ^^9  where  a  =  273;  and  A  is  Joule's  equi- 
a 

valent.    If  p  is  the  pressure  of  the  gas  we  have 

up  =  RT. 

Q  in  this  case  consists  of  two  parts,  of  the  heat 
taken  up  in  producing  the  chemical  change,  and 
Q  -  q  required  to  do  external  work,  in  this  case 
to  the  extent  A.pu  or  ART. 

The  equation  of  equilibrium  therefore  reduces 

to  - 


where  C  =  Zj—  rZ2  —  sZ3,  the  change  of  disgrega- 
tion which  would  take  place  if  the  gas  had  the 
volume  u0  ;  this  therefore  is  independent  of  x  ; 
u  only  varies  as  the  action  proceeds,  and  the 
equation  therefore  expresses  the  fact  that  the 
pressure  must  be  determinate  for  the  condition 
of  equilibrium. 

The  method  has  been  applied  by  Horstmann 
to  calculate  the  pressures  produced  by  the  disso- 
ciation of  amylene  bromide  and  phosphorus 
pentachloride. 

Phosphorus  pentachloride.  —  The  agreement 
is  fairly  satisfactory,  as  may  be  seen  by  the  fol- 
lowing curves  (fig.  17)  which  are  given  by  the 
theory;  the  points  correspond  to  observations, 
two  of  which  are  used  to  calculate  each  curve. 

Lemoine  has  calculated  the  values  of  x  by  an 
appropriate  modification  of  the  above  equation 
for  hydriodic  acid,  and  finds  that  the  agreement 
is  within  5  p.c. 

It  may  be  noticed  about  this  theory  that  if 
the  quantity  of  heat  absorbed  or  given  out  during 


the  reaction  was  zero,  the  limit  would  be  inde- 
pendent of  the  temperature ;  this  actually  occurs 
very  nearly  in  cases  of  etherification,  and  the 
conclusion  coincides  with  experimental  results. 

A  difficulty  is  that  dissociation,  according 
to  the  theory,  would  go  on  to  absolute  zero, 
while  as  a  matter  of  fact  it  is  generally  supposed 
only  to  begin  at  a  certain  point.  As  to  this  it 
may  be  said  that  below  a  certain  point  the  dis- 
sociation has  hitherto  avoided  detection. 

The  influence  of  an  excess  of  one  constituent 
is  extremely  well  and  concordantly  brought  out 
by  the  theory.  The  influence  of  the  pressure 
will  be  zero  as  far  as  the  limit  is  concerned  if 
no  condensation  or  expansion  occurs ;  as  for 
instance  in  the  dissociation  of  hydriodic  acid. 
Phosphorus  pentachloride  (Wurtz). 
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No  information  is  given  by  the  theory  as  to  the 
progress  of  the  reaction,  i.e.  we  get  no  informa- 
tion from  it  as  to  velocity. 

THEORY  OF  GIBBS  (Am.  S.  18).  —  This  theory 
has  many  points  of  resemblance  with  that  of 
Horstmann,  as  will  be  seen  by  the  following 
statement  of  the  principles  :  — 

1.  For  the  equilibrium  of  an  isolated  system 
it  is  necessary  and  sufficient  that  in  all  the  pos- 
sible variations  of  the  state  of  the  system,  the 
energy  being  maintained  constant,  the  variation 
of  the  entropy  shall  be  zero  or  negative. 

2.  Similarly,  if  the  entropy  be  constant  the 
variation  of  energy  must  be  zero  or  positive  if 
equilibrium  is  to  be  preserved. 

Applying  these  principles  to  a  mixture  of 
gases  obeying  Boyle's  law,  &c.,  we  have  for  the 
energy  of  the  mixture 


M,  and  M2  are  the  masses  of  the  different  gases. 
C,  and  C2  are  the  sp.  heats  at  constant  volume. 
E,  and  E2  are  other  constants,  and  t  is  the  ab- 
solute temperature. 


410 


DISSOCIATION. 


Similarly  the  entropy  is  given  by 
M,(H,  +  C,loge£  -  a,log     1 


&c. 


Where  V  is  the  volume,  H,,A,,  H2,  A,  are  con- 
stants depending  on  the  nature  of  the  gas  such 
that  a,  and  az  are  inversely  proportional  to  the 
densities. 

Gibbs  assumes  that  these  equations  will  also 
apply  to  a  system  of  gases  in  which  chemical 
change  takes  place.  If  we  consider  a  system  in 
which  the  energy  does  not  vary,  and  in  which 
the  entropy  has  its  maximum  value,  then  we 
have  one  case  where  equilibrium  is  established 
according  to  the  principles  laid  down.  The  con- 
dition for  maximum  entropy  comes  to  be  the 
condition  that  no  variation  of  entropy  shall  occur 
when  the  energy  and  volume  are  constants  ; 
these  two  conditions  together  will  give  the  fol- 
lowing :  — 

-  a,log  ^)dml 


-a2-C2--2  +  C2log*  -  a2log 


&c.  = 


This  equation  leads  to  the  result  that  when 
the  gaseous  compound  is  capable  of  being  formed 
wi  thout  condensation,  the  limit  of  dissociation  will 
be  independent  of  the  pressure.  In  other  cases 
the  dissociation  will  be  a  function  both  of  tem- 
perature and  pressure.  Comparisons  with  ex- 
periment in  the  two  cases  (hydriodic  acid  and 
methyl  ether  and  hydrochloric  acid)  show  that 
the  experimental  and  calculated  results  agree 
very  well.  A  comparison  with  nitrogen  te- 
troxide,  formic  acid,  acetic  acid,  and  phospho- 
rus chloride  vapour,  has  been  made  by  Gibbs  ; 
as  an  example  of  the  agreement  of  theory  and 
experiment,  we  give  the  following  table  referring 
to  phosphorus  pentachloride  :  — 


Tempe- 
rature 

Pres- 
sure 

Density 

Authors  of  the 
experiments 

Calcu- 
lated 

Ob- 
served 

0 

mm. 

336 

760 

3-610 

3-656 

Cahours 

327 

754 

3-614 

3-656 

300 

765 

3-637 

3-654 

H 

289 

760? 

3-656 

3-69 

288 

763 

3-659 

3-67 

,j 

274 

755 

3-701 

3-84 

,1 

250 

751 

3-862 

3-991 

19 

230 

746 

4-159 

4-302 

222 

753 

4-344 

4-85 

Mitscherlich 

208 

760? 

4-752 

4-73 

Cahours 

200 

758 

5-018 

4-851 

' 

190 

758 

5-368 

4-937 

178-5 

227-2 

5-053 

5-150 

Troost  a.  Hautef  euille 

175-8 

253-7 

5-223 

5-235 

M 

167-6 

221-8 

5-456 

5-415 

», 

154-7 

221 

5-926 

5-619 

,9 

150-1 

225 

6-086 

5-886 

148-6 

244 

6-199 

5-964 

H 

145 

391 

6-45 

6'55 

Wurtz 

145 

311 

6-37 

6-70 

145 

307 

6-36 

6-33 

144-7 

247 

6-287 

6-14 

Troost  a.  Hautef  euille 

137 

281 

6-53 

6-48 

Wurtz 

137 

209 

6-51 

6-54 

* 

137 

213 

6-48 

6-48 

137 

234 

6-47 

6-42 

137 

148 

6-31 

6-47 

* 

129 

191 

6-59 

6-18 

129 

170 

6-56 

6-63 

" 

129 

165 

6-55 

6-31 

E.  and  L.  Natanson  have  discussed  the  theory 
in  their  paper  on  nitrogen  tetroxide  (W.A.  April 
1886). 

If  the  thermal  changes  accompanying  disso- 
ciation are  small,  then  the  theory  indicates  that 
the  change  of  dissociation  with  temperature  will 
be  slow.  No  account  is  taken  either  in  this 
theory  or  in  the  theory  of  Horstrnann  of  the 
supposed  thermal  change  requisite  before  disso- 
ciation begins  :  both  theories  would  point  to  the 
occurrence  of  dissociation  down  to  absolute  zero. 

Again  these  theories  are  not  in  any  sense 
molecular.  Entropy  is  a  quantity  referring  to 
the  changes  of  heat  into  work  and  vice  versd, 
and  .a  molecular  theory  to  be  satisfactory  must 
obliterate  the  distinction  between  heat  and 
kinetic  or  potential  energy. 

THEORY  OF  J.  J.  THOMSON  (P.  M.  [5]  15,  427  ;  ' 
17,  233).— In  this  theory  the  views  of  Clausius 
a.  Williamson  as  to  chemical  combination  are 
expressed  in  terms  of  the  vortex-ring  theory  of 
matter.  The  principles  and  methods  adopted, 
however,  are  applicable  to  any  theory  of  matter, 
provided  only  that  it  involves  the  principle  of 
discontinuity.  The  advantages  of  this  theory 
are  that,  while  it  is  as  general  in  its  application 
as  the  theories  of  Horstrnann  and  Gibbs,  it 
affords  a  definitely  mechanical  view  of  the  me- 
chanism by  which  an  equilibrium  may  be  brought 
about.  As  has  been  pointed  out  several  times, 
any  theory  based  on  the  kinetic  theory  of  gases 
is  'open  to  the  same  objection  as  that  theory 
itself,  viz.  that  even  supposing  it  were  brought 
into  harmony  with  every  conceivable  experiment, 
we  should  really  be  no  further  advanced  in  real 
knowledge  than  we  are  at  present,  since  the 
assumptions  on  which  it  is  based  themselves 
require  explanation.  The  vortex-ring  theory, 
however,  does  not  involve  such  assumption ;  its 
premises  are  merely  those  of  dynamics,  and  any- 
thing we  get  from  it  is  a  real  gain  since  it 
cannot  be  twisted  about  to  save  appearances. 

The  account  of  the  theory  as  given  by  Thom- 
son is  so  exceedingly  terse  that  it  cannot  well 
be  abstracted,  and  we  therefore  refer  the  student 
to  the  original  papers. 

In  the  article  EQUILIBRIUM,  CHEMICAL,  will 
be  found  a  treatment  of  dissociation-processes  as 
special  cases  of  chemical  equilibrium. 

E.  T. 
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(Chrome  alum). 

41.  LEMOINE,  Etudes  sur  les  dquilibres  chimiques, 

1881  (published  by  Dunod,  49  Quai  des 
Augustins) ;  A.  Ch.  1871  (Phosphorus. 
Theory) ;  C.  B.  1875  a.  1877,  A.  Ch.  1877 
(Hydriodic  acid) ;  A.  Ch.  1872  (Theory). 

42.  LIEBEN,  Bl.  1865  (Vapour  densities)  ;  C.  B. 

1879  (Iodine  vapour). 

43.  LOCKYER,  C.  B.  1873,  N.  1870  et  seq.  (Disso- 
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44.  MAHN,  v.  BIRNBAUM. 

45.  MARIGNAC,  Bl.  1867  (Ammonium  chloride). 

46.  MASCART,  Bevue  scientifique,  1873  (Vapour 

densities). 

47.  MEIER,  v.  CRAFFTS. 

48.  MEYER  (VICTOR),  B.  1879  a.  1880  (Vapour 

densities). 

49.  MYERS,  C.  B.  1873  (Oxide  of  mercury) ;  A. 

1871  (Hydrogen  sulphide). 

50.  MICHAELIS,  A.  170  (Sulphur  chlorides). 

51.  MITSCHERLICH,  P.  1833  (Nitrogen  tetroxide). 

52.  MOITESSIER  (a.  ENGEL),   C.  B.  1878,  1879, 

1880  (Ammonium  sulphide  and  chloral 
hydrate). 

53.  MONTIER,  A.  Ch.  1874,  C.B.  1871, 1873, 1874 

(Theory). 

54.  MULLER,  A.  1862  (Nitrogen  tetroxide). 

55.  MUIR    a.    WILSON,    Elements   of    Thermal 

Chemistry. 

56.  NATANSON    (E.  a.  L.),    W.   1886    (Nitrogen 

tetroxide,  and  discussion  of  theory). 

57.  NAUMANN,  Grundriss  der Thcrmochemie,  1869, 

B.  1874  (Hydrated  oupric  sulphate)  ;  B. 

1878  (Nitrogen  tetroxide) ;  A.  1871  (Am- 
monia and  carbonic  acid) ;  B.  1876,  1879 
(Chloral  hydrate). 

58.  OSTWALD,  J.pr.  16  (Theory).  Also  Lehrbuch 

der  Allgemeinen  Chemie. 

59.  PEBAL,  A.  Ch.  [3]  67  (Ammonium  chloride). 

60.  PESLIN,  A.  Ch.  1871  (Theory). 

61.  PFAUNDLER,    P.    182   (Jubelband),  131,   B. 

1876  (Theory). 

62.  PLAYFAIR  a.  WANKLYN,  Pr.  E.  4  (Nitrogen 

tetroxide  and  acetia  acid). 
62A.  KAMSAY  a.  YOUNG,   T.  1886,  1887  ;  P.  M. 
1887  ;  C.  J.  1886. 

63.  EAOULT,  C.  B.  1881  (Carbonate  of  lime). 

64.  EOBINSON,  v.  WANKLYN. 

65.  EOSE,P.  1839  (Ammonia  and  carbonic  acid). 

66.  SALET,  C.  B.  1868  (Nitrogen  tetroxide). 

67.  SCHLOESSING,  C.  B.  1872   (Bicarbonates  of 

calcium  and  barium). 

68.  THENARD,  C.  B.  1872  (Discharge  in  gases). 

69.  THOMSEN,  P.  1869,  B.  1877  (Acids  and  bases). 

70.  THOMSON,  J.  J.,  P.  M.  [5]  15,  17  (Chemical 

combination  in  gases) ; 
a.  THRELFALL,  Pr.  1886  (Nitrogen). 

71.  TRIBE,  v.  GLADSTONE. 

72.  TROOST  a.  HAUTEFEUILLE,  Ann.  scientifiques 

de  VecoU  normale,  1873,  A.  Ch.   1874, 
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C.  R.  1873  (Phosphorus) ;  Ann.  de  Vecole 
supe'rieure,  1873,  C.  R.  1868  (Cyanogen 
and  cyanic  acid);  C.  R.  1874,  A.  Ch. 
1874  (Metallic  hydrides) ;  C.  R.  1871  a. 
1877  (Formation  of  compounds  at  high 
temperatures);  C.  R.  1876  (Phosphorus 
pentachloride). 

TROOST,  C.  R.  1878  (Acetic  acid) ;  C.  R.  1880 
(Iodine);  C.B.1877-1879  (Chloralhydrate); 
A.  Ch.  1878  a.  1881  (Chloral  hydrate). 

73.  URBAIN,  C.  R.  1876  (Alkaline  bicarbonates). 

74.  VAN  DER  WAALS,  On  the  Continuity  of  the 

Liquid  and  Gaseous  States. 

75.  VAN  'T  HOFF,  B.  1877  (Theory). 

76.  VIBILLE,  C.  R.  1882,  1883  et  seq.  (Explosive 

pressures  and  dissociation). 

77.  VICAIRE,  C.  R.  1868,  A.  Ch.  1870  (Theory). 

78.  WAAGE,  v.  GULDBERO. 

79.  WANKLYN  (with  PLAYFAIR,  v.  PLAYFAIR)  ; 
with  KOBINSON,  C.  R.  56  (Sulphuric  acid  vapour 

and  phosphorus  pentachloride). 

80.  WEINHOLD,  P.  149,  J.   1879  (Carbonate  of 

lime). 

81.  WIEDEMANN,  C.  R.  1878    (Dissociation  of 

salts) ;  P.  1874  (Jubelband),  J.pr.  [2]  9, 
(Hydrated  salts) ; 
with  SCHULZE,  W.  6  (Chloral  hydrate). 

82.  WILLIAMSON,  C.  J.  4,  P.  M.  [3]  37  (Chemical 

theory). 

83.  WURTZ,  C.  R.  1865  a.  1877  (Amylene  brom- 

ide) ;  C.  R.  76,  Bl.  1873  (Phosphorus 
pentachloride) ;  Legons  Societe  chimique, 
1863,  French  Association,  1873  (Am- 
monium chloride);  C.  R.  1877-1879 
(Chloral  hydrate). 

DISTILLATION.  The  conversion  of  a  sub- 
stance  into  vapour,  and  the  condensation  of  the 
vapour  into  a  liquid  by  codling  in  another  part 
of  the  apparatus,  is  called  distillation.  If  the 
vapour  is  condensed  to  a  solid  the  process  is 
called  sublimation.  The  object  of  conducting 
a  distillation  is  usually  to  separate  one  body 
from  another  which  vapourises  at  a  higher 
temperature  than  the  first.  The  name  frac- 
tional distillation  is  often  given  to  the  process 
of  separating  two  or  more  liquids  by  taking  ad- 
vantage of  differences  in  their  boiling  points. 
When  a  solid  body  is  decomposed  by  heat,  and 
the  products,  or  some  of  them,  are  condensed  to 
the  liquid  form  and  collected,  the  process  is 
called  dry,  or  destructive,  distillation ;  for  in- 
stance, when  coal  is  strongly  heated  in  a  closed 
vessel,  ammonia,  various  gaseous  hydrocarbons, 
many  liquid  and  solid  hydrocarbons,  phenol,  and 
many  other  compounds,  are  produced. 

The  essential  parts  of  all  apparatus  for  dis- 
tillation are  (1)  a  vessel  in  which  the  substance 
is  heated,  (2)  a  means  for  cooling  the  products 
formed  by  heat,  and  (3)  a  receiver  to  retain  the 
condensed  product  or  products.  The  ordinary 
form  of  distillation-apparatus  is  a  flask  con- 
nected with  a  tube,  which  passes  inside  a  wider 
tube  through  which  a  stream  of  cold  water  cir- 
culates ;  a  small  flask  or  other  suitable  vessel  is 
used  as  a  receiver.  Various  devices  are  em- 
ployed in  fractional  distillation  to  insure  as  com- 
plete a  separation  as  possible  of  the  more  vola- 
tile from  the  less  volatile  portion  of  the  liquid 
distilled. 

References.— The  history  of  distillation  is 


fully  treated  in  Kopp's  Beitrdge  der  Geschichte 
der  Chemie,  Stuck  i.  217  et  seq.;  v.  also  E. 
Wiedemann,  Zeitschr.  der  deutschen  Morgen- 
Icindischen  Gesellschaft,  32,  575.  Various  forms 
of  apparatus  for  fractional  distillation  are  de- 
scribed by  Konowalow,  B.  17, 1531 ;  Wurtz,  A. 
93,  108;  Glinsky,  A.  175,  381;  Linnemann, 
A.  Ch.  [3]  42,  131 ;  Le  Bel  a.  Henninger,  B.  7, 
1084 ;  Hempel,  Fr.  20,  502  ;  Kreis,  A.  224,  259. 
Papers  on  the  theory  of  fractional  distillation, 
with  experimental  results,  will  be  found  in  C.  J. 
35,  544  (Thorpe),  and  547  (Brown). 

M.  M.  P.  M. 

DITA  BARK.  Dita,  the  bark  of  Echites 
scholaris,  a  tree  growing  in  the  Philippine 
Islands,  contains  ditaine,  accompanied  by  two 
other  alkaloids,  ditamine  and  echitenine,  and  by 
several  indifferent  substances  echicaoutchin, 
echicerin,  echitin,  echitei'n,  and  echiretin 
(Gorup-Besanez,  A.  176,  88  ;  Jobst  a.  Hesse,  A. 
176,  326 ;  178,  49  ;  203,  144  ;  11,  1546  ;  B.  13, 
1841 ;  Harnack  a.  Merck,  B.  11, 2004 ;  13, 1648). 
It  is  used  as  a  febrifuge. 

Ditaine  C.^H^N./^.  Echitamine.  [206°]. 
[o]D  =  -  28-8°  in  a  2  p.c.  solution  in  97  p.c.  alcohol. 
Preparation. — Dita  bark  is  boiled  with  hot 
alcohol,  the  extract  evaporated,  and  the  residue 
treated  with  dilute  NH3  and  shaken  out  with 
ether.  The  ether  dissolves  ditamine ;  the  residue 
is  treated  with  solid  KOH  and  extracted  with 
CHG13.  The  extract  is  evaporated  and  treated 
with  cone.  HClAq ;  ditaine  hydrochloride  sepa- 
rates while  echitenine  remains  in  solution. 

Properties.  —  Vitreous  prisms  (containing 
4aq).  M.  sol.  water,  CHC13,  and  ether,  v.  sol. 
alcohol,  v.  si.  sol.  benzene,  insol.  ligrom. 
Strongly  alkaline,  except  after  removal  of  all 
water  of  crystallisation.  Cone.  H2S04  dissolves 
it  with  purple-red  colour  ;  HN03  gives  a  purple- 
red  becoming  green.  Decomposes  NaCl,  setting 
NaOH  free.  Not  ppd.  from  its  salts  by  NH3. 
After  boiling  with  dilute  HC1  its  solution  re- 
duces Fehling's  solution.  On  evaporating  an 
aqueous  solution  of  ditaine  atmospheric  oxi- 
dation takes  place  with  formation  of  'oxydi- 
taine.' 

Salts.— B'HCl:  crystalline,  sol.  water,  si. 
sol.  HClAq  and  solutions  of  metallic  chlorides. 
[«]D  =  -57°.— B/8H2PtCl63aq  :  yellow  flocculent 
pp.— B'HBr:  prisms.— B'HL— B'H2C03  l|aq  : 
prisms  or  crystalline  powder.  —  Sulphate: 
needles. — Pier  ate:  golden  flocculent  pp. — 
Tannate:  white  flocculent  pp.— B'2H2C2O4 : 
powder,  si.  sol.  alcohol,  v.  e.  sol.  water. 

Ditamine  C16H19N02.  [75°].  Occurs  in  dita 
bark  to  the  extent  of  -04  p.c.  Obtained  as 
above.  Ammonia  ppts.  it  from  its  solution  in 
dilute  acids  as  amorphous  flocculse.  V.  sol. 
alcohol,  ether,  benzene,  and  CHC13.— B'^PtCly : 
pale  golden,  flocculent  pp. 

Echitenine  CaoH27N04.  [above  120°].  Ex- 
tracted from  dita  bark  as  above ;  the  solution 
of  its  hydrochloride  is  ppd.  by  HgCl2,  the  pp. 
decomposed  by  H2S,  KOH  added,  and  the  base 
extracted  with  chloroform.  Brownish,  very 
bitter  powder.  V.  sol.  alcohol,  si.  sol.  water, 
chloroform,  and  ether,  v.  si.  sol.  ligroin.  Alka- 
line to  litmus.  Its  solutions  in  cone.  H2SO4 
and  HN03  are  violet.  Its  salts  are  amor- 
phous.— B'2H2PtCls  :  golden  flocculent  pp.— 


DODECYLENE  BROMIDE. 


413 


B'H.,HgCl4  2aq  :  yellow  amorphous  powder.  I 
Yields  trimethylamine  when  heated  with  alkalis. 
Echicaoutchin  C.,r)H4002.  A  yellow  resinous 
body,  present,  according  to  Hesse,  among  the 
products  that  may  be  extracted  by  ligroi'n  from 
dita  bark,  and  freed  from  echicerin  by  boiling 
alcohol. 


Echicerin  C30HJ80,-     [157°]. 


(in 


ether).  Occurs  in  dita  bark.  Needles  (from 
alcohol)  ;  v.  si.  sol.  cold  alcohol,  v.  sol.  ether, 
ligroi'n,  acetic  ether,  and  CHC13,  insol.  water, 
alkalis,  and  acids.  Bromine  converts  it  into 
bromo-echicerin  C30H47Br02,  a  white  powder 
[116°].  By  treating  a  solution  of  echicerin  in 
ligrom  for  two  months  with  sodium  amorphous 
echiceric  acid  C30H4604  is  said  to  be  formed. 

EchitinC32H5202.  [170°].  S.  -07  in  80  p.c. 
alcohol  at  15°;[a]D  =  75°  (in  CHC13).  Accom- 
panies echicerin,  from  which  it  differs  in  being 
less  soluble  in  ligroi'n.  Br  gives  crystalline 
C32H5)Br02  [100°]. 

Echitein  C42H7002.  [195°].  S.  •!  in  80  p.c. 
alcohol.  [a]D  =  85°  (in  CHC13).  Occurs  in 
the  mother-liquor  from  which  the  mixture  of 
echicerin  and  echitin  has  separated.  Light 
prismatic  needles  (from  alcohol).  Bromine  gives 
C42H67Br302  [150°]. 

Echiretin  C35H5(502.  [52°].  [a]D  =  55°  in  a 
2  p.c.  ethereal  solution.  Occurs  in  the  mother- 
liquor  from  which  echitein  has  crystallised. 
Translucent  mass,  v.  sol.  ether,  ligroin,  and 
boiling  alcohol. 

DITHIONATES,  salts  of  dithionio  acid 
H2S206  ;  v.  under  SULPHUR,  OXYACIDS  OF. 

w-DODECANE  C12H26.  [-12°].  (90°)  at 
10mm.;  (126°)  at  50  mm.;  (146°)  at  100  mm.; 
(215°)  at  760  mm.  S.G.  £  -765  ;  ^5  -755  ;  i|2 
•693.  Formed  by  reduction  of  lauric  acid  or  of 
dodecyl  alcohol  with  HI  and  P  (Krafft,  B.  15, 
1698  ;  16,  1719)  ;  v.  also  BROMO-DODECANE. 

Dodecane  C12H26.  Dihexyl.  (201°).  S.G. 
II  -774.  Formed,  together  with  hexane,  by 
treating  sec-hexyl  iodide  with  Zn  and  HC1  or 
with  sodium,  and  by  the  electrolysis  of  potassium 
heptoate  (Schorlemmer,  A.  161,  277;  Wahl,  B. 
13,  210). 

DODECENOIC  ACID  C12H2202.  Amenyl- 
amyl-acetic  acid.  One  of  the  substances  obtained 
by  passing  CO  over  a  mixture  of  sodium  acetate 
and  sodium  isoamylate  at  180°  (Poetsch,  A.  218, 
75).  Liquid. 

Methyl  ether  Me  A'.    (240°-250°)  . 

DODECINENE  C12H22.  (190°-200°).  From 
diallyl  by  combination  with  HI  and  treatment  of 
the  resulting  C6H12l2  with  an  alloy  of  tin  and 
sodium  (Wurtz,  El.  [2]  2,  164). 

Dodecinene  C12Ho2.  [c.  9°].  (105°)  at  15  mm. 
S.G.  I  -8030  ;  f  -7788.  From  di-bromo-dodecane 
CI2H94Br2  and  alcoholic  KOH  at  150°  (Krafft,  B. 
17,  1372). 

Dodecinene  C12H22.  Possibly  tri-methyl-pro- 
pyl-benzene  tetrahydride.  (211°).  From  anethol 
C6H4(OMe).C3H5  and  HI  at  260°  (Landolph,  B. 
9,  725). 

DODECOIC  ACID  v.  LAURIC  ACID. 

DODECONENE  C12H20.  (197°  i.  V.).  S.G.2.0 
•8385.  B  ^  92-4  (Albitzky,  J.  R.  15,  524).  From 
di-methyl-allyl-carbinol  (hexenyl  alcohol)  and 
diluted  H2S04at  100°  (Nikolsky  a.  Saytzeff,  J.pr. 
[2]  27,  380  ;  34,  475).  Chromic  mixture  oxidises 


it  with  formation  of  acetone,  acetic  acid,  pro- 
pionic  acid,  an  acid  C10H,606,  which  may  be 
(CH3)2C(OH).C(OH)(C02H).C(CH3)2.CH2.C02H, 
and  other  bodies.  Combines  with  bromine 
HC1  at  100°  forms  oily  C.-ft.Cl. 

Dodeconene  C12H.,0.  (170°-180°).  Fromme- 
sitic  ether  C,2H200  and  ZnCl2  (Baeyer,  A.  140, 
301). 

Dodeconene  C12H.,0.  Diphenyl  decahydride. 
(225°).  From  carba'zole  C12H9N  by  treatment 
with  HI  and  P  at  330°  (Graebe  a.  Glaser,  A. 
163,  357). 

w-jprim-DODECYL  ALCOHOL  C,2H25.OH. 
[24°].  (143°)  at  15  mm.  S.G.  (liquid)  254  -8309 ; 
f  -8201 ;  959  -7781.  Large  silvery  plates. 

Formation. — Lauric  aldehyde  (obtained  by 
distilling  barium  laurate  with  barium  formiate) 
is  reduced  with  zinc-dust  and  acetic  acid. 

Acetyl  derivative  C12H25.OAc.  (151°)  at  15 
mm.  Liquid  which  can  be  easily  solidified 
(Krafft,  B.  16, 1718,  3018). 

Palmityl  derivative  C28H5602.  [42°].  Large 
plates. 

Dodecyl  alcohol  C12H25OH.  (265°-275°).  From 
isoamyl  isovalerate  and  sodium  (Lourenco  a. 
Aguiar,  Z.  1870,  404). 

DODECYL  CHLORIDE  0,^01.  (c.  244°). 
S.G.  23  -933.  Got  by  chlorinating  dodecane  from 
petroleum  (Pelouze  a.  Cahours,  A.  Ch.  [4]  1,  5). 

n-DODECYLENE  C12H24  i.e. 
CH3(CH2)9CH:CH2.  [-31°].  (96°)  at  15  mm. 
S.G.  £  -7729 ;  ^  -7620 ;  35°  -7511.  Colourless 
liquid.  Formed  by  the  decomposition  of  dodecyl 
palmitate  on  distillation  (Krafft,  B.  16,  3020; 
17,  1371). 

Dodecylene  C12H24.  Tri-isobutylene.  (176°). 
V.D.  (air  =  1)  5-64.  S.G.  s  -774.  Tertiary  butyl 
iodide  reacts  with  ZnO  at  15°  with  separation  of 
water,  and  on  fractional  distillation  the  oily  pro- 
duct tri-iso-butylene  is  got  :  6(Me3CI)  +  3ZnO 
=  3ZnI2  +  3H20  +  2C12H24  (L.  Dobbin,  C.  J.  37, 
241).  It  is  also  formed,  along  with  di-isobutyl- 
ene,  by  heating  a  saturated  solution  of  isobutylene 
in  tertiary  butyl  iodide  with  CaO  at  100°  (Ler- 
montoff,  A.  196, 116).  Formed  also  by  treating 
isobutylene  with  H2S04  (Goriainoff  a.  Butlerow, 
B.  6,  561 ;  A.  169,  146 ;  J.  B.  11,  198). 

Properties. — Liquid.  Slowly  absorbs  atmo- 
spheric oxygen.  Combines  with  bromine. 
Chromic  mixture  forms  tri-methyl-acetic, 
methyl-di-isobutyl-acetic,  and  acetic  acids. 

Dodecylene  C12H24.  (213°  cor.).  S.G.  s  -836. 
Got  by  distilling  the  potash-soap  derived  from 
herring  oil  (Warren  a.  Storer,  Z.  1868,  230). 

Dodecylene  C12H24.  (208°-215°  cor.).  In 
petroleum  from  Burmah  (W.  a.  S.). 

Dodecylene  C12H24.  Dihexylene.  (c.  198°). 
S.G.  £  '809 ;  ^  '798.  Formed  by  the  action  of 
H2S04  (2  pts.)  and  water  (1  pt.)  on  methyl-di- 
ethyl-carbinol  (hexyl-alcohol)  at  —18°  (Jawein, 
A.  195,  261). 

Dodecylene  C,2H24.  Dodecanaphthene.  (197°). 
S.G.  i±  -806  ;  20  -sol.  Occurs  in  petroleum  of 
Baku  (Markownikoff  a.  Ogloblin,  J.  R.  15,  338). 

Dodecylene  C1ZH24.  Dihexylene.  (c.  195°). 
S.G.  s.  -795  ;  «  -786.  From  di-methyl-ethyl- 
ethylene  (hexylene)  and  H2S04  (Jawein,  A.  195, 
261). 

DODECYLENE  BROMIDE  v.  DI-BROMO- 
DODECANE, 
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DODECYLENE  GLYCOL  v.  DI-OXY-DODECANE. 

DODECYLIDENE  v.  DODECINENE. 

DOEGLIC  ACID  C19H3602.  The  chief  acid 
produced  by  the  saponification  of  the  train  oil 
obtained  from  the  bottle-nosed  whale  found  near 
the  Faroe  Isles  (Schaiiing,  J.pr.  43,  257).  Soli- 
difies a  little  above  0°.— BaA'2.—  EtA'. 

w-DO-ICOSANEC^H^.  [45°].  (225°)  at  15 mm. 
S.G.  8?°  -755 ;  ^  -742.  Formed  by  reduction  of 
the  dichloride  of  the  ketone  obtained  by  distilling 
a  mixture  of  barium  palmitate  and  heptoate 
(Krafft,  B.  15,  1718  ;  21,  2256).  Present  also  in 
paraffin  derived  from  bituminous  shale  by  dis- 
tillation. 

DOTRIACONTANE  v.  DICETYL. 

DOUBLE  SALTS.  By  a  salt  was  meant  in 
the  early  days  of  chemistry  a  solid  substance 
e.  sol.  water  and  re-obtainable  by  evaporating 
its  aqueous  solution.  When  the  composition 
and  modes  of  formation  of  bodies  with  these 
properties  came  to  be  examined,  it  was  found 
that  many  of  them  were  formed  by  the  inter- 
action of  an  acid  with  an  alkali,  and  were  com- 
posed of  the  elements  of  the  acid  and  the  alkali. 
Hence  the  study  of  salts  carried  with  it  the 
study  of  acids  and  alkalis.  Acids  and  alkalis 
were  at  first  described  as  compounds  with  certain 
characteristic  properties,  rather  physical  than 
chemical  (v.  ACIDS  and  ALKALIS);  the  more 
accurate  study  of  these  bodies  showed  that  all 
acids  are  composed  of  hydrogen  combined  with 
a  strongly  negative  element  or  elements,  and 
that  all  alkalis  are  compounds  of  markedly 
positive  metals  with  hydrogen  and  oxygen.  By 


Salt. 


Composition  of  salt  when 

regarded  as 

(1)  derivative  of  an     (2)  compound  of 
acid.  two  radicles. 


KN03       K.N03(acid 


K2S04       K..SO  ,  (acid  =  H,S04) 
KHS04    K.HS64(acid  =  H2S04) 

A1P04      A1.P04  (acid  =  H3P04) 


K2O.N205 
(  =  2KN03) 
8,0.80, 

K,0.2SO3.H20 
(  =  2KHS04) 

MA.PA 

(  =  2A1P04). 

There  are  many  salts  which  cannot  well  be 
formulated  as  derived  from  acids  by  replacing 
hydrogen  by  a  metal,  but  rather  as  compounds 
of  such  salts  with  the  oxide,  or  hydroxide,  of 
the  replacing  metal.  As  instances  of  these  basic 
salts  may  be  mentioned  Bi(N03)3.Bi203  and 
PbC2H302.Pb(OH)2.  Such  salts  may,  however, 
be  formulated  as  compounds  of  two  radicles, 
one  negative  and  the  other  positive;  thus 
3Bi203.3N205  =  2[Bi(N03)3.Bi203], 
2PbO.C2H3O.H20  =  PbC2H302.Pb(OH)2. 

Some  salts  are  composed  of  two  metals  com- 
bined with  an  acidic  radicle  or  radicles ;  so  far 
as  composition  is  concerned  these  double  salts 
may  be  regarded  either  as  derived  from  an  acid 
or  from  two  acids,  by  exchanging  hydrogen  for 
two  metals,  or  as  composed  of  two  positive 
radicles  combined  with  a  negative,  or  with  two 
negative,  radicles.  They  may  also  be  formulated 
as  compounds  of  two  salts.  The  following  ex- 
amples will  illustrate  these  conceptions  of 
double  salts : — 


Composition  of  salt  when  regarded  as 


Double  salt. 


A12K2S4016 

MgNa2C2O6 

Cd(NH4)4Cl6 

Hg2CaCy2Cl2 

HgAgCy2N03 


I.  Derivative  of  acid  or  acids. 

A12K2.4S04  (acid  =  H2S04) 
MgNa2.2C03  (acid  =  H,C03) 
Cd(NH4)4.6Cl(acid  =  HCl) 


*  °f 


A1203.K20.4SO, 

MgO.Na20.2C02 
Cd.4NH4.6Cl 
Hg2.Ca.Cl2Cy2 
Hg.Ag.Cy2N03 


Composed  of 
two  salts. 

A12(S04)3.K2S04. 

MgC03.Na2C03. 

CdCl2.4NH4Cl. 

HgCy2.CaCl2. 

HgCy2.AgN03. 


Hg2Ca.Cy2Cl2  (acids  =  HCy  and  HC1) 
HgAg.Cy2N03  (acids  =  HCy  and  HN03) 

To  this  class  of  double  salts  also  belong  compounds  composed  of  a  single  metal  combined  with 
two  acidic  or  negative  radicles,  thus : — 

Hg2I2S04  Hg2.I2S04  (acids  =  H2S04  and  HI)  Hg2.I2S04  HgI2.HgS04. 


the  interaction  of  an  acid  and  an  alkali  a  salt 
is  formed  ;  the  salt  is  not  characterised  by  the 
properties  either  of  the  acid  or  the  alkali ;  the 
salt  is  composed  of  the  metal  of  the  alkali  com- 
bined with  the  more  negative  part  of  the  acid. 
Then  it  was  found  that  salts  could  be  formed  in 
other  ways  than  by  the  interaction  of  acid  and 
alkali ;  but,  however  formed,  the  salt  is  a  com- 
pound of  a  positive  element  (a  metal)  with  a 
negative  element  or  group  of  elements. 

A  salt  may,  then,  be  described  either  as  a 
derivative  of  an  acid  obtained  by  exchanging 
the  whole  or  a  portion  of  the  hydrogen  of  the  acid 
for  metal,  or  as  a  compound  of  two  radicles,  one 
positive  and  the  other  negative.  If  the  latter  form 
of  description  is  adopted,  the  positive  radicle  of 
the  salt  may  generally  be  regarded  either  as  a 
metal  or  as  a  group  composed  of  a  metal  and 
non-metal,  the  non-metal  being  usually  oxygen, 
and  the  negative  radicle  may  be  regarded  as 
either  a  non-metal  or  a  group  composed  of 
negative  elements.  The  following  formulae 
represent  the  composition  of  some  salts  : — 


The  most  generally  applicable  way  of  looking 
at  double  salts,  when  attention  is  paid  solely  to 
composition,  is  evidently  to  regard  them  as  com- 
posed of  two  salts.  All  double  salts  will  thus 
be  brought  within  the  general  formula  ccM.T/N, 
where  M  is  one  salt  and  N  another.  But  if  the 
constitution  of  the  double  salts  is  to  be  under- 
stood, and  the  salts  are  to  be  classified,  attention 
must  be  paid  not  only  to  their  composition  but 
also  to  their  properties.  Some  double  salts  in- 
teract with  various  reagents  as  chemical  wholes  ; 
thus  the  body  FeCy2.4KCy  reacts  with  acids  to 
give  the  acid  H4FeCy6  and  a  salt  of  K  ;  so  also 
it  reacts  with  many  metallic  salts  in  solution  to 
give  pps.  of  the  composition  Mz4FeCy6  or 
MlI2FeCy6,  where  M1  is  a  monovalent,  and  M11  a 
divalent,  metal.  The  double  salt  in  question  is 
therefore  regarded  as  the  K  salt  of  the  acid 
H4FeCy6,  and  its  formula  is  written  K4FeCyfi,  a 
formula  which  is  strictly  conformable  with 
Fed,,  Fe(N03)3,  Fe2(S04)3,  and  other  formulae  of 
simple  salts.  Other  double  salts  interact  with 
various  reagents  as  if  they  were  composed  of  two 


i)UALISM. 


415 


simple  salts  ;  thus,  AgCy.KCy  reacts  with  acids  ' 
to  produce  HCy,  a  salt  of  Ag,  and  a  salt  of  K. 
Other  double  salts  react  with  some  reagents  in 
one  way,  and  with  others  in  another  way ;  for 
instance,  HgCy2.2KCy  is  decomposed  by  acids 
with  evolution  of  HCy,  but  an  aqueous  solution 
of  this  double  salt  reacts  with  lead  or  zinc  salts 
to  form  a  pp.  of  HgCy2.PbCy2  or  HgCy2.ZnCy2, 
respectively.  In  the  latter  changes  the  double 
salt  HgCy2.2KCy  reacts  as  if  it  were  K2HgCy4. 

A  slight  extension  of  the  application  of  the 
conception  of  compound  radicles  is  probably 
sufficient  to  bring  the  double  salts  within  the 
generally  accepted  notions  of  chemical  constitu- 
tion. If  we  examine  a  few  reactions  of  a  speci- 
fied compound,  we  may  arrive  at  a  conception  of 
its  constitution  which  finds  expression  in  a 
structural  formula  representing  the  compound 
as  built  up  of  certain  radicles.  But  a  more  ex- 
haustive study  of  the  same  compound  may  lead 
to  another  structural  formula.  Thus,  the  formulte 
H.C2H302,  C2H3O.OH,  and  CH3.COOH  mark  suc- 
cessive advances  in  the  chemical  study  of  acetic 
acid.  The  third  formula  is  the  best,  because  it 
suggests  more  reactions  than  either  of  the  others. 
In  the  case  of  such  a  compound  as  acetic  acid 
we  cannot  actually  build  up  the  compound  from 
the  radicles  which  we  represent  in  the  formula. 
But  we  are  generally  able  to  build  up  a  double 
salt  by  bringing  together  two  simple  salts ;  hence 
we  are  apt  to  think  that  the  atomic  complex 
which  forms  the  reacting  unit  of  the  salt  must 
be  composed  of  these  two  radicles  which  have 
actually  been  caused  to  combine.  This  may  not, 
however,  be  the  proper  view  to  take  of  the  con- 
stitution of  the  salt ;  whether  it  is  or  is  not  the 
proper  view  can  be  determined  only  when  an  ex- 
haustive study  has  been  made  of  the  reactions 
of  formation  and  decomposition  of  the  com- 
pound. But  as  most  double  salts  have  only  been 
superficially  examined,  our  present  conceptions 
of  the  constitution  of  these  bodies  cannot  be 
regarded  as  final.  In  connexion  with  the  subject 
of  double  salts  v.  article  SALTS.  M.  M.  P.  M. 

DKAGON'S  BLOOD.  A  red  resin.  American 
dragon's  blood  flows  from  incisions  in  Ptero- 
carpus  draco  growing  in  the  West  Indies.  A 
similar  resin  is  obtained  from  Croton  draco. 
Indian  dragon's  blood  is  found  on  the  ripe  fruits 
and  leaves  of  various  species  of  Calamus.  Ca- 
nary dragon's  blood  comes  from  Dracana  draco. 
It  dissolves  in  alcohol,  ether,  and  oils,  forming 
a  red  solution.  It  is  partially  soluble  in  alkalis 
(Johnstone,  Tr.  1839,  134;  Herberger,  Buchn. 
Repert.  37,  17 ;  40,  138).  According  to  Dobbie 
a.  Henderson  (Ph.  [3]  14,  361)  these  resins  may 
be  arranged  in  four  groups : — 

(a)  Sol.  CHC13,  CS2,  and  benzene. 

(b)  Sol.  CHC13,  insol.  CS,,  and  benzene. 

(c)  Sol.  CHC13,  partly  sol"  CS2,  sol.  benzene. 

(d)  Insol.  CHC13,  CS2,  and  benzene. 

The  other  properties  of  these  resins  are  some- 
what dissimilar : — 

(a)  C18H1804.     [80°].    From  Calamus  draco. 

(b)  C17H1905.     [c.  100°]. 

(c)  C,8H1804.     [c.  80°].    From  dracama. 
The  following  properties  probably  relate  chiefly 
to  the  resin  from  Pterocarpus  draco  : — 

On  dry  distillation  it  gives  toluene  and  styrene 
(Glenard  a.  Boudault,  C.  B.  17,  503 ;  19,  505 ; 
Blyth  a.  Hofmann,  A.  53,  326).  Potash-fusion 


forms  benzoic  acid,  2>-oxy-benzoic  acid,  and 
phloroglucin  (Hlasiwetz  a.  Earth,  A.  134,  283). 
Distillation  with  zinc-dust  gives  a  large  quantity 
of  styrene,  together  with  toluene,  ethyl-benzene, 
and  three  oils,  CnH1(jO  (215°)  V.D.  5-5,  C13H)(1O 
(258°)  V.D.  6-96,  and  C16H,003  (238°)  (Botsch,  M. 
1,  609). 

DKUPOSE  v.  SUGAR. 

DUALISM.  As  the  study  of  chemical  com- 
position was  developed  by  Lavoisier,  Dalton, 
Davy,  Berzelius,  and  others,  chemists  gradually 
drew  a  marked  line  of  distinction  between  two 
classes  of  compounds,  those  namely  which  when 
dissolved  in  water  had  a  sour  taste,  dissolved 
metals,  corroded  animal  matter,  and  changed 
the  colour  of  some  vegetable  substances  from 
blue  to  red,  and  those  whose  aqueous  solution 
had  a  soap-like  action  on  the  skin,  did  not  dis- 
solve metals,  and  restored  the  colour  of  the 
vegetable  substances  which  were  altered  by  the 
first  class  of  compounds.  But  these  two  groups 
of  compounds  comprised  a  minority  of  the  bodies 
which  it  was  the  business  of  chemistry  to  in- 
vestigate. There  were  very  many  substances 
which  did  not  possess  the  characteristics  of 
either  class ;  as  investigation  proceeded  it  was 
discovered  that  the  greater  number  of  the  mem- 
bers of  the  intermediate  class  could  be  produced 
by  the  interaction  of  bodies  belonging  to  one  of 
the  extreme  classes  with  bodies  belonging  to  the 
other.  Compounds  belonging  to  the  first  class 
were  called  acids,  the  second  class  was  named 
bases  or  alkalis,  and  a  compound  formed  by  the 
mutual  action  of  an  acid  and  a  base  was  called  a 
salt. 

The  mode  of  production  of  salts  suggested 
the  view  that  these  compounds  are  built  up  of 
two  parts,  one  of  which  has  the  characters  of  an 
acid,  and  the  other  the  characters  of  a  base. 
This  view  was  confirmed  by  the  results  of  the 
electro-chemical  researches  of  Davy  and  Ber- 
zelius. The  passage  of  an  electric  current 
through  a  salt  very  frequently  produced  one 
body  having  the  characters  of  an  acid,  and 
another  having  the  properties  of  a  base.  Ber- 
zelius supposed  that  every  salt  is  essentially  com- 
posed of  two  parts,  one  of  which  is  electrically 
positive  to  the  other ;  in  some  cases  each  part 
or  radicle  of  a  salt  is  itself  an  element,  in  other 
cases  each  part  is  itself  a  group  of  elements. 

Having  expounded  his  view  of  chemical 
action  as  an  electrical  phenomenon  essentially 
consisting  in  the  attraction  of  one  body,  either 
elementary  or  compound,  by  another  with  an 
electrical  polarity  stronger  than  that  of  the 
first,  Berzelius  proceeds  thus  : — 

'  If  these  electro-chemical  conceptions  are  just,  it  fol- 
lows that  every  chemical  compound  is  dependent  on  two 
opposing  forces,  positive  and  negative  electricity,  and  on 
these  alone ;  and  that  every  compound  must  be  composed 
of  two  parts  held  together  by  their  mutual  electro- 
chemical reactions.  Therefore  it  follows  that  every  com- 
pound body,  whatever  be  the  number  of  its  constituents, 
can  be  separated  into  two  parts,  whereof  one  is  positively 
and  the  other  negatively  electrified.  Thus,  for  example, 
sodium  sulphate  is  put  together,  not  from  sulphur,  oxygen, 
and  sodium,  but  from  sulphuric  acid  and  soda,  which  again 
can  themselves  be  separated  into  positive  and  negative 
constituents.  So  also  alum  cannot  be  regarded  as  im- 
mediately built  up  from  its  elements,  but  must  rather  be 
looked  on  as  the  product  of  a  reaction  between  sulphate  of 
alumina  and  sulphate  of  potash,  the  former  acting  as  a 
negative,  the  latter  as  a  positive  element.'— Lehrbuch  (1st 
ed.),  3,  pt.  i.  77. 
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DUALISM. 


This  is  the  doctrine  of  dualism,  a  doctrine 
which  prevailed  in  chemistry  for  something 
like  half  a  century.  As  soon  as  a  new  salt  was 
prepared,  the  dualistic  chemist  set  himself  to 
construct  a  formula  which  should  represent  the 
salt  as  composed  of  two  parts,  or  radicles,  one 
positive  and  the  other  negative.  The  formula 
given  to  the  same  salt  was  not  always  the  same  ; 
but  in  whatever  way  the  formula  was  modified, 
in  accordance  with  the  known  reactions  of  the 
salt,  the  fundamental  conception  of  binary 
structure  remained.  The  following  formulae, 
among  others,  were  given  at  different  times  to 
sodium  acetate—  (C  =  6,  O  =  8)  :— 

C4H5Na08.H20 

C4H5Na04.Ha 


47Na.04 

C4H5Na02.H.p2 

The  conception  on  which  dualism  was  based, 
the  conception,  namely,  of  binary  structure,  was 
extended  to  acids  and  bases;  every  acid  and 
every  base  was  regarded  as  composed  of  two 
radicles,  one  of  which  was  frequently,  but  not 
always,  an  element.  A  complete  system  of 
chemical  classification  was  thus  developed  :  one 
element  combines  with  another  ;  the  compound 
is  evidently  a  binary  one  ;  the  compound  inter- 
acts with  another  binary  compound  ;  the  pro- 
duct is  still  binary  although  each  part  is  itself 
a  compound  ;  the  new  compound  enters  into 
chemical  union  with  a  compound  as  complex  as 
itself  ;  the  product  is  still  essentially  built  up 
of  two  parts.  Each  elementary  atom  was  re- 
garded by  Berzelius  as  endowed  with  both  posi- 
tive and  negative  electricity,  but  one  of  these 
predominated  over  the  other,  so  that  the  atom, 
considered  as  a  whole,  was  either  negatively 
or  positively  electrified.  When  a  positively 
electrified  atom  combined  with  one  which  was 
negatively  electrified,  Berzelius  said  that  op- 
posite electricities  neutralised  each  other,  but, 
lie  added,  the  electricities  formerly  masked  in 
the  separate  atoms  now  come  into  play,  so  that 
the  new  group  of  atoms,  considered  as  a  whole, 
is  either  positively  or  negatively  electrified,  and 
in  virtue  of  this  the  new  group  of  atoms  is 
ready  to  combine  with  other  atoms  or  groups  of 
atoms,  provided  the  predominating  electricity 
on  these  is  of  opposite  sign  to  that  on  the  first 
group.  As  compounds  become  more  complex 
the  less  readiness  do  they  exhibit  to  enter  into 
fresh  combinations  ;  this  was  accounted  for  by 
Berzelius  as  a  consequence  of  the  neutralisation 
of  the  predominating  or  stronger  electricities  by 
the  first  combination  of  the  elementary  atoms. 
Suppose  an  atom  to  have  a  large  charge  of  posi- 
tive and  a  small  charge  of  negative  electricity, 
and  suppose  this  atom  to  come  within  the  sphere 
of  action  of  another  having  a  large  charge  of  nega- 
tive and  a  small  charge  of  positi  ve  electricity  ;  these 
atoms  will  have  a  great  affinity  for  each  other  — 
according  to  the  Berzelian  doctrine  of  dualism— 
they  will  combine,  and  the  compound  will  be 
either  positively  or  negatively  electrified,  but  the 
total  charge  will  be  considerably  smaller  than 
that  on  the  original  atoms. 

Chemical  affinity  was  regarded  by  the  Ber- 
zelian school  as  conditioned  by,  if  not  as  synonym- 
ous with,  greater  or  smaller  electrical  charges. 
Suppose  that  a  series  of  binary  compounds  has 


been  produced,  one  of  these  being  very  stable, 
another  less  stable,  another  unstable,  and  so  on, 
the  electrical  charges  on  the  atoms  of  the  most 
stable  compound  must  have  been  greater  than 
the  charges  on  the  atoms  of  the  less  stable  com- 
pounds ;  therefore  a  greater  quantity  of  electri- 
city will  be  required  to  tear  asunder  the  atoms 
which  form  the  most  stable  compound  than  is 
required  to  decompose  an  equivalent  quantity  of 
one  of  the  less  stable  compounds.  But  Fara- 
day's researches  on  electrolysis  showed  that  the 
passage  of  the  same  quantity  of  electricity 
through  a  series  of  electrolytic  compounds  of 
varying  chemical  stability  resulted  in  the  de- 
composition of  chemically  equivalent  masses  of 
these  compounds.  This  result  was  opposed  to 
the  dualistic  conception  of  affinity,  and  hence  to 
the  whole  system  of  dualism. 

The  researches  of  Liebig  and  Graham  on  the 
constitution  of  acids  gradually  led  chemists  to 
regard  these  bodies  as  essentially  compounds  of 
hydrogen  with  negative  elements  or  groups  of 
elements ;  they  came  to  look  on  the  reaction  be- 
tween an  acid  and  a  metal  as  consisting  in  the 
replacement  of  part,  or  the  whole,  of  the  hydro- 
gen of  the  acid  by  the  metal,  and  they  recognised 
that  the  hydrogen  of  some  acids  could  be  re- 
placed by  metal  in  two,  three,  or  more,  succes- 
sive stages.  An  acid  thus  came  to  be  regarded 
as  a  whole,  the  functions  of  the  parts  of  which 
depend  on  the  nature  of  these  parts,  and  pro- 
bably on  their  arrangement  relatively  to  each 
other.  But  the  dualistic  chemist  asserted  that 
hydrogen  belongs  to  the  class  of  metals,  because 
both  are  distinctly  positive  elements,  and  he 
maintained  that  the  replacement  of  one  posi- 
tively electrified  atom  by  another  positively  elec- 
trified atom  might  be  expected  to  result  in  the 
production  of  a  compound  resembling  the  ori- 
ginal; the  acid  type  is  preserved,  he  asserted, 
when  a  salt  is  formed  by  putting  a  metal  in  the 
place  of  the  hydrogen  of  an  acid ;  both  acid  and 
salt  are  dualistic  structures  of  the  same  kind. 
It  is  impossible,  asserted  the  follower  of  Berze- 
lius, to  replace  the  strongly  positive  hydrogen  in 
a  compound  by  a  distinctly  negative  element 
without  producing  a  compound  of  an  entirely 
different  type  from  the  acid  ;  a  negative  element, 
such  as  chlorine,  cannot,  he  said,  be  put  in  the 
place  of  the  positive  element  hydrogen ;  if  hy- 
drogen is  removed  and  a  compound  containing 
chlorine  is  formed,  this  process  must  consist  in 
the  breaking  down  of  one  dualistic  structure  and 
the  formation  of  another  totally  unlike  the  first. 
But  in  1839  Dumas  prepared  trichloracetic  acid 
and  proved  this  compound  to  be  very  similar  to 
acetic  acid,  although  it  was  produced  by  replacing 
three  atoms  of  hydrogen  in  acetic  acid  by  three 
atoms  of  the  markedly  negative  element  chlorine 
(C.  R.  8, 609).  Dumas  retained  the  notion  of  types 
or  families ;  but  he  said  that  compounds  were  to 
be  placed  in  this  or  that  family,  because  of  their 
actual  reactions  of  formation  and  decomposition, 
and  not  because  a  certain  hypothesis  required 
them  to  be  classified  in  a  certain  way. 

Dualism  had  paid  too  exclusive  attention  to 
composition ;  Dumas,  and  the  founders  of  the 
unitary  hypothesis,  maintained  that  no  chemical 
classification  can  be  approximately  final  which 
does  not  endeavour  to  study  the  properties  as 
well  as  the  compositions  of  the  bodies  to  be 
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classified  (v.  CLASSIFICATION  ;  also  SALTS,  and 
TYPES).  M.  M.  P.  M. 

DUBOISINE.     Identical   with   HYOSCYAMINE 

'  DULCAMAEIN  C^H^O,,,.  Occurs  in  the 
stalks  of  the  common  nightshade,  Solatium  dul- 
camara (Wittstein,  Vierteljahrb.  f.  pr.  Pharm. 
1,  364,  495;  E.  Geissler,  Ar.  Ph.  [3]  7,  289). 
Amorphous,  with  bitter  taste  followed  by  a  per- 
sistent sweet  taste.  Sol.  alcohol  and  acetic 
ether.  Basic  lead  acetate  ppts.  C22H32Pb010  3aq 
and  C22H32Pb010  5aq.  Dilute  acids  resolve  it  into 
glucose  and  resinous  dulcamaretin  C16H2606. 

DULCITE  C6H1408  i.e. 

CH,(OH).(CH.OH)4.CH2OH.  Melampyrite.  Mol. 
w.  182.  [189°].  S.G.  ^  1-466.  S.  3  at  15°.  S. 
(alcohol)  -07  at  15°.  H.F.  294,000  (v.  Kechen- 
berg) ;  317,600  (Berthelot  a.  Vieille,  A.  Ch.  [6] 
10,  456;  Bl.  [2]  47,  868).  H.C.v.  729,100; 
H.C.p.  729,400  (B.  a.  V.). 

Occurrence. — In  Madagascar  manna  (Lau- 
rent, Compt.  Chim.  1850,  364  ;  1851, 29  ;  A.  76, 
358 ;  80,  345 ;  Jacquelain,  Compt.  Chim.  1851, 
21 ;  A.  80,  345).  In  Melampyrum  nemorosum 
(Hiinefeld,  J.  pr.  7,  233 ;  9,  47 ;  A.  24,  241 ; 
Gilmer,  A.  123,  372) ;  in  Scrophularia  nodosa 
and  Rhinanthus  Crista-galli  (Eichler,  Rep. 
Chim.  pure,  2,  103) ;  and  in  the  cambial  cells  of 
Euonymus  europaus  (Kubel,  J.  pr.  85,  372). 

Formation.— By  reducing  galactose  or  milk 
sugar  with  sodium  amalgam  (Bouchardat,  A.  Ch. 
[4]  27,  68  ;  C.  R.  83,  199 ;  84,  665,  866, 1406  ; 
Bl.  [2]  18,  115). 

Preparation. — 1.  From  Madagascar  manna 
by  recrystallisation.  — 2.  The  decoction  from 
Melampyrum  nemorosum  is  boiled  with  addition 
of  milk  of  lime,  and  the  solution  concentrated  ; 
the  hot  solution  is  acidified  with  HC1,  and  on 
cooling  dulcite  crystallises  out  (Eichler). 

Properties. — Glittering  monoclinic  prisms, 
usually  aggregated  in  crusts.  Slightly  sweet  in 
taste.  Inactive.  SI.  sol.  acetone,  chloroform, 
and  acetic  ether,  insol.  ether.  It  does  not  reduce 
Fehling's  solution.  Does  not  undergo  alcoholic 
fermentation.  At  200°  it  loses  water,  becoming 
dulcitan  C6Hi205,  a  thick  syrup.  Dulcite  is 
neutral  to  litmus,  but  according  to  Klein  (C.  R. 
99,  144)  a  solution  of  dulcite  (1  mol.)  mixed  with 
borax  (£  mol.)  is  acid.  Sodium  paratungstate 
acts  like  borax. 

Reactions. —  1.  Boiling  dilute  nitric  acid 
forms  mucic,  racemic,  and  oxalic  acids  (Laurent; 
Carlet,  C.  R.  51,  137  ;  53,  343).  Fuming  HN03 
forms  the  hexanitrate. — 2.  H2S04  forms  a  penta- 
sulphuric  acid.— 3.  HI  forms  secondary  hexyl 
iodide  (Erlenmeyer  a.  Wanklyn,  C.  J.  15,  455). — 
4.  Cone.  HClAq  at  0°  forms  unstable  crystals  of 
C6H1406HC1 3aq  (Bouchardat,  A.  Ch.  [4]  27, 
168).— 5.  HClAq  at  100°  slowly  forms  the 
dichlorhydrin  C6H,2C1204.  This  forms  tables, 
insol.  water  and  alcohol ;  it  is  split  up  at  180°, 
or  by  boiling  water,  into  HC1  and  dulcitan 
chlorhydrin  C6HHC104,  which  crystallises 
from  ether  in  needles  [90°],  and  is  partially 
converted  by  boiling  water  into  dulcitan.  The 
dichlorhydrin  is  Converted  by  alcoholic  NH3  into 
dulcitamine  C6Hi5N05,  a  strongly  alkaline 
syrup  which  absorbs  CO2from  the  air  and  forms 
a  crystalline  hydrochloride  B'HCl  and  platino- 
chloride  B^jH-jPtCl,..  Sodium  amalgam  converts 
dulcite  dichlorhydrin  into  gummy  dulcideC6H1204. 
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*-.»u«u6     ^^3    gives    C6H8C12(N03)4    [108°]. 
6.  HBr  gives  C6H1406HBr  3aq,  C6H12Br204, 


Fuming     HN03          

and 

C6H,,Br04  [143°]  under  conditions  similar  to 
those  under  which  the  corresponding  chlorine 
derivatives  are  formed.  The  prolonged  action 
of  a  large  excess  of  HBrAq  at  100°  forms  syrupy 
C6H8Br40.  Dulcitan  chlorhydrin  is  converted 
by  HBrAq  at  100°  into  crystalline  C6HI2ClBr04. 
Dulcite  dibromhydrin  is  converted  by  fuming 
HN03  into  C6H8Br2(N03)4  [100°];  while 
C6H,2Cffir04  gives  C8H8ClBr(N03)4  [115°].— 
7.  HIAq  (S.G.  2-0)  at  15°  forms  C6H1406HI3aq, 
which  is  completely  resolved  into  its  components 
by  water.— 8.  Boiling  AcCl  forms  C6H8Cl(OAc)5, 
which  forms  minute  crystals. — 9.  Ac20  forms 
several  acetyl  derivatives  (v.  infra).  Butyric 
acid  at  200°  gives  oily  di-butyryl  dulcitan 
C6H10(C4H70)205.— 10.  If  bromine  (5  g.)  be  added 
to  a  solution  of  dulcite  (5g.)  in  water  (40  g.) 
containing  Na2CO3  (12  g.),  and  the  product  sub- 
sequently tested  with  phenyl  hydrazine,  the 
phenyl  hydrazide  C,8H22N404  [206°]  of  an  alde- 
hyde or  ketone  ('  phenyl  dulcitosazone  ')  sepa- 
rates as  yellow  flakes  (Fischer  a.  Tafel,  B.  20, 
3384).— 11.  By  heating  dulcite  with  phenyl 
cyanate  there  is  formed  C6H8(OH)(O.CO.NHPh)5 
[c.  252°],  very  sparingly  soluble  in  all  solvents 
(Tessmer,  B.  18,  971). 

Metallic  compounds.  —  C6Hi2Ba068aq  : 
prisms,  v.  sol.  warm  water. — C6H8Pb306  3aq  (at 
100°).— C6H8Cu3063aq  (at  100°). 

Hexanitrate  C6H8(N03)6.  Nitrodulcite. 
[c.  70°].  From  dulcite  (1  pt.),  fuming  HN03 
(5  pts.),  and  H2S04  (lOpts.),  the  mixture  being 
immediately  thrown  into  water  (Bechamp,  C.  R. 
51,  257 ;  Champion,  Bl.  [2]  22, 179).  Colourless 
flexible  needles  (from  alcohol).  When  kept  for 
a  month  at  30°  to  45°  it  evolves  red  fumes, 
and  apparently  changes  to  the  tetranitrite 
C6H8(OH)2(N93)4  [130°-140°J,  which  crystallises 
from  alcohol  in  prisms. 

Tri-sulphuric  acid  C6H8(S04H)3(OH)3. 
From  dulcite  and  H2S04  (Eichler).— Ba3A'"2 : 
gummy. 

Penta-sulphuric  acid  C6H8(S04H).(OH). 
When  dulcite  is  added  in  small  portions  to 
chlorosulphuric  acid  (C1S04H),  and  the  product 
is  dissolved  in  water,  a  solution  is  obtained 
whence  a  barium  salt  may  be  got  in  the  form  of  a 
hygroscopic  powder.  Writing  baf  or  ^Ba,  it  is  either 
(baS04)5C6H8(OH),  2aq  or  (baS04)5CBH7,  3aq. 
The  latter  formula  represents  it  as  derived  from 
dulcitan,  and,  in  fact,  if  the  free  acid  is  heated 
on  the  water-bath  dulcitan  is  produced  (Claesson, 
J.pr.  128,  15). 

Di-acetyl  derivative  C6H8(OH)4(OAc)2. 
[176°].  From  boiling  Ac20  (12  pts.),  HO  Ac 
(120  pts.),  and  dulcite  (10  pts.)  (Bouchardat). 
Scales.  SI.  sol.  cold  water,  insol.  ether.  A  by- 
product is  diacetyl  dulcitan  C6H10Ac205,  a 
bitter  substance,  sol.  water  and  ether. 

Penta-acetyl  derivative 
C6H8(pH)(OAc)5.  [163°cor.].  FromC6H8Cl(OAc)5 
by  boiling  with  alcohol.    Needles. 

Hexa-acetyl  derivative  C6H8(OAc)6. 
[171°  cor.].  From  dulcite  (1  pt.),  Ac20  (5  pts.), 
and  HO  Ac  at  185°.  Hard  crystalline  plates; 
sublimes  at  210°.  A  by-product  in  its  prepara- 
tion is  tetra-acetyl-dulcitan  C6H80(OAc)4, 
an  insupportably  bitter  resin. 
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Hcxa-benzoyl  derivative  CHH8(OBz)6. 
[147°].  From  dulcite  (1  mol.)  and  BzCl  (8  mols.) 
at  150°-200°.  Crystals  (from  alcohol),  insol. 
water  and  ether.  HN03  mixed  with  H2S04  con- 
vert it  into  CtiH8(O.CO.C6H4Nq2)6.  Tetra-benzoyl- 
dulcitan  C6H80(OBz)4  is  a  resin  formed  as  a  by- 
product in  preparing  hexa-acetyl-dulcite. 

Isodulcite  C6H1406  or  C6H1005  aq.  Rhamnose. 
[92°].  S.G.  2¥°  1-471.  S.  56-7  at  18°;  109  at 
40°.  [a]D  =  8'07°in  a  21  p.c.  aqueous  solution 
at  17°;  [a]D=13°  in  fresh  solutions  (Kayman 
a.  Kruis,  C.  G.  1888,  6).  Prepared  by  the  action 
of  dilute  H2S04  upon  quercitrin  (the  yield  being 
10  p.c.,  Hlasiwetz  a.  Pfaundler,  A.  127,  362), 
upon  the  glucoside  of  buckthorn  berries  (Rham- 
mis  infectoria)  Liebermann  a.  Hormann,  B.  11, 
952  ;  Berend,  B.  11,  1353),  and  upon  sophorin 
(Forster,  B.  15,  215).  Monoclinic  crystals,  sol. 
water  and  alcohol.  In  very  dilute  alcoholic 
solutions  it  is  laevorotatory,  in  concentrated 
alcoholic  and  in  aqueous  solution  it  is  dextro- 
rotatory. 10  c.c.  of  Fehling's  solution,  equivalent 
to  -05  g.  glucose,  are  reduced  by  -055  g.  isodulcite 
(WiU,  B.  18,  1316).  Isodulcite  also  reduces 
ammoniacal  silver  nitrate,  Knapp's  reagent,  an 
alkaline  solution  of  indigo,  an  alkaline  solution 
of  K3FeCy6,  and  picric  acid  (to  picramic  acid). 
It  does  not  affect  Schiff  s  reagent.  H2S04  dis- 
solves it  unchanged.  Does  not  undergo  alcoholic 
fermentation  with  yeast.  At  100°  it  gives  off 
H20  becoming  CtiH,205,  sometimes  called  isp- 
dulcitan,  which  takes  up  H20  again  on  dis- 
solving in  water. 

Reactions. — 1.  Potash  and  iodine  give  a 
very  little  iodoform.— 2.  (a)-Naphthol  and  H2S04 
give  a  bluish-violet  colour. — 3.  Thymol  and 
H2S04  give  a  crimson  zone  rapidly  turning 
brown. — 4.  Phenyl  hydrazine  mixture  gives  a 
heavy  pp.  C6H1003(N2HPh)2  or  C18H22N403 
[171°]  si.  sol.  water,  v.  sol.  alcohol  (Eayman, 
Bl  [2]  47,  668 ;  Herzog,  M.  8,  227).— 4.  Heated 
with  phenyl-hydrazine  in  alcoholic  solution 
it  gives  a  phenyl-hydrazide  C12H18N204  or 
C6H1204(N2HPh)  [159°]  v.  si.  sol.  alcohol  (Eay- 
man, Bl.  [2]  47,  760 ;  Fischer  a.  Tafel,  B.  20, 
2566).— 5.  A  mixture  of  H2S04  and  HN03  forms  a 
very  unstable  explosive  nitrate  C6H9(N03)302. — 
6.  Moist  silver  oxide  oxidises  isodulcite  to  acetic 
acid.  Cr03  does  the  same.  Bromine  followed 
by  Ag2C03  oxidises  it  to  C«HI005  [148°]  (Will  a. 
Peters,  B.  21,  1813),  or  [142°]  (Eayman,  B.  21, 
2046).  This '  isodulcite  saccharin '  forms  needles, 
v.  sol.  water  and  alcohol,  si.  sol.  ether ; 
[«]D=  -39° ;  S.G.  ^  1-0325;  S.  11.— 7.  Aqueous 
NaOH  and  BzCl  form  a  crystalline  mixture  of 
tri-  and  tetra-benzoyl  derivatives. — 8.  Ac20  at 
120°-140°  forms  resinous  acetyl  derivatives. 

Sodium  salt  C6H12Na,O6.  From  isodul- 
cite and  alcoholic  NaOEt  (Liebermann  a.  Ham- 
burger, B.  12,  1186).  Crystalline  powder. 

Isodnlcite  carboxylic  acid  C7Hj407.  Lac- 
tone  C7HI206.  [168°].  Formed  by  heating  iso- 
dulcite (25  g.)  dissolved  in  water  (25  c.c.)  with 
anhydrous  HCy  (7-5  c.c.)  at  30°  ;  and  subsequent 
saponification  (Fischer  a.  Tafel,  B.  21,  1657  ; 
2173).  Concentrically  grouped  needles,  v.  sol. 
water  and  alcohol,  v.  si.  sol.  ether.  Eeduced  by 
HI  and  P  to  w-heptoic  acid. 

ISODIILCITIC  ACID  C(iH1009.  [100°].  Formed 
by  oxidising  isodulcite  with  HN03  (S.G.  1-33) 
(Malin,  A.  145,  197).  Crystalline  grains,  v.  sol. 


water,  v.  si.  sol.  alcohol.  Does  not  reduce  Feh- 
ling's solution.  —  C6H6Pb209.  —  CtiHsCd09  (at 
120°).  —  C6H8BaOq  (at  120°):  white  pp. — 
C6H8Ca09  (at  120°). 

ISO  -  DTJLCITONIC  ACID  C6H120B*. 
^  Formation. — By  oxidising  isodulcite  with  bro- 
mine the  lactone  of  isodulcitonic  acid  is  formed. 
This  is  converted  into  salts  of  the  acid  by  boil- 
ing with  the  respective  carbonates  (Will  a. 
Peters,  B.  21,  1814). 

Properties. — The  free  acid  is  not  known. 
When  liberated  from  the  salts  it  is  always  the 
lactone  [148°]  which  is  ppd. 

DUMASIN  C9H140  (Kane) ;  CfiH100  (Heintz, 
P.  68,  279  ;  Fittig,  A.  110,  21).  V.D.  5-2  (Kane). 
One  of  the  products  obtained  by  passing  ace- 
tone or  acetic  acid  through  red-hot  tubes  (Kane, 
P.  44,  494)  or  by  the  rapid  distillation  of  ace- 
tates. Oil.  Lighter  than  water.  Eesembles 
mesityl  oxide.  Combines  with  NaHS03  the 
crystalline  compound  C6H10ONaHS03  2aq  being 
decomposed  by  boiling  water.  On  distillation 
with  Mn02  and  HC1  it  gives  CtiH8Cl20  (150°- 
155°). 

DUODECANE  v.  DODECANE. 

DUEENE  C10HI4  i.  e.  CtiH2(CH3)4  [1:2:4:5]. 
s-Tetra-methyl-benzene.  Mol.  w.  134.  [81°]. 
(196°  i.  V.). 

Occurrence.— In  the  fraction  170°-180°  of 
coal-tar  oils  (Schulze,  B.  18,  3032 ;  cf.  Berthe- 
lot,  Bl.  [2]  8,  226). 

Formation.— 1.  From  bromo-tj>-cumene  [71°], 
Mel,  and  Na  (Jannasch  a.  Fittig,  Z.  1870,  161 ; 
Nef,  A.  237,  3  ;  Gattermann,  A.  244,  56).— 2. 
From  di-bromo-m-xylene  Mel,  and  Na  (Jan- 
nasch, B.  7,  692 ;  Gissmann,  A.  216,  201). 
Similarly  from  di-bromo-^-xylene  (Jannasch,  B. 

10,  1357). — 3.  By  the  action  of  MeCl  in  presence 
of  A12C16   upon    toluene,   o-    or  p-  xylene,   or 
^/-cumene  (Friedel  a.  Crafts,  A.  Ch.  [6]  1,  461 ; 

11,  270 ;  Ador  a.  Eilliet,  B.  12,  331 ;  Jacobsen, 
B.  14,  2629).— 4.  By  the  action  of  Mel   on  a 
mixture  of  ^-cumene,  CS2  and  A12C16  at  100° 
(Glaus  a.  Foecking,  B.  20,  3097).— 5.  In  small 
quantity  by  passing  oil  of  turpentine  through  a 
red-hot  tube  (Montgolfier,  A.  Ch.  [5]  19,  164). 

Properties. — Monoclinic  crystals  with  faint 
odour.  V.  sol.  alcohol,  ether,  and  benzene,  si. 
sol.  cold  HOAc.  May  be  sublimed. 

Reactions.— 1.  Gives  by  oxidation  pyromel- 
litic  acid  CtiH2(C02H)4,  tri-methyl-benzoic  acid 
C6H2(CH3)3(C02H),  di-methyl-benzoic  acid 
CtiH2(CH3)2(C02H)2,  and  acetic  acid  (Eeuter,B.  11, 
31). —  2.  By  leaving  in  contact  with  10  times 
its  weight  of  ordinary  cone.  H2S04  about  £  of 
it  is  converted  into  a  mono-sulphonic  acid. 
This  sulphonic  acid  is  very  unstable,  being  par- 
tially reconverted  into  durene  by  cold  cone. 
H2S04.  By  the  prolonged  (3  or  4  days')  action 
of  cone.  H2S04  in  the  cold  or  for  a  shorter  time 
at  80°-100°  upon  durene  or  its  sulphonic  acid  a 
complicated  reaction  takes  place  with  produc- 
tion of  two  pseudo-cumene-sulphonic  acids 
CriH,Me3(S03H)  [1:3:4:5]  and  [1:3:4:2],  a  sul- 
phonic acid  of  the  (1:2:3:4)  tetra-methyl-ben- 
zene  (prehnitene),  and  hexa-methyl-benzene. 
In  this  remarkable  reaction  the  H2S04  behaves  in 
a  similar  manner  to  A1C13.  By  the  action  of  cold 
fuming  H2SO,  upon  durene  a  disulphonic  acid 
is  obtained  which  is  much  more  stable  than  the 
mono-sulphonic  acid  (Jacobsen,  B.  19,  1209). — • 
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3.  Heated  with  PC15  at  195°  it  gives  a  chloride 
C,0H]0C14  which  when  treated  with  water  at  175° 
loses  all  its  chlorine.  As  there  is  no  acid 
formed  it  is  probable  that  this  chloride  contains 
neither  the  group  CC13  nor  the  group  CHC12.  A 
chloride  C10HMC13  may  be  obtained  from  the 
ligroin  which  serves  to  purify  the  C10H10C14 ;  it 
is  changed  by  boiling  water  into  a  viscous  mass, 
si.  sol.  ether  (Colson  a.  Gautier,  A.  Ch.  [6]  11, 
30). — 4.  Benzoyl  chloride  in  presence  of  A12C16 
at  120°  forms  phenyl  tetra-methyl-phenyl  ke- 
tone  C6H5.CO.C6HMe4  [119°]  (343°),  and  di- 
phenyl  tetra  -  methyl  -  phenylene  diketone 
(CtiH5CO)2C6Me4  [270°]  (Friedel,  Crafts,  a.  Ador, 
C.E.  88,  880).— 5.  Acetyl  chloride  and  A12C16 
give  C6HMe4.CO.CH3  (253°  uncor.)  which  may 
be  oxidised  to  CtfHMe4.GO.C02H  whence  sodium- 
amalgam  produces  C6HMe4.CH(OH).C02H  [156°] 
(Glaus  a.  Fcecking,  B.  20,  3097). 

w-Durene  C6H2(CH3)4  [1:3:4:5].  Isodurene. 
(196°  i.  V.). 

Formation. — 1.  From  bromo-mesitylene,  Mel, 
and  sodium  (Jannasch,  B.  8,  356).— 2.  By  the 
action  of  ZnCl2  or  I  on  camphor  (Armstrong  a. 
Miller,  B.  16,  2259  ;  Montgolfier,  A.  Ch.  [5]  19, 
164). — 3.  By  treating  penta-methyl-benzene  with 
H2S04  (Jacobsen,  JB.  19,  1216).— 4.  From  mesi- 
tylene  (or  toluene),  MeCl,  and  A12C16  (Jacobsen, 
B.  14,  2629 ;  Claus  a.  Fcecking,  B.  20,  3097 ; 
Friedel  a.  Crafts,  A.  Ch.  [6]  1,  461). 

Properties. — Oil.  Gives  on  oxidation  mello- 
phanic  acid  C6H2(C02H)4  and  three  acids  of  the 
formula  C6H2(CH3)3C02H. 

c-Durene  C6E[2(CH3)4  [1:2:3:4].  Prehnitene. 
[-4°].  (204°  i.  V.).  Obtained  by  hydrolysis  of 
its  sulphonic  acid,  which  is  found  amongst  the 
products  of  the  action  of  cone.  H2S04  upon  s-du- 
rene  (Jacobsen,  B.  19, 1211).  It  appears  also  to 
be  formed  by  the  action  of  Mel  and  sodium  upon 
bromo-^-cumene  (Kelbe  a.  Pathe,  B.  19,  1551). 
Formed  also  by  the  action  of  H2S04  on  penta- 
methyl-benzene  (Tohl,  B.  21,  904).  Dilute 
HN03  oxidises  it  to  C6H2(CH3)3C02H ;  more  ener- 
getic oxidation  gives  prehnitic  acid  C6H2(C02H)4. 
The  picric  acid  compound  crystallises  from 
alcohol  in  yellow  needles  [95°] .  c-Durene  forms 
a  di-bromo-  derivative  [210°],  a  nitro-  derivative 
[61°],  and  a  di-nitro-  derivative  [178°]. 

V.  also  BROMO-,  CHLORO-,  and  NITRO-  DURENES. 

Durene  dihydride  C10HJ6.  (166°).  In  animal 
oil  (Weidel  a.  Ciamician,  B.  13,  73).  Gives 
isophthalic  acid  on  oxidation.  Successive  treat- 
ment with  bromine  and  aniline  converts  it  into 
cymene.  The  oil  appears  also  to  contain  an 
isomeride  (172°). 

DURENE    CARBOXYLIC    ACID  v.    TETRA- 

METHYL-BENZOIC  ACID. 

DTJRENE  SULPHONIC  ACID  C6HMe4(S03H). 
Obtained  from  Caucasian  petroleum  by  sulpho- 
nation  (Markownikoff  a.  Ogloblin,  A.  234,  99). 
Formed,  together  with  its  chloride  and  di-duryl 
sulphone  by  treatment  of  powdered  durene  with 
2£  pts.  of  C1S03H  at  0°.  Crystalline  solid.  V. 
sol.  water,  but  ppd.  by  H.,S04.  When  left  to 
stand  with  H,804  for  12  hours  at  50°  it  is  con- 
verted into  hexa-methyl-benzene,  c-durene  sul- 
phonic acid,  and  two  ^-cumene  sulphonic  acids. 
When  distilled  with  dilute  H2S04  hydrolysis 
begins  as  soon  as,  through  evaporation  of  water, 
the  temperature  rises  to  120°  (Armstrong  a.  Mil- 


ler, C.  J.  45,  148).  By  fusion  with  KOH  it  gives 
:  durenol  [117°]. 

Salt  s. — A'Na :  pearly  rhombic  plates  ;  v.  sol. 
hot  water,  si.  sol.  cold  water,  nearly  insol.  dilute 
NaOH.— A'K :  thin  rhombic  plates,  si.  sol.  cold 
water. — A'2Ba :  pp.  of  small  scales  or  rhombic 
plates,  v.  sol.  hot  water.— A'2Cu  :  light  blue  six- 
sided  tables  ;  v.  si.  sol.  water. 

ChlorideC6HM.et(S02Cl)  :  [99°] ;  glistening 
prisms ;  v.  e.  sol.  ether,  si.  sol.  alcohol  at  0°. 

Amide  C6HMe4(S02NH2) :  [155°];  long 
prisms  (from  alcohol)  or  long  slender  needles 
(from  water) ;  v.  sol.  hot,  si.  sol.  cold,  alcohol, 
si.  sol.  hot  water,  nearly  insol.  cold  water  (Jacob- 
sen  a.  Schnapauff,  B.  18,  2841 ;  19,  1210). 

w-Durene-sulphonic  acid  C,0H13(S03H). 
Plates  or  tables  containing  2aq.  Prepared  by 
dissolving  isodurene  in  ordinary  H,SO,  at  100°- 
120°. 

Salts. — A'Na:  moderately  sol.  flat  prisms. 
— A'Kaq.— A'2Ba:  flat  prisms,  S.  57  at  15°.— 
A'2Ca  3aq.— A'2Sr  9aq.— A'2Pb  3aq.— A'2Co  7|aq. 
— A'2Cu.— A'Ag. 

Amide  [118°]  (J.) ;  [143°]  (Kelbe  a.  Pathe, 
B.  19,  1553).  Long  fine  needles,  v.  sol.  alcohol, 
si.  sol.  hot,  nearly  insol.  cold,  water  (Bielefeldt, 

A.  198,  381 ;  Jacobsen,  B.  15,  1853). 
c-Durene    sulphonic     acid    C6HMe4(S03H) 

[1:2:3:4:?].  Prehnitene  sulphonic  acid.  Formed, 
together  with  other  products,  by  the  prolonged 
action  of  cone.  H2S04  upon  durene  (q.  v.)  or  its 
sulphonic  acid.  Small  needles.  Sparingly  soluble 
in  moderately  dilute  H2S04. 

Salts . — A'Na  aq :  small  glistening  soluble 
tables. — A'2Ba :  small  flat  sparingly  soluble 
crystals. 

m  Amide  C6HMe4(S02NH2)  :  [187°];  small 
glistening  prisms  ;  sol.  hot  alcohol,  si.  sol.  cold 
(Jacobsen,  B.  19,  1211).  The  same  acid  ap- 
pears to  be  formed  by  the  sulphonation  of  the 
product  of  the  action  of  Mel  and  sodium  upon 
bromo-^-cumene  ;  the  amide  of  the  acid  so 
formed  melts,  however,  at  177°  (Kelbe  a.  Pathe, 

B.  19,  1552). 

Durene  -  di  -  sulphonic  acid  C6Me4(S03H)2. 
Prepared  by  dissolving  powdered  durene  in  cold 
fuming  sulphuric  acid;  on  pouring  the  melt 
into  ice  and  water  the  sulphonic  acid  crystallises 
out.  It  is  much  more  stable  than  the  mono-sul- 
phonic  acid,  only  being  hydrolised  when  steam 
is  passed  through  the  H2S04  solution,  or  when 
the  salts  are  heated  to  170°  with  HC1. 

Amide  C6Me4(SO,NH2)2 :  [above  310°]; 
small  glistening  crystals ;  si.  sol.  alcohol  (Jacob- 
sen,  B.  19,  1217). 

DURENOL  C6HMe,(OH).  [117°].  (250°i.V.). 
Formed  by  fusing  sodium  durene  sulphonate 
with  KOH.  Large  flat  prisms.  Sublimable  and 
volatile  with  steam.  Its  bromo-  derivative 
C(iBrMe4(OH)  forms  long  glistening  prisms, 
[118°]  ;  its  nitro-  derivative  C6(N02)Me4(OH) 
yellow  crystals,  [130°].  By  long  melting  with 
KOH  it  is  converted  into  oxy-durylic  acid 
C6HMe3(OH)C02H  [1:3:4:5:6]  (Jacobsen  a. 
Schnapauff,  B.  18,  2843). 

Iso-Durenol  C12H13.OH  [108°].  Colourless 
crystals.  Prepared  by  fusing  iso-durene-sul- 
phonic  acid  with  KOH  (Jacobsen,  B.  15,  1854). 

c-Durenol  C6H(CH,)4(OH)  [1:2:3:4:5].  Prehn- 
itol.  [87°].  (266°  i.V.).  From  c-durene  sul- 
phonic acid  by  potash-fusion  (Tohl,  B.  21,  904). 
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Long  silky  needles  (from  ligroi'n) ;  v.  e.  sol. 
alcohol  and  ether.  Not  coloured  by  Fe2Cl6. 
Gives  a  bromo-  derivative  [151°]. 

Acetyl      derivative     CtiH(CH3)4(OAc) : 
[57C] ;  prisms. 

DURIDINE  C6H(CH3)4(NH2).  [14°].  (253°). 
S.G.  2*  -978.  One  of  the  products  obtained  by 
heating  xylidine  hydrochloride  with  MeOH 
(Hofmann,  B.  17,  1913).— B'HCl  (at  100°).— 
B^ILjPtCl,.  (at  100°). 

Iso-Duridine  C6HMe4.NH2.  Amido-tetra- 
methyl-benzene.  (250°  i.  V.)  at  740  mm.  Formed 
by  heating  pseudocumidine  or  mesidine  hydro- 
chloride  with  methyl  alcohol  at  200°-300°  (N61- 
ting  a.  Baumann,  B.  18,  1149).  Colourless  liquid, 
which  solidifies  in  a  freezing  mixture. 

Salts. — B'HCl:  small  white  prisms.— 
B'^CLPtCl,:  yellow  tables. 

Acetyl  derivative  CeHMe^UAc:  [211°] ; 
white  needles,  v.  sol.  alcohol,  si.  sol.  water. 

DUKOQUINONE  C6Me402.  [1110].  Prepared 
by  reducing  di-nitro-durene  to  durylene  diamine 
with  zinc-dust  and  acetic  acid,  removing  the  zinc 
by  H2S,  and  oxidising  the  solution  with  Fe2Cl6. 
Formed  also  by  the  action  of  warm  NaOHAq 
upon  Me.CO.CO.Et  (Pechmann,  B.  21,  1420). 
Long  yellow  needles.  Sublimable.  V.  e.  sol. 
ether,  chloroform,  benzene,  alcohol,  and  acetone, 
v.  sol.  hot,  but  si.  sol.  cold,  ligroin.  Eeduced  by 
zinc  and  HO  Ac  to  a  substance  [c.  210°],  which 
is  easily  reoxidised  to  the  quinone  (Nef,  B.  18, 
2806  ;  C.  J.  53,  428 ;  A.  237,  5). 

DUBOYL-BENZOIC  ACID  v.  TETBA-METHYL- 

BENZOYL-BENZOIC  ACID. 

DTTBYLIC  ACID  v. 
Quinone  of  durylic  acid  v. 

CABBOXYLIC  ACID. 


DUEYL  METHYL  KETONE 

CH3.CO.C6HMe4[l:2:3:4:6].  (254°).  From  u- 
durene,  AcCl,  and  A1C13  (Glaus  a.  Forsling,  B. 
20,  3098).  Liquid.  V.  sol.  alcohol  and  ether. 

Oxim.     [148°].     Small  plates. 

Phenyl  hydrazide  [215°].    Needles. 

s-Duryl  methyl  ketone 

CH3.CO.CtiHMe4[l:2:4:5:6].  [63°].  (251°).  From 
s-durene,  AcCl,  and  A1C13  (C.  a.  F.).  Pearly 
plates. 

Phenyl  hydrazide.  Small  silky  crystals ; 
decomposing  at  225°. 

DI-DURYL  SULPHONE  CBHMe4.S02.C6HMe.,. 
Sulpho-duride.  [37°].  Formed,  together  with 
durene  sulphonic  acid  and  its  chloride,  by  the 
action  of  sulphuric  chlorhydrin  (2|  pts.)  upon 
powdered  durene  at  0°.  Long  prisms.  Can  be 
distilled  in  vacuo.  V.  sol.  alcohol,  ether,  benzene, 
and  ligroin,  insol.  water  (Jacobsen  a.  Schnapauff , 
B.  18,  2841). 

DYNAMITE  v.  GLTCBBIN. 

DYS-ALBUMEN  v.  PBOTEIDS. 

DYSLYSIN  C24H3603.  [above  140°].  A  pro- 
duct of  the  decomposition  of  cholic  acid  obtained 
either  by  heating  it  to  300°  or  by  treating  it 
with  dilute  HC1  or  H2S04  (Berzelius,  A.  33, 139; 
43,  1;  Theyer  a.  Schlosser,  A.  50,  235;  Strecker, 
A.  67,  22  ;  Hoppe-Seyler,  J.  pr.  89,  83).  Amor- 
phous resin,  insol.  water,  si.  sol.  boiling  alcohol, 
sol.  ether.  Insol.  alkalis.  Named  from  its  in- 
solubility. Boiling  alcoholic  KOH  reconverts  it 
into  cholic  acid. 

DYSLYTE  C8H6N406.  [189°].  S.  -07  in 
97  p.c.  alcohol  at  10°.  Formed,  together  with 
eulyte,  by  treating  citraconic  acid  with  cone. 
HN03  (Baup,  A.  81,  102  ;  Bassett,  Z.  1871,  701). 
Long  slender  needles  (from  alcohol).  Insol. 
water. 
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EARTHS.  The  term  earths  is  applied  to  the 
oxides  of  a  number  of  the  elements  which  are 
difficultly  reducible  to  the  metallic  state.  The 
majority  of  elements  of  this  class  are  of  very 
rare  occurrence  in  the  concentrated  state,  being 
found  accumulated  in  but  few  minerals,  such, 
for  instance,  as  in  gadolinite,  cerite,  keilhauite, 
orthite,  samarskite,  euxenite,  and  a  few  other 
minerals.  In  minute  quantities,  however,  the 
earths  are  disseminated  throughout  the  whole 
mineral  kingdom.  Cossa  has  detected  cerium 
and  didymium  in  all  classes  of  volcanic  rocks ; 
certain  kinds  of  clays  contain  as  much  as  one 
per  cent,  of  cerium ;  and  didymium  may  even 
be  detected  in  sea-water  by  means  of  its  absorp- 
tion-spectrum. Yttria,  an  earth  very  rarely 
found  in  quantity,  may  be  detected  in  almost 
every  mineral  species,  in  corals,  and  even  in 
animal  bones.  Samarium,  an  element  of  the 
earth  class,  and  even  more  rarely  found  in  quan- 
tity than  yttrium,  seems  to  have  the  same  ubi- 
quitous character,  and  is  not  unfrequently  found 
in  appreciable  traces  in  the  minerals  celestine, 
strontianite,  and  native  carbonate  of  lead. 

The  oxides  of  the  following  elements  are  usu- 


ally classed  together  as  earths  :  barium,  stron- 
tium, calcium,  magnesium,  beryllium,  alumi- 
nium, zirconium,  titanium,  thorium,  lanthanum, 
didymium,  cerium,  yttrium,  erbium,  terbium; 
and  the  more  recently  discovered  elements,  about 
the  existence  of  some  of  which  there  is  yet  con- 
siderable doubt,  scandium,  ytterbium,  decipium, 
holmium,  thulium,  samarium,  gadolinium,  and 
dysprosium. 

From  a  chemical  point  of  view  some  of  these 
elements  exhibit  characteristics  so  widely  dif- 
ferent as  to  render  it  necessary  to  divide  them 
into  at  least  two  groups ;  viz.,  those  whose  salts 
are  not  ppd.  by  ammonia,  the  hydrates  being 
soluble  in  water  and  possessing  a  strongly  alka- 
line reaction ;  and  those  ppd.  by  ammonia.  To 
the  first  group  belong  barium,  strontium,  and 
calcium,  whose  oxides  are  termed  the  alkaline 
earths ;  all  the  others  are  ppd.  by  ammonia. 

The  analogies  shown  by  the  oxides  of  some  of 
these  elements  with  the  oxides  of  the  heavy  and 
easily  reducible  metals  would  seem  to  throw 
them  out  of  the  list  of  earths ;  such  are  mag- 
nesium and  beryllium ;  the  existence  of  the 
stable  oxides  MgO  and  BeO  seems  to  indicate 
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that  these  metals  belong  to  the  same  group  as 
cadmium  and  zinc.  The  same  maybe  said  of  tho- 
rium, zirconium,  and  titanium,  which  constitute 
a  natural  group  with  tin,  forming  the  oxides  M02. 
As  beryllium,  thorium,  zirconium,  and  titanium, 
are  almost  invariably  found  associated  with  the 
earths  proper  they  are  here  retained  in  giving  an 
outline  of  the  chemical  methods  of  effecting  the 
separation  of  this  numerous  class  of  bodies  from 
each  other. 

It  is  only  within  recent  years  that  the  list  of 
earths  has  been  so  much  extended,  and  there  is 
every  reason  to  believe  that  the  number  will  be 
further  increased,  not  so  much,  it  may  be,  by 
finding  that  rare  and  ill-examined  minerals  con- 
tain new  elements,  as  by  discovering  that  some 
of  the  bodies  already  well  known  are  in  reality 
mixtures  of  two  or  more  oxides  ;  it  is,  however, 
to  be  remembered  that  the  existence  of  all  the 
oxides  of  elements  enumerated  above  is  not  yet 
finally  proved.  The  discoveries  that  have  already 
been  made  in  this  field  have  proved  the  hetero- 
geneous character  of  some  well-known  oxides  or 
earths  ;  this  is  exemplified  below.  This  splitting 
up  of  an  earth  into  two  or  more  constituents  is 
not  to  be  looked  upon  as  an  act  of  dissociation 
(q.  v.),  but  is  merely  the  result  of  more  refined 
methods  of  attacking  the  difficult  problem  of 
isolating  the  several  already  known  earths  in  a 
state  of  purity,  combined  with  a  very  close  study 
of  variations  in  their  spectroscopic  characteristics 
when  the  various  elements  are  isolated  from  dif- 
ferent mineral  species.  It  is  sufficient  merely 
to  glance  over  the  discoveries  that  have  been 
made  relating  to  the  earths,  to  understand  the 
difficulties  under  which  this  branch  of  mineral 
chemistry  labours,  and  upon  what  facts  it  is 
possible  to  assume,  with  any  degree  of  certainty, 
the  homogeneous  or  heterogeneous  character  of 
a  material.  Owing  to  the  great  similarity  in  the 
chemico,!  reactions  of  many  of  the  earths,  to 
isolate  any  particular  earth  is  a  most  tedious 
operation,  as  there  are  no  known  sharp  methods, 
such,  for  instance,  as  for  the  separation  of  silver 
from  copper,  or  copper  from  iron.  When  a  pure 
material  has  been  prepared  the  further  chemical 
treatment  of  which  fails  to  produce  any  variation 
in  the  atomic  weight  of  the  element,  or  in  the 
depth  of  colour  of  the  oxide,  or  in  the  intensity 
of  any  of  the  bands  in  the  absorption-spectrum 
of  the  salts,  it  is  assumed  that  the  material  is  of 
a  homogeneous  character.  But  in  preparing 
one  particular  earth  it  has  been  customary  to 
select  some  mineral  in  which  it  predominates, 
and  to  purify  the  earth  from  all  the  others  that 
contaminate  it  in  small  quantity.  Even  then  l 
only  in  one  or  two  instances  can  it  be  asserted 
that  the  oxide  is  pure ;  in  fact  theoretical  con- 
siderations show  that  to  obtain  a  pure  material 
by  the  methods  employed  is  an  impossibility. 
For  example,  samaria,  which  is  undoubtedly  a 
white  oxide,  is  invariably  tinted  pale  yellow  be- 
cause of  a  trace  of  adhering  decipia,  and  the  tint 
may  be  diminished  in  depth  by  numberless  repe- 
titions of  fractional  precipitation ;  so  also  yttria 
is  tinted  pale  yellow  by  a  trace  of  terbia,  al- 
though Cleve  in  one  instance  obtained  a  small 
quantity  of  a  pure  white  colour ;  gadolina,  doubt- 
less a  white  oxide,  has  a  pale  yellow  colour  due 
to  a  trace  of  decipia ;  lanthana,  a  white  oxide, 
can  only  with  great  difficulty  be  obtained  free 


from  the  last  traces  of  praseodymia  which  colours 
it  grey,  although  the  absorption-spectrum  shows 
no  evidence  of  its  presence.  Inversely  it  may  be 
assumed  that  those  oxides  which  are  coloured  are 
more  or  less  contaminated  by  the  colourless  ones, 
as  terbia  with  yttria,  decipia  with  gadolina  and  sa- 
maria, praseodymia  with  lanthana,  and  erbia  with 
ytterbia  and  scandia.  The  chemical  history  of 
the  earths  indicates  the  above  method  of  proceed- 
ing to  be  fallacious,  and  would  seem  to  show 
that  the  only  alternative  is  to  isolate  the  same 
oxide  from  a  number  of  different  sources,  and  to 
examine  if  there  are  any  differences  in  the  phy- 
sical characters  of  the  different  specimens ;  such 
as  in  the  molecular  weights,  the  depth  of  colour  of 
the  oxides,  or  in  the  intensity  of  the  bands  of 
the  absorption- spectra.  The  advisability  of  this 
method  is  evident ;  for  it  is  highly  probable  that 
two  closely  allied  elements  may  exist  in  one 
mineral  in  such  quantity  as  to  make  it  appear 
to  be  a  homogeneous  substance,  while  the  same 
material  isolated  from  a  different  source  by  the 
same  chemical  methods  may  consist  of  the  two 
oxides  in  such  a  totally  different  ratio  as  to  show 
its  complex  character  by  discrepancies  in  the 
molecular  weights,  colour  of  the  oxides,  or  the 
intensity  of  the  bands  in  the  absorption-spectra. 
This  has  indeed  been  found  to  be  the  case  in 
several  instances ;  yttria  was  usually  considered 
to  have  a  pale  yellow  colour,  and  this  oxide  and 
erbia  were  the  only  two  oxides  which  Bunsen  and 
Bahr,  as  well  as  Cleve,  could  isolate  from  gado- 
linite,  although  Mosander  had  recorded  the  exist- 
ence of  a  yellow  or  orange-coloured  oxide,  asso- 
ciated with  these  two,  which  he  named  terbia. 
In  examining  the  yttria  mineral  samarskite 
found  in  North  Carolina,  L.  Smith  and  Delafon- 
taine  observed  that  the  yttria  had  a  much  deeper 
yellow  tint  than  was  usually  ascribed  to  it  when 
extracted  from  gadolinite,  and  these  chemists 
ultimately  succeeded  in  separating  the  orange- 
coloured  oxide  terbia  from  the  white  yttria .  More 
recently  De  Boisbaudran,  examining  terbia  from 
different  sources,  considers  himself  justified  in 
asserting  the  existence  of  a  number  oi  oxides 
having  an  orange  colour,  showing  no  absorption- 
spectrum,  but  differing  in  molecular  weights.  As 
another  instance :  the  salts  of  didymia  obtained 
from  cerite  show  a  very  characteristic  absorp- 
tion-spectrum ;  Delafontaine,  when  examining 
the  spectrum  of  the  didymia  from  samarskite,  cb- 
served  that  the  bands  in  the  blue  region  of  the 
spectrum  differed  from  those  shown  by  the  didy- 
mia from  cerite  ;  and  De  Boisbaudran,  working 
upon  this  material  from  samarskite,  eliminated 
the  oxide  of  the  element  giving  the  blue  bands  and 
gave  the  element  the  name  samarium.  The  great 
preponderance  of  didymia  over  samaria  in  cerite 
had  previously  masked  the  existence  of  the  latter, 
whereas  in  samarskite  samaria  is  relatively  abun- 
dant compared  with  didymia,  and  shows  its  pre- 
sence at  once  by  the  absorption-spectrum.  Ma- 
rignac  again,  in  examining  erbia,  discovered  that 
by  many  repetitions  of  the  process  of  fractional 
decomposition  of  the  nitrate  by  fusion,  the  pink 
material  yielded  a  more  easily  decomposable  salt 
of  a  white  colour,  and  named  the  oxide  ytterbia  ; 
and  Nilson,  preparing  this  white  oxide  ytterbia 
from  erbia,  found  that  the  molecular  weight  dif- 
fered from  Marignac's  material,  and  this  he  ulti- 
mately found  to  be  due  to  the  presence  of  another 
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white  oxide  whose  nitrate  is  more  readily  decom- 
posed by  heat  than  ytterbia ;  this  white  oxide  Nil- 
son  has  called  scandia.  Cleve,  studying  the  ab- 
sorption-spectra of  different  fractions  of  erbia, 
concluded  that  this  oxide  is  really  a  mixture  of 
three,  the  true  erbia,  and  two  others  which  he  has 
called  holmia  and  thulia.  Holmia  has  been  ex- 
amined by  De  Boisbaudran  (C.  R.  102,  1003)  by 
fractional  ppn.  of  the  sulphate  by  alcohol;  it  ap- 
pears to  consist  of  two  oxides,  holmia,  and  one 
which  he  names  dysprosia,  both  showing  absorp- 
tion-spectra. Finally,  the  most  striking  discovery 
relating  to  the  earths  is  that  made  by  Von  Wels- 
bach  (M.  5,  508).  This  chemist  has  found  that  by 
crystallising  a  mixture  of  the  nitrates  of  didy- 
mium,  lanthanum,  and  ammonium  in  an  acid 
medium,  certain  double  salts  are  formed,  the  frac- 
tional crystallisation  of  which,  repeated  several 
hundred  times,  results  in  the  separation  of  didy- 
mium  into  two  elements,  one  forming  green- 
coloured  salts,  hence  named  praseodymium,  and 
the  other  forming  salts  of  an  amethyst  colour ; 
this  second  element  Von  Welsbach  calls  neody- 
mium ;  these  elements  show  absorption-spectra 
of  a  totally  different  character.  This  is  a  most  re- 
markable discovery  when  it  is  considered  how 
much  labour  Cleve  and  others  have  given  to  the 
preparation  of  pure  didymia  and  its  salts  by  frac- 
tional ppn.  without  apparently  observing  any 
facts  to  indicate  its  complex  character ;  and  more 
particularly  as  one  constituent  gives  green- 
coloured  salts,  whereas  didymium  salts  have 
always  been  recorded  as  possessing  a  red  or  pink 
colour  (v.  DIDYMIUM,  p.  383). 

The  foregoing  facts  show  how  necessary  it 
is  to  isolate  a  particular  earth  from  several 
minerals  which  contain  it  in  large  as  well  as 
small  quantity,  before  it  can  be  asserted  to  be  a 
homogeneous  body  ;  and  when  several  specimens 
have  been  obtained,  the  absorption-spectra,  the 
atomic  weights  of  the  elements  in  each,  and  the 
depth  of  tint  of  the  oxides,  must  agree  in  all  the 
specimens.  Kriiss  and  Nilson  (B.  20, 2134)  have 
worked  upon  several  minerals,  and  in  particular 
upon  large  quantities  of  Fergusonite,  and  from  a 
study  of  the  absorption-spectra  of  various  solu- 
tions they  conclude  that  samarium,  erbium, 
neodymium,  praseodymium,  and  other  bodies 
showing  absorption-spectra  and  considered  to  be 
elementary,  are  in  reality  of  a  complex  character 
and  consist  each  of  a  large  number  of  elements. 
This  result  is  arrived  at  judging  only  by  the 
variations  in  intensity  of  the  absorption-bands, 
but  it  would  be  premature  to  attach  much  weight 
to  the  assertions  of  these  chemists  until  fairly 
pure  specimens  of  the  various  bodies  have  been 
isolated  from  the  several  sources,  for  it  is  not 
improbable  that  in  a  mixture  of  a  large  number 
of  elements,  the  absorption-bands  of  one  may 
influence  the  intensity  of  those  of  another. 

The  following  list  of  elements  comprises  the 
metals  of  those  earths  which  have  as  yet  been 
prepared  in  a  fairly  pure  state,  although  a  few 
are,  as  aforesaid,  looked  upon  by  some  chemists 
as  mixtures  of  several  earths. 
Aluminium  Yttrium  Lanthanum 

Beryllium  Erbium  Neodymium 

Zirconium  Terbium  Praseodymium 

Thorium  Holmium  Samarium 

Scandium  Dysprosium         Cerium 

Ytterbium  Thulium  Gadolinium. 

Decipium 


Those  elements  whose  salts  show  absorption- 
spectra  are  erbium,  holmium,  dysprosium,  thu- 
lium, neodymium,  praseodymium,  and  samarium. 
The  oxides  are  all  white,  with  the  exception  of 
erbia  which  is  pink ;  holmia  and  thulia,  pink  (?) ; 
decipia,  orange ;  neodymia,  blue  (VonWelsbach) ; 
praseodymia,  dark  brown ;  ceria,  pale  yellow ; 
gadolina,  white  (pale  yellow,  Marignac) ;  terbia, 
orange. 

The  chemical  methods  for  effecting  the  indi- 
vidual separation  of  the  earths  are  either  by  frac- 
tional fusion  of  the  nitrates,  or  fractional  ppn. 
with  dilute  ammonia;  those  oxides  which  are 
ppd.  by  K2S04  (v.  post)  are  all  much  more  basic 
than  those  not  so  ppd.,  and  the  order  of  basicity 
of  the  two  groups  is  as  follows,  beginning  with 
the  most  basic  (assuming  the  existence  of  the 
bodies  enumerated  as  distinct  earths)  : — 

La  >  Prd  >  Nd  >  Sm  >  Gd  >  Dp  ; 
and  for  the  yttria  group, 

Y  >  Tb  >  ErHoTm  >  Yb  >  Sc. 
An  oxide  is  regarded  as  more  or  less  basic  than 
another  according  as  it  is  displaced  from  its  salts 
with  more  or  less  difficulty  than  the  other  oxide. 
The  relative  basicities  of  two  oxides  are  deter- 
mined by  fractionally  ppg.  a  solution  containing 
salts  of  both  oxides.  Thus  if  an  insufficiency  of 
a  pptant.  is  added  to  a  mixture  of  two  earths  in 

solution  in  the  ratio  -,  and  the  pp.  contains  the 

B 

earths  in  the  ratio  -,  then  A  is  said  to  be  more  or 
b 

less  basic  than  B  according  as  the  ratio  -  is 

b 

— ;  the  less  basic  earth  yields  more  easily 
B 

to  the  pptant.,  the  more  basic  resists  its  action 
more. 

In  the  cerite  earths,  decipia,  being  the  least 
basic,  accumulates  in  the  first  pps.  and  lanthana 
remains  in  solution ;  while  in  the  yttria  group, 
scandia  and  yttria  stand  at  the  two  extremes. 
The  oxides  ceria,  thoria,  zirconia,  and  beryllia, 
as  well  as  alumina,  are  easily  separated  by 
methods  other  than  fractional  ppn.  or  fusion. 

The  sources  from  which  the  earths  are  ob- 
tained are  few.  The  best  known  mineral  con- 
taining these  oxides,  and  apparently  the  most 
abundant,  is  cerite,  which  consists  largely  of 
ceria,  with  about  15  p.c.  of  lanthana,  praseo- 
dymia, and  neodymia  ;  the  amount  of  samaria 
and  decipia  is  small,  being  about  three-tenths 
p.c. ;  gadolina  only  a  trace  ;  and  there  is  generally 
a  small  quantity  of  the  yttria  group  of  earths. 
Gadolinite  and  euxenite  are  each  rich  in  yttria, 
erbia,  holmia,  with  a  small  quantity  of  ytterbia 
and  scandia  ;  while  samarskite  appears  to  be  the 
most  abundant  source  of  terbia,  samaria,  and 
gadolina,  together  with  much  yttria. 

SEPARATION  OF  THE  EARTHS. — Before  attempt- 
ing to  isolate  the  earths  individually,  they  are 
first  separated  as  completely  as  possible  from  the 
heavy  metals  and  the  alkaline  earths,  and  from 
niobic,  tantalic,  and  titanic  acids ;  fusing  the 
finely  ground  mineral,  should  it  be  a  niobate  or 
tantalate,  with  KHS04,  and  digesting  with  water, 
will  leave  Nb2p?  and  Ta205  insoluble ;  if  the 
mineral  is  a  silicate,  like  cerite  or  gadolinite, 
HClAq  or  H2S04Aq  may  be  employed  to  decom- 
pose it.  The  Cu,  Bi,  &c.,  in  the  solution  are 
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ppd.  by  SH2,  and  ammonio  oxalate  is  added  ;  if 
the  oxalate  is  in  large  excess  the  nitrate  will 
contain  the  zirconia  as  well  as  beryllia  and 
alumina.  The  mixed  oxalates  are  well  washed, 
dried,  and  strongly  heated,  and  the  oxides  thus 
formed  are  dissolved  in  HClAq  ;  the  evolution  of 
Cl  indicates  the  presence  of  Ce02 ;  if  the  heating 
has  been  too  intense,  Zr02  and  Th02  remain  in- 
soluble. The  solution  is  ppd.  by  ammonia,  and 
boiled  to  separate  CaO,  BaO,  and  SrO  ;  the  pp. 
is  redissolved,  ppd.  by  oxalic  acid,  and  the 
oxalates  are  heated.  The  colour  of  the  strongly 
heated  material  will  now  give  some  indication  of 
its  character.  It  is  invariably  of  a  deep  brown 
or  pale  yellow  colour ;  the  former  indicates  the 
presence  of  much  didymia  (neodymia  and 
praseodymia),  and  the  latter  tint  indicates  terbia,  ! 
decipia,  or  ceria ;  the  colouring  materials  didy- 
mia, terbia,  and  decipia  appear  to  be  peroxides 
which  are  reduced  and  become  white,  or  green- 
ish white,  when  gently  heated  in  a  reducing 
atmosphere. 

The  oxides  are  dissolved  in  nitric  acid ;  the 
solution  is  mixed  with  three  or  four  times  the 
weight  of  the  oxides  of  sodic  nitrate,  evaporated 
to  dryness,  and  the  residue  is  subjected  to  gentle 
fusion  to  decompose  the  eerie,  thoric,  and 
zirconic  nitrates,  should  these  bodies  be  present ; 
water  is  added  and  the  liquid  is  filtered.  The 
spectroscope  will  now  readily  reveal  the  presence 
of  didymia,  erbia,  and  such  other  earths  as  show 
absorption  bands ;  the  bands  of  samaria  are  very 
faint  and  a  somewhat  cone,  solution  is  required. 

The  next  step  in  the  separation  of  the 
earths  is  to  divide  them  into  two  groups  by  ppg. 
the  solution,  either  as  chlorides,  nitrates,  or 
sulphates,  by  K2S04.  To  the  nearly  neutral 
solution  more  than  sufficient  K2SO4  is  added  in 
fine  powder  to  saturate  the  liquid,  which  is  then 
allowed  to  stand  some  hours  with  occasional 
agitation ;  the  pp.  that  forms  is  filtered  off  and 
washed  several  times  with  a  saturated  solution 
of  K2S04,  the  operations  being  done  cold.  The 
pp.  and  solution  now  contain  the  following 
elements :  — 

Precipitate. 
Di,  La,  Ce,  Sm,  Dp,  Th,  Zr,  Gd ; 

Filtrate. 
Y,  Yb,  Er,  Ho,  Tm,  Tb,  So. 

The  pp.  of  Gd-salt  is  slightly  soluble  in  a  satu- 
rated solution  of  K2S04,but  for  the  other  elements 
the  separation  is  practically  perfect  (v.  post). 
Both  pp.  and  filtrate  are  decomposed  with  caustic 
soda,  the  pps.  are  well  washed  till  free  from 
sulphates,  and  both  are  redissolved  separately 
in  HN03Aq ;  if  much  Ce,  Zr,  or  Th  is  suspected, 
the  pp.  from  the  solution  is  again  fused  with 
sodic  nitrate  as  before. 

The  earths  Di2O3,  La203,  &c.,  are  separated 
from  each  other  by  fractional  ppn.  of  their 
nitrates  by  cold  dilute  ammonia  :  to  the  dilute 
neutral  solution  sufficient  ammonia  is  added  to 
ppt.  a  considerable  portion  of  the  whole,  say 
about  nine-tenths  ;  the  pp.  is  filtered  off,  re- 
dissolved  in  nitric  acid,  and  again  ppd.  in  about 
the  same  proportion  as  before,  the  operation 
being  repeated  upon  each  pp.  till  about  only 
one-tenth  of  the  original  material  remains.  All 
the  filtrates  are  put  together,  and  the  operations 


are  repeated  as  before,  and  the  final  small  pp.  is 
added  to  the  previous  one.  The  success  of  this 
method  of  operating  depends  upon  the  slight 
differences  between  the  basicities  of  the  various 
earths,  the  least  basic  tending  to  be  ppd.  first, 
and  the  most  basic  to  remain  in  solution.  The 
basic  powers  are,  in  order  of  increasing  magnitude 
Dp<Gd<Sm<NdPrd<La ;  therefore  the  La,03 
tends  to  accumulate  in  the  filtrates,  and  the 
Dp20?,  Gd203  and  Sm203  in  the  pps.  The  ab- 
sorption-spectrum will  show  that  the  intensity  of 
the  Nd203  and  Prd2O3  bands  becomes  less,  and 
the  colour  of  the  oxide  obtained  by  heating  the 
oxalate  becomes  more  nearly  white,  in  the  first 
filtrates  as  the  process  is  repeated;  the  least 
basic  material  will  do  the  same,  inasmuch  as 
Gd203  and  Sm203  are  white  and  Dp203  is  orange 
yellow,  whereas  the  intermediate  fractions  rich 
in  Nd203  and  Prd203  give  very  strong  absorption- 
bands,  and  the  strongly  heated  oxalates  are  of  a 
deep  coffee-brown  colour.  The  difference  between 
the  basicity  of  La2O3  and  the  other  earths  is 
much  greater  than  that  between  any  of  the  other 
two  consecutive  earths  of  the  series,  as  Dp-Gd, 
Gd-Sm,  Sm-NdPrd,  so  that  the  purification 
of  La203  is  easy  compared  with  the  labour  re- 
quired'for  the  separation  of  the  others.  Assuming 
that  the  less  basic  material  is  obtained  free 
from  Nd2O3  and  Prd203,  as  shown  by  the  spectro- 
scope, fractional  pptn.  is  repeated  on  the  material 
till  the  filtrates  give  an  oxide  of  a  white  colour 
consisting  of  Sm203  and  Gd203,  which  are 
separated  from  each  other  by  taking  advantage 
of  the  greater  solubility  of  the  double  sulphate 
of  gadolinium  and  potassium  in  a  cone,  solu- 
tion of  K2S04. 

Another  method  of  conducting  the  separation 
of  the  earths  consists  in  using  a  number  of  flasks 
in  series,  the  central  one  being  marked  '  0,'  those 
to  the  right  marked  +1,  +  2,  +  3,&c.,  and  those 
to  the  left  - 1,  -  2,  -  3,  &c.  The  solution  to  be 
fractionated  is  placed  in  the  central  flask  marked 
'  0,'  and  about  one-half  of  the  material  is  ppd. ; 
the  pp.  is  dissolved  and  placed  in  —1,  and  the 
filtrate  is  placed  in  +1.  One  half  of  —1  is 
ppd.,  the  pp.  is  dissolved  and  put  into  —  2,  and 
the  filtrate  into  0;  one  half  of  +1  is  thrown 
down,  the  pp.  is  dissolved  and  placed  in  0,  and 
the  filtrate  is  put  into  +2.  In  this  way  the 
operations  are  repeated  till  the  +  n  flask  contains 
the  most  basic  earths,  and  the  —  n  flask  the  least 
basic. 

The  earths  not  ppd.  by  K2S04,  consisting  of 
Y203,Er203,Tb203,&c.,are  converted  into  nitrates 
and  are  treated  by  either  of  two  methods  — 
(1)  by  fusing  the  nitrates,  or  (2)  by  fractional 
ppn.  with  dilute  ammonia.  The  first  method 
would  seem  to  be  the  more  successful,  as  by  its 
use  scandia,  ytterbia,  holmia,  thulia,  and  erbia 
have  been  isolated.  The  basicities  of  the  earths 
being  in  the  order  Sc<Yb<Er  Ho  Sm<Tb<Y, 
the  nitrate  of  scandia  tends  to  decompose  at  a 
lower  heat  and  more  readily  than  the  ytterbia 
salt,  the  latter  decomposes  before  erbia,  holmia, 
&c.,  and  these  decompose  more  readily  than 
yttric  nitrate.  Hence,  if  the  fusion  has  been 
carried  nearly  to  complete  decomposition,  the 
fused  mass  when  treated  with  water  will  give  a 
solution  rich  in  yttria  and  terbia,  and  containing 
little  or  no  scandia  and  ytterbia.  The  insoluble 
material  is  redissolved  in  nitric  acid,  and  again 
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subjected  to  fusion  as  before  ;  the  fused  mass  is 
treated  with  water  and  filtered,  the  operations 
being  repeated  very  many  times,  as  in  fractional 
ppn. 

The  methods  given  above  for  separating  the 
earths  may  be  somewhat  modified  according  as 
one  or  other  of  the  elements  preponderates.  In 
working  with  the  cerite  earths  the  material,  as 
nitrates,  is  first  mixed  with  sodic  nitrate,  and 
subjected  to  the  process  of  fusion  to  decompose 
the  very  large  amount  of  eerie  nitrate  present ; 
as  the  amount  of  the  yttria  earths  in  cerite  is 
small,  the  solution  from  the  insoluble  eerie  oxide 
may  at  once  be  treated  by  fractional  ppn. ;  the 
yttria  earths,  being  very  much  less  basic  than 
La/)3  or  Di203,  collect  completely  with  the  Sm,X)3 
in  the  first  fractions,  when  this  portion  is  then 
separated  by  K2S04.  Again,  in  such  minerals  as 
gadolinite  or  samarskite,  the  amount  of  the  cerite 
earths  being  small,  fractional  ppn.  or  fusion  may 
be  at  once  resorted  to  with  the  nitrates,  and  the 
most  basic  portions,  containing  all  the  La,  Di, 
Sm,  &c.,  may  be  finally  treated  with  KjSO^ 

Several  methods  of  limited  application  are 
suitable  for  the  separation  of  a  few  of  the  earths ; 
didymia,  containing  a  trace  of  lanthana,  may  be 
purified  by  ppn.  in  a  strongly  acid  solution 
(HN03)  with  oxalic  acid,  lanthanic  oxalate  being 
much  more  soluble  than  the  didymic  salt ;  the 
same  process  may  be  employed  for  separating 
yttria  from  terbia,  the  oxalate  of  the  •former 
being  the  more  soluble ;  or  this  separation  may 
be  effected  by  dissolving  the  oxides  in  formic  acid, 
and  crystallising,  the  terbic  formate  being  the 
less  soluble.  Small  quantities  of  cerium  are 
easily  separated  by  ppg.  with  large  excess  of 
soda,  and  passing  chlorine  through  the  liquid, 
which  leaves  the  Ce02  insoluble. 

The  distinguishing  characteristics  of  the  ele- 
ments scandium,  ytterbium,  and  yttrium  are  their 
widely  different  atomic  weights,  different  spark- 
spectra,  and  the  slight  differences  in  basicities, 
these  being  in  the  order  Sc<Yb<Y.  Erbia, 
holmia,  and  thulia  are  recognised  by  the  bands 
in  their  absorption-spectra ;  decipia  and  terbia 
both  give  orange-coloured  oxides,  but  differ 
in  the  fact  that  the  former  is  ppd.  by  K2S04  as 
a  double  sulphate,  while  the  latter  is  not  so  ppd.; 
gadolina  and  samaria,  two  closely-allied  earths, 
differ  also  in  the  solubility  of  their  double  sul- 
phates with  K2S04  in  a  cone,  solution  of  this 
salt,  and  the  former  gives  no  absorption- 
spectrum. 

The  earths,  known  as  rare,  resemble  alumina 
in  being  ppd.  by  ammonia,  insoluble  in  excess, 
but  differ  from  alumina  in  being  insoluble  in 
excess  of  soda  or  potash ;  they  likewise  resemble 
CaO,  SrO,  and  BaO  in  forming,  with  the  excep- 
tion of  ZrO2,  oxalates  which  are  insoluble  in 
water  and  oxalic  acid  or  ammonium  oxalate,  but 
are  slightly  soluble  in  acids  ;  Th02  and  Zr02  are 
ppd.,  like  A1203,  by  sodium  thiosulphate.  The 
oxides  of  the  cerite  and  yttria  groups  are  all  as- 
sumed to  have  the  formula  M203 ;  most  of  them 
form  higher  oxides  by  ppg.  with  ammonia  in  pre- 
sence of  ILjO-j.  Our  knowledge  of  the  rare  earths 
is  yet  very  incomplete.  J.  J.  H. 

EARTHS,  METALS  OF  THE.  The  term 
earths  is  one  of  those  words  which  perpetuate 
the  connexion  of  chemistry  with  alchemy.  The 
meaning  given  to  the  term  at  different  periods 


marks  the  change  from  the  vague  conceptions  of 
the  earlier  times  to  the  more  precise  knowledge 
regarding  composition  and  properties  which  be- 
longs to  modern  chemistry.  Earth  was  one  of 
the  four  alchemical  essences  or  elements.  In 
later  times  the  term  was  applied  to  all  bodies 
which  were  insoluble  in  water  and  not  changed 
by  heat.  '  Terra  est  corpus  fossile,'  says  Boer- 
have,  in  his  Elementa  Chemice  (1732), '  simplex, 
durum,  friabile,  in  igne  fixum,  in  igne  non 
fluens,  in  aqua,  alcohole,  oleo,  aere  dissolvi  non 
potens.'  As  investigation  advanced,  a  separation 
was  made  between  bodies  which  had  many  pro- 
perties of  earths  and  yet  were  soluble  in  water — 
these  were  called  the  alkaline  earths — and  bodies 
which  were  not  dissolved  by  water.  Silica, 
alumina,  gypsum,  and  ferric  oxide,  were  taken  to 
be  the  typical  earths.  Lavoisier's  demonstration 
of  the  change  which  occurs  when  a  metal  is 
burnt  suggested  that  many  earths  might  be 
oxides  of  metals ;  Davy's  discovery  of  sodium 
and  potassium  marked  a  further  step  in  the 
acquisition  of  accurate  knowledge  of  the  compo- 
sition of  earths;  and  the  labours  of  Berzelius 
and  his  followers  completed  the  work  which  the 
alchemists  began. 

The  earths  are  the  oxides  of  certain  metals ; 
these  oxides  are  all  insoluble,  or  only  slightly 
soluble,  in  water;  the  oxides  are  reduced  to 
metals  with  difficulty.  There  is  still  difference 
of  opinion  as  to  the  list  of  metals  whose  oxides 
are  to  be  included  in  the  class  of  earths,  but  the 
matter  is  not  one  of  great  importance.  The 
term  is  used  in  the  present  article  only  for  con- 
venience of  classing  together  a  number  of  ele- 
ments which  show  distinct  analogies.  The 
metals  Al,  Ga,  In,  Sc,  Y,  La,  and  Yb  resemble 
each  other  in  so  many  respects  that  it  is  advi- 
sable to  place  them  in  the  same  class ;  thallium 
also  shows  distinct  analogies  with  Al,  Ga,  and 
In  ;  and  the  eight  elements  mentioned  more  or 
less  resemble  the  non-metallic  element  boron. 

These  nine  elements  form  Group  III.  in  the 
periodic  classification  of  the  elements.  This 
group  is  divided  as  follows : — 

Group  III. 

Even  series 

24  6  8  10  12 

B(ll)    Sc(44)     Y  (89)  La  (139)  Yb  (173)      — 
Odd  series 

35  7          9  11 

Al(27)  Ga  (69-9)  In  (114)    —       Tl(204) 

These  elements  are  all  metallic  except  boron; 
scandium  and  ytterbium  have  not  been  isolated; 
some  of  the  properties  of  those  metals  of  this 
group  which  have  been  isolated  are  presented  in 
the  table  on  the  next  page. 

Chemical  properties. — The  earth-metals  de- 
compose water,  some  of  them  at  ordinary  tem- 
peratures, e.g.  Y  and  La,  others  at  100°,  e.g.  Al, 
and  others  only  at  red  heat,  e.g.  Tl.  They  are 
all  oxidised  when  heated  in  oxygen,  Al  and  Ga 
not  at  all  readily;  Tl  is  oxidised  even  by  ex- 
posure to  air.  The  metals  combine  directly  with 
the  halogens  to  form  compounds  MX3,  and  Tl 
forms  also  the  gasifiable  chloride  T1C1. 

The  well-marked  oxides  of  the  metals  we  are 
considering  belong  to  the  form  M203,  but  Tl  also 
forms  the  very  characteristic  oxide  T120 ;  the 
oxides  M203  are  basic,  T120  is  distinctly  alka- 
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ALUMINIUM 

GALLIUM 

YTTRIUM 

INDIUM 

LANTHANUM 

THALLIUM 

Atomic 

weights 

27-02 

69-9 

89-6 

113-4 

138-5 

203-64 

One  or  more  compounds  of  each  element,  except  Y  and  La,  have  been  gasified  ; 

specific  heats  have  been  directly  determined,  except  for  Y.     Molecular  weights 

Melting 

unknown. 

points 

700° 

30° 

(?) 

176° 

(?) 

285° 

Specific 

\    / 

gravities 

2-6 

6-1 

(?) 

7-3 

6-2 

11-9 

(approx.) 

Specific 

heats 

•225 

•08 

(?) 

•057 

•047 

•034 

Occurrence 

Very  widely 

In  very  small 

With  Sc,  Yb, 

In  very  small 

With,  Y,  Yb, 

In        small 

and  prepa- 

distributed, 

quantities, 

La,  &c.,  as 

quantities, 

Ce,  &c.,  as 

quantities, 

ration 

chiefly     as 

as  sulphide, 

silicate  in  a 

as  sulphide, 

silicate     in 

chiefly  as  se- 

silicate.  Ob- 

in some  zinc 

few       rare 

in  some  zinc 

a    few  rare 

lenide,  fair- 

tained     by 

blendes. 

Swedish 

ores.       Ob- 

Swedish 

ly       widely 

reducing 

Obtained  by 

minerals. 

tained      by 

minerals. 

distributed. 

Al2Cla.2NaCl 

electrolysing 

Obtained 

reducing 

Obtained 

Obtained  by 

byNa 

alkaline  so- 

by reducing 

oxide   by  C 

by  reducing 

electrolysis 

lution  of  the 

Y2Cl6.2NaCl 

orH,orppg. 

La2Cl6byK, 

of   salts    in 

sulphate. 

by  Na,  or  by 

solutions  of 

or   by  elec- 

solution ;  by 

electrolysis. 

salts  by  Zn. 

trolysing 

ppn.  by  Al 

molten 

or    Zn  ;    or 

La2Cl6.2NaCl. 

by  reducing 

oxide        by 

KCN  or  C. 

Physical 

Tin  -  white, 

Silver-  white, 

Greyish-pow- 

White, very 

White  -grey, 

Very       lus- 

properties 

fairly  hard, 
very     mal- 

fairly hard, 
rather  brit- 

der (little  in- 
vestigated). 

soft,       lus- 
trous. 

fairly  hard, 
and  ductile. 

trous,  mal- 
leability and 

leable    and 

tle,  very  low 

ductility 

ductile,  very 

melting- 

small,  very 

sonorous. 

point. 

soft. 

line,  forming  the  hydroxide  T10H,  which  is  un- 
doubtedly to  be  classed  with  the  alkalis.  The 
most  characteristic  salts  of  the  metals  of  the 
earths  belong  to  the  form  M23X,  where  X  =  S04, 
S03,  C03,  2N03,  2C103,  §P04,  &c. ;  Tl  also  forms 
very  characteristic  salts,  T12X,  closely  resembling 
those  of  the  alkali  metals.  The  sulphates 
M23S04  of  the  odd-series  members  of  the  group, 
except  Tl,  i.e.  the  sulphates  of  Al,  Ga,  and  In, 
combine  with  alkali  sulphates  to  form  alums 
M23S04.X2S04.24H20,  where  M  =  A1,  Ga,  or  In, 
and  X  =  alkali  metal  usually  K  or  NH4;  thal- 
lous  sulphate  T12S04  forms  an  alum  in  which 
it  takes  the  place  of  the  alkali  sulphate 
(A123S04.T1,S04.24H20).  In  the  three  elements, 
Al,  Ga,  In,  the  tendency  to  form  more  than  one 
chloride  increases  as  the  atomic  weight  in- 
creases, and  also  the  tendency  of  the  chloride 
M2Clg  to  dissociate  into  MC13  increases  as  the 
atomic  weight  increases.  Al,  Ga,  and  Y  dissolve 
in  KOHAq  with  evolution  of  H  ;  in  this  respect 
they  show  analogies  with  some  of  the  non-metals. 
Tl  appears  to  form  an  oxide  T102,  and  this  oxide 
seems  to  be  acidic.  The  chlorides  A1C13,  GaCl3, 
and  InCl3  exist  as  gases  at  very  high  tempera- 
tures ;  there  is  evidence  of  the  existence  as  gases 
of  GaCl2  and  InCL,  and  possibly  of  InCl ;  T1C1 
has  been  gasified,  but  T1C13  is  known  only  as  a 
solid.  These  data  seem  to  indicate  that  the 
atoms  of  the  earth-metals  are  trivalent,  and  per- 
haps also  divalent,  in  gaseous  molecules. 

The  investigation  of  the  earth-metals  is  yet 


very  incomplete;  so  far  as  facts  are  available 
one  may  say  that  Al,  Ga,  and  In  are  very  closely 
related,  that  Sc,  Y,  La,  and  Yb  form  another 
family,  and  that  Tl  shows  relations  with  the  Al 
family,  but  is  also  most  distinctly  analogous  to 
the  alkali  metals  on  one  hand  and  lead  on  the 
other  hand.  Boron,  which  is  the  non-metallic 
member  of  Group  V.,has  already  been  considered 
(v.  vol.  i.  p.  524).  M.  M.  P.  M. 

ECBOLINE  v.  ERGOTIXINE. 

ECGONINE  C9HI5N03  i.e. 
C5NH3Me.CH(OH).CH2.C02H.  Named  from 
e/ryoj/os,  offshoot.  0-Oxy-methyl-ft-pyridyl-pro- 
pionic  acid.  [198°].  Obtained,  together  with 
benzoic  acid  and  MeOH,  by  heating  cocaine 
(C5NH3Me.CH(OBz).CH2.C02Me)  with  HC1  at 
100°  (Wohler,  A.  121,  372  ;  Lessen,  A.  133,  351). 
Boiling  baryta,  acting  on  cocaine,  forms  not 
only  ecgonine  but  also  '  isotropine '  C8H15NO 
(Calmels  a.  Gossin,  C.  E.  100,  1143).  Mono- 
clinic  prisms  (containing  aq)  (from  alcohol) ; 
a:b:c  =  -8136:1:  -6277  ;  j8  =  87°  8'.  V.  si.  sol.  water, 
m.  sol.  alcohol,  insol.  ether. 

Reactions. — 1.  The  product  obtained  by  heat- 
ing with  Mel  gives,  after  warming  with  silver 
chloride  and  Ag, a methylo-chloride,  whence 
(C9H15N03MeCl)2PtCl4  may  be  obtained  (Gintl  a. 
Storch,  M.  8,  78). — 2.  Oxidation  with  KMn04 
gives  succinic  acid  (Einhorn,.B.21,50).— 3.  Heat- 
ing with  H2S04  forms  an  anhydride  (?),  whose 
barium  salt  C18H2tiBaN205  is  crystalline  (Calmels 
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a.  Gossin,  C.  E.  100, 1143).— 4.  Distillation  with 
BaO  gives  methylamine. 

Salts.— B'-jH^tCle :  [226°] ;  yellow  powder, 
extremely  sol.  water,  si.  sol.  alcohol.  When  it3 
solution  is  heated  there  is  formed  B'2PtCl4  as 
yellowish  needles,  v.  sol.  water,  nearly  insol. 
alcohol  (C.  a.  G.).— B'HCl.  [246°].  SI.  sol. 
alcohol  (Liebermann,  B.  21,  2351). 

Benzoyl  derivative  C9H1403NBz.  [189°]. 
(M.) ;  [192°]  (S.) ;  [195°]  (L.  a.  G.).  Formed 
as  a  by-product  in  the  preparation  of  cocaine 
(Merck,  B.  18,  1594).  Formed  also  by  boiling 
cocaine  with  water  for  several  hours  (Einhorn, 
B.  21,  47).  Also  from  ecgonine  and  Bz20  (Lie- 
bermann a.  Giesel,  B.  21,  3196).  Flat  colour- 
less prisms ;  sol.  water  and  alcohol,  nearly  insol. 
ether.  Crystallises  also  in  prisms  containing 
4aq  [92°]  and  [140°].  Decomposed  by  HC1  into 
benzoic  acid  and  ecgonine.  Partially  converted 
by  Mel,  dissolved  in  MeOH  in  presence  of  alkali 
into  cocaine,  although  the  greater  part  is  simply 
resolved  into  benzoic  acid  and  ecgonine  (Skraup, 
M.  6,  556 ;  cf.  Merck,  B.  18, 2264).  In  the  same 
way,  by  heating  benzoyl-ecgonine  with  alky] 
iodides,  the  following  homologues  of  cocaine 
may  be  prepared,  ethyl-benzoyl-ecgonine 
C,6H18EtN04:  [108°];  monoclinic  prisms; 
propyl-benzoyl-ecgonine  C,6H18PrN04 
[79°];  and  isobutyl-benzoyl-ecgonine 
C16H18(CH,Pr)N04  [62°]  (Novy,  Ph.  [3]  18,  233). 
According  to  Einhorn  (B.  21,  3443)  the  first  of 
these  homologues  of  cocaine  is  a  liquid  and  the 
second  a  solid  [58°]. 

Salt  of  Benzoyl-ecgonine  B'HAuCl4 : 
sparingly  soluble  golden  leaflets. 

Anhydro-ecgonine  C9H13N02  i.e. 
C5NH3Me.CH:CH.C02H  [235°].  Formed  by  the 
action  of  PC15  (Merck,  B.  19,  3002)  or  POC13 
(Einhorn,  B.  20,  1221)  on  ecgonine.  Crystals, 
v.  sol.  water  and  alcohol,  almost  insol.  other 
solvents.  With  Br  it  forms  C9H13Br2N02,  whose 
hydrochloride  C9H13Br,N02HCl  melts  at  184°.  It 
forms  a  perbromide  [156°]. 

Salts.— B'HCl.  [241°].— B'2H.,PtCl6.  [223°]. 
— B'HAuCl4.— B'HI3  [186°].— B'HBr  [155°]. 

Ethyl  derivativeC9H.l2EtNO.t.  Oil.  Forms 
a  hydrochloride  [244°].— B'H2PtCl6  [211°]. 

ECHICERIN  v.  DITA  BARK. 

ECHITIN  v.  DITA  BARK. 

ECHITENINE  v.  DITA  BARK. 

EFFLORESCENCE.  The  formation  of  a  loose 
powdery  deposit  on  the  surface  of  a  solid  body  is 
termed  efflorescence.  Some  hydrated  salts  lose 
water  of  crystallisation  by  exposure  to  the  air, 
and  the  surface  becomes  covered  with  a  deposit 
of  the  dehydrated  salt ;  crystals  of  Na,OO3.10H20, 
for  instance,  effloresce  in  this  way,  the  surface 
becoming  Na2C03.5H2O.  If  a  porous  body  is 
filled  with  a  salt  solution,  the  solution  will  be 
drawn  by  capillary  action  to  the  surface  of  the 
solid,  and  if  the  body  in  solution  crystallises  on 
the  surface  of  the  solid  the  phenomenon  is  called 
efflorescence ;  thus,  the  formation  of  nitre  on 
the  surface  of  the  soil,  or  of  sodium  carbonate 
on  walls,  is  an  example  of  efflorescence.  The 
term  is  also  applied  to  the  creeping  of  a  solution 
up  the  sides  of  a  vessel  and  deposition  of  the 
dissolved  body;  thus,  if  a  solution  of  salam- 
moniac  is  exposed  to  the  air,  crystals  are  formed 
where  the  surface  of  the  liquid  touches  the  sides 
of  the  vessel ;  the  liquid  then  rises,  by  capillary 


action,  between  these  crystals,  and  more  crystals 
are  formed  above  the  first  layer,  and  so  on. 

M.  M.  P.  M. 

EGG  ALBUMEN  v.  PROTEIDS. 

EICOSANE  v.  ICOSANE. 

ELJEOMARGARIC  ACID  C17H3002.  [48°]. 
Occurs  as  glyceride  in  the  oil  from  the  seeds  of 
Elaococca  Vernicia  (Cloez,  C.  R.  81,  469  ;  82, 
501 ;  83,  943).  Trimetric  tables  v.  e.  sol.  ether. 
Absorbs  oxygen  from  the  air,  becoming  resinous. 
Sunlight  converts  the  oil  of  Elaeococca  into  a 
solid  fat,  which  on  saponification  gives  elaeo- 
stearic  acid  [72°]. 

ELJEOPTENE.  The  portion  of  a  natural 
essential  oil  that  does  not  readily  solidify. 

ELAIDIC  ACID.  The  solid  polymeride  ob- 
tained by  the  action  of  nitrous  acid  on  OLEIC 
ACID  (q.v.). 

ELAIDIN.  The  solid  polymeride  of  Olein, 
v.  OLEIC  ACID. 

ELASTIN  v.  PROTEIDS,  Appendix  C. 

ELATERIN  C20H2805.  Occurs  in  the  spurting 
cucumber  (Momordica  Elaterium)  (Zwenger,  A. 
43, 359  ;  Morrus,  A.  2,  366 ;  Power,  Ph.  [3]  5,  645). 
Hexagonal  tables,  insol.  water,  si.  sol.  ether,  v. 
sol.  alcohol.  Purgative.  Gives  a  carmine  colour 
with  phenol  and  H2S04  (Lindo,  Fr.  17,  500  ;  cf. 
Johannson,  Fr.  24,  156). 

ELECTROLYSIS.  The  separation  of  a  com- 
pound into  parts  effected  by  the  passage  of  an 
electric  current.  A  compound  which  is  decom- 
posed by  the  passage  through  it  of  an  electric 
current  is  called  an  electrolyte ;  the  parts  into 
which  it  is  separated  are  called  the  ions.  When 
different  electrolytes  are  decomposed  by  a  cur- 
rent, the  masses  of  the  ions  which  carry  with 
them  equal  quantities  of  electricity  are  in  the 
proportion  of  the  chemical  equivalents  of  these 
ions.  Conversely  the  masses  of  several  ions 
which  are  chemically  equivalent  produce  equal 
quantities  of  electricity  by  their  combination 
with  other  ions ;  thus,  suppose  32-7  grams  of 
zinc  were  dissolved  in  sulphuric  acid,  28  grams 
of  iron  in  hydrochloric  acid,  and  9  grams  of 
aluminium  in  potash,  the  quantity  of  electricity 
set  in  motion  by  each  action  would  be  the  same. 
The  electricity  behaves  as  if  it  were  divided  into 
atoms,  one  of  which  is  attached  to  each  mono- 
valent  ion,  two  to  each  divalent  ion,  and  so  on. 

In  some  cases  electrolysis  proceeds  as  if  the 
mass  of  the  electrolyte  expressed  by  its  chemical 
formula  were  being  separated  into  ions;  in 
other  cases  the  action  proceeds  as  if  the  mass  of 
electrolyte  decomposed  by  the  current  were  a 
multiple  of  that  expressed  by  the  formula. 
There  are  some  binary  compounds  which  are 
not  electrolytes,  but  which  undergo  electrolysis 
when  mixed  with  other  compounds  that  also  are 
not  themselves  electrolytes.  The  application  of 
the  facts  of  electrolysis  to  chemical  processes 
will  be  dealt  with  in  the  art.  PHYSICAL  METHODS. 

M.  M.  P.  M. 

ELECTRONEGATIVE  and  ELECTROPOSI- 
TIVE. When  a  binary  salt  is  electrolysed  into 
its  elements,  one  of  the  elements  separates  at 
the  negative  electrode  and  the  other  at  the  posi- 
tive electrode  ;  the  former  element  is  said  to  be 
electropositive  towards  the  latter.  An  element 
may  be  electropositive  towards  another  element 
and  at  the  same  time  electronegative  towards  a 
third  element;  thus  in  the  electrolysis  of  a 
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metallic  sulphide  the  sulphur  will  separate  at 
the  positive  electrode,  but  in  the  electrolysis  of 
sulphur  chloride  the  sulphur  separates  at  the 
negative  electrode ;  sulphur  is  negative  towards 
metals  but  positive  towards  chlorine.  The  terms 
electropositive  and  negative  are  used  in  che- 
mistry as  practically  synonymous  with  the  terms 
basylous  and  chlorous.  The  classification  of 
elements  into  positive  and  negative  is  of  use, 
inasmuch  as  with  this  property  a  number  of 
others  are  associated;  thus,  if  we  know  that 
an  element  is  positive  to  many  others  we  con- 
clude that  its  chemical  properties  are  those 
characteristic  of  metals ;  if,  on  the  other  hand, 
the  element  is  negative  to  a  number  of  metals, 
we  conclude  that  its  oxides  will  be  acidic,  that 
it  will  not  form  salts  by  replacing  the  hydrogen 
of  acids,  that  it  will  possibly  form  a  hydride, 
and  that  generally  it  will  be  characterised  by 
non-metallic  properties.  M.  M.  P.  M. 

ELEMENTS.  Although  the  notion  of  an 
element  or  elementary  body  is  one  of  the  re- 
motest antiquity,  it  has  reached  its  present  form 
by  a  process  of  slow  growth.  The  Aristotelian 
elements— earth,  water,  air,  and  fire— represented 
properties  or  conditions  rather  than  actual  sub- 
stances ;  and  the  same  may  be  said  of  the  al- 
chemical elements— salt,  sulphur,  and  mercury. 
A  very  casual  review  of  the  older  chemical 
writings  will  show  that  these  conceptions  were 
scholastic  rather  than  scientific,  and  yet  they 
served  their  purpose  in  a  primitive  way  and 
aided  to  some  extent  in  the  classification  of 
material  things.  In  a  strictly  chemical  sense, 
the  modern  idea  of  an  element,  together  with  its 
implied  distinction  between  elementary  and  com- 
pound bodies,  seems  to  have  originated  with 
Boyle,  who,  in  his  Sceptical  Chymist  and  other 
essays,  vigorously  combated  the  earlier  notions. 
He  taught  that  such  substances  were  to  be  re- 
garded as  elementary  as  were  not  capable  of 
further  separation,  and  which,  being  obtainable 
from  compounds,  could  yield  like  compounds 
again.  Such  elements,  however,  he  did  not 
specifically  define,  nor  did  he  assign  any  positive 
limit  to  their  number. 

From  this  point  the  conception  of  chemical 
elements  slowly  developed,  changing  as  the  re- 
sources of  analysis  changed,  becoming  more 
definite  with  the  introduction  of  quantitative 
methods  into  chemistry,  until  with  the  decom- 
position of  the  alkalis  and  alkaline  earths  by 
Davy,  and  the  discovery  of  the  true  nature  of 
chlorine,  it  crystallised  into  its  present  form. 
To-day  the  myriads  of  known  substances  are  all 
capable  of  ultimate  analysis,  and  they  are  re- 
duced at  last  to  about  sixty-nine  or  seventy  simple 
bodies,  which  resist  all  efforts  of  the  analyst  to 
decompose  them  further.  These  simple  bodies, 
or  elements,  are  as  follows : — 
Aluminium 
Antimony 
Arsenic 
Barium 
Beryllium 
Bismuth 
Boron 
Bromine 
Cadmium 
Caesium 
Calcium 


Carbon 

Gold 

Cerium 

Hydrogen 

Chlorine 

Indium 

Chromium 

Iodine 

Cobalt 

Iridium 

Copper 

Iron 

Didymium 

Lanthanum 

Erbium 

Lead 

Fluorine 

Lithium 

Gallium 

Magnesium 

Gerfnanium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Niobium 

Nitrogen 

Osmium 

Oxygen 

Palladium 

Phosphorus 

Platinum 

Potassium 

Khodium 


Eubidium 

Euthenium 

Samarium 

Scandium 

Selenion 

Silicon 

Silver 

Sodium 

Strontium 

Sulphur 

Tantalum 

Tellurium 


Terbium 

Thallium 

Thorium 

Tin 

Titanium 

Tungsten 

Uranium 

Vanadium 

Ytterbium 

Yttrium 

Zinc 

Zirconium 


To  these  may  perhaps  be  added  a  few  which 
are  still  doubtful,  such  as  norwegium,  holmium, 
thulium,  &c.,  and  some  which  are  but  dimly 
recognised  as  present  in  the  cerite  and  gadolinite 
earths.  It  is  also  probable  that  some  of  those 
in  the  list  are  really  not  elementary  substances, 
e.g.  didymium. 

Upon  comparison,  these  elements  are  found  to 
fall  into  well-marked  natural  groups,  the  mem- 
bers of  each  group  showing  close  kinship,  both 
as  regards  themselves  and  their  compounds.  At 
first  the  classification  of  the  elements  was  super- 
ficial and  tentative,  being  based  upon  partial 
resemblances;  and  even  the  broad  division  of 
them  into  metals  and  non-metals  was  far  from 
being  satisfactory.  To  the  earlier  chemists 
nitrogen  and  bismuth  had  nothing  in  common, 
carbon  and  tin  were  totally  unlike,  while  vana- 
dium and  chromium  were  classed  together,  and 
so  too  were  tellurium  and  antimony.  But  by 
means  of  the  hypothesis  of  valency  a  clearer 
insight  was  gained  into  the  true  relationships  of 
the  elements,  and  in  the  announcement  of  the 
periodic  law  (q.v.)  by  Newland,  Mendelejeff,  and 
Lothar  Meyer,  their  orderly  sequence  was  at  last 
definitely  perceived.  To-day  all  classification  of 
the  elements  is  based  primarily  upon  that  law, 
and  illustrates  chemical  function  rather  than 
external  properties.  The  former  is  fundamental, 
the  latter  are  but  secondary.  Furthermore,  in 
consequence  of  the  periodic  law  all  the  physical 
characteristics  of  the  elements  are  now  thought 
to  depend  ultimately  upon  atomic  mass,  and 
thus  their  classification  is  directly  correlated 
with  the  atomic  theory. 

Omitting  a  very  few  of  the  rarer  and  more 
imperfectly  known  elements,  the  following  ele- 
mentary groups  may  be  distinctly  recognised. 
For  the  connexion  of  the  several  groups  with 
each  other  the  article  on  the  periodic  law  should 
be  consulted  (cf.  also  CLASSIFICATION,  p.  203).  By 
suitable  divisions  the  existence  of  sub-groups  is 
indicated :  — 


Be       B 


Ca 
Sr 
Ba 


Al 
Ga 
In 


Li 

Na 

K 

Eb       - 

Cs       Mg      So 
Zn      Y 
Cd       La 
Hg      Yb 

Tl 


4 
C 

Si 
Ti 
Ge 
Zr 
Sn 
Pb 

Ce 
Th 


5 

N 

P 

V 

As 

Sb 

Bi 


O 

S 

Se 

Te 


7 

F 

Cl 

Br 

I 


Cr       Mn 
—       Mo 
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Di 

Er 


8 
Fe 

Ni 
Co 

Cu 
Ag 
Au 

Eh 

Eu 

Pd 

Ir 

Os 

Pt 
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In  each  of  these  groups,  or,  more  precisely, 
in  each  of  the  sub-groups,  if  the  elements  are 
arranged  in  the  order  of  their  atomic  weights, 
there  is  a  regular  gradation  of  properties  from 
the  lowest  to  the  highest.  Among  their  com- 
pounds precisely  similar  regularities  appear,  and 
exceptions  are  quite  uncommon.  If  one  element 
in  a  group  forms  certain  well-defined  compounds, 
we  may  fairly  expect  them  to  be  paralleled  by 
every  other  element  in  the  same  series,  and  their 
points  of  dissimilarity  will  follow  a  regular  serial 
order.  Throughout  each  group,  with  a  few  excep- 
tions, there  seems  to  be  one  dominant  valency 
representing  the  maximum  stability  among  the 
derivatives  of  the  members  of  the  group,  and 
these  derivatives  are  frequently  isomorphous. 
Indeed  isomorphism  between  analogously  con- 
stituted compounds  is  good  evidence  of  chemi- 
cal kinship,  although  it  is  not  proof  positive. 

As  regards  abundance,  association  in  nature, 
and  modes  of  occurrence,  the  elements  differ 
widely.  Including  the  atmosphere  and  the  ocean, 
the  mass  of  the  earth's  crust  is  mainly  made  up 
of  thirteen  of  them,  namely,  oxygen,  hydrogen, 
nitrogen,  carbon,  chlorine,  sulphur,  aluminium, 
calcium,  magnesium,  iron,  potassium,  sodium, 
and  silicon.  Certain  others,  such  as  fluorine, 
manganese,  lead,  and  phosphorus,  are  relatively 
common,  and  others,  like  gallium,  indium,  and 
germanium,  are  exceedingly  rare.  Compara- 
tively few  of  the  elements  are  found  free  in 
nature,  and  these  are  oxygen,  hydrogen,  nitro- 
gen, carbon,  sulphur,  tellurium,  arsenic,  anti- 
mony, bismuth,  copper,  silver,  gold,  mercury, 
zinc,  tin,  lead,  iron,  and  the  six  platinum  metals. 
Of  these  only  nitrogen,  gold,  and  the  platinum 
group  appear  to  be  more  abundant  free  than  in 
a  state  of  union.  Compounds  are  the  rule,  native 
elements  the  exception.  In  general  terms,  like 
elements  occur  under  like  conditions,  and  often 
in  association  with  each  other.  Thus  cobalt  and 
nickel  are  seldom  found  entirely  apart,  the  rarer 
earths  are  almost  always  commingled,  and  the 
platinum  metals  always  occur  more  or  less  to- 
gether. Apart  from  the  commoner  rock-forming 
elements,  the  so-called '  heavy  metals '  are  chiefly 
found  segregated  in  veins  which  are  produced  by 
infiltration ;  while  the  cerium  and  yttrium  groups, 
beryllium,  zirconium,  thorium,  &c.,  exist  almost 
solely  in  granitic  intrusions.  In  sedimentary  or 
detrital  rocks  the  rarer  elements  which  perhaps 
were  present  in  the  parent  formations  are  so 
widely  scattered  as  to  be  no  longer  discernible. 
The  older  rock  masses  yield  by  far  the  larger 
proportion  of  the  known  elements.  Even  in  vol- 
canic outflows  the  number  of  elements  present 
seems  to  be  relatively  small,  perhaps  because  no 
segregating  influence  has  rendered  the  presence 
of  the  scarcer  substances  distinctly  manifest.  In 
organic  matter  the  elements  carbon,  hydrogen, 
oxygen,  nitrogen,  sulphur,  and  phosphorus  are 
the  dominating  constituents. 

In  the  beginnings  of  chemistry  the  fact  that 
one  substance  could  be  transformed  into  other 
substances  gave  rise  to  all  manner  of  alchemical 
speculations.  Transmutations  of  matter  gave 
the  young  science  its  only  raison  d'&tre,  and  no 
good  reason  existed  for  assigning  any  limit  to 
such  transmutability.  The  labours  of  the  alche- 
mists, therefore,  were  not  at  all  unphilosophical, 
but  on  the  contrary  they  represented  efforts  at 


generalisation  which  were  perfectly  legitimate  in 
their  day.  But  as  the  modern  conception  of  an 
element  developed,  limitations  not  previously 
recognised  became  evident,  and  the  pendulum  of 
chemical  opinion  swung  over  towards  a  belief  in 
the  absolute  independence  and  individual  inte- 
grity of  the  elementary  bodies.  From  this  point 
of  view  all  theorising  as  to  the  nature  of  the  ele- 
ments became  unprofitable,  and,  indeed,  was  put 
outside  the  proper  range  of  scientific  investiga- 
tion. 

Of  late  years,  however,  the  question  has  been 
reopened,  the  ultimate  character  of  the  elements 
is  no  longer  positively  assumed,  and  the  belief  is 
gaining  ground  that  they  have  been  derived  from 
still  simpler  forms,  possibly  one  form,  of  matter 
by  some  process  of  evolution.  It  will  be  observed 
that  the  only  evidence  in  favour  of  their  elemen- 
tary nature  lies  in  our  present  inability  to  de- 
compose them,  and  that  evidence  is  purely  ne- 
gative. It  signifies  merely  a  limitation  in  our 
immediate  resources  ;  not  a  limitation  essential 
to  the  things  themselves.  On  the  other  hand, 
the  elements  are  connected  by  so  many  intimate 
relations  that  their  complete  independence  of 
each  other  is  hardly  supposable.  These  rela- 
tions, being  definite  and  surely  not  accidental, 
need  some  hypothesis  to  explain  them,  and  such 
an  hypothesis,  if  not  fully  framed  as  yet,  is  at 
least  progressing  in  its  formative  stages.  The 
chief  lines  of  discussion  now  open  are  as  follows : 

First,  on  the  basis  of  the  periodic  law  (v. 
CLASSIFICATION  and  PEBIODIC  LAW).  In  his  me- 
morable paper  upon  that  subject  Mendelejeff  ar- 
ranged the  elements  in  a  tabular  scheme,  in  which 
certain  gaps  existed.  These  gaps,  he  claimed, 
should  be  filled  by  undiscovered  elements,  for 
three  of  which  he  predicted  the  properties  in  con- 
siderable detail.  Several  years  later,  in  1876, 
Lecoq  de  Boisbaudran  discovered  gallium,  and 
that  metal  was  found  to  fill  one  of  the  gaps  per- 
fectly, conforming  with  curious  accuracy  to  Men- 
delejeff's  predictions.  Since  then  scandium  has 
been  discovered  by  Nilson,  and  germanium  by 
Winkler,  and  they  with  striking  definiteness  con- 
firm the  remainder  of  the  prophecy.  In  brief, 
the  prediction  of  these  three  metals  and  its  sub- 
sequent confirmation  would  not  have  been  pos- 
sible were  the  elements  entirely  distinct  and  un- 
related. Again,  if  we  plot  graphically  any  set  of 
physical  properties  of  the  elements,  using  them 
for  abscissae  and  the  atomic  weights  for  ordi- 
nates,  the  periodic  relations  become  strikingly 
manifest.  This  is  seen  in  the  case  of  Lothar 
Meyer's  curve  of  atomic  volumes,  in  which  simi- 
lar elements  occupy  similar  places,  and  by  means 
of  which  volumes  not  actually  measured  can  be 
approximately  estimated.  Although  as  yet  no 
such  curve  has  been  interpreted  mathematically, 
there  is  little  doubt  but  that  in  time  the  relations 
which  are  so  expressed  will  receive  accurate  for- 
mulation. 

Secondly,  there  is  spectroscopic  evidence  in 
favour  of  elementary  evolution.  If  we  accept 
the  nebular  hypothesis  as  to  the  origin  of  the 
solar  system,  we  must  give  weight  to  the  varying 
chemical  complexity  of  the  heavenly  bodies. 
First,  the  nebulae  themselves  are  gaseous,  and 
consist  very  largely  of  hydrogen.  In  the  whiter, 
and  presumably  hotter,  stars  a  few  other  sub- 
stances appear,  more  are  found  in  the  sun,  and 
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finally  we  have  the  cooled  planet,  seemingly  the 
most  complex  of  all.  This  evidence  was  first 
summed  up  by  Clarke  in  1873  (Popular  Science 
Monthly,  January  1873),  who  drew  from  it 
the  conclusion  that  the  evolution  of  planets 
from  nebulae  had  been  accompanied  by  an  evo- 
lution of  the  chemical  elements.  In  November 
of  the  same  year,  in  a  letter  to  Dumas,  Lockyer 
put  forth  a  similar  conception,  resting  on  the 
same  evidence,  and  argued  that  in  the  hotter 
stars  the  elements  are  dissociated.  This  hypo- 
thesis has  since  been  somewhat  amplified  by 
Lockyer  in  numerous  publications,  and  has  at- 
tained considerable  notoriety.  It  may  be  further 
emphasised  by  the  fact  that  the  thirteen  com- 
monest elements  are  all  of  relatively  low  atomic 
weight,  while  the  higher,  denser,  and  probably 
more  complex  metals  are,  as  a  rule,  scarce.  Of 
course  the  weight  of  the  latter  argument  is  weak- 
ened by  our  ignorance  of  the  earth's  interior,  and 
the  fact  that  the  mean  density  of  our  planet  is 
much  greater  than  that  of  its  crust.  The  heavier 
elements  may  be  relatively  more  abundant  near 
the  centre  of  the  earth,  as  the  lighter  ones  are  at 
the  surface. 

Still  a  third  line  of  argument  has  been  fruit- 
ful in  speculative  literature,  namely,  the  study 
of  relations  between  the  atomic  weights.  In  1829 
Doebereiner  showed  that  certain  elements  con- 
stituted triads,  in  which  the  middle  term  had  an 
atomic  weight  nearly  the  mean  of  the  atomic 
weights  of  the  extremes.  Such  a  triad  is  formed 
by  calcium,  strontium,  and  barium,  by  chlorine, 
bromine,  and  iodine,  and  by  lithium,  sodium, 
and  potassium.  In  1851  this  matter  was  dis- 
cussed independently  by  Pettenkofer  and  by 
Dumas,  and  since  then  many  other  writers  have 
studied  it.  It  is  now,  of  course,  supplanted  by 
the  more  general  periodic  law ;  but  it  led  to  one 
conception  of  curious  interest.  It  was  early  no- 
ticed that  each  triad  had  certain  resemblances 
to  the  series  formed  by  organic  radicles,  as  in  the 
paraffin  and  olefine  groups,  and  the  question  was 
raised  whether  a  real  analogy  might  not  exist. 
Now  in  any  organic  series  isomerism  among  the 
derivatives  increases  as  we  ascend,  and  a  similar 
rule  seems  to  hold  in  some  groups  of  elements. 
One  example  will  suffice.  The  metallic  chlorides 
and  bromides  rarely,  if  ever,  assume  allotropic 
or  isomeric  conditions.  But  among  the  iodides, 
allotropy  seems  to  be  common ;  illustrations 
are  furnished  by  the  iodides  of  antimony,  mer- 
cury, and  cadmium.  Each  of  these  salts  exists 
in  at  least  two  distinct  modifications,  while  the 
corresponding  chlorides  and  bromides  show  no 
similar  variability.  In  itself  this  argument  car- 
ries little  weight,  but  with  other  evidence  it  adds 
to  the  strength  of  the  modern  position. 

Passing  over  all  other  discussions  concerning 
relations  between  the  atomic  weights,  we  now 
come  to  one  controversy  which  still  has  living 
interest ;  the  controversy  over  '  Prout's  law.' 
In  1815  Prout  suggested  that  hydrogen,  the 
lightest  of  the  elements,  might  be  the  one  primal 
form  of  matter,  and  claimed  that  the  atomic 
weights  of  all  the  other  elements  were  whole 
multiples  of  that  of  hydrogen.  This  hypothesis 
as  to  the  atomic  weights  broke  down  in  its  ori- 
ginal form,  but  in  1859  Dumas  endeavoured  to 
show  that  it  held  as  regards  half  and  even 
quarter  multiples.  Then  came  Stas,  with  his 


marvellous  determinations  of  many  equivalent 
ratios,  which  seemingly  proved  the  absolute  un- 
tenability  of  Prout's  law,  even  with  Dumas'  mo- 
difications. In  consequence  of  Stas'  researches, 
Prout's  law  has  been  of  late  years  out  of  favour 
among  chemists,  and  it  has  generally  been  as- 
sumed that  the  question  was  settled  adversely. 
But  in  1880  Mallet  published  his  paper  upon 
the  atomic  weight  of  aluminium  (T.  1880. 1003). 
In  this  paper  he  cites  the  atomic  weights  of 
eighteen  elements  which  he  regards  as  fairly 
well  determined,  and  shows  that  ten  of  them 
have  values  varying  less  than  0*1  from  even 
multiples  of  unity.  This  concordance  may  be 
accidental ;  but  under  the  theory  of  probabilities 
the  chances  are  1097*8  to  1  against  mere  coin- 
cidence. Two  years  later,  Clarke,  in  his  '  Ke- 
calculation  of  the  Atomic  Weights,'  extended 
Mallet's  argument  to  sixty-six  elements,  of  which 
forty  had  atomic  weights,  as  then  determined, 
falling  within  the  limit  of  0*1  variation  from 
theory.1  The  forty  agreements  include  nearly 
all  the  trustworthy  determinations,  while  the 
twenty-six  exceptions  are  mostly  among  elements 
of  which  the  atomic  weights  had  been  defectively 
ascertained.  This  evidence  strengthens  mate- 
rially the  argument  used  by  Mallet.  It  must 
be  remembered  that  the  methods  ordinarily  em- 
ployed for  computing  atomic  weights  tend  to 
develop  apparent  variations,  through  the  multi- 
plication of  seemingly  insignificant  errors.  The 
conclusion  to  be  drawn  from  the  whole  discus- 
sion is,  that  some  law  like  Prout's,  if  not  iden- 
tical with  Prout's,  actually  exists ;  for  so  large  a 
proportion  of  close  coincidences  could  hardly  be 
due  to  mere  chance.  In  this  connexion  the  ob- 
servation of  Meyer  and  Seubert  (C.  J.  47,  430), 
that  about  one-fourth  of  the  elements  have 
atomic  weights  approximating  nearly  to  even 
multiples  of  one-half  the  atomic  weight  of  oxy- 
gen, is  surely  worth  noting.  Eecently  there 
have  been  several  attempts  to  bring  the  atomic 
weights  under  one  general  mathematical  law, 
but  the  work  so  far  done  is  hardly  complete 
enough  to  warrant  farther  notice.  The  most 
promising  effort  is  probably  that  of  G.  Johnstone 
Stoney  (Pr.  44,  115).  The  whole  question, 
however,  is  conditioned  by  discussions  upon  the 
possible  variability  of  the  atomic  weights  and 
the  constancy  of  chemical  composition,  such  as 
have  been  raised  by  Schiitzenberger  (Bl.  39,  258), 
Butlerow  (ibid.  p.  263),  and  Cooke  (Am.  [3]  26, 
310).  Little  weight  is  at  present  attached  to 
that  class  of  speculations,  although  the  argu- 
ments which  they  involve  cannot  wholly  be 
ignored. 

To  a  certain  extent  the  nature  of  the  elements 
is  considered  by  Sir  Benjamin  Brodie  in  his 
'  Ideal  Chemistry '  and  his  «  Calculus  of  Chemical 
Operations  ; '  but  along  lines  of  reasoning  which 
cannot  well  be  entered  upon  here.  Very  recently 
also  the  subject  has  been  extensively  treated  by 
Crookes,  and  from  a  novel  point  of  view.  He 
has  studied  the  phosphorescent  spectra  of  the 
rare  earths;  and  has  found  that  by  working 
with  products  which  represent  hundreds  of  frac- 
tional precipitations,  he  can  get  strikingly  differ- 
ent spectra  for  what  is  to  all  chemical  tests  one 
and  the  same  oxide.  Thus  yttria,  after  many 

1  When  0  =  16  as  the  base  of  the  system. 
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fractionations,  divides  into  products  which  are 
unlike  spectroscopically ;  just  as  if  the  molecules 
of  the  original  earth  had  either  been  sorted  out 
from  a  mixture,  or  else  split  up  into  new  groups. 
These  products,  differing  from  ordinary  yttria, 
are  the  oxides  of  what  Crookes  provisionally 
calls  '  meta-elements.'  In  the  same  category, 
perhaps,  we  must  place  the  neodymium  and 
praseodymium  of  Auer  von  Welsbach,  derived 
from  didymium ;  and  also  the  many  doubtful 
earths  obtained  from  samarskite,  gadolinite, 
&c.,  by  Marignac,De  Boisbaudran,  and  Kriiss  and 
Nilson.  Unfortunately  we  do  not  yet  know  how 
to  interpret  all  the  phenomena,  and  the  evi- 
dence admits  of  various  explanations.  We  may 
have  merely  allotropes  to  deal  with,  or  there 
may  have  been  a  veritable  splitting  up  of  rela- 
tively unstable  elements.  That  the  actual  num- 
ber of  distinct  earthy  oxides  should  be  very 
largely  increased  is  unlikely,  for  they  fit  no 
vacant  places  in  the  periodic  system.  Crookes 
himself  interprets  the  evidence  thus : — Following 
along  the  line  of  elementary  evolution,  he  con- 
ceives that  matter,  as  it  developed  from  the 
original  'protyle,'  passed  from  stable  point  to 
stable  point  through  intervals  of  instability. 
Around  each  accretion  of  the  primitive  stuff 
into  a  definite  element  there  may  be  gathered  a 
few  particles  of  intermediate  material ;  and  these 
'  by-products '  of  elementary  manufacture,  sepa- 
rable only  by  long  fractionations,  may  give  rise 
to  the  phenomena  observed  in  the  spectra  of 
yttria.  The  main  line  of  evolution  he  repre- 
sents by  a  lemniscate  curve. 

This  work  of  Crookes,  as  represented  in  his 
address  of  1886  before  the  British  Association, 
and  in  two  later  lectures  before  the  Chemical 
Society  (C.  J.  53,  487),  brings  us  face  to  face 
with  the  final  question  of  all.  Admitting  that 
the  elements  have  been  somehow  evolved  from 
simpler  primal  forms,  can  the  process  ever  be 
repeated  or  reversed  artificially  ?  To  this  ques- 
tion no  answer  is  now  possible;  but  it  seems 
likely  that  if  a  transmutation  of  so-called  ele- 
mentary matter  should  ever  be  effected  in  the 
laboratory,  it  will  be  by  the  very  slow  develop- 
ment, under  conditions  of  prolonged  chemical 
stress,  of  change  in  traces  only. 

F.  W.  C. 

ELEMI.  A  name  given  to  various  resins. 
Elemi  occidentale  is  said  to  be  the  produce  of 
Icica  Icicariba ;  Elemi  orientale  to  come  from 
Amyris  ceylonica.  Elemi  cegyptiacum  is  perhaps 
produced  by  Elceagnus  hortensis.  Translucent 
resins,  used  in  making  varnishes.  Some  speci- 
mens contain  amyrin  (q.  v.)  and  elemin.  Ele- 
min  forms  thin  six-sided  prisms  [200°]  (John- 
ston, A.  44,  338 ;  Kose,  A.  32,  297  ;  40,  307  ; 
Hess,  A.  29, 139 ;  Baup,  J.  Ph.  [3]  20,  321 ;  Buri, 
N.  Rep.  Pharm.  25,  193).  Arbol-a-brea  resin 
contains  bryoidin  C^H^Cs  [136°]  (Fliickiger,  J. 
1875,  860).  According  to  Stenhouse  and  Groves 
(A.  180,  253)  incense-resin  (from  Icica  hepta- 
phylla)  contains  conimene  C15H24  and  icacin 
G46H760.  When  elemi  resin  derived  from  Amyris 
elemifera  and  A.  ceylonica  is  distilled  with  zinc- 
dust  it  yields  toluene,  771-  and  jp-ethyl-toluene, 
and  ethyl-naphthalene  (Ciamician,  G.  9,  310; 
B.  11,  1344). 

Oil  of  elemi  C10H16.  (166°)  (Stenhouse,  A. 
35,  304) ;  (174°)  (Deville,  A,  71,  352).  S.G. 


^•852.  V.D.  4-0.  [oD]=-90°.  Oil,  obtained 
by  distilling  elemi  with  steam.  HC1  forms  solid 
inactive  C10H17C1  and  a  liquid  isomeride. 

ELEMIC  ACID  C,5H56Ot.  [215°].  aD=-3'5°. 
Occurs  in  elemi,  and  purified  by  means  of  the 
K  salt  (Buri,  Ph.  [3]  8,  601). 

Properties. — Large  crystals  (from  alcohol). 
Insol.  water,  sol.  alcohol  and  ether,  si.  sol.  CS2. 
Its  alcoholic  solution  reddens  litmus. 

Salt.— KA'ISaq  :  needles. 

ELLAGIC  ACID  C14H608  i.e. 

XC6H(OH)3 
r<n/   i  ™.      v^ 


Ca(OH)2<co> 


\C6H(OH)2.CO.O' 


(Schiff,  B.  12,  1533).  S.G.  is  1-667.  A  consti- 
tuent of  Oriental  bezoars  (Chevreul,  A.  Ch.  [2]  9, 
629 ;  Braconnot,  A.  Ch.  [2]  9,  187  ;  Pelouze,  A. 
Ch.  [2]  54, 367 ;  Taylor,  P.  M.  [3]  24, 354 ;  Wohler 
a.  Merklein,  A.  55,  129).  Occurs  also  in  sprouts 
of  the  divi-divi  (Lowe,  Fr.  14,  40;  Barth  a. 
Goldschmiedt,  B.  11,  846 ;  12,  1239  ;  Cobenzl, 
M.  1,  671)  and  in  oak  bark  (Etti,  M.  1,  266)  and 
fir  bark  (Strohmer,  M.  2,  539). 

Formation. — 1.  From  gallic  acid  or  tannin, 
by  treatment  with  iodine,  POC13,  PC15,  or  As.,O5 
(Griessmayer,  A.  160,  55 ;  Lowe,  Z.  1868,  60~3). 
It  is  also  deposited  as  a  grey  powder  when  a  de- 
coction of  gallnuts  is  left  exposed  to  the  air. — 

2.  By  heating  gallic  ether  with  aqueous  NaOH 
at  60°  (Schiff,  B.  12, 1533). 

Preparation. — Bezoars  are  dissolved  in  strong 
aqueous  KOH  in  the  cold ;  C02  is  then  passed 
in,  when  potassium  ellagate  is  ppd.  This  is  re- 
crystallised  from  water,  and  the  acid  is  liberated 
by  hydrochloric  acid. 

Properties. — Minute  yellowish  prisms  (con- 
taining 2aq).  Insol.  water  and  ether,  si.  sol. 
alcohol.  A  solution  in  cone.  KOHAq  when  ex- 
posed to  the  air  deposits  black  crystals  of '  potas- 
sium glaucomelanate  '  0,2H4Kj07  (?),  which  is 
reconverted  into  ellagate  by  boiling  water.  Cone. 
H2S04  dissolves  ellagic  acid  without  change. 
Fe2Cl6  gives  a  greenish  colour  becoming  black. 

Reactions. — 1.  Distillation  with  zinc-dust 
gives  fluorene  C,4H,0. — 2.  Sodium  amalgam  in 
alkaline  solution  gives '  glauco-hydro-ellagic  acid ' 
CUH1007,  '  rufo-hydro-ellagic  acid'  CI4H,0O6 
(Rembold,B.  8,  1494;  Cobenzl,  M.  1,  671),  an 
acid  Ci4H,0O9,  and  finally  (7)-hexa-oxy-diphenyl. 

3.  Potash-fusion    gives    ()8)-hexa-oxy-diphenyl 
(B.  a.  G.). — 4.  Boiling  cone.  KOHAq  gives  hexa- 
oxy-diphenylene  ketone. 

Salts.— K2A"  (at  150°)  :  minute  prisms.— 
K2A"KOH  (?)  :  grey  powder.— Na.jA"aq  :  pale 
yellow  crystalline  powder,  si.  sol.  water. — 
NaHA"aq  (at  100°).— Ba3H3A"2  (at  140°) :  lemon- 
yellow  insoluble  pp. — PbA/'aq :  amorphous  yellow 
pp. ;  becomes  olive-green  on  drying. 

Tetra-acetyl  derivative  C^ELAc^. 
Yellow  crystalline  powder,  si.  sol.  water. 

ELLAGITANNIC  ACID  C14H100]0.  Occurs 
in  divi-divi  and  myrobalanes  (Lowe,  Fr.  14,  44). 
Amorphous  brownish  mass.  Water  at  110°  con- 
verts it  into  ellagic  acid.— (Cj4H10010)25PbO. 

ELUTRIATION.  The  separation  of  lighter 
from  heavier  particles  by  washing. 

EMETINE  C30H40NA  (?)•  [65°-74°].  S.  -1 
in  the  cold.  Occurs  in  ipecacuanha  root  (Pel- 
letier  a.  Magendie,  A.  Ch.  [2]  4,  172;  Buchner, 
Repert.  Pharm.  7,  289  ;  Dumas  a.  Pelletier,  A. 
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Ch.  [2]  24, 180 ;  Lefort,  J.  Ph.  [4]  9, 241 ;  Pander, 
C.  C.  1872,  440 ;  Glenard,  C.  R.  81,  100  ;  Lefort 
a.  F.  Wurtz,  C.  R.  84,  1299 ;  Power,  Ph.  [3]  8, 
344 ;  Kunz,  Ar.  Ph.  [3]  25,  461 ;  Podwyssotzky, 
Ph.  [3]  10,  642)  ;  Kremel,  Ar.  Ph.  [3]  26,  419). 

Preparation. — Ipecacuanha  is  exhausted  with 
ether  and  ligrom  and  the  residue  extracted  with 
(85  p.c.)  alcohol ;  the  extract  is  evaporated  to  a 
syrup,  and  Fe2Cl6  added  to  ppt.  tannin ;  excess 
of  Na2C03  is  added,  and  the  emetine  extracted 
with  hot  ligrom. 

Properties. — Needles  (from  ligrom).  SI.  sol. 
water,  v.  sol.  chloroform,  EtOAc,  alcohol,  CS2, 
and  essential  oils,  si.  sol.  ligroin,  ether,  and 
benzene.  Alkaline  reaction.  Coloured  yellow 
by  sunlight.  Produces  vomiting.  Except  the 
tannate,  all  its  salts  are  amorphous.  Sulpho- 
molybdic  acid  gives  a  brown  colour,  changed  by 
HC1  to  indigo  blue.  Potassium-bismuth  iodide 
gives  a  pp.,  as  do  other  re-agents  for  alkaloids. 

Salts.-  B'H2PtCl6 :  yellowish-white  powder. 
— B'H2Cr207.— B'MeL— B'MeOH. 

EMODIN  v.  TRI-OXY-METHYL-ANTHRAQUINONE. 

EMTJLSIN.  A  neutral  substance  contained 
in  sweet  and  in  bitter  almonds,  and  possessing 
the  power  of  acting  as  a  ferment  on  the  amygdalin 
of  the  latter  in  presence  of  water,  converting  it 
into  benzoic  aldehyde,  HCy,  and  glucose  (Robi- 
quet,  J.  Ph.  24,  326 ;  Thomson  a.  Kichardson, 
A.  29,  180  ;  Ortloff,  Ar.  Ph.  48,  16  ;  Bull,  A.  69, 
145  ;  Johannsen,  Bied.  Cent.  1888,  326).  It  may 
be  obtained  by  leaving  an  aqueous  extract  of 
almond  cake  at  23°  for  a  few  days,  filtering,  and 
ppg.  with  alcohol.  White  amorphous  mass,  sol. 
water.  The  hydrolytic  power  of  emulsin  is 
destroyed  by  boiling. 

ENCEPHALIN  v.  CEREBRIN. 

n-ENNANE  C,,H20.  Nonane.  Mol.  w.  128. 
[-51°].  (150°).  S.GK  i  -733 ;  isa  -6541.  From 
pelargonic  acid  C9H1802  by  distillation  with  P 
and  HI  (Krafft,  B.  15,  1692). 

Ennane  C9H20.  (148°).  S.G.  ^  -7124.  V.D. 
65-4  (for  64).  Occurs  in  Galician  petroleum 
(Lachowicz,  A.  220,  194). 

Ennane  C9H20.  (136°).  S.G.  \2  '742.  V.D. 
4-59  at  180°.  Occurs  in  petroleum  (Lemoine, 
Bl.  [2]  41,  163). 

Ennane  C9H20.  (130°).  S.G.  2  -743.  V.D. 
4-47  at  190°.  Occurs  in  petroleum  (L.). 

Ennane  C9H20i.e.  Pr.CHrCH2.CH2.Pr.  (132°). 
S.G.  -  '725.  From  isoamyl  iodide,  isobutyl 
iodide  and  Na  (Wurtz,  A.  Ch  3]  44,  275). 

Ennane  C9H20.  (130°).  From  isopropyl 
iodide  and  Na  (Silva,  B.  5,  984). 

ENNDECANE  C19H40  i.e.  CH3(CH,)17CH.<. 
Nonadecane.  [32°].  (330°).  S.G.  f  -7774;  9f 
•7323.  From  CI9H38C12  by  heating  with  HI  and 
phosphorus.  Occurs  also  in  paraffin  from  bitu- 
minous shale  (Krafft,  B.  15,  1704  ;  21,  2256). 

ENNDECANE  DI-CARBOXYLIC  ACID 
ClaH38(C02H)2.  [90°].  From  oxy-henicosoic  acid 
C1QH38(CH2OH)(C02H)  by  heating  with  soda-lime 
(Starcke,  A.  223,  312).  White  powder  (from 
alcohol  and  light  petroleum). 

Salt.— PbA". 

ENNENOIC  ACID  C9HJ602i.e.CPr2:CH.CO,H. 
Di-P-propyl-acrylic  acid.  [81°].  From 
Pr2C(OH).CH2.CO.,Hand  dilute  H2S04  (Albitzky, 
J.pr.  [2]  30,  209)."  Needles  (from  benzene).  SI. 
sol.  water,  v.  sol.  alcohol,  ether,  and  benzene. — 


|  LiA'  2aq.— BaA'2  aq.— CaA'2  aq.   S.  (of  CaA'2)  3-3 
I  at  21°.— PbA'22|aq. 

EnnenoicacidC9HI602i.<3.C6H13.CH:CH.C02H. 
Nonylenic  acid.  Formed  by  heating  heptoic 
aldehyde  (oenanthol)  with  NaOAc  and  Ac20  at 
170°  for  30  hours  (Schneegans,  A.  227,  80). 
Liquid,  v.  si.  sol.  water,  very  volatile  with  steam. 
Readily  combines  with  HBr  forming  bromo- 
ennoic  acid  (q.  v.).  Not  attacked  by  nascent 
hydrogen.— BaA'2. — CaA'2  3aq :  needles.— AgA'. 

Ennenoic  acid  C9H1602.  Phoronic  acid. 
[169°].  [OD]  =  23°  (in  alcohol).  Formed,  together 
with  camphic  acid,  by  exposing  sodium-camphor 
to  the  air  (Montgolfier,  A.Ch.  [5]  14,  82).  Tables 
(from  alcohol).  Insol.  water  and  CS2. 

ENNENYL  ALCOHOL  CqH180  i.e. 
Pr.CH:CH.CH2.CMe2.OH.  Di-methyl-isopropyl- 
aUyl-carbinol.  (176°).  R^  =72-27.  From  di- 
methyl-allyl-carbinol  (hexenyl  alcohol),  isopro- 
pyl iodide,  and  zinc  (Dieff,  J.  pr.  [2]  27,  364). 
Gives  isobutyric  acid  on  oxidation.  Combines 
with  bromine  forming  C9H)8Br20. 

Methyl  ether  C9H17OMe.  (171°).  S.G. 
^6  -8027.  BO,  81*55-  KMn04  gives  methylated 
oxy-valeric  acid,  CH3O.C4H8.C02H,  and  isobuty- 
ric acid  (Kononowitz,  /.  pr.  [2]  30,  400 ;  Bl.  [2] 
43,  381). 

ENNENYL  CHLOBIDE  CPH17C1.  (175°-185°). 
From  the  alcohol  and  PC15  (Dieff). 

ENNINENE  C9H16.  (136°).  Campholene. 
Obtained  from  campholic  acid  by  the  action  of 
P205  or  by  distilling  with  soda-lime  (Delalande, 
A.  38,  340;  Kachler,  A.  162,  266). 

Enninene  C9H16.  (135°-140°).  From  cam- 
phor and  HI  at  200°  (Weyl,  B.  1,  96). 

ENNINYL  ALCOHOL  C9H160  i.e. 
(CH..2'.GH.CH.2)2.CVt.OH.Ethyl-di-allyl-carbinoL 
(176°).     S.G.  g  -8776 ;  %  -8637.    C.E.  (0°-17°) 
•00095.   From  propionic  ether,  allyl  iodide,  and 
zinc  (Smirensky,  J.  pr.  [2]  25,  59). 

n-ENNOIC  ACID  C9H1S02.  Pelargonic  acid. 
Nonylicacid.  Mol.  w.  158.  [13°].  (254°  i.V.). 
S.G.  if-5  -9109  ;  if  -9103  ;  «£  -8433.  H.C.  1287352. 
M.M.  9-590  at  20°  (Perkin,  C.  J.  45,  486 ;  Longui- 
nine,  A.  Ch.  [6]  11,  222). 

Occurrence. — In  the  volatile  oil  of  Pelargo- 
nium roseum  (Pless,  A.  59,  54).  In  fusel  oil 
from  beet  root  (Perrot,  A.  105,  64). 

Formation.  —  1.  From  heptyl-aceto-acetic 
ether  and  KOH  (Jourdan,  A.  200,  105).— 2.  By 
action  of  HN03  on  oleic  acid  (Redtenbacher,  A, 
59,  52),  on  stearolic  acid  (Limpach,  A.  190,  297), 
and  on  oil  of  rue  (Gerhardt,  A.  67,  245).— 3.  By 
fusing  hendecenoic  acid  CnH2002  with  KOH 
(Krafft,  B.  15,  1691). 

Properties. — Oil  at  ordinary  temperatures. 

Salts.— CaA'2.—BaA'2:  laminae,  si.  sol.  hot 
water.— CuA'2  [c.  258°].— ZnA'2  [132°].— AgA'. 

Methyl  ether  MeA'.  (214°  i.V.).  S.G.  g 
•8918.  S.V.  245-7.  C.E.  (0°-10°)  -00091  (Gar- 
tenmeister). 

Ethyl  ether  EtA'.  (228°  i.V.).  S.G.  '12 
•8655  (Zincke  a.  Franchimont,  A.  164,  339  ; 
if  -8703  ;  ||  -8641.  M.M.  11-571  at  18-2°  (Per- 
kin, C.  J.  45,  503). 

Chloride  C9H1TOC1.  (220°)  (Cahours,  C.  J. 
3,  240). 

Amide  a.H.-ONIL,.  [93°]  (Schalfejeff,  B. 
6,  1252) ;  [99']  (Hofmann,  B.  15,934).  Formed 
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by  heating  ammonium  ennoate  at  230°  under 
pressure. 

Anhydride  (C9HJ70)20.  [-5°]  (Chiozza,  A. 
85,  231). 

Nitrile  CH3(CH2)7CN.  (215°).  S.G.  ^ 
•786.  From  n-octyl  iodide  and  KCN  at  180° 
(Eichler,  B.  12,  1888). 

Jso-ennoic  acid  C,,H1802  i.e. 
CH3(CH2)5CHMe.C02H.  (245°  cor.).  S.G.  ^ 
•9033.  From  its  nitrile,  which  is  obtained  by 
acting  on  methyl-hexyl-carbinyl  iodide  (octyl 
iodide)  with  KCy  (Kullhem,  A.  173,  319).  Oil.— 
NaA'  aq :  slender  needles.  —  KA'.  —  CaA'2  aq : 
needles  (from  alcohol). —  CuA'2«aq. — AgA'. 

Ethyl  ether  EtA'.  (214°  cor.).  S.G.  & 
•8641. 

^ar*ZeCH3(CH2)5CHMe.CN.  (206°).  S.G. 
i*  -8187. 

Amide  CH3(CH2)5CHMe.CONH,.  [91°]  and 
[105°]  (?). 

Ennoic  acid  CH3.(CH2)4.CHMe.CH2.C02H. 
(232°).  Got  by  heating  heptyl-malonic  acid 
(Venable,  B.  13, 1652).  Oil. 

V.  also  BBOMO-ENNOIC  ACID. 

ENNYL  ALCOHOL  C9H200.  Nonyl  alcohol. 
Mol.  w.  144.  (c.  188°).  S.G.  !!2  -855.  From 
petroleum  ennane  (Lemoine,  Bl.  [2]  41,  163 ;  cf. 
Pelouze  a.  Cahours,  A.  Ch.  [4]  1,  5). 

Acetyl  derivative  C9H19OAc.     (c.  210°). 

Ennyl  alcohol  C9H200.  (205°-212°).  S.G.  i± 
•847.  From  isoamyl  isovalerate  and  sodium 
(Lourenco  a.  Aguiar,  Z.  1870,  404). 

Acetyl  derivative  C9H19OAc.  (207°- 
213°). 

Ennyl  alcohol  Pr2CEt.OH.  Ethyl-di-propyl- 
carbinol  (Tschebotareff  a.  Saytzeff ,  J.  pr.  [2]  33, 
195).  (179-5°  cor.)  (T.  a.  S.) ;  (176°)  (Menschi- 
koff,  J.  pr.  [2]  36,  351).  V.D.  143-5  (for  144). 
V.  si.  sol.  water.  S.G.  f  -8331 ;  %°  -8258.  From 
di-propyl  ketone,  EtI,  and  Zn.  Gives,  on  oxida- 
tion, C02,  acetic  acid,  propionic  acid,  and  butyric 
acid,  also  di-propyl  ketone  and  ennylene. 

Acetyl  derivative,  (c.  190°).  S.G.  2S° 
•8675. 

Ennyl  alcohol  06H13.CHEt.OH.  (195°).  S.G. 
£  -839  ;  27°  -825.  From  heptoic  aldehyde  (cenan- 
thol)  and  ZnEt2  followed  by  water  (Wagner,  Bl. 
[2]  42,  330).  Gives  ethyl  hexyl  ketone  on  oxi- 
dation. 

Acetyl  derivative  C9H19OAc.  (211°). 
S.G.  |  -878 ;  2?°  -861. 

ENNYLAMINE  C9H19NH2.  (191°).  Formed 
by  the  action  of  NH3  on  the  ennyl  chloride  de- 
rived from  petroleum  (Pelouze  a.  Cahours,  J. 
1863,  529 ;  A.  Ch.  [4]  1,  5). 

Ennylamine  C9HI9NH2.  (195°).  Formed  by 
the  action  of  Br  and  KOH  on  the  amide  of  decoic 
(capric)  acid  (Hofmann,  B.  15, 773).— B^H^tClg. 

ENNYL  CHLOEIDE  C9H19C1.  (c.  182°)  (Le- 
moine, Bl.  [2]  41,  164) ;  (196°)  (Pelouze  a.  Ca- 
hours, J.  1863,  529).  S.G.  ^  -899  (P.  a.  C.); 
£L§.  '908  (L.).  From  petroleum  ennane  by  chlori- 
nation. 

Ennyl  chloride  C9H19C1.  (150°-160°).  From 
the  ennyl  alcohol  obtained  from  isoamyl  isova- 
lerate and  Na  (Louren?o  a.  Aguiar,  Z.  1870,404). 

ENNYLENE  C9H18.  Nonylene.  Mol.  w.  126. 
(c.  135°).  S.G.  !§2  -853.  From  the  ennyl  chlor- 
ide which  is  derived  from  petroleum  (Lemoine. 
Bl.  [2]  41, 163). 


Ennylene  C9H18.  (138°).  S.G.  20  .743.  From 
ethyl-dipropyl-carbinyl  iodide  and  alcoholic  KOH 
(Socoloff,  J.  E.  1887,  599). 

Ennylene  C9H)8.  (140°).  Among  the  pro- 
ducts of  the  action  of  ZnCl2  on  fusel  oil  (Wurtz, 

A.  128,  232). 

Ennylene  C9H,8.  (145°).  S.G.  ^  -757. 
Formed  by  the  action  of  lime  on  heptoic  alde- 
hyde (oenanthol)  (Fittig,  A.  117,  78). 

Ennylene  C9H18.  (c.  147°).  From  paraffin, 
by  strongly  heating  it  (Thorpe  a.  Young,  A.  165, 
18). 

Ennylene  C,,H,8.  (c.  149°).  S.G.  -787.  Occurs 
in  oil  of  resin  (Eenard,  BL  [2]  39,  541). 

Ennylene  C9H18  (153°  cor.).  S.G.  s.  -762. 
Obtained  by  distilling  the  lime  soap  made  from 
train  oil  (Warren  a.  Storer,  Z.  1868,  230). 

Ennylene  C9H18.  (121°).  S.G.  is  .753. 
Found  among  the  products  of  the  distillation  of 
bituminous  shale  (Laurent,  A.  25,  285). 

V.  also  the  Hexahydrides  of  CUMENE  and 
MESITYLENE. 

DI-ENNYL-KETONE  CinH38Oi.e.  (C9H19)2CO. 
Caprinone  [58°].  (above  350°).  Obtained  by 
distilling  calcium  decoate  (caprate).  Pearly 
laminae  (from  alcohol).  Gives  decoic  acid  on 
oxidation  (Grimm,  A.  157,  270). 

ENNYL  -  UREA  Decoyl  derivative 
a,H19NH.CO.NH.CO.C9H19.  [101°].  White  plates. 
Formed  by  the  action  of  KOH  on  a  mixture  of 
the  amide  of  decoic  acid  and  bromine  (Hofmann, 

B.  15,  761). 

EOSIN  V.  2Wra-BBOMO-FLUOBESCEIN. 

EPIBROMHYDRIN  C3H5BrO.  (139°).  S.G. 
i±  1-615.  From  C3H5Br2(OH),  and  cone.  KOHAq 
(Eeboul,  A.  Suppl.  1,  227  ;  Berthelot  a.  De  Luca, 
A.  Ch.  [3]  48,  311).  Formed  also  by  distilling 
the  compound  of  acetone  with  Br  (Linnemann, 
A.  125,  310).  NH3  forms  C6H12BrN02,  an  amor- 
phous insoluble  base. 

Epidibromhydrin  v.  DI-BROMO-PBOPYLENE. 

EPICHLORHYDRIN  C3H5C10  i.e. 
0 

CH2C1.CH.CH2.  Chloro-propylene  oxide.  Mol. 
w.  92i  (115-9°)  (Schiff,  A.  220,  99);  (116-6 
cor.)  (Thorpe,  C.  J.  37,  207).  S.G.  £  1-2031. 
C.E.  (0°-10°)  -001033;  (0°-100°)  -0011551. 
V.D.  3-21  (for  3-19).  S.V.  87-1  (S.) ;  87-3  (T.). 

Formation. — 1.  By  treating  di-chloro-pro- 
pyl  alcohol  (glycerin  dichlorhydrin)  with  fuming 
or  gaseous  HC1  (Berthelot,  A.  Ch.  [3]  41,  299). 
2.  By  the  action  of  alkalis  on  either  of  the  two 
di-chloro-propyl  alcohols  CH2C1.CHC1.CH2OH  or 
CH,C1.CH(OH).CH2C1  (Eeboul,  A.  Suppl.  1,  221 ; 
Tollens  a.  Miinder,  Z.  1871,  252 ;  Prevost,  /.  pr. 
[2]  12,  160  ;  Glaus,  B.  10,  557  :  Cloez,  A.  Ch.  [6] 
9,  145). 

Properties.— Liquid  with  sweet  taste,  smelling 
like  chloroform.  Nearly  insol.  water,  mixes  with 
alcohol  and  ether. 

Beactions.—l.  Water  (i  vol.)  at  100°  con- 
verts it  into  chlorhydrinCH2Cl.CH(OH).CH2(OH) 
and  glycerin. — 2.  Fuming  HC1  readily  acts  upon 
it,  forming  CH2C1.CH(OH).CH2C1  (180°).— 3.  HBr 
forms CH2Cl.CH(OH).CH2Br  (197°).  S.G.^1'740. 

4.  HI     acts    with     great     violence,    forming 
CH2C1.CH(OH).CH2I   as  well  as  propyl  iodide 
and  n-propyl  chloride  (Silva,  C.  B.  93,  418). — 

5.  PC15  forms   CH2C1.CHC1.CH2C1.    PC13  forms 
C3H5C12(OPC12)  (c.  136°)  at  100  mm.  (Hanriot,  Bl. 
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[2]  32,  551). — 6.  Phosphorus  pentabromide  gives 
CH2Cl.CHBr.CH2Br  (Darmstadter,  A.  152,  319 ; 
cf.  Wichelhaus,  A.  Suppl  6,  277).— 7.  Bromine 
at   100°    forms    chloro-tri-bromo-acetone   (Grri- 
maux  a.  Adam,  BL  [2]  33,  257). — 8.  A  solution 
of  HC10  (7  p.c.)  in  water  in  darkness  produces 
C3HaCl202  or  C3H4C12(OH)2  (Carius,  A.  134,  71). 
9.  Acetyl  chloride  in  the  cold,  or  more  quickly 
at  100°,  forms  C3H,Cl2(OAc).    By  long  heating 
(30    hours)    at     100°     there    is     also    formed 
CBH10C130(0 Ac)  and  C9H15Cl402(OAc).    Butyryl 
chloride     forms     C3H5Cl2(O.CO.Pr).       Benzoyl 
chloride  at  180°  gives  C3H5Cl2(OBz)    (Truchot, 
BL  [2]  5, 447  ;  6,  481).— 10.  Acetic  anhydride  at 
180°  gives  C3H5Cl(OAc)2  and  C3H3Cl2(OAc)  (T. ; 
cf.  Franchimont,  E.  T.  C.  1,  43).     Heating  with 
acetic    acid    at   100°  forms    C3H5Cl(OH)(OAc). 
Benzoic  anhydride   at   190°  gives   C3H5(OBz)3 
[74°]  (Van  Komburgh,  R.  T.  C.  1, 46).— 11.  Cone. 
K,S03Aq  forms   C3Hs(OH)(S03K)22aq  and  free 
KOH  (Pazschke,  Z.  [2]  5,  512).  — 12.  NaHS03 
at  100°  forms  CH2Cl.CH(S03Na)CH2OH  (Darm- 
stadter, Z.  [2]  4,  342).— 13.  Alcohol  at  180°  gives 
rise     to     C3H5C12(OH),    C3H5(OH)(OEt)2     and 
C3H5Cl(OH)(OEt).      Isoamyl    alcohol    at    220° 
forms    C3H5Cl(OH)(OC5Hn),   C3H5C12(OH),  and 
C3H5(OH)(OC5Hn)2.— 14.    Ethyl  bromide  gives 
C3H5ClBr(OEt).— 15.  Sodium  forms  a  yellow  oil 
C6H1002  (c.  218°),  and  an  insoluble  compound 
C(;H1002Na2Cl2  (Hiibner  a.  Muller,  A.  159,  186 ; 
Hanriot,  BL  [2]  32,  552  ;    Claus,  B.  10,  556). 
16.  Sodium  ethylate  free  from   alcohol  forms 
C3H5(OH)(OEt)2and  white  hygroscopic  C15H2805 
(Laufer,  Jena.  Zeit.  [2]  iii.  2   Suppl.  141 ;   cf. 
Louren?o,  A.  Ch.  [3]  67,  309).— 17.    Alcoholic 
KOPh  forms  crystalline  C3H50(OPh)  (Lippmann, 
Site.  W.  62  [2]  605).— 18.  Sodium  amalgam  has 
little  action,  but  forms  a  small  quantity  of  allyl 
alcohol  (Tornoe,  B.  21,  1282 ;  cf.  Buff.  A.  Suppl. 
5, 247).— 19.  H2S04  forms  oily  C3H5C1(OH)  (S04H) 
(Oppenheim,  B.  3, 735) . — 20.  Oxidised  by  HN03  to 
chloro-oxy-propionicacid. — 21. Alcoholic  or  strong 
aqueous  ammonia  forms  gummy  C6H,2C1N02(?) 
Gaseous  ammonia  reacts  in  the  cold  forming 
N(C3H5C1.0H)3  [93°]  which  forms  a  crystalline 
hydro-chloride  [173°],  and  is  converted  by  alkalis 
into  a  substance  resembling  gelatin  (Fauconnier, 
C.  B.  107, 115).— 22.  Triethylamine  at  100°  gives 
rise  to  crystalline  C3H5O.NEt3Cl  (Eeboul,  C.  E. 
93,    423).  — 23.    Aniline    at    140°    forms   oily 
C15H]8N20,  the  constitution  of  which  is  probably 
CH2NHPh.CH(OH).CH2.NHPh.     [54°]  (290°  at 
10mm.).      It  forms   a"  hydrochloride  B"H2C12 
[202°]  crystallising  in  needles,  insol.  ether,  sol. 
alcohol   and  water,  which  gives  the   reactions 
usually  characteristic  of  alkaloids  (Fauconnier, 
C.  R.  106,  605 ;  107,  250).— 24.  Zinc  and  allyl 
iodide  followed  by  water  give  chloro-hexenoic  acid 
(q.  v.),  the  first  reaction  being  represented  thus  : 
C3H5C10  +  Zn  +  IC3H5  =  C3H5Cl(OZnI)C3H5    (Lo- 
patkine,  BL  [2]  41, 318).— 25.  HCN  forms  chloro- 
oxy-butyronitrile  C3H5C1(OH)(CN),    sol.    water, 
alcohol,  and  ether  (Hermann,  B.  12, 23).— 26.  KCy 
forms    epicyanhydrin.  —  27.    Boiling    aqueous 
KCNO  forms  C4HBC1N02  [106°],  crystallising  in 
prisms  (Thomsen,  B.   11,   2136).    It  forms  an 
acetyl  derivative  C4H5AcClN02  [79°]. 

Chlorinated     epichlorhydrins     v.     CHLORO- 

ACETONE. 

Epidichlorhydrin  v.  DI-CHLORO-PKOPYLENE. 
VOL.  II. 


EPICYANHYDEIN  C4H5NO  i.e. 
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H2.CH.CH2CN.     [163°].     From  epichlorhydrin 

and  aqueous  KCy  (free  from  alkali)  in  the  cold 

(Pazschke,   Z.   [2]   5,   512  ;    J.  pr.   [2]  1,  82). 

Broad  prisms  (from  water).     Hot  fuming  HC1 

O 

converts  it  into  CH2.CH.CH2.C02H  [225°]  which, 
by  further  heating  with  fuming  HC1  for  6  hours 
at  160°  is  reduced  to  w-butyric  acid  (Hartenstein, 
J.pr.  [2]  7,  295). 

EPIIODHYDBIN  C3H5IO  i.e. 


CH9.CH. 


:2.CH.CH2I.  (160°-180°).  S.G.  132-03.  From 
epichlorhydrin  and  KI  at  100°  (Eeboul,  A.  Suppl. 
1,227).  Oil. 

EQUATIONS,  CHEMICAL.     The  formula  of 
an  element  expresses  a  certain  quantity  of  that 
element,  and  the  formula  of  a  compound  repre- 
sents the  composition  of  a  certain  quantity  of 
that  compound.  When  elements  and  compounds 
interact  chemically,  other  elements   and  com- 
pounds are  produced  ;  a  chemical  equation  re- 
presents, primarily,  the  quantities  of  the  interact- 
ing bodies  and  the  products  of  the  interaction, 
and  the  compositions  of  these  bodies.    The  sum 
of  the  quantities  of  the  interacting  bodies  is 
equal  to  the  sum  of  the  quantities  of  the  pro- 
ducts of  the  interaction.    A  chemical  equation 
then  represents  the  distribution  of  the  bodies 
which  take  part  in  a  chemical  change  before  the 
change  begins  and  when  the  change  is  com- 
pleted.   But  the  equation  does  not  give  a  full 
account  of  the  transaction ;  thus  the  equation 
Zn  +  H2S04  =  ZnS04  +  H2  tells  that,  if  zinc  and 
sulphuric  acid  react  to"  produce  zinc  sulphate 
and  hydrogen,  then  98  parts  by  weight  of  sul- 
phuric acid  react  with  65-2  parts  of  zinc,  and 
the  quantities  of  zinc  sulphate  and  hydrogen  pro- 
duced are  represented  by  the  numbers  161*2  and 
2,  respectively.     The  equation  does  not  indicate 
the  conditions  which  must  be  fulfilled  in  order 
that  zinc  and  sulphuric  acid  shall  react  to  pro- 
duce zinc  sulphate  and  hydrogen  ;  as  a  matter 
of  fact  a  considerable  quantity  of  water  must  be 
present.      Again,  the  equation  CaCl2  +  Na.,C03 
2NaCl  +  CaC03  merely  asserts  that  when  "cal- 
cium chloride  and  sodium  carbonate  react  to 
produce  sodium  chloride  and  calcium  carbonate, 
for  every  111  parts  of  calcium  chloride  changed 
106  parts  of  sodium  carbonate  are  also  changed, 
but  it  does  not  tell  that  in  order  to  effect  the 
change  of  111  parts  of  calcium  chloride  into  cal- 
cium carbonate  much  more  than  106  parts  of 
sodium  carbonate  must  be  present  although  only 
106  parts  are  actually  chemically  changed.    An 
equation  often  represents  a  chemical  occurrence 
as  more  simple  than  it  really  is.     For  instance, 
the  equation  FeCl3  +  3KCNS  =  Fe(CNS)3  +  3KCl 
seems  to  imply  that  if   162-5  parts   of  ferric 
chloride  were  mixed  with  291  parts  of  potassium 
sulphocyanide,  230  parts  of  ferric  sulphocyanide 
and  223-5  parts  of  potassium  chloride  would  be 
produced ;  but  in  order  to  change  162-5  parts  of 
ferric  chloride  to  ferric  sulphocyanide  something 
like  300  x  291  parts  of  potassium  sulphocyanide 
must  be  present,  although  only  291  parts  of  the 
lly  chemically  changed. 
FF 
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When  the  bodies  which  take  part  in  a  chemi- 
cal change  are  gaseous  the  equation  represents  ! 
the  volumes  of  the  gases  which  react  and  are  j 
produced  ;  thus  the  equation  H2  -f  0  =  H.2O  tells 
that  if  hydrogen  is  combined  with  oxygen  to 
form  water-gas,  then  the  volume  of  hydrogen  is 
double  that  of  the  oxygen  and  is  equal  to  that  of 
the  water-gas  formed.  The  formula  of  a  com- 
pound gas  always  represents  the  composition  of 
that  mass  of  the  gas  which  occupies  twice  the 
volume  occupied  by  one  part  by  weight  of  hydro- 
gen at  the  same  temperature  and  pressure  as  the 
gas  in  question.  The  symbols  of  some  elements 
represent  those  masses  of  the  gaseous  elements 
which  occupy  the  same  volume  as  one  part  by 
weight  of  hydrogen,  e.g.  01,  0,  N,  Br  ;  but  there 
are  several  exceptions  to  this  statement,  e.g.  the 
symbols  P  and  As  represent  masses  of  phosphorus 
and  arsenic  which,  as  gases,  occupy  half  the 
volume  occupied,  at  the  same  temperature  and 
pressure,  by  unit  mass  of  hydrogen,  and  the 
symbols  Hg  and  Cd  represent  masses  of  mer- 
cury and  cadmium  which,  as  gases,  occupy  twice 
the  volume  occupied  by  unit  mass  of  hydrogen. 

Chemical  equations  which  represent  changes 
of  composition  occurring  among  gases  may  also 
be  read  in  the  language  of  the  molecular  and 
atomic  theory;  as  thus  regarded  they  tell  the 
ratio  between  the  numbers  of  molecules  of  the 
reacting  bodies  and  the  ratio  between  the 
numbers  of  molecules  of  the  products  of  the  re- 
action ;  the  equations  also  represent  the  distribu- 
tion of  the  atoms  of  the  elementary  constituents 
of  the  reacting  bodies  and  the  bodies  produced. 
Thus  the  equation  2H2+02  =  2H2O  tells  that 
when  hydrogen  and  oxygen  combine  to  form 
water,  two  molecules  of  hydrogen  react  with  one 
molecule  of  oxygen  to  produce  two  molecules  of 
water-gas,  and  also  that  the  hydrogen  and  oxygen 
molecules  are  diatomic,  and  that  the  molecule  of 
water-gas  is  composed  of  two  atoms  of  hydrogen 
and  one  atom  of  oxygen.  It  is  often  the  custom 
to  regard  the  formulae  of  liquid  and  solid  bodies 
as  molecular,  and  so  to  regard  every  equation  as 
an  expression  of  the  molecular  and  atomic  dis- 
tribution of  the  bodies  taking  part  in  the  chemi- 
cal change  ;  but  to  do  this  at  present  is  to  go 
further  than  is  justified  by  the  molecular  and 
atomic  theory  (cf.  ATOMIC  AND  MOLECULAR 
WEIGHTS,  vol.  i.  347-350).  In  connexion  with 
chemical  equations  v.  FORMULA. 

M.  M.  P.  M. 

EQUILIBRIUM,  CHEMICAL.  The  nature 
of  the  problems  which  we  shall  discuss  in  this 
article  may  best  be  illustrated  by  considering  a 
few  simple  cases.  The  simplest  we  can  take  is 
when  a  given  quantity  of  such  a  substance  as 
H20  which  can  exist  at  ordinary  temperatures 
in  both  the  liquid  and  gaseous  states  is  placed 
in  a  closed  vessel  of  given  volume ;  then  if  in 
this  volume  we  have  a  given  quantity  of  H20, 
the  system  will  arrive  at,  and  remain  in,  a  state 
in  which  the  quantities  of  steam  and  water  have 
definite  values,  say  a  and  j8  respectively  ;  if  on  the 
introduction  of  the  H.X)  the  quantity  in  the 
gaseous  state  was  greater  than  )8,  condensation 
will  take  place  until  it  is  reduced  to  /3  ;  if  on  the 
contrary  the  quantity  was  less  than  #,  evapora- 
tion will  take  place  until  it  reaches  this  value. 
Another  case  analogous  to  this,  but  in  which  the 
two  states  are  the  solid  and  the  gaseous,  is  when 


instead  of  water  and  steam  we  have  solid  para- 
cyanogen  and  gaseous  cyanogen  ;  in  this  case,  as 
Troost  and  Hautefeuille  (C.  B.  66,  735,  795) 
have  shown,  the  system  attains  a  state  in  which 
the  pressure  of  the  cyanogen  gas  has  a  definite 
value  depending  upon  the  temperature.  Another 
example  is  when  a  substance  can  exist  in  two 
allotropic  forms,  such  as  phosphorus  in  its  red 
and  yellow  modifications  ;  if  a  given  quantity  of 
phosphorus  be  heated  in  a  closed  vessel  it  will 
attain  a  state  in  which  the  quantities  of  the  red 
and  yellow  modifications  have  definite  values 
(v.  Troost  and  Hautefeuille,  A.  Ch.  [5]  2,  153). 
The  phenomena  of  dissociation  afford  excel- 
lent examples  of  chemical  equilibrium  ;  N20,  for 
example  dissociates  into  N02,  but  if  the  gas  is 
contained  in  a  closed  vessel  the  dissociation  does 
not  go  on  indefinitely,  but  only  until  a  certain 
proportion  of  the  gas  has  been  dissociated,  after 
which  no  further  change  takes  place  in  the  gas  if 
the  temperature  and  pressure  remain  constant. 
A  more  general  case  of  chemical  equilibrium  is 
when  solutions  of  sulphuric  and  nitric  acids, 
and  nitrate  and  sulphate  of  sodium  are  mixed 
together ;  chemical  changes  will  go  on  until  a 
state  is  reached  in  which  there  is  a  certain  rela- 
tion between  the  masses  of  the  four  substances 
present ;  after  this  no  further  change  will  take 
place  in  the  constitution  of  the  mixture. 

In  this  article  we  shall  discuss  the  relations 
which  in  cases  like  these  exist  between  the  quan- 
tities of  the  various  substances,  or  the  quantities 
of  the  same  substance  in  different  states,  when 
there  is  equilibrium,  and  the  way  in  which  this 
relation  is  affected  by  alterations  in  the  physical 
conditions,  such  as  changes  in  pressure,  tem- 
perature, intensity  of  magnetisation,  and  so  on. 

Having  seen  the  nature  of  the  problems  with 
which  we  have  to  deal,  it  will  be  well  to  consider 
how  chemical  equilibrium  resembles  or  differs 
from  ordinary  dynamical  equilibrium.  In  the 
first  place  all  chemical  systems  seem  to  reach 
a  steady  state,  while  it  is  only  under  excep- 
tional circumstances  that  frictionless  dynamical 
systems  do  so.  Again,  as  far  as  our  knowledge 
extends,  a  chemical  system  gradually  approaches 
the  state  of  equilibrium,  and  when  it  has  once 
reached  it,  remains  in  it ;  nothing  corresponding 
to  the  oscillations  of  a  dynamical  system  about 
its  position  of  equilibrium  seems  to  have  been 
observed.  The  dynamical  systems  whose  be- 
haviour most  closely  resembles  that  of  the  chemi- 
cal systems  are  those  in  which  the  friction  is 
very  large  or  the  inertia  very  small ;  such  systems 
always  get  into  a  steady  state  and  sink  gradu- 
ally into  it  without  ever  passing  through  it. 

COMPLETE  AND  PARTIAL  EQUILIBRIUM. 

In  the  examples  of  chemical  equilibrium  pre- 
viously considered,  the  state  of  the  mixture  is 
definite  when  given  quantities  of  various  chemi- 
cal elements  are  present  under  identical  physi- 
cal conditions.  Such  a  system  may  be  said 
to  be  in  '  complete '  equilibrium.  There  are  many 
cases,  however,  in  which  quite  a  different  state 
of  things  obtains  ;  thus  at  low  temperatures  we 
may  have  given  quantities  of  hydrogen  and 
oxygen  in  equilibrium  when  arranged  in  an  in- 
finite number  of  ways,  for,  since  steam,  hydrogen, 
and  oxygen  do  not  combine  at  such  temperatures, 
we  may  divide  the  hydrogen  and  oxygen  in  any 
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proportion  between  H..O,  (X,  and  EL,  and  yet  still  j 
have  equilibrium.  The  reason  for  the  difference  | 
between  this  case  and  the  previous  one  is  obvious :  ' 
here  the  system  has  no  (chemical)  freedom  and 
must  stay  in  whatever  (chemical)  state  it  was 
placed  initially  ;  in  the  previous  cases,  on  the 
other  hand,  the  quantities  of  any  of  the  sub- 
stances could  both  increase  and  decrease  :  thus 
in  the  case  of  the  water  and  steam,  the  water 
could  evaporate  and  the  steam  condense ;  in  the 
dissociation  of  N204,  the  N204  could  split  up  and 
the  N0.2  combine  ;  such  cases  are  said  to  be  '  re- 
versible '  and  are  characterised  by  the  physical 
and  chemical  conditions  being  such  that  pro- 
cesses can  occur  by  which  the  quantities  of  any 
of  the  substances  can  both  increase  and  de- 
crease ;  in  these  cases  the  quantities  of  the  acting 
substances  may  be  regarded  as  variable  quanti- 
ties, and  when  there  is  equilibrium  there  will  be 
a  definite  relation  between  them.  If,  however, 
the  circumstances  are  such  that  processes  pro- 
ducing both  increase  and  decrease  of  the  quan- 
tities of  the  substances  cannot  occur,  then  we 
can  no  longer  regard  these  quantities  as  vari- 
ables, and  there  will  not  be  the  same  relation 
between  them  as  if  such  changes  could  take 
place  ;  we  may  call  the  equilibrium  in  this  case 
'  partial '  equilibrium ;  it  is  definite  with  respect 
to  the  physical  conditions  but  not  with  respect 
to  the  chemical.  Thus  in  the  case  of  the  oxygen 
and  hydrogen  at  low  temperatures,  the  quanti- 
ties of  steam,  hydrogen,  and  oxygen,  must  be  re- 
garded as  constants,  and  equilibrium  may  sub- 
sist with  any  values  for  these  quantities ;  if,  how- 
ever, we  raise  the  temperature  to  such  a  point 
that  the  oxygen  and  hydrogen  can  combine  and 
the  steam  be  decomposed,  the  quantities  of  hy- 
drogen, oxygen,  and  steam  may  now  be  regarded 
as  variables,  and  there  will  be  a  definite  rela- 
tion between  them  when  there  is  equilibrium. 

The  case  of  oxygen  and  hydrogen  at  low 
temperatures  is  a  somewhat  extreme  one,  as  no 
chemical  action  at  all  goes  on  ;  there  are,  how- 
ever, cases  in  which  some  of  the  quantities  may 
change,  but  only  in  one  way,  they  can  increase 
but  not  diminish,  or  vice  versd.  Thus  at  low 
temperatures  HI  can  be  decomposed  by  light, 
while  H  and  I  cannot  combine,  so  that  the  ac- 
tion is  irreversible,  and  Lemoine  has  shown 
that  when  a  mixture  of  HI,  H,  and  I  is  exposed 
to  the  action  of  light  the  decomposition  of  the 
HI  goes  on  indefinitely. 

In  order  to  enable  those  processes  to  go  on 
which  cause  the  state  of  the  system  to  be  re- 
versible, something  more  than  the  mere  collisions 
between  the  molecules  of  the  substances  seems 
to  be  required ;  in  fact,  collisions  alone  seem  un- 
able to  effect  the  decomposition  of  molecules  of 
simple  composition.  We  shall  see  evidence  of 
this  when  we  consider  the  phenomena  attending 
dissociation,  but  considerable  evidence  may  be 
derived  from  the  fact  that  it  is  extremely  dif- 
ficult in  many  cases  to  get  two  pure  gases  to 
enter  into  chemical  combination,  though  they 
readily  do  so  when  a  small  quantity  of  a  properly- 
chosen  third  substance  is  introduced,  which  by 
secondary  chemical  actions  may  be  supposed  to 
effect  the  decomposition  of  the  molecule.  Ex- 
amples of  this  are  afforded  by  Dixon's  experi- 
ments on  the  difficulty  of  making  CO  and  0 
combine  when  perfectly  dry,  though  they  do  so 


readily  when  moist  (T.  1884,  617).  Pringsheim 
(W.A.  32,  384)  has  lately  shown  that  perfectly 
dry  chlorine  and  hydrogen  do  not  explode  when 
exposed  to  light.  The  change  in  the  conditions 
required  to  enable  the  molecules  to  be  decom- 
posed is  often  exceedingly  small.  The  most 
striking  illustrations  of  this  are  furnished  by 
catalytic  agents,  such  as  spongy  platinum,  which, 
while  remaining  to  all  appearance  unchanged 
themselves,  are  yet  able  to  alter  completely  the 
conditions  of  the  system  in  which  they  are 
placed.  We  may  suppose  that  the  system  before 
the  introduction  of  these  agents  was  in  partial 
equilibrium  only,  in  consequence  of  certain  de- 
compositions and  recombinations  not  being  able 
to  take  place,  perhaps  because  the  collisions 
alone  were  unable  to  split  up  the  molecules ;  but 
that  when  these  agents  are  introduced  secondary 
chemical  actions  produce  decomposition  of  the 
molecules,  and  so  render  all  the  processes  rever- 
sible, the  equilibrium  which  was  before  only 
partial  becoming  complete.  Since  a  system  in 
'  partial '  equilibrium  may  be  widely  disturbed 
by  the  introduction  of  an  excessively  small 
change  of  some  kind  (such  as  the  presence  of  a 
minute  quantity  of  spongy  platinum),  it  corre- 
sponds to  what  in  dynamics  is  called  unstable 
equilibrium,  and  might  have  been  called  so  here 
if  it  were  not  rather  straining  the  customary  use 
of  the  word  to  apply  it  to  a  state  which  may  last 
for  an  indefinite  time.  On  the  other  hand,  if  a 
very  small  quantity  of  a  catalytic  agent  were  in- 
troduced into  a  system  in  '  complete  '  equili- 
brium, it  would  not  produce  a  finite  change ;  such 
a  state  corresponds  to  what  in  ordinary  dynamics 
is  called  stable  equilibrium.  We  may  regard 
catalytic  agents  as  reducing  a  system  from  partial 
to  complete  equilibrium. 

The  difference  between  '  partial '  and  *  com- 
plete '  equilibrium  may  be  summed  up  as  fol- 
lows :  when  a  system  is  in  '  partial '  equilibrium 
the  quantities  of  some  of  the  constituents  may 
be  altered  without  any  change  in  the  others, 
while  in  '  complete '  equilibrium  a  change  in  the 
quantity  of  one  of  the  constituents  involves  a 
change  in  the  quantities  of  some  or  all  of  the 
others.  The  introduction  of  an  indefinitely 
small  amount  of  a  third  substance,  or  the  com- 
munication of  an  indefinitely  small  quantity  of 
energy,  to  a  system  in  'complete'  equilibrium, 
will  only  produce  an  indefinitely  small  change 
in  the  state  of  equilibrium,  while  the  state  of  a 
system  in  '  partial '  equilibrium  may  be  pro- 
foundly modified  by  the  same  means. 

KINEMATICAL  METHODS  OF  CONSIDERING  CHEMICAL 
EQUILIBRIUM. 

We  must  now  go  on  to  discuss  the  theory  of 
chemical  equilibrium,  considering  at  first  the  cases 
where  the  equilibrium  is '  complete.'  The  question 
maybe  discussed  from  two  points  of  view — the  one 
kinematical,  the  other  dynamical.  We  shall  begin 
with  theories  founded  upon  kinematical  princi- 
ples, as,  though  their  application  is  more  limited 
than  those  based  upon  dynamical  ones,  yet  as  far 
as  they  go  they  afford  us  a  clearer  view  of  the 
subject,  and  are  therefore  better  fitted  for  an  in- 
troduction to  it.  They  have  also  the  advantage 
over  the  dynamical  theories  of  giving  us  some 
information  about  the  behaviour  of  the  system 
before  it  reaches  the  state  of  equilibrium. 
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The  kinematical  theories  depend  upon  the 
conception  which  we  owe  to  Clausius  and 
Williamson,  that  in  reversible  chemical  pro- 
cesses, such  as  the  dissociation  of  a  gas,  the 
molecules  of  the  gas  are  continually  splitting 
up,  and  the  atoms  which  are  thus  produced  are 
continually  recombining.  When  the  state  of 
equilibrium  is  reached  the  number  of  molecules 
decomposed  in  unit  time  must  equal  the  number 
formed  in  the  same  time  by  the  recombination 
of  the  atoms.  Let  us  now  consider  the  applica- 
tion of  these  principles  to  the  simplest  case  of 
chemical  combination  we  can  choose,  that  of  the 
dissociation  of  a  diatomic  gas  into  atoms.  Since 
the  molecules  are  continually  splitting  up,  the 
time  each  molecule  exists  without  decomposi- 
tion is  finite,  and  though  this  may  vary  from 
molecule  to  molecule  the  mean  of  such  time 
will,  however,  be  finite,  and  we  shall  call  it  the 
'  paired '  time  of  the  molecule  and  denote  it  by 
tr  The  mean  time  an  atom  remains  alone 
and  free  from  other  atoms,  we  shall  call  the 
*  free '  time,  and  denote  it  by  r}  ;  since  an  atom  in 
order  to  recombine  must  come  close  to  another 
atom,  the  time  an  atom  remains  free  will  be 
inversely  proportional  to  the  number  of  collisions 
it  has  with  other  atoms,  and  therefore  inversely 
proportional  to  the  number  of  such  atoms  in 

unit  volume.       We  may  therefore  put  r1  =  —^ 

where  n  is  the  number  of  free  atoms  in  unit 
volume.  To  simplify  the  calculations,  let  us 
suppose  that  the  time  each  molecule  remains 
paired  is  the  same  for  all  molecules  and  equal 
to  the  paired  time,  and  that  the  time  an  atom 
is  free  is  the  same  for  all  atoms  and  equal  to 
the  free  time.  Then  if  N  be  the  number  of 
molecules  in  unit  volume,  the  number  of  mole- 
cules which  split  up  in  a  short  time,  8t,  will  be 

— ,  for  we  may  suppose  that  the  rate  at  which 

the  molecules  split  up  remains  constant  for  the 
time  t},  but  if  so,  N  will  split  up  during  this 
time,  so  that  the  number  which  splits  up  in 

unit  volume  in  the  time  St  will  be  — ;  similarly 
the  number  of  atoms  which  pair  in  the  time  $t 

will  be  —  5t,  that  is  -5$.    Thus,  if  5N  is  the  in- 

r1  r 

crease  in  time  $t  in  the  number  of  molecules  in 
unit  volume, 


SN 


/In'      NX 
\2~'  tj 


or 


similarly, 


dt  2  T 
dn  2N 
dt  =  t 


When  the  gas  has  reached  a  steady  state    -— 

at 


and  d?  both  vanish,  so  that  ^  =  2r 


(1) 


From  this  expression  we  can  find  the  vapour 
density  of  the  gas  when  it  is  in  the  steady 
state.  Let  A  be  the  density  of  the  normal  gas, 
and  A1  that  of  the  dissociated  gas  at  the  same 
pressure  ;  then,  if  S  is  the  number  of  molecules  in 
unit  volume  of  the  normal  gas  before  dissociation, 


Hence, 


M_2S(A-A'] 

A1 


So  that  equation  (1)  becomes 
2(A-A»)«_  (        T 
(2A1-A)A'a~  ti  ' 

But  if  the  temperature  remains  constant  S  is 
proportional  to  the  initial  pressure  p,  so  that 
we  may  write  this  equation  as 


The  result  that  ff(A~A')2    js  constant,  was 
(2A'-A)A1 

obtained  by  Willard  Gibbs  from  therm  odynamical 
considerations,  and  was  shown  by  him  (Am.  S. 
17,  277)  to  agree  with  the  results  of  experiments 
on  the  vapour  densities  at  different  pressures 
of  nitrogen  peroxide,  and  acetic  and  formic 
acids.  More  recently  a  most  elaborate  deter- 
mination of  the  vapour  density  of  nitrogen 
peroxide  at  different  pressures  has  been  made 
by  E.  and  L.  Natanson  (W.  A.  24,  454), 
with  the  result  that  at  a  constant  temperature 
»(A  —  A1)2 
HA»  —  AVAi"  *S  constant-  The  Preceding  investi- 

gation shows  that  when  a  dissociable  gas  obeys 

this  law  Jl  must  be  independent  of  the  density, 

n 

and  therefore,  since  r  does  not  depend  upon  the 
pressure,  ^  cannot  do  so  ;  but  if  £,  is  indepen- 
dent of  the  pressure,  the  decomposition  of  the 
more  complex  molecules  cannot  be  produced  by 
collisions  with  molecules  or  atoms  of  the  same 
kind,  for  if  it  were  t}  would  dimmish  as  the 
pressure  increased.  There  does  not  appear  to 
be  any  reason  for  supposing  that  on  the  kinetic 
theory  of  gases  the  collisions  between  the  mole- 
cules must  of  necessity  produce  decomposition. 
There  must  be  a  limit  to  the  velocity  with  which 
a  particle  is  moving,  for  it  is  evident  that  the 
kinetic  energy  possessed  by  a  single  particle 
must  be  less  than  the  kinetic  energy  in  the 
smallest  quantity  of  the  gas  which  exhibits  the 
property  of  the  gas  when  in  bulk.  Thus,  if  a 
million  molecules  are  sufficient  to  make  the  gas 
possess  this  property,  the  greatest  value  of  the 
square  of  the  velocity  of  a  molecule  would  be  a 
million  times  the  velocity  of  mean  square  at  this 
temperature,  and  therefore  the  square  of  the 
relative  velocity  of  the  atoms  in  a  molecule 
after  being  struck  by  another  molecule  must  be 
less  than  this  value.  The  atoms  in  the  mole- 
cule will  not,  however,  part  company  unless  the 
square  of  the  relative  velocity  exceeds  a  certain 
value,  depending  upon  the  distance  between  the 
molecules,  the  law  of  force  between  them,  and 
the  intensity  of  this  force  at  unit  distance,  so 
that  the  force  may  be  so  intense  and  the  atoms 
so  near  that  to  split  up  the  molecule  the  rela- 
tive velocity  of  the  atoms  would  have  to  be 
greater  than  that  which  could  be  produced  by  a 
collision  with  any  molecule  in  the  gas. 
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To  return  to  formula  (1),  we  see  that  if  x 
denotes  the  ratio  of  the  number  of  dissociated 
atoms,  n,  to  S,  the  number  of  molecules  originally 
present  in  unit  volume,  then 


or  if  only  a  small  fraction  of  the  molecules  is 
dissociated 

-P- 

so  that  in  this  case  the  amount  of  dissociation  is 
inversely  proportional  to  the  square  root  of  the 
pressure. 

By    observing   the   amount  of   dissociation 
when  the  gas  is  in  equilibrium,  we  can  determine 

T  — 

x,   and    hence    by  equation  (3)     —     OP     n. 

*'s        7T 

this  latter  quantity  is  x  times  the  ratio  of  the 
free  to  the  paired  time,  so  that  by  determining 
the  vapour  pressure  of  a  gas  when  in  a  steady 
state,  we  can  determine  the  ratio  of  its  free  to 
its  paired  time.  Thus  by  comparing  equation  (3) 
with  the  result  of  Lemoine's  experiments  on  the 
dissociation  of  HI,  we  find  that,  under  atmo- 
spheric pressure,  at  1250°  the  paired  time  is  T32 
times  the  free  time,  and  at  900°  only  |.  We 
cannot,  however,  by  observations  on  the  gas  in 
the  steady  state  determine  the  value  of  either 
of  these  times  absolutely  ;  if,  however,  we  have 
determined  their  ratio  in  this  way,  we  can,  by 
observing  the  velocity  of  dissociation,  determine 
the  '  free  '  time  of  the  atoms,  for  from  equation 
(1)  we  have  : 


dt 


If  we  denote   ~   by   c,   which  can    be  found 

btj 

by  observations  on  the  steady  state  of  the  gas, 
the  solution  of  this  differential  equation,  if 


a  =  \ 


so  that  if  ti  is  the  time  required  for  the  number 
of  atoms  to  increase  from  nl  to  nz 


_  lo 

2a 

Hence,  if  we  observe  the  time  taken  for  the 
dissociation  of  a  known  fraction  of  the  gas  we 
shall  be  able  to  find  from  this  equation  the 
'  free  time,'  and  then,  as  from  observations  on  the 
steady  state  we  know  the  ratio  of  the  paired  to 
the  free  time,  we  can  find  the  paired  time. 

The  same  principles  can  be  applied  to  more 
complicated  cases  of  equilibrium,  such  as  the 
combination  of  hydrogen  and  iodine  to  form 
hydriodic  acid.  We  shall  suppose  that  the 
molecules  of  hydrogen  and  iodine  and  hydriodic 
acid  are  continually  splitting  up  into  atoms, 
and  that  these  atoms  are  constantly  recombining 
and  forming  molecules.  In  this  case  we  have 
five  things  to  consider,  the  hydrogen  molecules 


and  atoms,  the  iodine  molecules  and  atoms,  and 

the  hydriodic  acid  molecules. 

Let  m  and  n  be  the  number  of  hydrogen  atoms 

and  molecules  respectively  ; 
p  and  q  the  number  of  iodine  atoms  and 

molecules  ; 

r  the  number  of  hydriodic  acid  molecules  ; 
t\,  ^2»  ^s»  the  times  two  atoms  remain  paired 
together  in    the  hydrogen,  iodine,   and 
hydriodic  acid  molecules,  respectively  ; 

—  !,  —the  times  a  hydrogen  atom  is  free  from 
a  hydrogen  and  iodine  atom  respectively  ; 
the  time  an  iodine  atom  is  free  from 

another  iodine  atom  ; 

M  and  N  the  total  number  of  hydrogen  and 
iodine  atoms  respectively,  whether  free 
or  in  combination  with  other  atoms. 
Then  by  the  same  reasoning  as  in  the  case 
of  dissociation  : 

dm  _2n     r_2m?_mp 
dt      tt     t3      T!       T2 


— 


_ 

dt    r3     J2 

dr_  mp  _r 
Hi~~~^z     ^ 
in  +  2n  +  r  =  M 


When  the  system  has  got  into  a  steady  state, 
in,  n,  p,  g,  r  are  all  constant,  so  that  the  above 
equations  may  be  written  : 

m?    n     p2      q      mp     r  ,_, 

^T  =  V    ^  =  t.z  ;^T  =  £ 

In  solving  these  equations  we  may  assume  that 
the  number  of  free  atoms  of  hydrogen  or  iodine 
is  very  small  compared  with  the  number  of 
molecules  ;  so  that  n  =  ^(M  —  r)  and  2  =  2  (N  —  r)  ; 
hence  from  equation  (5)  we  get  : 

_!tV=    *MM-r)(N-r)      .    .    (6) 
TiTs        *n*« 

If  equivalent  quantities  of  hydrogen  and  iodine 
are  present  M  =  N  and  we  have  : 


In  this  case  the  ratio  -   is  independent  of  the 
M 

pressure. 

Lemoine  has  made  a  very  extensive  series  of 
experiments  on  the  combination  of  hydrogen 
and  iodine  (A.  Ch.  [5]  11).  In  the  following 
table  the  results  of  his  experiments  are  compared 
with  those  given  by  equation  (6)  ;  the  value  of 

3  T'T    being  determined  by  making  the  observed 


tl 

and  calculated  results  agree  when  N  =  M. 
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Combination  of  hydrogen  and  iodine  at  440°. 
Proportion  of    Eatio  of  free  hydrogen  to  the 
H  +  1.  total  quantity  of  hydrogen. 

Observed.          Calculated. 
H  +  I  -240  -240 

H+-784I  -350  -342 

H  +  -527I  -547  -519 

H+-258I  -774  -750 

We  see  too  from  equation  (6)  that  if  M  is  very 
large  compared  with  N,  then  r  =  N;  that  is,  if  the 
iodine  is  enormously  in  excess,  the  whole  of  the 
hydrogen  is  combined  with  iodine;  in  other 
other  words  there  is  no  dissociation  of  the 
hydriodic  acid  ;  the  effect  of  an  excess  of  either 
hydrogen  or  iodine  on  the  dissociation  of  HI  is 
given  by  equation  (6). 

We  could  make  other  assumptions  about  the 
way  in  which  the  hydriodic  acid  was  formed 
from  the  hydrogen  and  iodine  which  would  lead 
to  the  same  results  for  the  equilibrium-condition, 
but  which  could  be  distinguished  from  the  pre- 
ceding assumptions  by  observations  on  the  rate  at 
which  dissociation  takes  place.  Thus  we  might 
suppose  that  the  combination  of  hydrogen  and 
iodine  takes  place  by  a  molecule  of  hydrogen 
coming  close  to  one  of  iodine,  and  that  these 
molecules  emerge  from  the  collision  as  two  mole- 
cules of  hydriodic  acid.  The  decomposition  of 
the  hydriodic  acid  might  be  supposed  to  be 
caused  by  two  of  its  molecules  coming  into 
collision  and  emerging  as  two  molecules  of 
hydrogen  and  iodine.  In  this  case,  if  n,  q,  rt 
represent  the  number  of  molecules  of  hydro- 
gen, iodine,  and  hydriodic  acid  respectively, 

—  the  time  a  molecule  of  iodine  exists  without 
combining  with  one  of  hydrogen,  —  the  time  a 

C2 

molecule  of  hydriodic  acid  exists  without  com- 
bining with  another  to  form  two  molecules  of 
hydrogen  and  iodine  ;  then 


and  when  there  is  equilibrium 


This  is  an  equation  of  exactly  the  same  form 
as  that  previously  obtained  on  the  other  hypo- 
thesis, so  that  by  observations  on  the  equilibrium- 
condition  we  could  not  distinguish  between  them. 
The  two  hypotheses  lead,  however,  to  quite  dif- 
ferent expressions  for  the  velocity  with  which 
various  changes  take  place.  Thus  let  us  con- 
sider the  rate  at  which  a  quantity  of  HI  would 
dissociate  according  to  the  first  hypothesis  ;  in 
this  case  the  initial  rate  of  dissociation  is  given  by 

,cZr=_r 

dt        t, 
according  to  the  second 


dt         % 

Thus  according  to  the  first  hypothesis  the 
quantity  of  hydriodic  acid  dissociated  in  a  short 
tune  is  proportional  to  the  pressure,  while  accord- 
ing to  the  second  it  is  proportional  to  the  square 
of  the  pressure,  so  that  the  two  hypotheses  could 


readily  be  distinguished  by  observations  on  the 
rate  of  dissociation. 

We  can  apply  the  above  principles  to  any  case 
of  the  combination  of  gases,  but  after  what  we 
have  given,  the  reader  will  have  no  difficulty  in 
making  the  investigation  for  himself,  and  we 
shall  merely  give  the  results. 

Three  monovalent  gases,  A,  B,  C,  are  mixed 
together  ;  A.  can  combine  with  both  B  and  C  to 
form  the  compounds  ABand  AC  respectively,  but 
B  and  C  cannot  combine ;  we  wish  to  find  how 
much  of  each  compound  is  formed. 

Let  n,  q,  s,  u,  v,  be  the  number  of  molecules 
in  the  steady  state  of  A,  B,  C,  AB,  AC  respec- 
tively, then  we  can  prove 


-y2  =  fins 


(7) 


where  a  and  j8  are  constants,  of  which  a  does  not 
depend  upon  C  nor  ft  upon  B.  Thus  the  number 
of  molecules  of  the  compound  AB  formed  is  pro- 
portional to  the  geometric  mean  of  the  number 
of  free  molecules  of  A  and  B,  and  similarly  the 
number  of  molecules  of  the  compound  AC  is  pro- 
portional to  the  geometric  mean  of  the  number 
of  free  molecules  of  A  and  C. 

We  see  from  the  equation  that  the  same  pro- 
portion of  gases  will  enter  into  combination  at 
all  pressures.  If  M,  N,  P  are  the  total  number 
of  atoms  of  A,  B,  C,  respectively,  in  the  vessel, 
then  equation  (7)  may  be  written 

j/_^,WTT_-ji\          "       *      (°) 


hence 


-*=* 

9      P-V 


Suppose  that  C  is  largely  in  excess  of  A  and  B, 
then  P  -  v  will  be  large  compared  with  N  -  u,  so 
that  v  must  be  large  compared  with  u,  that  is,  C 
absorbs  practically  the  whole  of  A,  and  only  a 
very  small  quantity  of  the  compound  AB  is 
formed  ;  if,  however,  both  A  and  C  are  largely  in 
excess  of  B  then  there  is  very  little  free  B,  the 
whole  of  it  being  converted  into  AB.  Equation 
(8)  enables  us  to  find  how  much  of  each  com- 
pound is  formed  when  the  substances  are  mixed 
in  any  proportions. 

Another  case  we  can  solve  by  the  same  prin- 
ciples is  when  we  have  four  substances,  A,B,C,D, 
such  that  if  their  molecules  are  represented  by 
{A},  {B},  {C},  {D}  ;  the  way  they  act  on  each 
other  is  expressed  by  the  equation 

a{A}+/3{B}=7{C}+5{D}, 

the  action  being  reversible  ;  that  is,  A  and  B  act 
on  each  other  to  produce  C  and  D,  and  C  and  D  act 
on  each  other  so  as  to  produce  A  and  B.  Then  if 
p,  q,  r,  s  are  the  numbers  of  molecules  of  A,  B, 
C,  D  respectively,  we  may  prove  by  the  method 
just  described  that 

.....     (9) 


when  K  is  independent  of  p,  q,  r,  and  s.  If 
a  +  ft  =  y  +  5,  that  is,  if  the  chemical  action  does 
not  produce  a  change  in  the  number  of  molecules, 
the  relative  amounts  of  the  substances  produced 
by  the  action  will  be  independent  of  the  pressure. 
If  P,  Q,  P',  Q'are  the  masses  of  A,  B,  C,  D  present 
initially,  o|,  /3|  the  number  of  molecules  of  A 
and  B  which  have  disappeared,  and  7!,  S|  the 
number  of  molecules  of  A  and  B  which  have  ap- 
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peared  when  equilibrium  is  reached,  then  equa- 
tion (9)  may  be  written 

(P  -  afl«(Q  -  #)*  =  «(P'  +  y|HQ'  +  5f  )*  .  (10). 
Thus  if  PttQ^  is  greater  than  /cP'yQ'*,  |  is  positive, 
that  is,  the  A  and  B  molecules  combine  to  form 
C  and  D  ;  but  if  P-Q*  is  less  than  /cP'^Q'*,  £  is  ne- 
gative, that  is,  the  C  and  D  molecules  combine 
to  form  A  and  B  ;  thus  the  nature  of  the  chemical 
action  depends  on  the  relative  amounts  of  the 
combining  substances  initially  present.  This  is 
an  example  of  what  is  called  mass  action,  which 
we  shall  consider  more  in  detail  in  the  following 
paragraph.  For  other  examples  of  the  applica- 
tion of  this  method  we  may  refer  to  a  paper  by 
J.  J.  Thomson  on  chemical  combination  (P.  M. 
18,  232). 

Guldberg  and  Waage's  Theory. 

A  theory  of  chemical  action  based  to  some 
extent  on  kinematical  principles  ;was  given  by 
Guldberg  and  Waage  in  1867  (Etudes  sur  les 
Affinites  Chimiqiws),  and  an  extended  applica- 
tion in  1879  (J.  pr.  19,  69)  ;  the  results  of  this 
theory  have  been  compared  by  the  authors  and 
others  with  the  results  of  a  large  number  of  ex- 
periments. The  theory  may  perhaps  best  be 
illustrated  by  considering  a  special  case.  Let  us 
suppose  that  we  have  four  soluble  substances, 
A.  B,  C,  D,  in  solution,  and  that  these  substances 
are  such  that  A  by  its  action  on  B  produces  C 
and  D,  while  C  by  its  action  on  D  produces  A 
and  B  ;  we  may  suppose  that  the  four  substances 
are  hydrochloric  acid,  sodium  nitrate,  nitric  acid, 
and  sodium  chloride.  Let  p,  g,  r,  s  be  the  masses 
of  these  substances,  respectively,  expressed  in 
gram-equivalents,  v  being  the  volume  in  which 

they  are  contained,  then  £  %.   -   -   are  called 

V     V     V     V 

by  Guldberg  and  Waage  the  active  masses  of  the 
four  substances,  and  they  assume  that  the  amount 
of  A  and  B  which  in  unit  time  changes  into  C  and 
D  is  proportional  to  the  product  of  the  active 
masses,  and  may  be  expressed  by 


the  smaller  of  the  two  quantities  R  and  S. 
root  is  given  by 


where  K  is  what  they  call  the  coefficient  of  affi- 
nity of  A  and  B  ;  similarly  the  amount  of  C  and 
D  which  in  unit  time  passes  into  A  and  B  is 


where  K.'  is  the  coefficient  of  affinity  of  C  and  D. 
When  the  system  is  in  equilibrium  the  amount 
of  A  and  B  which  passes  into  C  and  D  in  unit 
time  must  equal  the  amount  of  C  and  D  which 
passes  into  A  and  B,  so  that 


or  if  P,  Q,  R,  S,  are  the  amounts  of  A,  B,  C,  D, 
initially  present,  and  |  is  the  number  of  equiva- 
lents of  A  and  B  which  change  into  C  and  D, 
this  equation  may  be  written, 

This  is  a  quadratic  equation  to  determine  £  ;  but 
we  may  easily  show  that  it  has  only  one  admis- 
sible root,  for  if  |  is  positive  it  must  not  be 
greater  than  the  smaller  of  the  quantities  P  and 
Q,  and  if  negative  it  must  not  be  greater  than 


// 

V     I 


2  («-«>) 

the  -f  or  -  sign  being  taken  according  as 
K—K'  is  negative  or  positive. 

From  equation  (11)  we  see  that  if  P  is 
very  much  greater  than  Q,  R,  and  S,  Q  —  |  must 
be  very  small,  that  is,  nearly  the  whole  of  B 
must  combine  ;  thus  if  we  mix  a  large  quantity 
of  hydrochloric  acid  with  smaller  quantities  of 
NaCl,  HN03,  NaNO3,  nearly  the  whole  of  the 
NaN03  will  be  changed  into  NaCl.  Again,  if 
«PQ  is  greater  than  /c'RS,  |  is  positive,  but  if  less, 
then  |  is  negative  ;  thus  the  way  the  reaction 
goes  will  depend  upon  the  relative  amounts  of 
the  combining  substances  initially  present. 
Thus,  if,  in  the  case  before  considered,  the 
amounts  of  HC1  and  NaN03  are  large  compared 
with  those  of  NaCl  and  HN03,  the  reaction  which 
goes  on  will  be  the  conversion  of  NaN03  into 
NaCl  and  HN03  ;  but  if  the  quantities  of  HC1  and 
NaNO3  are  small  compared  with  those  of  NaCl 
and  HN03  the  reverse  action  will  go  on,  and 
NaCl  and  HN03  will  be  converted  into  NaN03 
and  HC1.  This  effect  of  the  quantities  of  the 
various  substances  in  determining  the  nature  of 
the  chemical  reaction  is  called  mass  action. 

If  we  put  P  =  Q,  R  =  0,  S  =  0,  equation  (11) 
becomes 

K(P-£)2  =  K'£2. 

Now  if  P  and  R  are  acids,  Q  and  S  salts,  _i-_ 

is  the  ratio  in  which  the  base  divides  itself  be- 
tween the  acids  A  and  B  respectively,  so  that 

for  this  case  -f  is  the  square  of  the  ratio  in 
which  the  base  divides  itself  between  the  acids. 

Comparison  of  Guldberg  and  Waage'  s  Theory 
with  Experiment. 

Etherification.  —  Guldberg  and  Waage 
have  compared  their  theory  with  the  results  of 
the  experiments  of  Berthelot  and  St.  Gilles  upon 
etherification  (A*  Ch.  [3]  65,  385  ;  66,  1  ;  68, 
225).  If  A,  B,  C,  D  are  respectively  acetic  acid, 

water,  ether,  and  alcohol,  they  find  -f  =  4.  The 

observed  and  calculated  effects  of  mixing  these 
substances  in  different  proportions  is  given  in 
the  following  table  :  — 


Initial  quantities  of 

Quantity  of  acetic  acid 
which  enters  into 

combination 

acetic 
acid 

water 

ether 

alcohol 

observed 

calculated 

P 

Q 

K 

S 

£ 

£ 

1 

0 

0 

1 

•665 

•667 

1 

0 

0 

2 

•828 

•845 

1 

0 

0 

4 

•902 

•930 

2 

0 

0 

1 

•858 

•845 

1 

0 

1-6 

1 

•521 

•492 

1 

3 

0 

1 

•407 

•409 

1 

23 

0 

1 

•116 

•131 

1 

98 

0 

2 

•073 

•073 
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Division  of  a  base  between  two  acids. 
Thomsen's  experiments.  Thomsen,  by  measuring 
the  thermal  changes  accompanying  the  reaction, 
was  able  to  calculate  the  distribution  of  the 
masses  (Thomsen's  Thermochemische  Unter- 
suchungen,  1, 98).  When  A,  B,  C,  D  were  respec- 
tively nitric  acid,  sodium  sulphate,  sulphuric 
acid,  and  sodium  nitrate,  Thomsen  found  that 

~  =  4,  and  when  they  were  mixed  in  different 

proportions  the  results  were  given  in  the  follow- 
ing table,  where  Q=l,  R=0,  S  =  0:  — 

P  equivalents  of  nitric  acid  + 1  equivalent  of 
sodium  sulphate  :— 


p 

£ 

Heat  absorbed 

observed 

calculated 

£ 

•121 

452 

4C2 

A 

•232 

808 

8i8 

i 

•423 

1292 

1331 

i 

•667 

1752 

1773 

2 

•845 

2024 

1974 

3 

•903 

2050 

2019 

The  following  tables,  derived  from  Thomsen's 
experiments,  are  given  by  Guldberg  and  Waage 
(J.pr.  19,  87):— 

Relative  values  of  K. 
TABLE  I. 


Substance  A 


HC1 
HN03 


HB02 


Substance  D 

K 

NaCl 

1 

NaNO, 

1 

i(Na2S04) 

•25 

i(NaAO<) 
NaH2P04 
i(C4H4NaA) 

•0676 
•0625 
•0025 

|(C.H4NaA) 

•0025 

0  TJ  NaO 

•0009 

NaB02 

•0001 

TABLE  II. 


Substance  A 

Substance  D 

K 

HC1 

i(H2S04) 

Chloride  of  a 
metal 
sulphate 

1 

•25 

where  the  metal  may  be  potassium,  sodium,  or 
ammonium. 

TABLE  III. 


Substance  A 

Substance  D 

K 

HC1 
|(H2S04) 

Chloride  of  a 
metal 
sulphate 

1 
•5 

where  the  metal  may  be  Mg,  Mn,  Fe,  Zn,  Co,  Ni, 

Cu.    We  see,  therefore,  that  the  value  of  -  is 

K' 

almost  independent  of  the  nature  of  the  base. 

Ostwald  repeated  the  experiments,  using  the 
change  in  volume  of  the  solution  to  determine 
the  distribution  of  the  substances.  The  experi- 
ments are  described  and  the  results  given  in  the 
art.  AFFINITY  (vol.  i.  p.  75). 


Heterogeneous  systems.—  So  far  we  have 
only  considered  those  cases  in  which  the  four 
substances  are  in  the  same  condition,  being 
either  all  soluble  or  all  gaseous  ;  we  can,  how- 
ever, apply  the  same  considerations  to  the  case 
when  one  of  them,  D  suppose,  is  an  insoluble 
solid.  In  this  case  if  the  extent  of  surface  of  D 
exposed  to  the  solution  does  not  alter,  its  active 
mass  is  constant  ;  thus,  using  the  same  notation 
as  before,  we  must  regard  s  as  constant,  and 
then  the  equation  becomes 

/cp2  =  /c'rs, 
or  since  s  is  constant, 


where  c  is  —  . 


This  expression  has  been  veri- 


fied by  W.  Engel  (J.pr.  19,  94)  for  the  case  where 
A,  B,  C,  D  were  respectively  oxalic  acid,  chloride 
of  calcium,  hydrochloric  acid,  and  calcium  oxal- 
ate. The  results  are  given  in  the  following 
table  :— 

1  equivalent  of  calcium  chloride  +  P  equi- 
valents of  oxalic  acid. 


Quantity  of  calcium  oxalate 

Oxalic  acid 

precipitated 

observed                  calculated    . 

P 

£ 

£ 

•398 

•385 

•385 

•596 

•569 

•568 

•795 

•744 

•736 

•994 

•873 

•863 

1-491 

•967 

•961 

1-988 

•973 

•979 

1-000 

•863 

•864 

If  two  of  the  four  substances,  B  and  D,  are 
insoluble,  then  if  the  surfaces  remain  constant 
their  active  masses  are  constant,  and  the  equation 

Kpg_  =  K'TS 
will  become 

(P-|)=c(R  +  |), 

where  c  is  a  constant  and  equal'  to  — .    This 

Kq 

expression  has  been  tested  by  Guldberg  and 
Waage  for  two  cases  (J.  pr.  91,  92).  The  first 
case  is  when  A,  B,  C,  I)  are  respectively  potas- 
sium sulphate,  barium  carbonate,  potassium 
carbonate,  and  barium  sulphate  ;  they  found  that 
when  the  system  had  reached  its  state  of  equili- 
brium, the  quantity  of  potassium  sulphate  was 
|  that  of  the  potassium  carbonate.  The  effect 
of  mixing  the  substances  in  different  proportions 
is  given  in  the  following  table : — 


Initial  quantities  of 

Quantity  combined 

-_  A^        

potassium 

potassium 

ob- 

calcu- 

sulphate 

carbonate 

served 

lated 

P 

R 

£ 

£ 

0 

3-5 

•719 

•70C 

0 

2-5 

•500 

•500 

0 

2 

•395 

•400 

0 

1 

•176 

•200 

•25 

2 

•200 

•200 

•25 

2-5 

•300 

•300 

•25 

3 

•408 

•400 

•25 

3-8 

•593 

•560 

•50 

2 

trace 

•000 
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The  second  case  of  this  kind  investigated  by 
Guldberg  and  Waage  was  when  A,  B,  C,  D  were 
respectively  sodium  sulphate,  barium  carbonate, 
sodium  carbonate,  and  barium  sulphate ;  they 
found  that  in  this  case  when  the  system  had 
reached  its  state  of  equilibrium  the  quantity  of 
sodium  sulphate  was  |  of  the  quantity  of  sodium 
carbonate.  The  effect  of  mixing  the  substances 
in  various  proportions  is  given  in  the  following 
table :— 


Initial  quantity  of 
.A  

Quantity  combined 

sodium 

sodium 

ob- 

calcu- 

sulphate 

carbonate 

served 

lated 

P 

K 

£ 

f 

0 

5 

•837 

•833 

0 

3-5 

•605 

•583 

0 

2 

•337 

•333 

0 

1 

•157 

•167 

•2956 

3 

•234 

•254 

•2956 

3-86 

•438 

•396 

•2956 

4-10 

•440 

•437 

•2956 

4-73 

•558 

•543 

The  method  we  previously  described  will  lead  to 
the  same  results  for  the  equilibrium  of  hetero- 
geneous substances  as  Guldberg  and  Waage's 
method. 

The  preceding  instances  show  that  in  a  large 
number  of  cases  Guldberg  and  Waage's  formula 
Kpq  =  Kfp'q'  represents  accurately  the  state  of 
equilibrium ;  nevertheless  as  given  by  Guldberg 
and  Waage  the  formula  must  be  regarded  as 
almost  empirical.  The  reasoning  they  give  is 
only  applicable  to  the  special  case  of  combina- 
tion when  the  two  molecules  A  and  B  after 
coming  into  contact  separate  as  two  molecules  of 
A'  and  B' ;  the  reasoning  as  they  give  it  is  not 
applicable  to  the  case  where  the  molecules  of  A 
and  B  have  to  split  up  into  atoms  before  com- 
bination can  take  place,  though  if  we  use  the 
kinematical  method  previously  described  we  shall 
arrive  at  the  same  formula,  in  this  case,  if  the 
chemical  equivalents  and  the  molecules  are  iden- 
tical. The  agreement  of  the  formula  with  the 
experiments  in  some  cases  throws  some  light  on 
the  constitution  of  the  molecules  which  take  part 
in  the  reaction.  Thus  take  the  case  represented 
by  the  equation 

H2S04  +  2NaN03  =  2HN03  +  Na2S04 

"p  q  r  s 

Now  if  the  molecule  of  sodium  nitrate  is  repre- 
sented by  NaN03,  the  molecule  of  H2S04  has  to 
come  into  collision  with  two  molecules  of  NaN03 
simultaneously  for  combination  to  take  place, 
and  the  number  of  such  collisions  is  proportional 
to  pq-.  Again  the  number  of  collisions  which 
can  give  rise  to  the  reverse  chemical  action  will 
be  proportional  to  rs2,  so  that  for  equilibrium 

Kpq1*  =  /cVs2. 

If  we  compare  this  formula  with  Thomson's  ex- 
periments on  this  reaction  we  shall  find  that  it 
does  not  agree  at  all  well  with  the  results,  while 
the  formula  Kpq  =  ic'rs  does  so.  Again,  if  we 
consider  the  question  from  the  dynamical  point 
of  view  (v.  p.  442)  we  shall  also  arrive  at  the 
equation  /cpg2  =  /cVs2,  if  we  assume  that  the 
molecule  of  sodium  nitrate  is  represented  by 
NaNO3 ;  if  on  the  other  hand  we  assume  that  the 
molecule  is  represented  by  Na-jNA,  both  methods 


lead  to  the  equation  itpq  =  K'rst  which  is  verified 
by  experiment.  Hence  we  conclude,  either  that 
the  relative  composition  of  the  molecules  is  re- 
presented by  the  scheme  H2S04,  Na2N206,  Na2S04,. 
H2N20B,  or  else  that  a  salt  solution  is  in  no  way 
analogous  to  a  number  of  particles  of  the  salt 
moving  about  in  a  volume  equal  to  that  of  the 
solvent.  It  may  be  well  to  remark  that  we  can- 
not get  over  the  difficulty  by  assuming  the  above 
reaction  to  take  place  in  two  stages,  thus 
H2S04  +  NaN03  =  HNaS04  +  HNO3 
HNaS04  +  NaN03  =  Na^SO,  +  HN03. 
Ostwald's  researches  (v.  AFFINITY)  show  that  the 
ratio  in  which  a  base  divides  itself  between  two 
acids  is  generally  independent  of  the  nature  of 
the  base,  though  if  one  of  the  acids  is  H2S04 
there  are  exceptions  to  this  rule.  We  may 
therefore  regard  K  as  the  product  of  two 
factors  a  and  0,  of  which  a  depends  only  upon 
the  acid  and  #  only  upon  the  base,  while  /c'  will 
be  the  product  of  £  and  another  factor  a'  which 
depends  only  on  the  other  acid ;  the  ratio  of  K 
to  K'  will  then  be  the  same  as  the  ratio  of  a  to 
a',  and  will  depend  only  upon  the  acids.  If  we 
apply  the  method  given  on  p.  436  to  this  case  we 
can  see  how  this  may  be  brought  about.  Let  us 
consider  the  reaction 

HC1  +  NaN03  =  HN03  +  NaCl. 

Let  p,  q,  r,  s  be  the  number  of  molecules  of 

HC1,  NaN03,  HN03,  and  NaCl  respectively,  tlt  t.2t 

ta,  tv  the  paired  time  of  these  molecules,  and  let 

x,  y,  z,  w  be  the  number  of  free  atoms  of  H,  Cl, 

N03,  and  Na  respectively,  —  the  time  an  atom 

o 

of  H  is  free  from  one  of  Cl,  -  the  time  an  atom 
of  H  is  free  from  one  of  N03,  —  the  time  an 

T4 

atom  of  Cl  is  free  from  one  of  Na,  and  —  the 

T2 

time  an  atom  of  N03  is  free  from  one  of  Na ; 
then,  by  the  method  on  p.  437,  we  have  the  fol- 
lowing equations : — 


dp 

dt 


It 
dr 

dt 
ds 
dt 


xy_ 
T, 

zw 


wy 


So  that  when  there  is  equilibrium 


rs 


(12) 


TO,  T4,  t.»  t3  are  the  only  quantities  which  depend 
upon  the  base.  We  may  regard  the  salt  as  made 
up  of  two  systems,  the  radicle  and  the  base,  held 
together  by  forces  between  them ;  these  forces 
will  depend  upon  the  relative  configuration  of 
the  two  systems,  and  we  may  suppose  that  this 
force  vanishes  when  the  two  systems  have  simul- 
taneously the  configurations  a  and  /3.  Now  if 
Tj,  T2  are  the  times  of  vibrations  of  the  systems 
about"  the  configurations  a  and  £  respectively,  the 
time  which  elapses  between  the  two  systems  leav- 
ing this  configuration  and  entering  it  again  will,  if 
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T,  and  To  are  incommensurable,  be  Tl  x  T2,  so 
that  if  the  system  can  get  into  the  state  in  which 
the  force  between  them  vanishes,  the  longest 
time  they  can  exist  without  doing  so  will  be 
T,  x  T2,  and  thus  the  paired  time  will  be  propor- 
tional to  Tj  x  T2.  The  two  systems  will  probably 
vibrate  approximately  as  if  they  were  free,  so 
that,  approximately,  T1  will  only  depend  upon  the 
radicle  and  T2  on  the  base  ;  thus,  since  the  base 
in  NaCl  is  the  same  as  in  NaN03,  the  ratio  of 
t.,  to  t^  will  be  independent  of  the  base.  Again, 
when  the  base  and  radicle  come  together  again  after 
having  been  dissociated,  the  force  between  them 
will  depend  upon  their  configuration,  and  we 
may  suppose  that  unless  the  atoms  are  in  cer- 
tain configurations  the  force  between  them  will 
not  be  sufficient  to  cause  them  to  enter  into  com- 
bination. If  T,1,  T2'  are  the  times  of  vibration 
of  the  radicle  and  the  base  about  these  configu- 
rations, the  time  which  will  elapse  between  the 
systems  leaving  this  configuration  and  entering 
it  again  will  be  Tj  x  T2',  the  longer  these  intervals 
are  separated  the  less  chance  will  there  be  of  the 
system  entering  into  combination,  and  the  free 
time  will  be  proportional  to  T/  x  Tzl  ;  since  one 
of  these  factors  depends  only  on  the  base,  and  the 

other  only  upon  the  radicle,  ^?  will  be  indepen- 

^4 

dent  of  the  base,  and  therefore  by  equation 
(12)  the  proportion  in  which  the  base  divides 
itself  between  the  two  acids  will  be  independent 
of  the  base.  (For  another  method,  partly  kine- 
matical,  v.  Pfaundler,  P.  Jubelbd.  182,  131,  55.) 

DYNAMICAL  METHODS. 

In  any  dynamical  system  in  a  steady  state 
there  is  a  certain  quantity  called  the  Lagrangian 
Function  (T  —  V,  where  T  and  V  are  respectively 
the  mean  kinetic  and  potential  energies  of  the  sys- 
tem) which  reaches  a  maximum  value  when  the 
system  is  in  a  steady  state,  and  the  knowledge 
of  the  expression  for  this  quantity  enables  us  to 
determine  the  configuration  of  the  system  when 
in  this  state.  Exactly  the  same  thing  holds  for 
the  physical  and  chemical  systems  whose  equili- 
brium we  are  now  considering.  It  may  be  proved 
(see  Applications  of  Dynamics  to  Physics  and 
Chemistry,  J.  J.  Thomson,  chap,  ix.)  that  when 
such  systems  are  in  a  steady  state  their  mean 
Lagrangian  Function  has  a  maximum  value,  and 
that  all  the  circumstances  of  the  equilibrium  can 
be  obtained  by  making  use  of  this  property.  We 
shall  for  brevity  call  the  mean  Lagrangian  Func- 
tion, the  quantity  which  has  this  property,  the 
'  directrix '  of  the  system,  as  the  behaviour  of 
the  system  is  entirely  regulated  by  this  func- 
tion. 

The  directrix  is  closely  analogous  to  what  in 
thermodynamics  is  called  the  entropy  of  the  sys- 
tem, and  the  theorem  that  in  the  steady  state 
the  '  directrix  '  is  a  maximum  is  analogous  to 
Clausius'  theorem  that  the  entropy  of  the  sys- 
tem tends  to  a  maximum.  Willard  Gibbs  (Equili- 
brium of  Heterogeneous  Substances  ;  Am.  S.  16, 
442),  Horstmann  (B.  12,  64),  Liveing  (Chemical 
Equilibrium  the  result  of  the  degradation  of 
Energy)  (Planck,  W.  A.  30,  562  ;  31,  189 ;  32, 
462),  have  treated  the  subject  of  chemical  equili- 
brium from  this  point  of  view.  As  the  problems 
can,  however,  be  solved  by  purely  mechanical 


principles  it  seems  preferable  to  do  so.  Though 
we  can  obtain  the  conditions  of  equilibrium  both 
from  mechanical  principles  and  from  the  Second 
Law  of  Thermodynamics,  it  does  not  follow  that 
we  can  therefore  deduce  the  Second  Law  of 
Thermodynamics  entirely  from  mechanical  prin- 
ciples. The  Second  Law  of  Thermodynamics 
consists  of  two  parts  :  one,  that  every  distribution 
of  heat  tends  to  uniformity,  by  heat  passing  from 
places  of  higher  to  places  of  lower  temperature  ; 
the  other,  that  the  entropy  is  a  perfect  dif- 
ferential ;  the  second  of  these  statements,  but  not 
the  first,  can  be  proved  by  purely  dynamical  prin- 
ciples. It  must  be  remembered  that  what  we  show 
is  that  if  the  system  does  reach  a  steady  state, 
the  directrix  must  be  a  maximum  ;  we  cannot, 
however,  prove  that  it  must  reach  this  state  ; 
this  has  to  be  deduced  from  observation. 

In  order  to  apply  this  method  to  find  the 
conditions  of  equilibrium  for  chemical  systems, 
we  shall  require  the  expressions  for  the  directrix 
both  for  a  mass  of  gas  and  a  mass  of  liquid.  If  L, 
be  the  directrix  for  a  mass  £  of  a  gas,  which  obeys 
Boyle's  Law,  and  whose  density  is  p,  and  abso- 
lute temperature  6,  then  (J.  J.  Thomson,  Appli- 
cations of  Dynamics,  chaps,  x.  and  xi.) 

L!  =  £R,0  log  £?  +  £  A0  +  |B0  log  6  -  |V,     .  (13) 
P 

where  Ej  is  the  value  of  ¥-,  p  being  the  pres- 

p0 

•sm-e  ;  pn,  A,  and  B  are  constants,  and  Vj  is  the 
mean  potential  energy  of  the  molecules  of  unit 
mass  of  the  gas. 

The  directrix  L2  of  a  mass  TJ  of  liquid,  free 
from  strain,  electrification,  &c.,  is  given  by  the 
equation 

7,V2   .        .        .  (14) 


when  </>  (6)  is  a  function  of  the  temperature,  and 
V2  is  the  mean  potential  energy  of  the  molecules 
of  unit  mass  of  the  liquid.  If  the  liquid  is 
strained  or  electrified,  or  if  it  possesses  energy 
in  virtue  of  its  surface  tension,  we  can  easily 
calculate  the  correction  to  the  directrix  ;  for,  since 
the  directrix  is  T-V,  all  that  we  have  to  do  is  to 
calculate  the  potential  energy  arising  from  the 
strain,  &c.,  and  subtract  it  from  the  expression 
(14).  Thus  if  the  liquid  is  strained  we  must 
subtract  from  (14)  pV0o-2,  where  k  is  the  bulk 
modulus  of  the  liquid,  V0  its  volume  when  un- 
strained, and  rr  is  the  compression  ;  again  if  the 
liquid  has  A  free  surface  it  will  possess  potential 
energy  in  virtue  of  its  surface  tension,  equal  to 
ST  when  S  is  the  area  of  the  surface  and  T  the 
surface  tension  ;  to  get  the  directrix  in  this  case 
we  must,  therefore,  subtract  ST  from  the  value 
given  by  (14). 

To  illustrate  the  method  of  solving  problems 
by  this  principle,  let  us  take  the  case  of  the 
evaporation  of  a  liquid  in  a  closed  vessel.  We 
have  here  two  systems  to  consider  :  the  vapour 
and  the  liquid  ;  if  |  is  the  mass  of  the  vapour, 
which  we  shall  assume  to  obey  Boyle's  Law,  its 
directrix  Lj  is  given  according  to  (13)  by 

L,  =  |B,0  log  £?  +  |A0  +  |B0  log  0  -  f  V,  ; 

p 

while  if  TJ  is  the  mass  of  the  liquid,  its  directrix 
L2  is  given  by 
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and  if  A  is  the  directrix  of  the  whole  system, 


When  the  system  is  in  equilibrium  A  must  be  a 
maximum,  so  that  if  we  suppose  a  mass  5|  of 
the  liquid  to  evaporate  we  must  have  in  the 
state  of  equilibrium 

|  =  0  .        .(15) 

Since  the  sum  of  the  masses  of  the  vapour  and 

liquid  is  constant  —  =  —  1,  so  that  equation  (15) 
d£ 

leads  to  the  relation 

E01og?°  +  B0£  +  A0  +  B01og0  -  0(0)  -  (v,  -  v2)  =  0 
P          a 

(16) 

where  a  is  the  density  of  the  liquid.  This  gives 
the  expression  for  the  vapour  density  p  of  the 
liquid  at  the  temperature  6. 

It  may  be  well  to  consider  this  case  more  in  de- 
tail. Let  us  suppose  that  we  start  with  some  of  the 
liquid  and  no  vapour  :  then  the  system  will  move 
so  as  to  increase  the  directrix  ;  now  at  first  when 
p  =  0  the  rate  of  increase  of  Lj  with  |  is  infinitely 
great,  so  that  A  will  increase  if  a  small  quantity 
of  the  liquid  evaporates,  and  therefore,  by  the 
principle  just  stated,  evaporation  will  take  place  ; 
as  more  liquid  evaporates  the  rate  of  increase  of 
Lj  gets  smaller  and  smaller,  until  a  point  is 
reached  where  the  increase  in  the  directrix  of 
the  vapour,  when  a  small  quantity  of  the  liquid 
evaporates,  equals  the  diminution  of  the  direc- 
trix of  the  liquid  under  the  same  circumstances  ; 
when  this  point  is  reached  the  directrix  will  be 
a  maximum  and  the  system  will  remain  in  this 
state.  If  the  external  circumstances  alter  so  as 
to  affect  the  rate  of  change  of  the  directrix  of 
either  the  vapour  or  liquid  as  evaporation  goes 
on,  it  will  alter  the  point  at  which  equilibrium 
is  reached.  Thus,  for  example,  suppose  that 
the  liquid  is  in  the  form  of  a  spherical  drop  : 
then,  in  virtue  of  its  surface  tension,  it  will 
possess  potential  energy  proportional  to  its  sur- 
face ;  when  it  evaporates,  the  surface,  and  there- 
fore the  potential  energy,  will  diminish  ;  but 
since  the  directrix  of  the  liquid  is  T  —  V,  the 
diminution  in  the  potential  energy  of  the  liquid 
when  it  evaporates  will  cause  the  directrix  to 
diminish  more  slowly  with  evaporation  than  it 
would  if  the  liquid  were  of  such  a  form  that  the 
area  of  its  surface  did  not  change  on  evaporation. 
The  evaporation  will,  therefore,  have  to  go  on 
further  than  before,  in  order  that  the  rate  of  in- 
crease of  the  directrix  of  the  vapour  shall  sink 
to  that  of  the  rate  of  diminution  in  the  directrix 
of  the  liquid.  The  vapour  pressure,  therefore, 
when  there  is  equilibrium  will  be  greater  when 
the  liquid  is  in  the  form  of  drops  than  when 
its  surface  is  plane.  If  the  drop,  however,  had 
been  electrified,  then,  since  the  electricity  is  not 
carried  away  by  the  vapour,  the  potential  energy 
of  the  liquid  will  increase  as  evaporation  goes 
on,  and  the  drop  gets  smaller,  so  that  the  same 
reasoning  as  before  will  show  that  the  vapour 
pressure  over  an  electrified  drop  is  less  than  over 
one  which  is  not  electrified.  These  cases  are 
examples  of  a  corollary  from  the  principle  we 
are  considering,  which  may  be  stated  generally 
by  saying  that  when  the  physical  environment 
of  a  system  is  changed,  and  the  consequent 


change  in  the  directrix  of  the  system  increases 
as  any  physical  process  goes  on,  then  this  pro- 
cess will  have  to  go  on  further  in  the  changed 
state  before  equilibrium  is  reached  than  in  the 
unchanged  one,  while  if  the  change  in  the  direc- 
trix diminishes  as  the  process  goes  on  it  will  not 
have  to  proceed  so  far.  The  principle  that  the 
directrix  is  a  maximum  in  equilibrium  readily 
enables  us  to  calculate  the  change  made  in 
the  extent  to  which  the  process  goes  on.  Thus, 
in  the  case  of  evaporation,  if  x  is  the  change  in 
the  directrix  caused  by  any  change  in  the  con- 
ditions, 5p  the  consequent  change  in  the  vapour 
pressure  when  there  is  equilibrium,  then  we  can 
easily  show  that 


In  the  case  of  the  spherical  drop,  x  is  minus  the 
potential  energy  due  to  surface  tension,  or  if  a 

be  the  radius  —  47ra''!T,  and  since  c~-=  —  - 


we  get 


._ 
ff-p  a  R0' 

Dissociation.—  We  can  apply  the  same 
principles  to  cases  of  dissociation  :  let  us  suppose 
that  we  have  a  gas  A  which  dissociates  into  two 
others,  B  and  C  ;  let  £,  77,  £  be  the  masses  of  these 
gases;  />,,  p.2,  p3  their  densities;  vlt  vv  v3  the 
mean  potential  energy  of  unit  mass  of  their 

molecules;  B,,  B.>,  E3,  the  values  of  £-   for   the 

pO 

three  gases  respectively;  then  if  L,,  L2,  L3  are 
the  directrices  of  the  three  gases 


L!  =  £E,0  log    °  +  £^0  +  |B0  log  0  -  |V,  ; 

Pi 

with  corresponding  expressions  for  L2  and  Ls. 
A,  the  directrix  of  the  whole  system,  is  given 
by  the  equation 


if  v  is  the  volume  in  which  the  gases  are  con- 
fined p,  =  i,  p2  =  H,  03  =  -.     When  the  system  has 

v    '     v          v 
reached  equilibrium,    A   is    a    maximum    and 

therefore  —  is  zero,  if  clt  c.2,  c3  are  the  com- 
bining weights  of  the  gases  A,  B,  C, 

dt\         c2       n  d£         c3 
— :  =  —  _--  and.  - _  =  —  —  . 
cZ|          c,  d£         Cj 

So  that  the  condition 


leads  to  the  equation 


B^log™  -  2  E20  log  Po    -±-3  E301og  &_ 
Pi       c,  p2        c,  ps 

-  (E,0  -  £?  E20  -  5j  E30)  +  (A,  -  ^?A2-  CJ  A3)0 
+  (B,  -  ^B2  -  -C3B3)0  log  0-(y,  -^v2 

C,  Ci  Ci 


or  since 


jEj  -  CjE,,  =  c3E3 
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this  may  be  written 
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^C=  cea& ci         c'  .    .  (17) 

|u  B,0 

Where  C  and  a  are  constants,  in  the  case  of 
the  dissociation  of  an  elementary  gas  into  atoms, 
we  must  suppose  B  and  C  to  be  the  same,  so  that 
•n  =  C  c2  =  cs  =  ^  c, ;  thus  equation  (17)  reduces  to 


This  equation  is  the  same  as  that  which  we  pre- 
viously obtained  from  kinematical  principles, 
but  expresses  in  addition  the  way  the  dissocia- 
tion varies  with  the  temperature.  Formulas  de- 
rived from  thermodynamical  principles  have 
been  given  by  Willard  Gibbs  (Equilibrium  of 
Heterogeneous  Substances,  p.  169)  and  Boltz- 
mann  (W.  A.  22,  39).  In  Willard  Gibbs's  for- 
mula  o  is  equal  to  —1,  and  in  Boltzmann's  it  is 
equal  to  zero.  Natanson's  experiments  on  the 
dissociation  of  N204  show  that  neither  of  these 
values  of  o  agrees  well  with  the  observations. 
We  see  from  (17)  that  if  we  have  given  masses 

of  the  substances,  ^  is  proportional  to  v,  so  that 

the  greater  the  volume  in  which  the  gas  is  con- 
tained the  greater  is  the  dissociation.  The  effect 
of  an  excess  of  one  of  the  products  of  the  disso- 
ciation (v.  art.  DISSOCIATION)  follows  at  once 
from  (17). 

Cj-v3+^v2-vl  is  the  increase  in  the  po- 

ci         ci 

tential  energy  when  unit  mass  of  the  gas  disso- 
ciates ;  it  may  be  approximately  measured  by  H, 
the  amount  of  heat  which  must  be  supplied  to 
the  system  to  keep  the  temperature  constant 
when  unit  mass  dissociates ;  when  dissociation 
is  accompanied  by  an  absorption  of  heat,  H  is 
positive,  when  by  an  evolution,  H  is  negative. 
Introducing  H  into  equation  (17)  we  get 


(18) 


so  that  if  H  be  positive  -=  0  when  6  is  0,  and, 

& 

therefore,  either  r?  or  £  must  vanish,  so  that  at 
the  absolute  zero  of  temperature  there  is  no  dis- 
sociation ;  when  6  is  infinite  ?£  is  infinite  if  a  be 

& 
positive,  i.e.  £  must  vanish,  and  therefore  all 

the  gas  be  dissociated ;  if  a  be  zero  ^i  is  finite, 

|v 
and  there  is  a  finite  amount  of  dissociation ;  and 

if  a  be  negative  J>  is  zero,  and  there  is  again  no 

dissociation.  We  see  from  (18)  that  the  greater 
the  thermal  changes  accompanying  dissocia- 
tion, other  circumstances  being  the  same,  the 
smaller  will  be  the  amount  of  dissociation  at 
a  given  temperature. 

Dilute  solutions. — So  far  we  have  only 
considered  gases,  but  Van  't  Hoff  (L'Equilibre 
chimique  dans  les  sysUmes  gazeux  ou  dissous  a 
V&tat  dilue,  Archiv.  Nierlandab,  20,  239  [1887]) 
has  pointed  out  that  Pfeffer's  experiments  on  the 
osmotic  pressures  produced  by  salts  dissolved  in 


zig,  1887),  and  Raoult's  experiments  on  the  effect 
of  dissolved  salts  on  the  freezing  points  of  solu- 
tions (A.  Ch.  [6]  4,  401),  show  that  the  molecules 
of  a  salt  in  a  dilute  solution  exert  the  same  pres- 
sure as  they  would  exert  if  they  were  in  the 
gaseous  state  at  the  same  temperature,  and  occu- 
pying a  volume  equal  to  that  of  the  liquid  in 
which  the.  salt  is  dissolved,  and  that  the  pres- 
sure exerted  by  these  molecules  obeys  Boyle's 
and  Gay-Lussac's  laws.  This  being  so,  the  direc- 
trix for  the  salt  dissolved  in  the  liquid  must  be 
the  same  as  that  for  an  equal  mass  of  gas  filling 
the  volume  occupied  by  the  liquid.  The  pre- 
ceding remarks  are  strictly  true  for  such  solvents 
as  benzene  or  alcohol,  but  when  the  solvent  is 
water  there  are  many  exceptions  to  them  ;  most 
inorganic  acids  and  salts  behave  as  if  they  exerted 
a  greater  pressure  than  this  rule  would  indicate, 
and  it  has  been  suggested  by  Arrhenius  that  this 
is  due  to  the  dissociation  of  the  salt  in  the  solu- 
tion, though  in  some  cases  it  would  be  necessary 
to  suppose  that  dissociation  amounted  to  more 
than  95  p.c.  in  order  to  explain  the  effect.  We 
must  remember  that  this  representation  of  the 
behaviour  of  a  solution  is  founded  on  the  hypo- 
thesis that  the  solvent  merely  sustains  the  par- 
ticles of  the  salt  or  acid,  and  it  would  require  to 
be  modified  if  anything  analogous  to  chemical 
combination  took  place  between  the  salt  and  the 
solvent  ;  as  such  combinations  do  undoubtedly 
in  many  cases  take  place,  it  does  not  seem 
necessary  to  call  in  the  aid  of  extreme  dissocia- 
tion until  it  has  been  shown  that  the  effects 
could  not  be  explained  as  due  to  the  chemical 
action  between  the  salt  and  the  water.  The  fact 
that  in  order  to  produce  comparable  osmotic 
pressures  it  is  necessary  to  have  in  the  solution 
the  same  number  of  chemical  equivalents  rather 
than  the  same  number  of  molecules  points  also 
to  this  explanation.  If  we  assume  that  the  direc- 
trix of  the  dissolved  salt  is  the  same  as  that  of  an 
equal  mass  of  the  substance  when  gaseous  and 
occupying  the  same  volume,  it  is  easy  to  calcu- 
late the  conditions  of  chemical  equilibrium  be- 
tween them.  For,  let  us  take  the  case  where  we 
have  dilute  solutions  of  four  substances  A,B,  C,  D, 
such  that  when  A  acts  upon  B  it  produces  C  and 
D,  and  when  C  acts  upon  D  it  produces  A  and  B, 
Let  {A},  {B},  {C},  {D}  represent  the  molecules 
of  A,  B,  C,  D  respectively,  and  let  the  chemical 
action  which  takes  place  be  represented  by  the 
equation 


Let  £,  11,  C>  e  represent  the  masses  of  these 
substances  respectively,  and  let  the  directrices  be 


+ 


CR30  log          +    C(A30  +  B30  log  0)  - 


eR40  log 


e(A40  +  B40  log  0)  - 


where  v  is  the  volume  of  the  solvent,  let  Q 
represent  the  directrix  of  the  solvent,  wlt  wv  w3, 
w4,  being  the  potential  energies  of  unit  masses  of 
the  substances.  If  c,  c,  c,  c  are  the  com- 
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water  (Pfeffer,  Osmotische  Untersuchungen,  Leip-  |  bining  weights  of  the  four  substances,  and 
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dr},  d(,  de  are  corresponding  increments  in  their 
masses  ;  then  the  increments  in  the  number 
of  molecules  of  each  of  the  substances  are  pro- 

portional to  ^,   ^?,  Q,   —  ;  but  by  the  nature 

c,     c2     c3     c4 

of  the  reaction  which  goes  on  between  these 
substances,  the  increments  in  the  number  of 
molecules  must  be  proportional  to  a,  b,  —  c,  —  d, 
so  that  we  have 


6c2 


cc3 


=_ 

' 


Then,  since  in  equilibrium  the  directrix  is   a 

maximum,  _  must  vanish  ;  from  this  condition, 

d£ 

and  remembering  equation  (19),  and  that  B^ 
=  B2c2  =  E3c3  =  E4c4,  we  get 


a-b  e  ^  —    e~*3 


(20) 


when  4>(0)  is  a  function  of  the  temperature,  and 

w  =  | 


The  value  of  —  ^  will  be  zero  if  the  proper- 

ties of  the  solvent  do  not  change  as  chemical 
action  goes  on  ;  in  any  case  since  the  solutions 
are  very  dilute  the  properties  of  the  solvent  may 
be  assumed  to  be  changed  by  an  amount  propor- 
tional to  the  quantity  of  the  salt  dissolved,  so 
that  Q  will  be  a  linear  function  of  |,  TJ,  C>  €»  an(l 

therefore  —  -?  will  be  independent  of  |  ;  thus  the 

d£ 

existence  of  the  term  involving  Q  will  not  modify 
the  form  of  the  equation,  but  is  at  most  equiva- 
lent to  a  slight  alteration  in  the  value  of 

—  ,  the  increase  in  the  potential  energy  of  the 

<Z| 

system  when  the  mass  of  £  is  increased  by  unity. 

It  may  be  shown  (v.  J.  J.  Thomson,  Applications 

of  Dynamics  to  Physics  and  Chemistry,  p.  278) 

that 

~  (aSid  +  tSaCa-CSaCs-C^cJ 

tJ>(0)=C0BlCl 

where  slt  s2,  s3,  s4  are  the  specific  heats  of  the 
substances  A,  B,  C,  D  respectively. 

Equation  (20)  will  enable  us  to  find  the  effects 
of  pressure  and  temperature  upon  chemical  com- 
bination. 

Effect  of  pressure.  —  From  equation  (20)  we 

see  that,  if  a  +  b  =  c  +  d,  then  ~,  is  independent 

of  the  volume  ;  but  if  a  +  b  =  c  +  d,  the  number 
of  the  molecules  is  not  altered  by  the  chemical 
reaction,  so  that  in  this  case  the  amount  of  com- 
bination is  independent  of  the  pressure  ;  if 
a  +  b  is  greater  than  c  +  d,  then  the  greater  the 


e 

volume  v  the  smaller  is  the  ratio  |—  -r. 


Now, 


the  action  of  C  upon  D  tends  to  diminish  this 
ratio,  while  that  of  A  on  B  tends  to  increase 
it,  and  if  a  +  b  is  greater  than  c  +  d  the  number 
of  molecules  is  increased  when  C  acts  upon  D 
and  diminished  when  A  acts  upon  B.  Thus, 
when  chemical  combination  alters  the  number  of 
uiolecules/the  state  of  equilibrium  depends  upon 


the  volume  of  the  solvent,  and  the  effect  of  in- 
creasing the  volume  is  to  favour  that  reaction 
which  is  attended  by  an  increase  in  the  number 
of  molecules.  In  other  words,  the  chemical  ac- 
tion which  produces  an  increase  in  volume  is  hin- 
dered by  pressure,  while  that  which  produces  a 
diminution  is  helped  by  it.  This  is  an  example 
of  the  corollary  stated  on  p.  443. 

Effect    of    temperature.  —  In    equation   (20) 

~  represents  the  increment  in  the  potential 

energy  of  the  system  when  £  is  increased  by 
unity,  and  may  be  approximately  measured  by 
the  amount  of  heat  given  out  when  £  diminishes 
by  unity  ;  if  the  combination  of  C  and  D  is  ac- 
companied by  the  production  of  heat,  ~  is 

"I 

Cced 

negative,  and  therefore,  when  0  is  zero,-^-6  is 

zero  too,  and  therefore  either  C  or  e  must 
vanish ;  that  is,  the  combination  of  C  and  D 
goes  on  until  one  of  the  components  is  exhausted ; 
in  other  words,  the  reaction  which  is  attended 
with  the  production  of  heat  will  go  on  as  far  as 
possible. 

According  to  Berthelot's  law  of  maximum 
work  the  reaction  accompanied  by  the  forma- 
tion of  heat  goes  on  as  far  as  possible  at  all 
temperatures ;  we  see,  however,  from  equation 
(20)  that  in  reality  it  only  does  so  at  the  absolute 
zero  of  temperature,  though,  if  the  reaction  is 
accompanied  by  large  them  I  effects,  the  law 
will  be  an  approximation  to  the  truth  for  a  con- 
siderable range  of  temperature. 

This  equation  shows,  too,  that  if  there  is  any 
thermal  effect  at  all,  the  relative  affinities  of  two 
acids  at  the  absolute  zero  of  temperature  is 
either  zero  or  infinity. 

If  the  substances  obey  Dulong  and  Petit's 
law 


and  then 


s2c2 = S3c3  =  s4c4  =  w,  say ; 


1 0Ric"> 


(a+6-c-d) 


a  dw 

IM  d* 


If  a  +  b  is  greater  than  c  +  d,  then  j-l.^  is  infinite 

when  6  is  infinite,  that  is,  the  reaction  accom- 
panied by  a  diminution  in  volume  goes  on  as  far 
as  possible  at  an  infinitely  high  temperature.  If 
a  +  b  =  c  +  d,  that  is,  if  the  combination  does  not 
change  the  volume,  the  combination  will  only  be 
partial  at  an  infinitely  high  temperature. 

We  saw  that  Ostwald's  experiments  showed 
that  in  the  case  of  an  acid  and  two  bases  the 
value  of 


was  independent  of  the  nature  of  the  base ; 
equation  (20)  shows  that  for  this  to  be  the  case 
the  amount  of  heat  given  out,  when  the  number 
of  molecules  of  one  of  the  salts  increases  by 
unity  and  that  of  the  other  diminishes  by  the 
same  amount,  must  be  independent  of  the  nature 
of  the  base.  Now  Thomsen's  thermochemical 
researches  have  shown  that  the  heat  of  forma- 
tion of  a  salt  seems  to  be  the  sum  of  two  parts 
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(v.  Lothar  Meyer,  P.  M.  23,  504),  one  of  which 
depends  only  on  the  base  and  the  other  only  on 
the  acid.  Thus,  in  the  reactions  of  the  kind  we 
are  considering,  where  we  have  two  salts  of  the 
same  base,  one  of  which  is  formed  while  the  other 
disappears,  the  thermal  effects  will  be  indepen- 
dent of  the  nature  of  the  base.  We  see,  there- 
fore, that  thermochemical  investigations  confirm 
Ostwald's  results. 

The  greater  the  thermal  effects  which  accom- 
pany the  reaction  the  more  rapidly  will  the 
conditions  of  equilibrium  vary  with  the  tem- 
perature. 

By  the  principle  enunciated  on  p.  442  we  can 
readily  find  the  effect  of  any  alteration  in  the 
physical  conditions  on  the  amount  of  chemical 
combination  which  must  take  place  before  equi- 
librium is  reached.  Thus,  take  for  example  the 
effect  of  surface  tension  ;  if  the  energy  due  to  the 
surface  tension  increases  as  a  chemical  action 
proceeds,  then  the  larger  the  surface  of  the  solu- 
tion the  smaller  is  the  amount  of  this  action  which 
takes  place  before  the  condition  of  equilibrium 
is  reached  ;  in  other  words,  the  surface  tension 
checks  that  reaction  which  is  accompanied  by 
an  increase  in  that  part  of  the  energy  of  the 
system  which  depends  upon  surface  tension.  For 
illustration  of  the  effect  of  surface  tension  on 
chemical  action  v.  Proc.  Camb.  Phil.  Soc.  1888. 
The  same  principle  will  show  that  if  the  co- 
efficient of  compressibility  of  the  solution  alters 
as  chemical  action  proceeds,  the  amount  of  this 
action  which  takes  place  before  equilibrium  is 
reached  will  depend  upon  the  pressure  applied  to 
the  solution  ;  since,  if  pressure  is  applied  to  the 
liquid,  the  energy  of  the  system,  and  therefore 
its  directrix,  will  alter  as  the  chemical  change 
proceeds.  Again,  if  the  coefficient  of  magneti- 
sation alters  as  chemical  combination  goes  on, 
the  point  at  which  equilibrium  will  be  reached 
will  depend  upon  the  intensity  of  the  magnetic 
field  in  which  the  solution  is  placed. 

In  fine,  if  the  quantity  of  any  kind  of  energy 
changes  as  chemical  combination  proceeds,  the 
conditions  for  chemical  equilibrium  will  depend 
on  the  amount  of  the  energy  possessed  by  the 
system. 

The  amount  of  the  alteration  in  the  value  of  K, 

the  value  of  j^6~  produced  by  an  alteration  % 

in  the  directrix,  is  given  by  the  equation 
SK         a     d 


If  we  apply  dynamical  methods  to  hetero- 
geneous systems  we  shall  get  exactly  the  same  > 
equations  as  those  we  previously  deduced  from  j 
kinematical  principles.  J.  J.  T. 

EQUINIC  ACID.     A  crystalline  acid  said  to  I 
exist  in   fresh  mare's-milk   (Duval,   C.  E.  82, 
419). 

EQTJISETIC  ACID  v.  ACONITIC  ACID. 

EQUIVALENCY.  The  conception  of  chemi- 
cal equivalence  is  founded  upon  the  relations  be- 
tween acids  and  bases.  In  the  latter  part  of  the 
last  century  some  interesting  and  important  in- 
vestigations were  carried  on  by  Bergmann,  Kir- 
wan,  Wenzel,  and  Eichter  on  neutralisation. 
Their  object  was  to  determine  the  relative  quan- 
tities of  acids  and  bases  which  are  necessary  to 
effect  neutralisation.  Taking  a  certain  quantity 


of  an  acid,  they  attempted  to  determine  the 
quantities  of  various  bases  which  were  necessary 
to  neutralise  this  quantity  of  the  acid ;  and  on 
the  other  hand,  taking  a  certain  quantity  of  a 
base,  they  attempted  to  determine  the  quantities 
of  various  acids  necessary  to  neutralise  this 
quantity  of  the  base.  The  important  result  was 
reached  that  there  is  a  simple  relation  between 
the  quantities  of  bases  necessary  to  neutralise  a 
definite  quantity  of  an  acid,  and  the  quantities 
of  acids  necessary  to  neutralise  a  definite  quantity 
of  a  base.  Not  long  after  this  discovery  was 
made,  the  fact  that  the  elements  combine  accord- 
ing to  a  similar  law,  called  the  law  of  definite 
proportions,  was  discovered.  This  discovery, 
and  that  of  the  law  of  multiple  proportions,  sug- 
gested at  once  an  enlargement  of  the  old  atomic 
hypothesis,  and  the  connexion  between  the  rela- 
tive weights  of  the  elements  which  enter  into 
combination  and  the  relative  weights  of  the 
atoms  was  pointed  out.  Owing  to  serious  diffi- 
culties in  the  way  of  determining  the  atomic 
weights,  some  chemists  felt  the  necessity  of 
getting  back  upon  a  more  solid  foundation  than 
was  afforded  by  the  atomic  theory  in  the  form 
which  it  then  had.  It  was  proposed  to  give  up 
the  hypothesis  in  dealing  with  the  proportions 
by  weight  in  which  the  elements  combine ;  and 
it  was  at  this  time  that  Wollaston  introduced 
into  chemistry  the  word  equivalent.  Wollaston 
proposed  to  do  for  the  elements  what  some  of 
his  predecessors  had  done  for  the  acids  and 
bases.  He  proposed  to  determine  the  relations 
between  the  weights  of  the  elements  which 
combine  with  one  another,  and  then  to  state 
these  relations  without  reference  to  any  hypo- 
thesis. The  figures  expressing  these  relations  he 
proposed  to  call  equivalents.  The  meaning  of 
the  word  is  simple  enough.  When  the  statement 
is  made  that  35 '5  parts  of  chlorine  are  equiva- 
lent to  80  parts  of  bromine  and  127  parts  of 
iodine,  the  meaning  is  only  that  35*5  parts  of 
chlorine,  80  parts  of  bromine,  and  127  parts  of 
iodine  combine  with  exactly  the  same  number 
of  parts  of  some  other  element,  as,  for  example, 
with  1  part  of  hydrogen,  23  parts  of  sodium, 
39'1  parts  of  potassium,  &c.  &c.  The  quantities 
named  of  chlorine,  bromine,  and  iodine,  are  equi- 
valent in  their  combining  power.  Clearly,  figures 
determined  in  this  way  are  independent  of  hypo- 
thesis. 

Turning  back  to  the  acids  and  bases,  it  will 
be  seen  that  the  problem  with  which  Bergmann, 
Eichter,  and  others  were  engaged  was  of  the 
same  general  character.  In  their  neutralisation 
experiments  they  determined  the  equivalents  of 
the  acids  and  bases.  They  determined  how 
much  of  a  given  acid  is  necessary  to  neutralise 
a  certain  quantity  of  a  base,  and  how  much  of  a 
second  acid  is  necessary  to  neutralise  the  same 
quantity  of  the  same  base ;  and  the  quantity 
of  the  first  acid  was  equivalent  to  the  quantity 
of  the  second  acid.  So  also  the  equivalents  of 
the  bases  could  be  determined.  Thus  it  is  clear 
that  the  equivalent  quantities  of  all  acids  on  the 
one  hand,  and  the  equivalent  quantities  of  all 
bases  on  the  other,  might  be  determined.  By 
enlarging  the  meaning  of  the  word  equivalent, 
a  given  quantity  of  a  base  and  the  quantity  of 
an  acid  which  it  can  neutralise  might  be  called 
equivalent. 
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On  first  thought,  it  would  appear  to  be  a 
simple  matter  to  determine  the  equivalents  of 
acids  and  bases ;  but  difficulties  are  soon  met  with. 
We  can  easily  determine  the  equivalent  quanti- 
ties of  hydrochloric,  hydrobromic,  and  hydriodic 
acids,  and  as  each  of  these  acids  forms  but  one 
salt  with  a  simple  base,  like  caustic  potash,  the 
results  obtained  leave  us  in  no  doubt.  When, 
however,  we  attempt  to  determine  the  quantity 
of  sulphuric  acid  which  is  equivalent  to  3(5-5 
parts  of  hydrochloric  acid,  we  find  that  the  acid 
forms  two  salts  with  such  a  base  as  caustic 
potash.  If  we  take  one  of  these  as  the  guide 
the  equivalent  of  the  acid  will  be  one  number  ;  if 
we  take  the  other  salt  as  the  guide  the  equiva- 
lent will  be  entirely  different.  It  may  be  said 
that  one  of  these  salts  has  an  acid  reaction,  and 
therefore,  as  it  is  obviously  not  neutral,  it  should 
not  be  taken  as  the  guide.  But  if  we  take  the 
case  of  phosphoric  acid,  we  shall  easily  be  misled 
if  we  depend  upon  the  reactions  of  the  salts  to 
inform  us  which  one  should  be  used  in  deter- 
mining the  equivalent  of  the  acid.  This  acid 
forms  three  salts  with  caustic  soda.  The  quan- 
tities of  the  base  necessary  to  form  these  salts 
are  to  one  another  as  1  to  2  to  3.  As  is  well 
known,  only  the  second  salt  has  a  neutral  reac- 
tion, the  third  one  being  distinctly  alkaline,  and 
the  first  one  acid.  Why  not  then  agree  to  mea- 
sure the  equivalents  of  the  acids  by  means  of 
those  salts  of  the  acids  which  contain  the  largest 
proportion  of  the  basic  constituent?  That 
would  lead  us  into  another  difficulty  due  to  the 
fact  that  some  bases  have  the  power  to  form 
what  are  .called  basic  salts,  and  others  have  not. 
Should  we  determine  the  equivalent  of  an  acid 
by  means  of  a  base  which  forms  basic  salts,  we 
should  get  one  result,  while  if  we  should  deter- 
mine the  equivalent  by  means  of  a  base  which 
does  not  form  basic  salts  we  should  get  quite  a 
different  result.  Similar  difficulties  are  encoun- 
tered in  attempting  to  determine  the  equivalents 
of  the  bases. 

The  determination  of  the  equivalents  of 
chlorine,  bromine,  and  iodine  is  easily  made. 
Each  of  these  elements  combines  with  hydrogen 
in  only  one  proportion.  As  hydrogen  has  the 
smallest  equivalent,  the  idea  suggests  itself  at 
once  of  using  this  element  as  the  measure  of 
the  equivalents  of  all  the  other  elements.  The 
problem  would  then  be  simply  to  determine  the 
quantities  of  other  elements  which  enter  into 
combination  with  a  fixed  quantity  of  hydrogen, 
and  the  figures  representing  these  quantities 
would  bear  to  one  another  the  relations  of  the 
equivalents.  Using  this  method,  it  is  found  that 
the  equivalent  of  sulphur  is  16,  that  of  nitrogen 
4|,  that  of  oxygen  8,  &c. 

The  case  of  carbon  presents  peculiar  difficul- 
ties, for  the  reason  that  this  element  combines 
with  hydrogen  in  a  great  many  different  propor- 
tions. In  one  of  the  compounds  1  part  of  hydro- 
gen is  combined  with  3  parts  of  carbon,  in 
another  with  4  parts,  in  another  with  4|  parts, 
in  another  with  6  parts,  &c. 

But  most  of  the  elements  do  not  combine 
with  hydrogen.  In  these  cases  how  shall  we  de- 
termine the  equivalents  ?  It  seems  to  be  fair  to 
use  some  other  element,  as,  for  example,  chlor- 
ine, the  equivalent  of  which  has  been  determined 
by  means  of  the  hydrogen  standard.  As  35*5 


parts  of  chlorine  are  equivalent  to  1  part  of  hy- 
drogen, it  is  only  necessary  to  determine  what 
weight  of  some  other  element  combines  with 
35-5  parts  of  chlorine  in  order  to  know  the  equi- 
valent of  this  other  element.  Thus  39'1  parts 
of  potassium,  23  parts  of  sodium,  20  parts  of  cal- 
cium, and  9  parts  of  aluminium,  combine  with 
35-5  parts  of  chlorine,  and,  therefore,  the  figures 
just  given  represent  the  equivalents  of  these  ele- 
ments. If  chlorine  is  used  as  a  measure  of  equi- 
valence, then  in  some  cases  results  are  obtained 
which  are  different  from  those  obtained  when 
hydrogen  is  used  as  the  measure.  Thus  the 
equivalent  of  phosphorus  measured  by  hydrogen 
is  10;j,  whereas  measured  by  chlorine  it  is  either 
10 j  or  6*.  We  may,  however,  agree  to  measure 
J  by  means  of  chlorine  the  equivalents  of  only 
those  elements  which  do  not  combine  with  hy- 
drogen, though  it  would  be  hard  to  give  any  rea- 
son for  this,  except  that  we  are  led  into  difficulties 
unless  the  use  of  chlorine  is  thus  limited.  Does 
this  end  the  difficulties  ?  By  no  means.  Iron 
combines  with  chlorine  in  two  proportions.  In 
one  of  the  compounds  14  parts  of  iron,  in  the 
other  only  9f  parts  of  iron,  are  combined  with 
35-5  parts  of  chlorine.  What  is  the  equivalent 
of  iron  ?  If  we  agree  to  regard  14  parts  of  iron 
as  equivalent  to  35'5  parts  of  chlorine,  in  what 
light  shall  we  regard  the  9|  parts  which,  in  the 
other  chloride,  also  hold  in  combination  35*5 
parts  of  chlorine  ?  Are  these  also  equivalent  to 
35-5  parts  of  chlorine?  If  so,  then  plainly 
we  are  led  to  the  startling  conclusion  that 
14  parts  of  iron  are  equivalent  to  9§  parts  of 
iron. 

It  appears  that  any  attempt  to  determine  the 
equivalents  of  the  elements  without  reference  to 
some  hypothesis  must  end  in  failure,  or  at  least 
it  must  lead  to  unsatisfactory  results.  There  is 
so  much  room  for  doubt  in  regard  to  which 
figure  to  select  as  the  equivalent  that,  in  many 
cases,  two,  and  even  more  than  two,  equivalents 
might  with  equal  right  be  selected  by  different  in- 
vestigators. Plainly,  the  solid  foundation  which 
Wollaston  desired,  and  which  we  all  desire,  is  not 
furnished  by  a  system  of  equivalents.  In  dealing 
with  similar  elements  and  similar  compounds  we 
can  speak  of  equivalent  quantities  without  danger 
of  confusion.  Thus,  for  example,  we  cannot  be 
misunderstood  in  speaking  of  equivalent  quan- 
tities of  chlorine,  bromine,  and  iodine  ;  of  nitric 
acid  and  hydrochloric  acid ;  of  sulphuric  acid 
and  sulphurous  acid.  At  present,  however,  the 
word  equivalent  is  used  very  much  less  than  it 
was  in  the  early  part  of  this  century,  for  the 
reason  that  other  and  clearer  conceptions  have 
been  introduced  into  the  science.  What  relation 
the  equivalent  bears  to  the  later  conceptions  will 
be  shown  further  on. 

For  the  cases  named  above,  and  for  similar 
cases  in  which  an  element  combines  with  another 
in  more  than  one  proportion,  it  may  be  assumed 
that  in  one  compound  a  certain  number  of  equi- 
valents of  the  one  element  are  in  combination 
with  one  equivalent  of  the  other  element,  while 
in  the  second  compound  another  number  of 
equivalents  of  the  second  element  are  in  com- 
bination. Thus,  in  water,  8  parts  of  oxygen 
are  in  combination  with  1  part  of  hydrogen, 
while  in  hydrogen  dioxide  16  parts  of  oxygen  are 
in  combination  with  1  part  of  hydrogen.  It  may 
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be  assumed  that  in  water  one  equivalent  of  oxy- 
gen is  combined  with  1  equivalent  of  hydrogen, 
while  in  hydrogen  dioxide  2  equivalents  of  oxy- 
gen are  in  combination  with  1  equivalent  of 
hydrogen.  In  this  case,  what  is  an  equivalent  ? 
How  can  we  properly  speak  of  2  equivalents  of 
one  element  combining  with  1  equivalent  of 
another  ?  In  doing  so  we  unconsciously  make 
use  of  an  hypothesis,  and,  if  we  attempt  to  ex- 
press this  hypothesis  in  words  clearly,  we  shall 
certainly  find  that  it  is  essentially  the  atomic 
hypothesis  of  Dalton,  according  to  which  the 
combination  of  elements  takes  place  between 
small  particles  which  have  definite  weights.  Call 
these  weights  equivalents,  combining  weights,  or 
atomic  weights,  the  hypothesis  is  essentially  the 
same.  The  moment  we  accept  such  an  hypo- 
thesis the  problem  of  determining  equivalents  in 
the  new  sense  becomes  the  determination  of  the 
relative  weights  of  the  smallest  particles  of  the 
elements  which  enter  into  chemical  combination. 
To  these  new  weights  the  term  equivalent  is  not 
applicable.  It  may,  however,  be  retained  in  its 
old  sense,  while  the  name  atomic  or  combining 
weight  is  applied  to  the  smallest  weight  of  an 
element  which  enters  into  chemical  combination. 
This  atomic  weight  may  or  may  not  be  identical 
with  the  equivalent. 

To  make  this  clear  we  may  consider  the  case 
of  nitrogen.  As  we  have  seen,  the  equivalent  of 
nitrogen,  deduced  from  a  consideration  of  the 
composition  of  ammonia,  is  4§.  On  studying 
the  compounds  of  nitrogen  carefully  we  soon  find 
that  the  quantity  of  nitrogen  found  in  these  is 
generally  considerably  larger  than  is  represented 
by  the  figure  4§.  Thus  in  nitric  acid  to  1  part 
of  hydrogen  there  are  14  ( =  3  x  4§)  parts  of 
nitrogen ;  and  when  ammonia  enters  into  com- 
bination with  other  substances,  as  with  hydro- 
chloric and  nitric  acids,  the  quantity  which  thus 
combines  is  three  times  as  great  as  that  which  is 
represented  by  one  equivalent  (4f  parts)  of  ni- 
trogen and  one  equivalent  (1  part)  of  hydrogen. 
Or,  instead  of  5§  parts  of  ammonia  being  the 
smallest  weight  of  the  substance  which  enters 
into  combination,  this  smallest  weight  is  3  times 
5|  parts  or  17  parts.  When  ammonia  acts  upon 
hydrochloric  acid,  for  example,  36'5  parts  of  the 
acid  combine  with  17  parts  of  ammonia,  and  not 
with  5§  parts.  Similar  observations  are  made  in 
the  cases  of  all  compounds  of  ammonia.  Further, 
a  study  of  certain  changes  which  can  be  effected 
in  ammonia  shows  clearly  that  the  hydrogen  con- 
tained in  the  substance  can  be  taken  out  one- 
third  at  a  time  in  three  stages,  and  other  things 
put  in  its  place,  thus  proving  that  in  the  small- 
est particle  of  ammonia  there  must  be  contained 
at  least  three  smallest  particles  of  hydrogen.  The 
nitrogen  cannot,  however,  be  thus  displaced  in 
parts.  If  it  leaves  the  compound  at  all,  all  of  it 
leaves  at  once.  Taking,  then,  all  our  knowledge 
together,  it  appears  that  the  smallest  particle  of 
nitrogen  which  enters  into  chemical  combination 
is  14  times  heavier  than  the  smallest  particle  of 
hydrogen,  and  that  in  ammonia  one  of  these  par- 
ticles of  nitrogen  is  in  combination  with  three 
of  the  smallest  particles  of  hydrogen.  We  there- 
fore call  14  the  combining  weight,  or,  now,  ac- 
cepting the  hypothesis,  the  atomic  weight,  of 
nitrogen.  But  the  equivalent  of  nitrogen  is  not 
changed  by  this;  the  equivalent  remains  4|. 


The  atomic  weight  is  three  times  as  great  as  the 
equivalent. 

The  case  of  carbon  is  also  instructive.  Taking 
marsh  gas  it  appears  that  the  equivalent  of  car- 
bon is  3,  as  in  this  compound  3  parts  of  carbon 
are  combined  with  1  part  of  hydrogen.  But  the 
hydrogen  of  marsh  gas  can  be  easily  displaced 
by  other  elements,  and  four  distinct  steps  in  the 
reaction  can  be  recognised.  In  each  step  one- 
fourth  of  the  hydrogen  is  displaced.  In  all  the 
reactions  of  marsh  gas  a  quantity  takes  part 
which  contains  12  parts  of  carbon  and  4  parts  of 
hydrogen.  Further,  an  extensive  study  of  carbon 
compounds  has  shown  that  the  smallest  par- 
ticle of  this  element  which  enters  into  che- 
mical action  is  twelve  times  as  great  as  the 
smallest  particle  of  hydrogen  found  in  combina- 
tion. Therefore,  we  say  the  atomic  weight  of 
carbon  is  12.  But  the  equivalent  of  carbon  as 
deduced  from  the  analysis  of  marsh  gas  is  3.  The 
atomic  weight  is  four  times  as  great  as  the  equi- 
valent. Similar  studies  of  oxygen  compounds 
have  shown  that  the  atomic  weight  of  oxygen  is 
16,  while  its  equivalent  is  8,  or  the  ratio  of  equi- 
valent to  the  atomic  weight  is  1:2.  On  the  other 
hand,  the  atomic  weights  of  chlorine,  bromine, 
and  iodine  are  35-5, 80,  and  127  respectively,  and 
these  are  also  the  equivalents  ;  so  that  while,  in 
the  case  of  carbon,  the  ratio  of  the  equivalent  to 
the  atomic  weight  is  1:4,  in  the  case  of  nitrogen 
1:3,  and  in  the  case  of  oxygen  1:2 ;  in  that  of 
chlorine,  bromine,  and  iodine  it  is  1:1.  This 
suggests  that  there  is  some  fundamental  differ- 
ence between  chlorine,  oxygen,  nitrogen,  and 
carbon,  which  is  not  taken  into  consideration  in 
the  atomic  hypothesis  of  Dalton.  Study  of  other 
elements  besides  those  mentioned  shows  that  they 
may  be  divided  into  classes  according  to  the  ratio 
between  the  equivalent  and  the  atomic  weight. 
This  ratio  varies  from  1:1  to  1:6. 

It  has  already  been  pointed  out  that  the  de- 
termination of  the  equivalents  of  the  elements  is 
a  difficult  problem.  The  determination  of  atomic 
weights  by  chemical  means  alone  is  also  a  diffi- 
cult matter.  Although  by  analysing  chemical 
compounds  and  studying  the  chemical  changes 
which  these  compounds  undergo,  we  can  draw 
conclusions  as  to  the  atomic  weights  of  some  of 
the  elements,  yet  as  to  others  we  should  be  left 
in  doubt  if  assistance  were  not  furnished  by  a 
study  of  some  of  the  physical  properties  of  the 
compounds.  In  the  article  on  ATOMIC  AND  MO- 
LECULAR WEIGHTS  (vol.  i.  p.  336)  the  application 
of  Avogadro's  hypothesis,  and  of  the  law  of  Dulong 
and  Petit  regarding  the  specific  heat  of  the  ele- 
ments, to  the  problem  of  determining  atomic 
weights,  has  been  discussed.  It  is  an  important 
fact  that  the  atomic  weights  determined  by  the 
physical  methods  are  in  most  cases  those  which 
experience  has  shown  to  be  best  adapted  to  the 
interpretation  of  known  chemical  reactions.  Not 
only  does  Avogadro's  hypothesis  give  us  a  method 
for  determining  atomic  weights,  but  primarily  it 
leads  us  to  definite  values  for  molecular  weights. 
By  determining  the  molecular  weights  and  ana- 
lysing the  compounds,  and  thus  determining  the 
atomic  weights,  we  are  led  to  definite  concep- 
tions regarding  the  composition  of  the  molecules 
of  compounds  and  of  elements.  At  present  we 
endeavour  to  express  the  composition  of  mole- 
cules by  our  formulae. 
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There  are  now  three  conceptions  to  be  dis- 
tinguished carefully  from  one  another.  These 
are  the  molecule,  the  atom,  and  the  equivalent. 
By  the  molecule  is  meant  the  smallest  gaseous 
particle  of  a  substance,  whether  elementary  or 
compound,  which  exhibits  the  characteristic  pro- 
perties of  the  substance  ;  by  the  atom  is  meant 
the  smallest  particle  of  an  element  which  enters 
into  the  composition  of  molecules.  The  basis 
upon  which  the  conceptions  of  molecule  and 
atom  rest  is  considered  more  fully  in  the  article 
on  ATOMIC  AND  MOLECULAR  WEIGHTS. 

With  these  conceptions  clearly  in  mind  we 
may  now  ask,  what  is  the  equivalent  of  an  ele- 
ment? It  is  that  mass  of  the  element  which 
combines  with  one  atom  of  hydrogen.  In  the 
case  of  oxygen  it  corresponds  to  half  the  atom, 
in  that  of  nitrogen  to  one-third  the  atom,  and  in 
that  of  carbon  to  one-fourth  the  atom.  With 
those  elements  which  do  not  combine  with  hy- 
drogen some  other  element  like  hydrogen  in  re- 
spect to  the  ratio  between  the  equivalent  and 
atomic  weight  is  taken  as  the  measure  of  the 
equivalent.  The  results  reached  in  this  way 
have  already  been  referred  to. 

While  those  investigations  were  in  progress 
which  finally  led  to  the  clear  recognition  of  the 
difference  bet  ween  atoms  and  molecules,  chemists 
came  to  recognise  resemblances  between  different 
classes  of  compounds,  and  it  was  finally  sug- 
gested that  all  compounds  are  related  to  a  few 
simple  ones,  which  may  be  regarded  as  types. 
For  example,  hydrochloric  acid,  HOI,  hydro- 
bromic  acid,  HBr,  and  hydriodic  acid,  HI,  are 
similar  compounds  and  they  have  a  similar  com- 
position. Of  such  compounds,  hydrochloric  acid, 
HC1,  may  be  taken  as  the  type.  Water  H20, 
hydrogen  sulphide  H2S,  and  other  compounds 
belong  to  the  water  type.  Ammonia  NH3,  phos- 
phine  PH3,  arsine  AsH.,,  belong  to  the  ammonia 
type.  Marsh  gas  CH4,  silicon  hydride  SiH4, 
belong  to  the  marsh-gas  type.  This  classifica- 
tion of  compounds  according  to  the  type  was 
extended  so  as  to  include  most  compounds,  even 
those  which  are  complex.  Serious  difficulties 
were  met  with  in  many  cases.  In  some,  the 
difficulty  was  due  mainly  to  the  fact  that  one 
and  the  same  compound  could  belong^  at  the 
same  time  to  two  or  more  types.  This  led  to 
the  introduction  of  mixed  types.  In  other  cases 
the  difficulty  was  due  to  the  fact  that  the  re- 
actions of  the  substance  gave  little  or  no  clue 
to  its  type.  In  such  cases  the  imagination  was 
freely  brought  into  play  with  highly  unsatis- 
factory results.  Notwithstanding  the  difficulties 
which  were  encountered  in  the  attempt  to  classify 
compounds  according  to  types,  the  attempt  led 
to  valuable  results.  It  led  to  a  clearer  recog- 
nition of  differences  between  molecules,  differ- 
ences which  are  as  real  as  the  molecules  them- 
selves. The  recognition  of  these  differences  does 
not,  however,  carry  with  it  any  explanation.  For 
to  say  that  each  of  these  compounds  belongs 
to  a  certain  type  is  not  even  to  attempt  an  ex- 
planation. It  is  simply  the  statement  of  what 
appears  to  be  a  fact.  We  might  determine  with 
certainty  to  which  type  or  types  every  known 
chemical  compound  belongs,  and  yet  be  no 
nearer  an  understanding  of  the  differences 
between  the  compounds  than  before  the  deter- 
mination. This  was  first  clearly  seen  by  Kekule, 
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I  who  showed  that,  in  order  to  understand  the 
I  relations  which  exist  between  the  various 
I  chemical  compounds,  it  is  necessary  to  go  back 
'  to  the  atoms  themselves,  and  inquire  what  re- 
lations they  bear  to  one  another  in  the  molecules. 
The  cause  of  the  difference  between  hydrochloric 
acid,  water,  ammonia,  and  marsh  gas,  is  to  be 
looked  for  in  the  atoms  of  chlorine,  oxygen, 
nitrogen,  and  carbon.  Obviously  the  first  con- 
elusion  that  forces  itself  upon  us  is  that  the 
atoms  of  different  elements  differ  with  respect 
to  the  number  of  hydrogen  atoms  with  which 
they  can  combine  to  form  compound  molecules. 
While  one  atom  of  chlorine  combines  with  only 
one  atom  of  hydrogen,  one  atom  of  oxygen  com- 
bines with  two  atoms  of  hydrogen,  one  atom  of 
nitrogen  combines  with  three  atoms  of  hydrogen, 
and  one  atom  of  carbon  combines  with  four 
atoms  of  hydrogen.  Having  recognised  this  dif- 
ference, the  question  suggests  itself  whether  an 
atom  of  chlorine  can  hold  more  than  one  atom  of 
hydrogen  in  combination ;  further,  whether  an 
atom  of  oxygen  can  combine  with  a  larger  or 
smaller  number  of  hydrogen  atoms  than  two ; 
and  similar  questions  arise  with  reference  to 
nitrogen  and  carbon.  How  far,  in  other  words, 
are  the  differences  which  we  have  observed  fixed 
and  invariable?  These  questions  can  be  an- 
swered only  by  carefully  studying  the  compounds 
of  the  elements  named.  There  is  only  one  com- 
pound of  hydrogen  and  chlorine.  It  therefore 
appears  that  one  atom  of  chlorine  can  hold  but 
one  atom  of  hydrogen  in  combination,  and  simi- 
larly one  atom  of  hydrogen  can  hold  but  one 
atom  of  chlorine  in  combination.  Oxygen  and 
hydrogen,  however,  combine  in  two  different  pro- 
portions forming  the  compounds  H20  and  H202; 
while  in  water  it  appears  that  one  atom  of  oxygen 
holds  two  atoms  of  hydrogen  in  combination,  in 
hydrogen  dioxide  it  appears  that  two  atoms  of 
oxygen  hold  two  atoms  of  hydrogen.1  Nitrogen 
and  hydrogen  form  but  one  compound  with  each 
other.  Carbon  and  hydrogen  on  the  other  hand 
form  a  large  number  of  compounds  with  each 
other.  Of  these  only  one  contains  a  single  atom 
of  carbon  in  the  molecule.  That  is  marsh  gas, 
and  in  the  molecule  of  this  compound  there  are 
four  hydrogen  atoms  to  the  atom  of  carbon. 
There  are  three  compounds  of  these  elements 
in  whose  molecules  there  are  two  atoms  of 
carbon.  They  are  C2H6,  C2H4,  and  C.jH2.  Before 
attempting  to  explain  this  let  us  see  what 
general  conclusion  is  justified  by  the  facts  above 
recorded.  What  is  true  of  the  relations  of 
chlorine  and  hydrogen  is  equally  true  of  bromine 
and  hydrogen,  and  of  iodine  and  hydrogen. 
What  is  true  of  oxygen  and  hydrogen  is  true  of 
sulphur,  selenion,  and  tellurium,  and  hydrogen. 
What  is  true  of  nitrogen  and  hydrogen  is  true 
of  phosphorus,  arsenic,  and  antimony,  and 
hydrogen.  And,  finally,  what  is  true  of  carbon 
and  hydrogen,  so  far  as  their  relations  in  marsh 
gas  are  concerned,  is  also  true  of  silicon  and 
hydrogen.  We  are  therefore  justified  in  making 
the  statement  that  the  atoms  of  different 
elements  differ  from  one  another  with  reference 
to  the  number  of  atoms  of  hydrogen  they  can 

1  But  it  is  to  be  observed  that  as  hydrogen  peroxide 
has  not  been  gasified,  the  formula  H20a  does  not  necessarily 
represent  the  atomic  composition  of  the  molecule  of  this 
compound.— M.  M.  P.  M. 
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combine  with  to  form  compound  molecules.  As 
regards  formation  of  molecules,  the  atoms  of 
the  elements  can  be  divided  into  at  least  four 
classes: — 

1.  Those  which  combine  with  hydrogen  in 
the  simplest  proportion  of  one  atom  to  one  atom 
of  hydrogen. 

2.  Those  which  combine  with  hydrogen  in 
the  proportion  of  one  atom  to  two  atoms  of  hy- 
drogen. 

3.  Those  which  combine  with  hydrogen   in 
the  proportion  of  one  atom  to  three  atoms  of 
hydrogen ;  and 

4.  Those  which  combine  with  hydrogen  in 
the  proportion  of  one  atom  to  four  atoms  of 
hydrogen. 

Our  conception  of  the  chemical  atom  is  thus 
enlarged.  It  is  not  only  a  minute  particle  of 
matter,  which  in  chemical  changes  is  not  broken 
up,  and  which  has  a  definite  mass,  and  the  power 
of  combining  with  other  atoms,  but  it  also  has 
some  power  which  determines  how  many  atoms 
of  another  kind  it  can  combine  with.  At  present 
we  cannot  form  a  clear  conception  as  to  the 
cause  of  this  power,  and  no  hypothesis  has  as 
yet  been  proposed  to  account  for  it.  We  can 
represent  the  fact  by  means  of  symbols,  but 
these  symbols  do  not  help  us  to  understand  the 
cause,  though  they  are  convenient.  We  may 
also  adopt  figurative  forms  of  expression  sug- 
gested by  our  symbols,  but  this  has  not  as  yet 
advanced  our  knowledge  of  the  cause  of  the 
property  of  the  atoms  with  which  we  are  dealing. 

On  examining  the  composition  of  the  mole- 
cules of  the  compounds  which  any  element  forms 
with  other  elements  than  hydrogen,  we  find  that 
just  as  the  number  of  hydrogen  atoms  with  which 
one  atom  of  the  element  can  combine  is  limited 
so  the  number  of  atoms  of  other  elements  with 
which  it  can  combine  is  limited.  Thus  phos- 
phorus combines  with  chlorine  to  form  the  com- 
pounds PC13  and  PC15,  with  hydrogen  to  form  the 
compounds  PH3  and  P2H4,  and  with  oxygen  to 
form  the  compounds  P203  and  P205.  Sulphur 
combines  with  hydrogen  to  form  the  compounds 
SH2  and  probably  SJHV  with  chlorine  to  form 
the  compounds  S.2C12,  SC12  and  SC14,  and  with 
oxygen  to  form  S02  and  S03,  &c.,  &c.  From 
facts  like  these  we  conclude  tliat  atoms  are  so 
constructed,  or  act  in  such  ways,  that  the  num- 
ber of  oilier  atoms  with  which  each  can  combine  is 
limited,  and  that  as  regards  the  number  of  other 
atoms  with  which  they  can  combine,  they  differ 
from  one  another. 

The  property  of  an  atom  which  determines 
the  number  of  other  atoms  with  which  it  can 
combine  to  form  a  compound  molecule  is  called 
its  valency.  The  relation  between  the  atomic 
weight  of  an  element,  its  equivalent,  and  its 
valency,  will  readily  be  understood  by  the  aid  of 
a  few  examples.  The  atomic  weight  of  nitro- 
gen, as  determined  by  chemical  and  physical 
methods,  is  14 ;  its  hydrogen-equivalent  is 
4$,  as  this  is  the  relative  weight  of  nitrogen 
which  combines  with  one  part  by  weight  of 
hydrogen.  The  number  of  atoms  of  hydro- 
gen with  which  the  atom  of  nitrogen  com- 
bines is  3  or  --J  I—  w  7.  So  also  in  the  case  of 

4£  (equiv.) 
carbon.     The  atomic  weight  of  carbon  is  12,  its 


hydrogen-equivalent  is  3 ;  the  number  of  hydro- 
gen atoms  with  which  an  atom  of  carbon  can  com- 
bine   is   —  i!!*!_^*.;)  =  4,  &c.      In  general,  the 
3    (equiv.) 

number  of  hydrogen  atoms  with  which  the 
atom  of  any  element  can  combine  is  expressed 
by  a  figure  which  also  expresses  the  relation 
between  the  atomic  weight  and  the  hydrogen 
equivalent  of  the  element. 

The  recognition  of  the  property  called  valency 
proved  of  the  highest  importance  for  chemistry. 
Discussions  in  regard  to  this  property  have  now 
been  carried  on  for  nearly  thirty  years,  and  our 
views  in  regard  to  the  structure  of  chemical- 
compounds  are  based  upon  it.  It  is,  therefore, 
desirable  to  study  it  with  some  care,  with  the 
object  of  determining  exactly  what  is  known  in 
regard  to  it,  so  that  we  may  be  in  a  position,  on 
the  one  hand,  to  recognise  its  value,  and,  on  the 
other  hand,  to  avoid  the  dangers  to  which  we 
are  exposed  in  following  the  conception  blindly. 

Before  the  introduction  of  the  conception  of 
valency,  each  chemical  compound  was  looked 
upon  as  a  whole.  To  be  sure,  the  difference  be- 
tween atoms  and  molecules,  first  pointed  out  by 
Avogadro,  gradually  came  to  be  recognised,  and 
in  a  general  way  it  was  acknowledged  that  the 
molecule  is  made  up  of  atoms.  But,  beyond 
this,  inquiry  was  not  pushed  to  any  extent. 
This  is  shown  in  an  instructive  way  by  a  study 
of  the  investigations  of  Hofmann,  Wurtz,  and 
others,  on  the  so-called  substituted  ammonias. 
When  Hofmann  began  his  investigations  on  ani- 
line, the  prevailing  view  in  regard  to  this  com- 
pound was  that  it  was  a  conjugated  compound 
(gepaarteVerbindung) ;  that  it  contained  ammonia 
combined  with  a  hydrocarbon.  Using  the  modern 
atomic  weights,  the  view  referred  to  is  expressed 
by  the  formula  C6H4.NH3.  The  common  reac- 
tions of  aniline  were  interpreted  by  supposing 
that  the  group  C6H4  simply  accompanied  the 
ammonia.  Some  time  before  this  Liebig  had 
suggested  that  certain  bases  like  aniline  might  be 
regarded  as  containing  the  group  NH2.  Accord- 
ing to  this  '  amide  theory '  of  Liebig,  aniline  is  to 
be  represented  by  the  formula  C6H5.NH2.  In  this 
compound, then,  ammonia  as  such  is  not  supposed 
to  be  present,  but,  nevertheless,  there  is  in  it  a 
remnant  of  ammonia  which  gives  to  the  com- 
pound certain  of  the  characteristic  properties  of 
ammonia.  Wurtz  discovered  the  bases  methyl- 
amine  and  ethyl-amine  at  the  time  that  Hofmann 
was  engaged  in  his  studies  on  aniline,  and  at  about 
the  same  time  each  suggested  that  the  substances 
he  was  working  with  might  be  regarded  as  am- 
;  monia  in  which  one  of  the  hydrogen  atoms  is 
!  replaced  by  a  radicle.  Before  Hofmann  closed  his 
I  work  on  aniline  he  furnished  strong  experimental 
evidence  against  the  theory  of  conjugated  com- 
pounds as  far  at  least  as  it  applies  to  aniline.  He 
;  showed  that  the  reactions  between  ammonium 
oxalate  and  phosphoric  anhydride  are  not  the 
same  as  those  between  aniline  oxalate  and  phos- 
phoric anhydride,  and  that  the  difference  cannot 
be  understood  if  aniline  be  regarded  as  a  conju- 
I  gated  compound,  but  that  it  is  easily  explained  if 
'  aniline  be  regarded  as  ammonia  in  which  one 
]  hydrogen  has  been  replaced  by  the  hydrocarbon 
residue  08H5.  The  subsequent  preparation  of 
substituted  ammonias  in  which  two  and  three 
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hydrogen  atoms  of  ammonia  were  replaced  by 
radicles,  and  of  compounds  derived  from  am- 
monium by  the  replacement  of  all  the  hydrogen 
atoms,  furnished  a  solid  foundation  for  the  view 
put  forward  in  the  so-called  theory  of  types.  As 
has  already  been  stated,  according  to  the  theory 
of  types  every  compound  is  built  according  to 
some  plan,  and  the  number  of  plans  according  to 
which  compounds  are  built  is  small,  the  funda- 
mental plans  or  types  being  hydrogen  HH,  hy- 
drochloric acid  HCl,  water  H,0,  and  ammonia 
H3N.  Much  attention  was  now  given  to  deter- 
mining the  type  to  which  any  given  compound 
belonged,  and  when,  after  investigation  of  the 
properties  and  composition  of  a  compound,  a 
definite  statement  regarding  the  type  to  which 
it  belonged  could  be  made,  the  problem  was 
considered  to  be  solved.  No  further  questions 
were  asked.  It  was  as  if  one  should  look  alone 
at  the  exterior  of  buildings,  and  compare  them 
solely  with  reference  to  the  exterior,  without 
making  any  inquiry  with  regard  to  the  interior 
arrangements,  the  connexions  between  the 
rooms,  &c. 

Shortly  after  Hofmann's  papers  appeared,  an 
important  paper  by  E.  Frankland  was  published 
(1852).  The  author  had  been  investigating  a  new 
class  of  compounds  containing  metals.  At  the 
close  of  the  paper,  the  chemical  structure  of  the 
compounds  is  discussed.  Attention  is  called  to 
the  fact  that  when  a  metal  has  combined  with  a 
hydrocarbon,  as  in  the  case  of  tin  ethyl,  SnC4H5 
(using  old  formulae),  the  power  of  the  metal  to 
combine  with  other  elements,  as  oxygen,  is  not  so 
great  as  that  of  the  uncombined  metal.  While 
tin  alone  combines  with  oxygen  in  two  propor- 
tions, forming  the  compounds  SnO  and  Sn02, 
tin-ethyl  SnC4H5  combines  with  oxygen  in  only 
one  proportion,  forming  the  compound  SnC4H50, 
and  this  compound  cannot  take  up  any  more 
oxygen  even  when  boiled  with  dilute  nitric  acid. 
Similar  observations  were  made  with  reference  to 
the  corresponding  derivatives  of  antimony  and 
arsenic.  In  commenting  further  upon  these  re- 
markable facts,  the  author  shows  that  they  are 
directly  opposed  to  the  theory  of  conjugated  com- 
pounds, according  to  which  the  compounds 
under  consideration  are  regarded  as  containing 
the  unchanged  metals  conjugated  with  hydro- 
carbons. He  then'says  :  '  When  the  formulae  of 
inorganic  chemical  compounds  are  considered, 
even  a  superficial  observer  is  struck  with  the 
general  symmetry  of  their  construction;  the 
compounds  of  nitrogen,  phosphorus,  antimony, 
and  arsenic  especially  exhibit  the  tendency  of 
these  elements  to  form  compounds  containing 
3  or  5  equivalents  of  other  elements,  and  it  is 
in  these  proportions  that  their  affinities  are 
best  satisfied  ;  thus  in  the  ternal  group  we  have 
N0:!,  NH3,  NI3,  NS3,  P03,  PH3,  PCI,,  Sb03,  SbH3, 
SbCl3,  AsO.,,  AsH3,  AsCl3,  &c.,  and  in  the  five- 
atom  group  N05,  NH40,  NH4I,  P05,  PH4I,  &c. 
Without  offering  any  hypothesis  regarding  the 
cause  of  this  symmetrical  grouping  of  atoms,  it  is 
sufficiently  evident,  from  the  examples  just  given, 
that  such  a  tendency  or  law  prevails,  and  that,  no 
matter  what  the  character  of  the  uniting  atoms 
may  be,  the  combining  power  of  the  attracting 
element,  if  I  may  be  allowed  the  term,  is  always 
satisfied  by  the  same  number  of  these  atoms  ' 
(Philosophical  Transactions,  1852,  p.  440). 


Thus  the  conception  of  the  saturation  of 
atoms  was  introduced  into  chemistry.  It  was 
soon  taken  up  by  others,  as  Williamson  and 
Odling,  and  finally,  at  about  the  same  time  in 
1858,  Kekule  and  Cooper  showed  how  this  con- 
ception might  be  applied  to  the  explanation  of 
the  constitution  of  chemical  compounds  in  gene- 
ral. Kekul6  took  up  the  problem  in  a  broad 
way,  and  it  is  largely  due  to  his  efforts  that  the 
conception  of  valency  became  the  controlling 
conception  in  the  discussions  in  regard  to  the 
structure  of  chemical  compounds.  Kekule  says  : 
'  I  consider  it  necessary,  and,  in  the  present  con- 
dition of  chemical  knowledge,  in  many  cases 
possible,  in  the  explanation  of  the  properties  of 
chemical  compounds,  to  go  back  to  the  elements 
j  themselves  which  make  up  the  compounds.  I 
(  do  not  consider  the  chief  task  of  investigation  to 
be  the  detection  of  groups  of  atoms  which  on 
account  of  certain  properties  are  to  be  regarded 
as  radicles,  and  thus  to  refer  the  compounds 
to  a  few  types  which  are  scarcely  more  than 
sample  formulas.  I  believe  rather  that  investi- 
gation may  include  the  radicles  themselves,  and 
point  out  the  relations  between  the  radicles,  and 
that,  from  the  nature  of  the  elements,  the  nature 
of  the  radicles  and  of  the  compounds  can  be  de- 
duced.' 

In  the  valencies  of  the  atoms  we  now  find  the 
explanation  of  types.  The  reason  why  most  com- 
pounds are  to  be  compared  with  hydrochloric 
acid,  water,  ammonia,  and  marsh  gas,  is  that 
the  atoms  of  most  elements  are  like  chlorine, 
oxygen,  nitrogen,  or  carbon  in  respect  to  the 
number  of  atoms  of  other  elements  with  which 
they  can  combine.  The  simplest  kind  of  atom 
is  one  like  that  of  chlorine  or  hydrogen ;  next 
come  those  which  are  like  those  of  oxygen. 
The  chlorine  atom  can  hold  in  combination  but 
one  atom  of  hydrogen :  the  oxygen  atom  has 
twice  this  power,  it  can  hold  two  atoms  of  hydro- 
gen in  combination  ;  the  nitrogen  atom  can  hold 
three  atoms  of  hydrogen  in  combination;  and 
finally  the  carbon  atom  can  hold  in  combination 
four  atoms  of  hydrogen.  Chlorine,  oxygen, 
nitrogen,  and  carbon  represent  these  four  dif- 
ferent kinds  of  elements. 

Chlorine  is  called  a  monovalent  element,  be- 
cause its  atom  combines  with  but  one  atom  of 
hydrogen  to  form  a  compound  molecule  ;  oxygen 
is  called  a  divalent  element,  nitrogen  a  trivalent, 
and  carbon  a  tetravalent,  element.  Further,  the 
elements  are  called  respectively  monads,  dyads, 
triads,  tetrads,  pentads,  hexads,  &c. 

From  what  has  been  said  it  will  be  clear  that 
valency  is  something  quite  different  from  affinity. 
By  affinity  is  commonly  meant  the  unknown 
cause  of  the  combination  of  atoms.  Hydrogen 
and  chlorine  combine  very  readily ;  they  have, 
as  we  say,  a  strong  affinity  for  each  other;  yet 
they  are  monovalent  with  reference  to  each  other. 
Carbon  and  chlorine  do  not  combine  readily: 
they  have  not  a  strong  affinity  for  each  other ; 
yet  carbon  is  tetravalent  towards  chlorine,  its 
atom  is  capable  of  holding  four  atoms  of  carbon 
in  combination.  The  two  properties  valency 
and  affinity  are  possessed  by  every  atom,  and  ex- 
hibit themselves  whenever  atoms  act  upon  one 
|  another,  the  latter  determining  the  intensity  of 
i  the  reaction,  the  former  the  complexity  of  the 
|  resulting  molecule. 
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In  this  discussion  thus  far  the  valency  of  an 
element  has  been  measured  by  considering  the 
number  of  atoms  of  hydrogen  with  which  its 
atom  can  combine  to  form  a  compound  molecule. 
It  is,  however,  a  fair  question  whether  the  valency 
of  an  element  towards  other  elements  is  neces- 
sarily the  same  as  towards  hydrogen.  Is  it  fair 
to  conclude  that,  because  an  element  is  trivalent 
towards  hydrogen,  it  is  also  trivalent  towards 
chlorine  and  other  elements  ?  As  we  have  yet  no 
conception  in  regard  to  the  cause  of  the  property 
which  we  call  valency,  we  have  not  a  right  to  make 
assumptions  of  this  kind.  The  only  way  to  answer 
the  question  is  to  study  the  facts.  For  this  pur- 
pose Jet  us  take  the  case  of  carbon.  This  element 
is  tetravalent  towards  hydrogen.  Towards  chlor- 
ine it  is  also  tetravalent,  as  is  shown  by  the  mole- 
cule CC14.  Towards  oxygen  it  appears  to  be 
tetravalent  in  carbon  dioxide,  C02,  in  which  we 
have  the  atom  of  carbon  in  combination  with 
two  divalent  atoms  of  oxygen.  But  in  carbon 
monoxide,  CO,  either  carbon  acts  as  a  divalent 
element  or  oxygen  acts  as  a  tetravalent  element. 
Towards  sulphur  carbon  is  tetravalent,  as  shown 
in  carbon  disulphide,  CS2,  in  which  one  atom  of 
carbon  holds  in  combination  two  divalent  atoms 
of  sulphur.  Phosphorus  is  trivalent  towards  hy- 
drogen, it  cannot  form  a  compound  with  hydro- 
gen containing  a  larger  number  of  atoms  of  hy- 
drogen than  three.  It  is,  however,  pentavalent 
towards  chlorine,  as  shown  in  the  compound 
phosphorus  pentachloride,  PC15,  and  it  is  also 
trivalent  towards  this  element,  as  shown  in  the 
trichloride  PC13.  Phosphorus  also  combines  with 
oxygen  in  two  proportions,  forming  the  trioxide, 
P20S,  and  the  pentoxide,  P205,  and  the  composi- 
tions of  these  can  be  best  explained  by  assuming 
that,  in  the  former,  the  phosphorus  is  trivalent, 
and,  in  the  latter,  pentavalent.  Sulphur  is  di- 
valent towards  hydrogen,  forming  the  compound 
SH2.  With  chlorine  it  forms  the  compounds  S2C12, 
SCl!,,  and  SC14.  With  oxygen  it  forms  the  com- 
pounds S02and  S03,  in  which  the  sulphur  appears 
to  be  tetravalent  and  hexavalent.  Iodine  is  mono- 
valent  towards  hydrogen,  but  towards  chlorine 
it  acts  both  as  a  monovalent  and  as  a  trivalent 
element,  as  shown  in  the  compounds  IC1  and 
IC13.  Nitrogen,  which  is  only  trivalent  towards 
hydrogen,  appears  to  be  pentavalent  in  the  com- 
pound NH4C1  and  other  similar  ammonium  com- 
pounds. With  oxygen  it  combines  in  a  number 
of  proportions,  as  is  well  known.1 

The  simplest  interpretation  of  the  facts  just 
stated  is  that  the  valency  of  an  element  towards 
hydrogen  is  not  necessarily  its  valency  towards 
other  elements,  and  that  the  valency  of  one  ele- 
ment towards  another  may  be  one  thing  in  one 
compound  and  different  in  another  compound. 
Although  this  is  the  simplest  interpretation,  it 
does  not  follow  that  it  is  the  correct  one.  It  is 
possible  that  the  valency  of  an  element  is  always 
the  same,  but  that,  owing  to  the  surrounding 
conditions  and  the  character  of  the  element  with 

1  It  is  important  to  note  that  many  of  the  compounds 
cited  above  have  not  been  gasified,  and  that  therefore  the 
formulae  given  are  not  all  molecular  ;  it  is  known  that 
some  of  the  compounds,  e.g.  PC1S  and  NH4C1,  are  dissociated 
by  heat.  It  is  doubtful  whether  arguments  regarding  the 
valencies  of  atoms  should  be  based  on  the  compositions  of 
any  compounds  except  those  which  have  been  gasified ; 
as  it  is  only  to  gases  that  the  conception  of  the  theory  of 
atoms  and  molecules  can,  at  present,  be  strictly  applied.— 
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which  it  combines,  the  full  valency  is  not  always 
exhibited.  Until  we  have  a  clear  conception  in 
regard  to  the  cause  of  valency,  or  until  we  have 
a  satisfactory  hypothesis  of  valency,  discussions 
on  the  question  whether  valency  is  constant  or 
variable  must  be  more  or  less  idle.  If  valency 
be  something  inherent  in  the  atom,  like  the 
mass  of  the  atom,  then  it  is  impossible  to  con- 
ceive of  it  as  being  variable.  If,  however,  it  be 
a  condition  of  the  atom ;  if,  for  example,  it  is 
dependent  on  the  motion  of  the  atom,  then,  as 
the  motion  may  differ  under  different  circum- 
stances, the  valency  also  may  differ. 

It  is  not  uncommon  to  think  of  atoms  as 
joined  together  in  some  such  way  as  small  ob- 
jects adhere  to  one  another  under  the  influence 
of  electric  or  magnetic  attraction.  It  is  supposed 
that  the  monovalent  atom  has  but  one  place 
where  another  atom  can  be  attached,  or  that  it 
has  but  one  pole,  or  that  there  is  but  one  direc- 
tion in  which  another  atom  can  enter  into  com- 
bination with  it.  These  phrases  do  not  help  us 
much,  and  they  do  not  differ  materially  from 
one  another.  If  such  a  view  is  held,  it  carries 
with  it,  of  course,  a  similar  view  in  regard  to 
divalent,  trivalent,  and,  in  general,  polyvalent, 
atoms.  Each  atom  has  a  number  of  places  where 
other  atoms  can  be  attached,  the  number  corre- 
sponding to  the  valency  of  the  atom.  The 
graphic  symbols  so  commonly  used  to  represent 
the  structure  of  chemical  compounds  in  terms  of 
the  conception  of  valency  are  well  calculated  to 
give  the  idea  that  the  view  just  stated  is  gene- 
rally accepted.  Of  course,  if  it  is  accepted, 
valency  is  considered  as  a  constant  property.  In 
this  case  it  will  be  necessary  to  furnish  explana- 
tions of  those  compounds  which  seem  to  prove 
that  valency  is  variable.  Some  of  the  explana- 
tions which  have  been  offered  will  now  be  con- 
sidered. 

Among  the  compounds  which  appear  to  show 
that  valency  is  variable  is  the  well-known  series 
of  oxygen  compounds  of  chlorine  and  of  nitrogen. 
While  chlorine  forms  only  one  compound  with 
hydrogen,  and  is  unquestionably  monovalent  to- 
|  wards  hydrogen,  it  appears  to  have  a  greater 
I  valency  towards  oxygen.  This  is  explained  by 
some  by  assuming  that  in  those  compounds  of 
chlorine  and  oxygen  in  which  there  is  more  than 
one  atom  of  oxygen  in  the  molecule  the  oxygen 
atoms  are  combined  with  each  other  as  repre- 
sented in  the  formula  Cl— 0— 0— Cl  and 
Cl— 0 — 0— 0— Cl,  in  which  the  chlorine  is  re- 
presented as  monovalent  and  the  oxygen  as  diva- 
lent. To  explain  the  existence  of  the  series  of 
oxides  of  nitrogen,  on  the  assumption  that  the 
valency  of  oxygen  is  always  two  and  that  of 
nitrogen  three,  a  similar  method  is  used ;  if 
necessary,  combination  is  assumed  between  ni- 
trogen atoms,  between  oxygen  atoms,  and  between 
nitrogen  and  oxygen  atoms.  But  even  with 
these  possibilities  all  these  compounds  cannot 
be  explained  without  the  aid  of  a  new  concep- 
tion. It  is  assumed  that  a  polyvalent  element 
may  be  in  combination  with  itself  in  more  than 
one  way.  Just  as  hydrogen  in  the  hydrogen  mole- 
cule must  be  assumed  to  be  in  combination  with 
itself  in  the  same  way  that  it  is  in  combination 
with  chlorine  in  the  molecule  of  hydrochloric 
acid,  so  oxygen  must  be  in  combination  with 
itself  in  the  molecule  of  oxygen.  But  oxygen 
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is  divalent ;  i.e.,  on  the  present  hypothesis,  its 
atom  has  two  places  where  combination  with 
other  atoms  can  be  effected.  To  express  the  con- 
ception that  both  these  places  are  occupied  in  the 
molecule  of  oxygen,  this  molecule  is  represented 
graphically  thus  0=O,  while  the  molecule  of 
hydrogen  is  represented  thus  H — H.  The  latter 
condition  is  spoken  of  as  single  union,  the  former 
as  double  union.  So,  too,  triple  union  is  sup- 
posed to  exist  in  the  molecule  of  nitrogen  as 
represented  thus  NEEN.  Now,  in  explaining  the 
oxides  of  nitrogen  it  is  assumed  that  in  some 
cases  the  nitrogen  atoms  are  in  combination  by 
single  union,  and  in  others  by  double  union. 
Thus  nitrous  oxide  N^O  is  represented  in  this 

Nv  N— (X 

way    ||  ">0;  the  trioxide  thus   ||        V).    The 

compounds  NO  and  N02  plainly  cannot  be  ex- 
plained in  this  way.  For  these  a  new  assump- 
tion, which  will  be  considered  later,  must  be 
made.  The  tetroxide  N204  may  be  represented 

N-0-0 

in  this  way  ||  |  . 

N-0— O 

The  question  will  now  suggest  itself,  have  we 
any  evidence  that  the  structural  formulas  above 
given  are  correct?  Is  there  any  experimental 
evidence  in  favour  of  them  ?  The  answer  is  that 
we  have  no  evidence  whatever  in  favour  of  them, 
and  the  only  reason  for  accepting  them  is  that 
they  are  in  accordance  with  the  indefinite  and 
crude  view  in  regard  to  the  nature  of  valency 
above  referred  to.  The  argument  is  this  : 
valency  must  be  a  constant  property  of  ele- 
mentary atoms;  but  nitrogen  is  trivalent  and 
oxygen  is  divalent ;  therefore  the  compounds  of 
these  elements  must  be  constituted  in  the  way  re- 
presented. It  must,  however,  be  distinctly  borne 
in  mind  that  for  some  of  the  compounds  there 
are  other  formula,  besides  those  given  above, 
which  answer  the  requirements,  and  which  are 
just  as  probable.  For  example,  nitrogen  trioxide 

XN-0 
may  be  represented  thus  0<f  |       I  ;  and  the  te- 

\N— 0 

/N-0V  O— N— 0 

troxide  thus  0<   |          >0,  or  thus  |  •     |       |  . 

\N— (K  0— N— O 

In  explaining  the  existence  of  the  two  series  of 
compounds  of  mercury,  copper,  iron,  aluminium, 
&c.,  the  same  method  is  commonly  adopted. 
Mercury  and  copper  are  regarded  as  divalent  in 
both  series  of  compounds,  and  the  structure  of 
the  compounds  is  represented  thus  :  mercuric 


compounds 
-Cl 


and    Cu= 


Hg-Cl    Eg. 


\, 


,  Hg=0  ;  cupric  compounds 

0  ;    mercurous     compounds 
Cu-  Cl 


,    |      ;>0 ;    cuprous   compounds   I 
Hg-Cl    Hg/  Cu-Cl 

and  |  UN>O. 
Cu/ 

There  are  many  cases  which  cannot  be  ex- 
plained by  any  of  the  assumptions  thus  far 
referred  to.  As  good  an  example  as  any  is  that 
of  the  two  chlorides  of  phosphorus,  PC13  and 
PC15.  Here,  plainly,  phosphorus  is  in  combina- 
tion with  chlorine  in  more  than  one  proportion, 
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and  this  cannot  be  explained  by  assuming  that 
in  one  of  these  compounds  two  atoms  of  phos- 
phorus are  in  combination  with  each  other,  for 
the  molecular  weights  of  the  chlorides  are  pro- 
perly represented  by  the  above  formula.  It  has 
been  suggested  by  Kekule  that  the  pentachloride 
is  not  a  true  chemical  compound,  but  that  it  is 
made  up  of  a  molecule  of  phosphorus  trichloride 
and  a  molecule  of  chlorine  held  in  combination 
by  some  force  different  in  character  from  that 
which  holds  the  atoms  together  in  a  molecule. 
This  conception  may  be  represented  thus 
PC13.C12.  The  fact  that  when  the  compound 
is  heated  it  readily  breaks  down,  forming  the 
trichloride  and  free  chlorine,  was  regarded  by 
Kekul6  as  evidence  in  favour  of  the  view  which 
he  put  forward.  He  called  compounds  of  this 
kind  'molecular  compounds,'  to  distinguish 
them  from  true  chemical  compounds  or  atomic 
compounds.  He  considered  them- to  be  similar 
to  salts  with  water  of  crystallisation,  from  which 
the  water  is  given  off  by  heat. 

One  serious  objection  to  this  view  is  that 
many  of  the  cases  which  it  was  invented  to 
explain  cannot  be  explained  by  it.  While  it  is 
true  that  phosphorus  pentachloride  does  break 
down  under  the  influence  of  heat,  the  analogous 
pentafluoride  is  stable,  and  there  is  no  reason 
for  assuming  that  it  differs  from  other  chemical 
compounds.  Then,  too,  it  has  been  shown  that 
the  pentachloride  itself  can  be  converted  into 
vapour  in  the  presence  of  the  vapour  of  the  tri- 
chloride. At  present  this  hypothesis  of  molecu- 
lar compounds  does  not  play  an  important  part 
in  dealing  with  the  subject  of  valency.1 

A .  more  satisfactory  suggestion  which  has 
been  made  with  reference  to  the  variations  in 
valency  is  that  while  an  atom  may  have  a  con- 
stant maximum  valency,  its  entire  valency  may 
not  be  exhibited  in  certain  compounds.  Those 
compounds  of  an  element  in  which  its  full 
valency  is  brought  into  play  are  called  saturated 
compounds,  and  those  in  which  the  full  effect  of 
the  valency  is  not  shown  are  called  unsaturated 
compounds.  Thus,  according  to  this  view,  phos- 
phorus is  pentavalent,  and  in  the  pentachloride, 
which  is  a  saturated  compound,  its  full  valency 
is  brought  into  play,  while  in  the  trichloride 
only  a  part  of  its  valency  is  brought  into  play> 
the  compound  being  unsaturated.  The  dif- 
ference between  carbon  monoxide  CO  and  the 
dioxide  CO2  is  accounted  for  in  the  same 
way.  The  expressions  '  its  full  valency  is  brought 
into  play  '  and  '  only  a  part  of  its  valency  is 
brought  into  play '  cannot  at  present  be  further 
explained,  but  this  is  not  a  sufficient  reason  for 
refusing  to  use  them.  The  facts  show  clearly 
that  the  manifestation  of  that  power  which  we 
call  valency  is  subject  to  variations.  We  must 
use  some  expressions  to  state  these  facts.  The 
chief  objection  to  the  expressions  is  that  they 
suggest  the  idea  of  parts  of  an  atom  acting 
differently,  or  of  some  parts  of  an  atom  being 
brought  into  action  while  other  parts  are  not 
acting,  an  idea  which  is  not  only  improbable, 
but  absurd.  But  this  idea  is  not  necessarily  in- 
volved in  the  conception  of  saturated  and  un- 
saturated atoms.  Thus  carbon  has  the  power 

1  This  is  especially  true  if  we  agree  to  restrict  our  con- 
ceptions of  valency  to  tbe  consideration  of  gaseous  mole- 
cules.- M.  M.  P.  M. 
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to  combine  with  oxygen  in  the  proportions  indi- 
cated by  the  formulae  CO  and  C02.  It  is  certain 
that  the  carbon  atom  in  the  monoxide  has  the 
power  to  take  up  more  oxygen,  and  that  when 
more  oxygen  is  presented  to  it  under  the  right 
conditions  the  additional  oxygen  is  taken  up. 
Because  the  monoxide  can  take  up  as  much 
oxygen  as  it  already  contains,  it  does  not  follow 
that  the  carbon  atom  in  the  monoxide  is  only 
half  employed,  any  more  than  it  follows  that, 
because  a  magnet  which  can  support  two  pounds 
is  supporting  only  one  pound,  it  is  therefore 
only  half  employed.  The  whole  magnet  acts  in 
both  cases :  in  the  one  case  it  is  saturated,  in 
the  other  it  is  unsaturated.  There  is,  however, 
this  marked  difference  between  the  case  of  the 
magnet  and  that  of  the  atom.  .In  the  former 
any  weight,  from  the  lightest  to  that  necessary 
for  saturation,  can  be  held  in  combination, 
whereas  in  the  latter  the  variations  are  deter- 
mined by  the  weights  of  the  atoms  which  are 
held  in  combination.  Although  then  it  is  most 
probable  that  in  every  chemical  compound, 
whether  saturated  or  unsaturated,  every  atom  is 
brought  into  action  in  every  part,  it  appears 
probable  that  the  atoms  can  adjust  themselves 
in  different  ways  with  reference  to  one  another. 

Some  investigations  have  been  undertaken 
with  the  object  of  throwing  light  upon  the 
question  whether  different  parts  of  an  atom  can 
act  differently.  To  illustrate  the  methods  the 
case  of  carbon  may  be  taken.  The  carbon  atom 
is  tetravalent.  It  combines  with  four  atoms  of 
hydrogen,  chlorine,  &c.,  to  form  compound  mole- 
cules. Are  all  the  four  atoms  which  it  holds 
in  combination  held  with  the  same  force  ?  The 
facts  appear  to  give  an  affirmative  answer.  If 
the  atoms  were  held  in  different  ways,  then 
it  should  be  possible  to  make  more  than  one 
compound  of  the  formula  CH3C1,  or  any  other 
mono-substitution  product  of  marsh  gas.  But, 
as  a  matter  of  fact,  only  one  variety  of  these 
mono-substitution  products  has  ever  been  pre- 
pared. Then,  further,  the  theory  in  regard 
to  the  structure  of  the  hydrocarbons  of  the 
paraffin  series  is  based  upon  the  assumption 
that  each  of  the  four  hydrogen  atoms  in  marsh 
gas  is  held  in  exactly  the  same  way  by  the 
carbon  atom ;  and  this  assumption  is  so  perfectly 
in  accordance  with  a  large  number  of  facts  that 
it  is  worthy  of  the  most  serious  consideration  as 
an  argument.  There  is  one  experiment  which 
appears  to  show  that  in  the  case  of  sulphur  the 
four  affinities,  as  the  hypothetical  individual 
points  of  attraction,  or  the  parts  into  which  the 
total  valency  may  be  divided,  are  called,  are  not 
exactly  the  same.  Kriiger  asserts  that  the  pro- 
duct of  the  combination  of  (C2H5)2S  and  CH.I 
is  different  from  the  product  formed  by  com- 
bining S(CH3)(C2H5)  with  C2H5I;  yet  both  com- 
pounds are  represented  by  the  formula  SEt2MeI. 
If  it  is  assumed  that  in  these  compounds 
the  sulphur  is  tetravalent,  then  it  appears  to 
follow  that  the  four  affinities  of  the  sulphur 
atom  are  not  identical  in  value ;  because  if 
it  were  immaterial  in  what  way  the  groups 
Et  and  Me,  and  the  atom  I,  were  arranged 
relatively  to  the  S  atom  with  which  all  are  in 
direct  union,  then  only  one  compound  SEt2MeI 
could  exist.1  A  similar  conclusion  seems 

1  Recent  re.<c;ux-!i  luis  iuya.idated  Krligcr'i  results. 


to  be  justified  in  the  case  of  nitrogen,  as  shown 
by  Lessen 's  investigations  on  derivatives  of 
hydroxylamine.  Lossen  showed  that  when  two 
different  radicles  are  introduced  into  hydroxyl- 
amine in  place  of  hydrogen,  a  large  number  of 
isomeric  substances  are  obtained  instead  of  one, 
as  we  should  expect.  The  case  of  nitrogen  has 
been  investigated  by  V.  Meyer  and  by  Laden- 
burg,  but  the  results  obtained  by  these  two  in- 
vestigators differ.  Taking  all  the  evidence  into 
consideration  it  appears  that  by  far  the  larger 
number  of  facts  of  chemistry  clearly  indicate 
that  the  affinities  of  an  atom  are  of  the  same 
kind,  while  in  the  case  of  sulphur  and  of  nitro- 
gen the  facts  referred  to  require  further  investi- 
gation. 

It  is  sometimes  held  that,  because  a  certain 
number  of  atoms  are  readily  given  off  from  a 
molecule  of  a  compound,  there  are  weaker  and 
stronger  affinities.  Thus,  when  phosphorus 
pentachloride  is  heated  it  gives  up  two  atoms  of 
chlorine.  From  this  the  conclusion  is  some- 
times drawn  that  in  phosphorus  pentachloride 
three  of  the  atoms  of  chlorine  are  held  in  com- 
bination more  firmly  than  the  other  two.  Such 
a  conclusion  is,  however,  evidently  unjustified. 
All  that  we  can  say  is,  that  at  the  higher  tem- 
perature the  more  complex  compound  can- 
not exist,  while  the  trichloride  can.  It  is  pro- 
bable that  in  the  trichloride  the  whole  of  the 
phosphorus  atom  is  employed  in  holding  the 
three  chlorine  atoms  in  combination,  and  that 
this  is  also  true  of  the  phosphorus  atom  and  the 
five  chlorine  atoms  in  the  pentachloride.  If 
this  is  true,  then  it  follows  that  the  pentachloride 
must  be  a  less  stable  compound  than  the  tri- 
chloride. 

Whatever  method  of  explaining  the  varia- 
tions in  the  composition  of  the  compounds  of 
any  elements  we  may  adopt,  it  is  plain  that 
these  variations  are  observed.  Whether  we 
agree  to  say  that  carbon  is  divalent  in  carbon- 
monoxide  and  tetravalent  in  carbon  dioxide, 
or  to  call  carbon  dioxide  a  saturated  compound 
and  the  monoxide  an  unsaturated  compound, 
the  facts  remain  the  same ;  and  the  most  im- 
portant thing  to  be  done  is  to  discover  the  laws 
which  express  the  variations  in  composition.  This 
subject  has  received  considerable  attention,  but  a 
law  which  shall  express  all  cases  has  not  been  de- 
duced. Nevertheless  a  fact  of  great  importance 
has  been  learned.  It  is  this,  that  the  apparent 
valency  of  an  element  in  nearly  all  cases  change's 
from  even  to  even  or  from  odd  to  odd,  and  but 
rarely  from  odd  to  even  or  vice  versd.  Thus  the 
valency  of  phosphorus  changes  from  three  to 
five,  and  all  compounds  of  phosphorus  can  be 
explained  by  assuming  that  the  element  is  either 
trivalent  or  pentavalent,  and  there  are  no  facts 
known  which  indicate  that  it  is  ever  divalent 
or  tetravalent.  Sulphur,  on  the  other  hand, 
is  apparently  divalent  in  hydrogen  sulphide, 
SH.2,  tetravalent  in  sulphur  dioxide,  S02,  and 
in  the  tetrachloride,  SC14,  and  hexavalent  in 
sulphur  trioxide,  S03 ;  and  there  is  no  compound 
of  sulphur  requiring  the  assumption  that  the 
element  is  ever  monovalent,  trivalent,  or  penta- 
valent. Elements  whose  valencies  are  expressed 
by  an  even  number  have  been  called  artiads,  and 
those  whose  valencies  are  expressed  by  an  uneven 
number  have  been  called  per  issads.  Although  the 
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division  of  the  elements  intoartiads  andperissads 
is  justified  by  many  facts,  there  are  a  few  which 
show  clearly  that  the  law  is  subject  to  exceptions. 
The  most  prominent  of  these  are  the  oxides  of 
nitrogen,  nitric  oxide,  NO,  and  the  peroxide,  N02. 
Plainly  in  neither  of  these  is  nitrogen  trivalent 
or  pentavalent.  In  the  former  it  appears  to 
be  divalent,  and  in  the  latter  tetravalent,  the 
compounds  corresponding  in  composition  to 
the  two  oxides  of  carbon.  It  is  true  there  is 
nothing  to  prevent  our  regarding  the  nitrogen  as 
monovalent  in  nitric  oxide,  and  perhaps  repre- 
senting its  structure  thus  =N — O —  ;  but  we 
shall  hardly  make  much  progress  if  we  are  will- 
ing to  make  use  of  such  methods  to  deceive  our- 
selves by  supposing  that  we  are  thus  helped  out 
of  difficulties  ;  and  it  should  be  said,  for  the 
credit  of  chemists,  that  this  suggestion  has  not 
been  made,  so  far  as  is  known  to  the  writer.1 

The  law  of  variation  in  the  composition  of 
compounds,  or  in  the  valency  of  the  elements,  is 
highly  suggestive  of  the  law  which  expresses  the 
variations  in  what  may  be  called  the  valency  of 
certain  hydrocarbons.  The  hydrocarbon,  C  H14, 
is  a  saturated  compound,  and  is  not  capable 
of  combining  directly  with  atoms  or  molecules. 
In  this  sense  it  has  no  valency,  and  is  to  be 
compared  to  the  elements  in  the  state  of  mole- 
cules. As  is  well  known,  the  simplest  change 
which  can  take  place  in  hexane,  to  convert  it 
into  a  compound  with  active  valencies,  is  the 
abstraction  of  two  atoms  of  hydrogen.  In  this 
way  the  hydrocarbon,  C«H12,  or  hexylene,  is 
formed.  This  compound  is  d'ivalent.  An  inter- 
mediate monovalent  compound  cannot  be  ob- 
tained. The  next  change  of  the  same  kind  gives 
a  compound,  CriH10,  which  is  tetravalent ;  and 
thus  successively  are  formed  the  hexavalent 
compound,  C,jHs,  and  the  octovalent  compound, 
C6H6.  The  valencies  of  these  compounds  are 
then  2,  4,  6,  and  8,  the  variations  following  the 
same  law  as  is  observed  in  the  case  of  the  ele- 
ments. The  variations  in  the  case  of  the  hydro- 
carbons are  commonly  explained  by  assuming 
different  kinds  of  union  between  the  carbon 

atoms.  The  hexavalent  group  -^C  — C^-  be- 
comes tetravalent  by  the  establishment  of 
double  union  between  the  carbon  atoms,  giving 

a  group    C=C ,  and  it  becomes  divalent  by  the 

establishment  of  triple  union  between  the  carbon 
atoms  as  indicated  thus,  —  C=C— .  Other  pos- 
sibilities present  themselves  when  we  have  a 
compound  containing  more  than  two  atoms  of 
carbon  in  the  molecule.  As  has  already  been 
shown  this  same  method  of  explanation  has  been 
used  in  the  cases  of  the  compounds  of  mercury, 
copper,  and  iron,  but  it  is  plainly  not  directly 
applicable  to  the  phosphorus  compounds,  or  the 
sulphur  compounds  above  referred  to.  It  has  been 
suggested  by  Professor  Sylvester  (v.  Am.  1,  54) 
tliat  the  variation  in  the  valency  of  elements  may 

1  There  are  several  exceptions  to  the  so-called  law  of 
artiuds  and  penssads  ;  IuCl2  and  InCl3,  and  probably  also 
InCi,  exist  as  gases  ;  WC1.  and  WC18 ;  CrC!2  probably 
exists  as  a  vapour,  besides  CrCl3 ;  HgCl  is  probably  the 
molecular  formula  of  calomel,  while  the  composition 
of  the  molecule  of  corrosive  sublimate  is  represented  by 
the  formula  HgCla.-M.  M.  P.  M. 


be  accounted  for  by  supposing  each  w-valent 
atom  to  be  made  up  of  7t-trivalent  atomicules 
united  in  such  a  way  as  to  leave  one  valency 
of  each  atomicule  free.  The  explanation  is 
fanciful,  but  may  perhaps  prove  of  some  service. 
In  studying  the  valencies  of  the  elements  in 
connexion  with  their  position  in  the  periodic 
system,  certain  regularities  appear  which  are  of 
great  interest.  As  regards  the  hydrogen  valency 
it  is  a  noteworthy  fact  that  the  elements  of  tho 
first  three  groups  in  Mendele Jeff's  table  do  not 
unite  with  hydrogen.  Beginning  with  carbon 
in  the  fourth  group  the  hydrogen  valency  de- 
creases regularly,  as  is  shown  in  the  following 
table  :— 

Group  1234         5          6         7 

Element  Li  Be    B       C        N         0        F 

Hydrogen  compound      —    -      —    CH«    NH3    OH,    FH 

Taking  next  the  chlorine  valency  we  find, 
beginning  with  Group  1,  a  regular  increase  to 
Group  4,  and  then  a  regular  decrease,  as  is 
shown  in  this  table  : — - 

Group                     1  2  34567 
Element               Na  Mg  Al        Si        P         S      Cl 
Chlorine  com- 
pound NaCl  MgCla  A1C1,    SiCl4   PC1S    SC'7   01, 

Towards  oxygen  the  valency  increases  regu- 
larly from  Group  1  to  Group  7,  as  shown  thus:  — 

Group  12            34567 
Element  Na      Mg         Al        Si        P        S       I 
Oxygen  com- 
pound NaaO  Mg30a  Ala03  Sia04  PaOs   SaOa  I307 

This  series  of  oxygpn  compounds  is  of  special 
interest.  One  cannot  study  it  impartially  with- 
out reaching  the  conclusion  that  we  have  here 
to  deal  with  a  regular  increase  in  the  valency 
from  1  to  7.  Any  other  conclusion  involves  an 
explanation  for  the  compounds  PvO5,  S03,  and 
I2O7  entirely  different  from  that  which  we  make 
use  of  for  the  other  oxygen  compounds  in  the 
series.  Further,  when  we  .consider  the  hy- 
droxyl  derivatives  of  these  elements,  we  shall  see 
that  it  is  impossible  to  deal  with  them  satisfac- 
torily on  any  other  assumption  than  that  phos- 
phorus is  tetravalent,  sulphur  hexavalent,  and 
iodine  heptavalent  towards  oxygen.  This  is 
perhaps  most  strikingly  shown  in  the  case  of 
periodic  acid.  This  compound  is  commonly 
represented  by  the  formula  HIO4,  and  the  struc- 
ture H-0-O-O-O-I  is  given  to  it.  It  can  easily 
be  shown,  however,  that  on  this  assumption 
most  of  the  salts  of  periodic  acid  cannot  be 
explained.  Whereas,  if  the  periodates  be  con- 
sidered as  derived  from  several  acids,  all  of 
which  are  in  turn  derived  from  the  normal 
periodic  acid  I(OH)7  by  processes  of  dehydra- 
tion, they  can  all  be  explained  without  serious 
difficulty.  The  acid  HI04,  according  to  this, 
is  derived  from  normal  periodic  acid  thus  : 
I(OH)7  =  0:tI(OH)  +  3H20;  and  in  it  the  iodine 
is  regarded  as  heptavalent,  holding  three  atoms 
of  oxygen  and  one  hydroxyl.  In  a  similar  way 
sulphuric  acid  is  regarded  as  derived  from  the 
normal  acid  or  maximum  hydroxyl  compound 
S(OH)6  by  loss  of  water  : 

S(OH)6  =  0,S(OH)2  +  2H20. 

According  to  this,  in  sulphuric  acid  the  sulphur  is 
hexavalent,  holding  two  atoms  of  oxygen  and  two 
hydroxyls.  Several  facts  which  have  come  to 
light  in  the  study  of  derivatives  of  sulphuric  acid 
speak  in  favour  of  this  view,  or  at  least  against 
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the  view  sometimes  held  that  the  acid  is  consti- 
tuted thus,  HO-0-S-O-OH.  In  short,  whether 
we  study  the  elements  with  reference  to  their 
positions  in  the  periodic  system  or  with  refer- 
ence to  the  chemical  transformations  of  their 
compounds,  we  are  led  to  the  conclusion  that 
the  more  probable  view  in  regard  to  their  valency 
towards  oxygen  is  that  it  increases  regularly 
from  1  to  7  from  Group  I.  to  Group  VII. ;  and  that 
the  valency  of  the  elements  towards  hydrogen  is 
quite  different  from  their  valency  towards  oxygen, 
except  in  Group  N.  Taking  the  last  four  groups 
it  is  seen  that  as  the  valency  towards  hydrogen 
decreases  the  valency  towards  oxygen  increases  : 


Group 

Hydrogen  compound 

Oxygen  compound 


4 

SiH4 
Sia04 


5 
PH3 


SH2 
Sa08 


7 

IH 
Ia07 


It  appears  from  further  study  that  the 
valency  of  an  element  towards  hydrogen  is 
constant,  while  towards  chlorine  and  oxygen  it 
is  evident  from  what  has  already  been  said  that 
the  valency  varies.  Except  in  the  fourth  group 
the  maximum  valency  is  never  exhibited  towards 
hydrogen.  Chlorine  occupies  an  intermediate 
place.  In  the  fourth  and  fifth  groups  the 
valency  towards  chlorine  is  the  same  as  towards 
oxygen.  In  the  sixth  group  the  valency  towards 
hydrogen  is  two,  towards  oxygen  six,  and  towards 
chlorine,  as  shown  by  the  highest  chlorine  com- 
pound of  sulphur,  it  is  four.  In  the  seventh 
group  the  valency  towards  hydrogen  is  one,  and 
towards  oxygen  seven,  while  the  highest  valency 
shown  towards  chlorine  by  a  member  of  this 
group  is  three,  as  in  the  compound  IC13.  To- 
wards fluorine,  however,  the  valency  of  iodine  is 
five,  as  shown  by  the  compound  IF5.! 

The  facts  just  referred  to  show  beyond  ques- 
tion that  the  valency  of  an  element  is  not  a  con- 
stant property,  residing  as  it  were  in  the  element, 
but  that  it  is  determined  to  some  extent  by  ex- 
ternal circumstances,  and  particularly  by  the 
character  of  the  element  with  which  an  element 
is  brought  in  contact.  We  find  analogy  for  this 
in  the  conduct  of  some  acids  towards  bases. 
Thus,  ordinary  phosphoric  acid  is  commonly 
spoken  of  as  a  tribasic  acid,  but  its  basicity  is  to 
some  extent  dependent  upon  the  character  of 
the  base  with  which  it  reacts.  Strictly  speaking 
it  is  only  dibasic  towards  sodium  hydroxide, 
while  towards  most  other  bases  it  is  tribasic. 
The  intensity  of  the  action  of  the  acid  towards 
sodium  hydroxide  is  greater  than  towards  most 
other  bases,  and  after  the  acid  has  taken  up  two 
atoms  of  sodium  its  power  is  nearly  exhausted. 
It  can,  to  be  sure,  take  up  a  third  atom  of 
sodium,  but  the  compound  thus  formed  is  very 
unstable.  But  it  can  take  up  and  hold  firmly 
in  combination  three  atoms  of  silver.  Consider- 
ing the  differences  in  the  valency  of  any  element 
Cowards  other  elements,  it  appears  in  general 
that  the  valency  is  small  towards  an  element 
with  which  it  combines  with  much  energy,  while 
it  is  larger  towards  an  element  with  which  it 
combines  with  little  energy.  This  is  well  illus- 

1  If  by  the  valency  of  an  element  is  meant  the  maximum 
number  of  atoms  with  which  one  atom  of  the  given  ele- 
ment can  be  directly  associated  in  a  gaseous  molecule,  then 
conclusions  about  the  valency  of  this  or  that  element  must 
bo  drawn,  at  present,  only  from  a  study  of  gaseous  mole- 
cules. In  this  case,  some  of  the  remarks  about  the  valencies 
of  I,  S,  &c.,in  these  paragraphs  would  be  rather  irrelevant. 

M.  M.  P.  M. 


trated  by  the  compounds  of  chlorine  with  hydro- 
gen and  with  oxygen. 

The  phenomena  studied  under  the  head  of 
valency  show  clearly  that,  when  atoms  combine 
to  form  a  molecule,  they  are  not  merged  into 
one  homogeneous  mass,  but  are  arranged  with  a 
certain  detiniteness  ;  and  the  study  of  the  facts 
of  isomerism  confirms  this  view  in  a  striking  way. 
We  speak  of  the  atoms  as  being  linked  together, 
and  this  linking  is  found  to  take  place  according 
to  the  laws  of  valency.  By  the  constitution  or 
structure  of  a  compound  is  meant  the  way  in 
which  the  atoms  are  linked  together.  The  con- 
stitution is  expressed  by  means  of  a  formula 
which  is  intended  to  show  —  on  the  basis  of  certain 
assumptions,  and  by  the  help  of  several  conven- 
tions —  how  the  atoms  are  linked  together.  Thus 


the  formula  H-O-H, 


,  &c.,  are  consti- 


tutional formulae.  These  are  determined  by 
methods  which  will  be  considered  in  the  article 
FOKMUL^B.  It  need  only  be  remarked  here  that 
they  are  determined  chiefly  by  studying  the  re- 
actions of  compounds,  and  the  methods  by  which 
they  are  built  up  from  simpler  substances.  The 
reactions  being  known,  they  are  interpreted  in 
terms  of  the  atomic  theory  and  the  hypothesis 
of  the  linkage  of  atoms. 

To  sum  up  in  a  few  words  the  chief  conclu- 
sions which  we  are  justified  in  drawing  in  regard 
to  valency  :  — 

The  so-called  theory  of  types  was  the  fore- 
runner of  the  valency  hypothesis. 

Frankland  first  recognised  the  fact  that  the 
power  of  atoms  to  unite  with  other  atoms  is 
limited  to  a  definite  number  of  other  atoms. 

Kekule1  and  Couper  elaborated  the  valency 
hypothesis,  and  showed  how  it  may  be  used  to 
explain  chemical  compounds. 

The  facts  show  plainly  that  valency  is  not 
a  constant  property  of  the  elements,  but  that 
it  varies  :  (1)  according  to  the  nature  of  the 
uniting  elements  ;  (2)  according  to  surrounding 
circumstances,  such  as  the  temperature. 

Valency  is  not  to  be  thought  of  as  determined 
by  a  certain  number  of  points  of  attraction  in 
the  atom,  but  rather  as  a  condition  —  perhaps  a 
form  of  motion.  Valency  is  a  function  of  the 
atomic  weights  of  the  elements.  I.  R. 

ERBIUM  Er.  At.  w.  166.  Mol.  w.  un- 
known as  element  has  not  been  gasified.  Chief 
lines  in  emission-spectra:  5826,5256,4951  (Cleve, 
C.  R.  91,  381). 

In  1788  Gadolin,  professor  at  Abo,  found  a 
new  earth  in  a  mineral  from  Ytterby  in  Sweden  ; 
the  discovery  was  confirmed  by  Eckeberg  in  1797, 
and  the  new  earth  was  called  Yttria.  The  exami- 
nation of  yttria  from  Gadolinite,  (the  mineral  was 
thus  named  after  Gadolin)  by  Berzelius  (1819), 
Mosander  (1839  and  1843),  and  Scheerer  (1842), 
led  to  the  recognition  of  seven  earths  in  what 
had  been  regarded  by  Gadolin  as  a  homogeneous 
substance,  viz.  beryllia,  lanthana,ceria,  didymia, 
yttria,  erbia,  and  terbia.  Many  researches  were 
conducted  in  the  years  1860-1878  on  the  earths 
from  Gadolinite  ;  some  of  the  results  pointed  to 
the  non-existence  of  terbia  as  a  distinct  earth, 
while  others  made  the  existence  of  this  body  very 
probable;  the  investigations  of  Cleve  seem  to 
show  that  terbia  is  a  definite  earth.  The  sub- 
stance to  which  the  name  of  erbia  had  been 
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given  was  very  carefully  examined  by  Marignao 
in  1878,  and  subsequently  by  Nilson,  and  then 
by  Cleve,  with  the  result  that  it  was  shown  to  be 
a  mixture  of  the  three  earths  ytterbia,  scandia, 
and  erbia,  and  to  these  Cleve  afterwards  added 
two  others,  viz.  holmia  and  thulia.  The  inves- 
tigation of  these  earths  is  yet  far  from  complete. 

To  obtain  the  crude  earths  from  Gadolinite, 
Bahr  a.  Bunsen  (A.  137,  1)  decompose  the 
mineral  by  HClAq,  separate  SiO2  by  evaporation 
to  dryness  and  addition  of  HClAq,  heat  to  boil- 
ing, and  ppt.  by  oxalic  acid  ;  they  wash  the  pp., 
convert  the  oxalates  into  nitrates,  and  ppt.  the 
cerium  compounds  by  addition  of  KjS04;  the 
earths  of  the  erbium  group  are  then  ppd.  from 
the  nitrate  by  oxalic  acid,  the  oxalates  are  heated 
in  a  Pt  dish,  the  carbonates  thus  obtained  are 
boiled  in  water  (to  dissolve  out  K_,C03),  and  dis- 
solved in  HN03Aq ;  oxalic  acid  is  again  added, 
and  the  ppd.  oxalates  are  once  more  converted 
into  carbonates  by  heating  ;  the  carbonates  are 
tested  for  didymium  by  observing  the  absorp- 
tion-spectrum of  a  very  cone,  solution  in 
HN03Aq ;  if  Di  is  present  the  treatment  with 
K2S04  is  repeated  until  a  pp.  is  obtained  free 
from  Di;  the  earths  are  then  ppd.  by  NH.,Aq 
free  from  (NHJjCO, :  the  pp.  is  dissolved  in 
HN03Aq,  and  the  oxalates  are  ppd.  by  addition 
of  oxalic  acid.  There  are  different  methods  for 
obtaining  erbia  from  the  mixed  oxalates.  Auer 
v.  Welsbach  recommends  the  following  (M.  4, 
630).  The  oxalates  are  converted  into  oxides  by 
heating  strongly,  the  oxides  are  made  into  a  paste 
with  water  and  thrown  into  a  quantity  of  hot 
nitric  acid  insufficient  for  their  complete  solu- 
tion; a  basic  erbium  nitrate  containing  yttria 
forms  on  cooling ;  the  process  is  repeated  several 
times ;  at  last,  when  there  is  a  considerable 
quantity  of  undissolved  ox;de  in  the  boiling  nitric 
acid,  the  whole  becomes  somewhat  pasty  and 
greyish-red  in  colour;  the  mass  is  now  allowed 
to  cool,  and  cone,  nitric  acid  is  added  in  small 
successive  quantities  until  the  colour  becomes 
reddish.  The  acid  dissolves  compounds  of  Ce 
and  traces  of  Fe  salts  ;  a  compact  rose-coloured 
pp.  settles  down,  from  which  the  mother-liquor 
can  be  poured  off.  The  pp.  is  washed  with  alco- 
hol with  the  aid  of  a  filter-pump ;  the  alcohol  dis- 
solves nitrates  but  leaves  the  basic  nitrates.  The 
pp.,  which  consists  of  basic  erbium  nitrate  con- 
taining yttrium  nitrate,  is  purified  by  a  long  and 
tedious  process,  based  on  the  fact  that  basic 
erbium  nitrate  is  produced  more  readily  than 
the  basic  yttrium  salt  by  heating  the  mixed 
nitrates  with  the  oxides  of  the  metals,  and  that 
the  basic  yttrium  salt  is  more  soluble  than  the 
erbium  salt  in  liquid  containing  the  normal  ni- 
trates. Another  method  of  obtaining  basic  er- 
bium nitrate  consists  in  heating  the  mixed 
nitrates  (formed  by  dissolving  the  oxides  or  car- 
bonates in  HNO3Aq)  in  a  Pt  dish  until  red  fumes 
are  evolved,  and  a  portion  of  the  residue  is  in- 
soluble in  water  ;  the  insoluble  portion  is  again 
heated,  and  then  treated  with  water,  and  so  on 
(Marignac,  A.  Ch.  [5]  14,  247 ;  Cleve,  C.  B.  91, 
381). 

References. — For  earlier  work  v.  Cleve  in 
Fremy's  Encyclopedie  chimique,  torn.  3.  Ber- 
zelius,  Lehrbuch,  2  (5th  ed.).  Mosander,  J.  pr. 
30,  27.  Bahr  a.  Bunsen,  A.  137,  1.  Cleve  a. 
Hoglund,  Bl.  [2]  18, 193,  289.  Lawrence  Smith, 


C.  B.  87,  146,  831.  Marignac,  Ar.  Sc.  [3]  3, 
413.  Delafontaine,  C.  E.  87, 600.  Soret,  C.  B. 
89,  478,  521 ;  91,  378.  Cleve,  C.  B.  89,  478, 
708  ;  91,  381.  Eoscoe,  B.  15, 1274.  Marignac, 
C.  B.  87,  578.  Nilson,  C.  B.  88,  645 ;  91,  118. 
De  Boisbaudran,  C.  B.  88,  322 ;  89,  212.  Von 
Welsbach,  M.  4,  630. 

The  metal  erbium  has  not  yet  been  isolated. 
The  atomic  weight  was  determined  by  Dela- 
fontaine (Ar.  Sc.  1866.  112),  Cleve  a.  Hoglund 
(Bl.  [2]  18,  193,  289),  Humpidge  a.  Burney  (C.  J. 
35,  11),  but  the  results  were  too  high.  Cleve  re- 
determined  the  at.  w.  by  synthesising  the  sul- 
phate from  pure  Er.,03 :  he  obtained  the  value 
166-15  (C.  B.  89,  706";  91,  381). 

So  far  as  the  investigation  of  Er  compounds 
has  gone,  it  shows  that  this  metal  is  best  placed 
in  Group  V,  in  the  odd  series  9,  between  Sb  and 
Bi ;  Er  is  also  analogous  to  the  earth-metals  Sc, 
Y,  La,  and  Yb,  and  it  shows  resemblances  to  Ce 
(cf.  NITROGEN  GROUP  OF  ELEMENTS,  and  EARTHS, 

METALS  OF  THE). 

Erbium,  haloid  compounds  of.  Erbium 
bromide,  chloride,  fluoride,  and  iodide,  ErX3 
(X  =  Br,  01,  F,  I),  have  been  described;  but  as 
the  material  worked  with  was  not  known  to  be 
perfectly  free  from  other  metals  of  the  yttria 
group,  but  little  stress  can  be  laid  on  the  descrip- 
tions given.  These  compounds  are  said  to  be 
rose-coloured  and  deliquescent. 

Erbium,  oxide  of.  Er20,.  S.G.  8-64.  S.H. 
•065.  S.V.S.  43-98  (Nilson  a.  Pettersson,  B.  13, 
1459).  Emission-spectrum  characterised  by 
bright  lines  6546  (red),  5631  and  5387  (yellow), 
5228  and  5204  (green)  (Bahr  a.  Bunsen,  A.  137, 
1 ;  De  Boisbaudran,  G.  B.  76,  1080 ;  88,  1167, 
1342;  89,  212,  516);  the  dark  lines  of  the  ab- 
sorption-spectrum of  the  solution  of  an  Er  salt 
correspond  with  these.  Obtained  by  heating  the 
nitrate  or  oxalate  in  air.  Pale  rose-coloured 
powder.  Not  changed  when  heated  in  H.  In- 
fusible ;  glows  with  intense  green  light  when 
heated,  without  volatilising.  Slowly  dissolved 
by  hot  HN03Aq,  H,S04Aq,  or  HClAq.  Does  not 
directly  combine  with  water. 

Erbium,  salts  of.  Compounds  obtained  by 
replacing  H  of  acids  by  Er.  These  salts  are 
formed  by  dissolving  Er203  in  acids ;  many  are 
also  formed  by  double  decomposition  from  the 
sulphate  or  nitrate.  Solutions  of  Er  salts  are 
more  or  less  rose-coloured ;  they  generally  have 
an  acid  reaction  with  litmus,  and  taste  sweetish 
but  astringent.  The  salts  all  belong  to  the  form 
Er,3X  where  X  =  SO,,  2N03,  |P04,  &c.  ;  a  few 
basic  salts,  e.g.  Er2O3.2C02,  have  been  obtained. 
The  principal  salts  are  the  bromate,  carbonat', 
chlorate  and  perchlorate,  formate,  iodate  and 
periodate,  nitrate,  oxalate,  selenate  and  selenite, 
sulphate  and  sulphite,  and  phosphate  (v.  CAR- 
BONATES, NITRATES,  &c.).  M.  M.  P.  M. 

EEGOSTERIN  C2iiH400.  [154°].  S.G.  1-04. 
[a]D=-114°.  Extracted  from  ergot  of  rye 
(Tanret,  C.  B.  108,  98).  Pointed  needles  (con- 
taining aq)  ;  sol.  alcohol  and  ether ;  insol. 
water.  Slowly  oxidises  in  air,  very  rapidly  at 
100  \  Is  not  attacked  even  by  hot  concentrated 
alkalis.  Resembles  cholesterin  in  many  re- 
actions, but  gives  different  results  with  sulphuric 
acid  and  chloroform.  The  acid  dissolves  the 
ergosterin,  and  agitation  with  chloroform  gives 
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no  colouration  till  evaporation  takes  place,  when 
a  trace  of  violet  appears. 

Formyl  derivativeC.2KH39(CHO)0.  [154°]. 
[a]  =  —  93-4°.  Spangles,  sol.  ether. 

Acetyl  derivative  C^B^AcO.  [169°]. 
[o]D  =  -  80°.  Pearly  spangles,  sol.  ether  and 
alcohol,  insol.  water. 

Butyryl  derivative  C.,SH39(C4H90)0. 
[95°J.  [a]D=-67°. 

ERGOTININE  C35H40N406.  Ecboline.  S.  (95 
p.c.  alcohol).  -5  at  20°  ;  2  at  78°.  [ojj  =  137'5°. 
Occurs  in  ergot  of  rye,  together  (according  to 
Dragendorff)  with  '  scleromucin,' '  sclerotic  acid,' 
'  sclererythrin,'  '  sclerocrystallin  '  C10HW04, 
'  scleroxanthin '  C10H1004l|aq,  a  hydrate  of 
sclerocrystallin,  mycose,  mannite,  cholesterin, 
leucine,  lactic  acid,  methylamine,  and  trimethyl- 
amine  (Wiggers,  A.  1,  171 ;  Manassewitz,  Z.  [2] 
4,  154 ;  Denzel,  Ar.  Ph.  [3]  22, 49  ;  Dragendorff, 
Ar.  Ph.  7, 32  ;  C.  C.  1878, 125  ;  Bombelon,  C.  C. 
1888,  472).  Ergot  also  contains  a  fatty  oil  (Her- 
mann, Rep.Pharm.  20, 283 ;  Ganser,  Rep.Pharm. 
20,  301).  Tanret  (/.  Ph.  26,  320  ;  C.  J.  34,  81) 
also  obtained  from  ergot  a  crystalline  substance, 
smelling  like  camphor  [165°],  (209°),  insol.  water, 
sol.  alcohol,  and  chloroform.  Kobert  (J.  1884, 
1512)  describes  ergot  as  containing  cornutine 
and  sphacelic  (ergotic)  acid. 

Preparation. — The  ergot  is  exhausted  with 
alcohol,  caustic  soda  is  added  to  alkaline  reac- 
tion, the  alcohol  is  distilled  off,  and  the  residue 
agitated  with  ether.  The  ethereal  extract  is  then 
shaken  with  a  concentrated  solution  of  citric 
acid,  the  citrate  is  decomposed  by  K2C03,  and 
the  ergotinine  extracted  by  ether,  from  which  it 
crystallises.  In  this  way  1-2  g.  is  got  from  1  kilo 
of  ergot  (Tanret,  A.  Ch.  [5]  17,  499  ;  C.  R.  81, 
896  ;  86,  888  ;  cf.  Blumberg,  Ph.  [3]  9,  23,  598). 

Properties.— Delicate  prismatic  needles,  turn- 
ing brown  in  air.  Insol.  water,  sol.  alcohol, 
ether,  and  CHC13.  When  the  ergot  is  old  an 
amorphous  substance  (?  modification  of  ergoti- 
nine) present,  which  increases  its  solubility  in 
alcohol.  Its  solutions  fluoresce  violet.  The  rota- 
tory power  of  the  amorphous  ergotinine  [a]j  =  122° 
is  less  than  that  of  the  crystalline  variety.  Er- 
gotinine gives  all  the  general  tests  characteristic 
of  alkaloids.  When  a  drop  of  H2S04  is  added  to 
its  solution  in  acetic  acid  a  red  colouration  pass- 
ing rapidly  to  violet  and  blue  is  formed.  Ergo- 
tinine when  injected  hypodermically  produces 
intoxication. 

Salt  s.— B'HCl.— B'HBr. 

ERICIN.  A  dye-stuff  in  Erica  vulgaris.  It 
gives  a  bronze-green  pp.  with  iron  salts,  a  golden- 
green  pp.  with  tin  salts,  and  a  green  colour  with 
copper  salts  (Savigny  a.  Collineau,  C.  C.  1881, 
703  ;  C.  /.  42,  309). 

ERICINONE  C24H2409  (?).  [c.  167°].  An  in- 
different crystalline  substance,  said  by  Uloth 
(A.  Ill,  215)  to  be  obtained  by  the  dry  distilla- 
tion of  ericaceous  plants.  May  be  sublimed. 

ERICOLIN  C,KH30O3.  A  resinous  glucoside 
found  in  several  plants  of  the  heath  family,  e.g. 
common  ling  (Calluna  vulgaris),  wild  marsh 
rosemary  (Ledum  palu&tre) ,  in  the  red  bearberry 
(Arctostaphylus  uva  ursi),  in  Gaultheria  pro- 
cnmbens,  in  Epigaa  repens,  and  in  Rhododendron 
f<  irugineum  (Eochleder  a.  Schwarz,  A.  84,  354, 
368 ;  Kawalier,  Site.  W.  9,  29  ;  Oxley,  Ph.  [3] 
2,  lOoO;  Thai,  J.  1883,  1401).  It  has  a  bitter 


taste.  Dilute  acids  split  it  up  into  glucose  and 
ericinol. 

Ericinpl  C2oH2a02.  Formed,  together  with  glu- 
cose, by  distilling  ericolin  or  pinipicrin  with  di- 
lute HC1  or  H2S04.  Volatile  oil,  turning  brown 
in  the  air  (Kochleder;  Kawalier;  Thai;  Frohcle, 
J.  pr.  82,  181).  Ericinol  takes  up  water,  be- 
coming '  ericinol  hydrate  '  C10H3004,  which  has  a 
very  characteristic  odour  (Thai). 

ERIGERON  OIL.  The  volatile  oil  from 
Erigeron  canadense  contains  a  terpene  ((176  ). 
S.G.  is  -848.  [a]j  =  6°  15'),  identical  with  citrene 
and  hesperidene  (Wallach,  A  227,  292  ;  cf.  Vigier 
a.  Cloez,  J.  Ph.  [5]  4,  333). 

ERUCIC  ACID  C2,H4,O2.  Brassidic  acid. 
Mol.  w.  338.  [34°].  An  acid  occurring  as  gly- 
ceryl  ether  in  colza  oil  (Welsky,  J.  pr.  58,  449 ; 
Staedeler,  A.  87,  133  ;  Otto,  A.  127,  182 ;  135, 
226;  Haussknecht,  A.  143,  40),  in  the  fixed  oil 
of  white  mustard  (Sinapis  alba),  and  of  black 
mustard  (Darby,  A.  69,  1 ;  Goldschmiedt,  Sitz. 
W.  [2]  70,  451 ;  74,  394),  and  in  the  fatty  oil 
from  grape  seeds  (Fitz,  B.  4,  442). 

Preparation. — Rape-seed  oil  is  saponified  by 
alcoholic  KOH  ;  after  distilling  off  most  of  the 
alcohol  the  fatty  acids  are  precipitated  with  di- 
lute H2SO,,  separated,  and  dissolved  in  three 
times  the  weight  of  95  p.c.  alcohol ;  on  cooling 
the  solution  to  0°  the  erucic  acid  crystallises 
out,  and  is  recrystallised  in  the  same  way  (Kei- 
mer  a.  Will,  B.  19,  3320).  Long  needles  (from 
alcohol).  Decomposed  by  potash-fusion  into 
acetic  and  arachic  acids.  Br  forms  the  di- 
bromide  C22H42Br2O2  [43°]  (v.  DI-BEOMO-BEHENIC 
ACID).  Nitrous  acid  converts  erucic  acid  into  the 
isomeric  brassic  acid  (q.  v.).  HI  and  P  at  200° 
give  behenic  acid. 

Salt  s.— NaA'.— BaA'2.— Pb  A'2.— AgA'. 

Ethyl  ether  EtA':  (above  360°);  colour- 
less odourless  oil ;  converted  by  nitrous  acid  into 
ethyl  brassate. 

Glycerin-di-erucic  ether   C3H3(OH)A'2. 

Dierucin.    [47°].   Silky  colourless  crystals  (from 

!  ether-alcohol).     Occurs  as  a  deposit  from  rape- 

I  seed  oil  after  long  standing.     V.  sol.  ether  and 

j  ligrom,  m.  sol.  hot  alcohol,  insol.  cold  alcohol. 

i  By  nitrous  acid  it  is  converted  into  glycerin-di- 

brassic  ether. 

Glycerin-tri-erucic  ether  C3H-A'S.  Tri- 
erucin.  [31°].  From  erucic  acid  and  glycerin 
at  300°. 

Amide  C21H41.CONH2 :  [84°];  colourless 
needles ;  v.  sol.  ether  and  benzene,  si.  sol.  alco- 
hol, insol.  water.  Formed  by  the  action  of  NH3 
gas  upon  the  anhydride. 

Anilide  C21H41.CO.NHPh  :  [55°]  ;  crystals; 
v.  sol.  ether  and  benzene,  si.  sol.  alcohol. 

Anhydride  (C21H4,.CO),0  :  oil  which  so- 
lidifies in  a  freezing  mixture ;  v.  sol.  ether  and 
benzene,  v.  si.  sol.  alcohol.  Formed  by  the  ac- 
tion of  PC13  upon  erucic  acid  and  subsequent 
addition  of  alcohol  (Beimer  a.  Will,  B.  19,  3320). 

ERYTHRENE  v.  BUTINENE. 

Erythrene  bromide  v.  TETRA-BROMO-BUTANE 

and  Dl-BROMO-BUTYLENE. 

ERYTHRIN   C.,0H2.,0IO  i.e.  C,HK(C8H.O,)A- 

Erythric  acid.  Mol.  w.  422.  [137°].  S.  "42  at 
100° ;  S.  (ether)  -3  at  20°.  Occurs  in  Eoccella 
tinctoria,  R.  Montagnei,  R.  fnciformis  and  other 
lichens  (Heeren,  Schw.  J.  59,  313 ;  Kane,  A.  39, 
25  ;  Schunck,  A.  61,  69  ;  Stenhouse,  A.  68,  72  ; 
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Pr.  12,  263  ;  C.  /.  20,  222  ;  Hesse,  A.  117,  304  ; 
De  Luynes,  A.  Ch.  [4]  2,  385  ;  Menschutkin,  Bl. 
[2]  2,  424).  Extracted  by  milk  of  lime,  and  ppd. 
by  HGL  Crystalline  mass  (containing  1|  aq). 
SI.  sol.  water,  v.  sol.  alcohol  and  ether.  Its  al- 
coholic solution  gives  a  violet  colour  with  Fe2Cl6. 

Reactions.  —  1.  Boiling  water  or  alkalis  split 
it  up  into  orsellic  acid  C8H804  and  picroerythrin 
C,.,H1(iO7  ;  the  orsellic  acid  being  resolved  by 
longer  boiling  into  CO2  and  orcin.  Boiling  al- 
cohol produces,  in  the  same  way,  orsellic  ether 
and  picroerythrin.  Methyl  and  amyl  alcohols 
act  in  like  manner.  —  2.  Boiling  with  excess  of 
lime-water  gives  erythrite,  orcin,  and  CO., 
(Lamparter,  A.  134,  255).  —  3.  Bromine  forms 
C20H18Br40)0. 

Metallic  derivatives.  —  C.,0H.)0Pb010  x&q. 


Pba(Q,0H17010)2. 

(/3)-Erythrin  C21H24010.  Occurs  in  Roccella 
fuciformis  (Menschutkin,  Bl.  [2]  2,  424).  White 
crystalline  powder  (containing  aq).  Nearly  insol. 
water,  sol.  alcohol,  and  ether.  Decomposed  by 
boiling  alcohol  or  water  into  orsellic  ether  or 
acid  and  (13)  -picroerythrin.  Boiling  baryta  splits 
it  up  into  erythrite,  CO2,  and  betorcin.  — 
Pb,C21H,00)0. 

Erythrin  v.  BROMO-FLUORESCEIN. 

ERYTHRITE  C4H1004  i.e. 

CH,(OH).CH(OH).CH(OH).CH2(OH).  Erythrol. 
Erythromannite.  Erythroglucin.  Eryglucin. 
Phycite.  Mol.  w.  122.  [112°].  (330°).  S.G.  1-45 
(Schroder,  B.  12,  562).  E^  43-65  (in  a  14  p.c. 
aqueous  solution)  (Kanonnikoff,  J.  R.  15,  449). 
Heat  of  solution  -5200  at  9°  (Colson,  C.  R.  104, 
113).  Occurs  ready-formed  in  Prolococcus 
vulgaris  and  is  produced  by  the  action  of  boiling 
lime  or  baryta  upon  erythrin  or  picroerythrin 
(Stenhouse,  Tr.  1848,  76  ;  1849,  399  ;  Strecker, 
A.  68,  111  ;  Schunck,P.  M.  7,33,  254  ;  Lamy,  A. 
Ch.  [3]  35,  138  ;  51,  232  ;  Wagner,  J.  pr.  61, 
125;  Hesse,  A.  117,  327  ;  Hofmann,  B.  7,  512  ; 
De  Luynes,  A.  Ch.  [4]  2,  339  ;  C.  R.  56,  803). 

Properties.  —  Large  dimetric  crystals  with 
sweet  taste.  Inactive.  Neutral  to  litmus.  V. 
sol.  water,  si.  sol.  cold  alcohol,  insol.  ether.  Does 
not  reduce  Fehling's  solution.  Is  not  ppd.  by 
lead  subacetate.  Its  aqueous  solution  dissolves 
lime,  a  pp.  being  formed  on  boiling  or  on  adding 
alcohol.  Does  not  undergo  alcoholic  fermenta- 
tion. Like  other  polyhydric  alcohols,  it  renders 
a  solution  of  borax  acid  (Dunstan,  Ph.  [3]  13, 
257).  In  presence  of  vegetable  mould  it  under- 
goes butyric  fermentation  (Fitz,  B.  11,  1890  ;  12, 
475).  Erythrite  does  not  react  when  heated  with 
aldehyde  or  isobutyric  aldehyde  at  125°  (Lochert, 
A.  Ch.  [6]  16,  64). 

Reactions.  —  1.  Potash-fusion  gives  acetic 
and  oxalic  acids.  —  2.  Fuming  nitric  acid  forms 
the  nitrate.  Dilute  nitric  acid  oxidises  it  to 
oxalic  and  tartaric  acids  (Przybytek,  Bl.  [2]  35, 
108)  ;  at  the  same  time  there  is  formed  an  alde- 
hyde or  ketone  whose  phenyl  -  hydrazide 
C16H18N402  melts  at  [167°]  (Fischer  a.  Tafel,  B. 
20,  1088).—  3.  CrO,  and  KMn04  give  formic  and 
oxalic  acids.  4H,S04  forms  a  sulphuric  acid 
CSH,,0.2(S04H)3  (Hesse,  A.  117,  329).  The  salts 
CajA'"2Gaq,  Ba3A'  ',6aq,  andPb3A"'212aqhavebeen 
described.  —  4.  Heating  with  aqueous  HI  forms 
secondary  butyl  iodide.—  5.  PBr.  gives  C,H,.Br4 
[112°]  (Colson,  C.  R.  104,  113).  -6.  Yields 


thiophene  by  heating  with  P2S5  (Paal  a.  Tafel, 
B.  18,  688).— 7.  Distillation  with  S2C12  under 
100mm.  pressure  yields  a  substance  (?  C4H8S04) 
which  crystallises  from  ether  in  needles  [115°] 
(Henninger,  A.  Ch.  [6]  7,  231).— 8.  Formic  acid 
produces  several  formins,  including  the  crystal- 
line tetraformin  C4HK(O.CHO)4.  When  the 
mixture  of  formins  is  distilled  at  250°  there  is 
given  off  C02,  butinene,  and  CO,  and  a  liquid 
distils  over  consisting  of  water,  formic  acid, 
crotonic  aldehyde,  di-oxy-butylene  (crotonylene 
glycol),  C4H6(OH)2 «  dihydrofurfurane '  (C^O)* 
(67°),  and  the  anhydride  of  erythrite  C4H8O3 
(Henninger,  C.  R.  98,  149  ;  A.  Ch.  [6]  7,  210  ; 
Bl.  [2]  19,  2, 145  ;  21,  242).— 9.  Phenyl  cyanate 
(4  mols.)  heated  with  erythrite  (1  mol.)  forms 
C4H6(O.CO.NHPh),  [215°]  a  microcrystalline 
solid,  si.  sol.  alcohol  and  ether  (Tessmer,  B.  18, 
970). 

First  Anhydride  CJELO..  Erythrane. 
(155°)  at  18  mm. 

Formation. — 1.  A  product  of  the  action  of 
formic  acid  on  erythrite.— 2.  By  heating  ery- 
thrite with  equal  weights  of  water  and  cone. 
H2S04. — 3.  In  small  quantity  by  the  action  of 
HC1  on  erythrite. 

Properties. — Liquid.  Cone.  HC1  converts  it 
intoerythritedichlorohydrin  (Henninger,  A.  Ch. 
[6]  7,  225). 

Second  Anhydride  C4H602  i.e. 

O          0 

CH2.CH.CH.CH2  (?).  Erythrite  dioxide.  Ery- 
thrane. (138°).  S.G.  £  1-132  ;  is  1-113.  C.E. 
(0°-18°)  -00095.  V.D.  3-16  (obs.).  Formed  by 
treating  erythrite  dichlorhydrin  in  ethereal 
solution  with  KOH,  the  yield  being  70  p.c. 
(Pryzbytek,  B.  17, 1092 ;  BL  [2]  41, 393 ;  42, 322). 
Mobile  liquid,  miscible  with  water.  Slowly 
unites  with  water  to  form  erythrite.  Combines 
with  HC1  reproducing  the  dichlorhydrin.  Unites 
with  HCN  to  form  the  nitrile  of  di-oxy-adipic 
acid.  Eeadily  combines  with  NH,  and  amines. 
Aniline  forms  a  compound  C16H20N202.  Eeduces 
AgN03  forming  a  mirror.  Ppts.  MgO  from 
magnesium  salts. 

Isomeride  of  the  Second  Anhydride 
C4Htt02.  [173°].  Formed,  together  with 
C4Hfi(OH)(OEt)2,  by  the  action  of  NaOEt  upon 
erythrite  dichlorhydrin,  or  by  treating  the 
dichlorhydrin  with  powdered  NaOH  (Henninger, 
A.  Ch.  [6]  7,  225).  Plates  (from  alcohol). 

Di- ethyl  ether  C4Hti(OH)2(OEt)2.  [13-5°]. 
(144°)  at  22  mm.  From  the  dichlorhydrin  and 
NaOEt  at  100°  (Henninger,  A.  Ch.  [6]  7,  230). 

Erythrite  tetranitrate  C4H6(N03)4.  Nitro- 
erythrite.  [61°].  Formed  by  dissolving  erythrite 
in  cold  fuming  HN03  and  ppg.  by  the  addition 
of  H2S04  (Stenhouse,  Tr.  1849,  399).  Large 
plates  (from  alcohol).  Insol.  cold  water.  Ex- 
plodes when  struck.  Alcoholic  ammonium 
sulphide  reconverts  it  into  erythrite. 

Erythrite  tetra-sulphuric  acid 
C4Hd(S04H)4.     Deliquescent    crystals    got     by 
dissolving  erythrite  in  C1S03H.     Boiling  water 
slowly  resolves  it  into  erythrite  and  hydric  sul- 
phate (Claesson,  J.  pr.  [2]  20,  7). 

Salts. — K4A"",4aq.  Nearly  insol.  cold 
water.  BaA"',4aq.  Insol.  water.  Ppd.  by 
adding  BaCL  to  a  solution  of  the  free  acid  but 
not  to  one  of  the  potassium  salt  (Ciaesson). 
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Mono-formyl  derivative 
C4H,(OH);!(O.CHO).       Erythrite     monoformin. 
(192°).    Formed,   together  with  the  following, 
by  boiling  erythrite  (1  pt.)  with  formic  acid  (2.V 
pts.)  for  6  hours  (Henninger,  A.  Ch.  [6]  7,  215)" 

Tetra-formyl  derivative  C4H6(O.CHO)4. 
[150°].  Prepared  by  heating  erythrite  with 
formic  acid  at  200°  and  extracting  with  dry 
ether;  the  product  being  treated  in  the  same 
way  with  20  pts.  of  formic  acid  (S.G.  1-18). 
Long  needles  (from  alcohol). 

Benzoyl  derivative  C4H(1(OH)3(OBz). 
From  erythrite  and  HOBz  at  250°  (Berthelot, 
Chimie  organique,  2,  224).  Crystalline  mass, 
insol.  water,  v.  sol.  alcohol  and  ether. 

Tetra-benzoyl  derivative  C,H6(OBz)4. 
From  the  preceding  (1  pt.)  and  HOBz  (15  pts.) 
at  200°  (B.).  Nearly  insol.  water. 

Orsellyl  derivative  CI2H1607  i.e. 
C4H,(OH)3(O.CO.CtiH2(OH),Me). 

Picroerythrin.  [158°].  Obtained  by  boiling 
erythrin  with  water,  alcohols,  or  alkalis  (Schunck, 
A.  61,  64 ;  Stenhouse,  A.  68,  76 ;  Hesse,  A.  117, 
321).  Silky  prisms  (containing  3aq).  Tastes 
bitter.  V.  e.  sol.  hot  water.  Decomposed  by 
boiling  lime-water  into  erythrite,  orcin,  and 
C02.  Gives  a  purple  colour  with  Fe2Cl6. 

(&} -Orsellyl  derivative.  Anhydride. 
ci3H,606.  (&) -Picroerythrin.  Obtained  by 
boiling  (j8) -erythrin  with  alcohol  (Menschutkin, 
Bl.  [2]  2,  424).  Needles,  v.  e.  sol.  water  and 
alcohol,  insol.  ether.  Keduces  hot  silver  solu- 
tion. Split  up  by  boiling  with  baryta  into  C02 
erythrite,  and  betorcin  C8H1002. 

Erythrite  chlorhydrin  C4H8(OH)3C1.  [66°]. 
Flat  interlacing  needles,  sol.  alcohol,  insol. 
ether. 

Erythrite  dichlorhydrin  C4H8(OH)2C12. 
[126°].  (152°)  at  30  mm.  Prepared  by  heating 
erythrite  (200  g.)  with  cone.  HClAq  (2400  g.)  for 
6  hours,  and  distilling  the  product  under  re- 
duced pressure.  Arborescent  mass  of  crystals, 
v.  sol.  alcohol  (Henninger,  A.  Ch.  [6]  7,  228 ; 
Przybytek,  B.  17,  1091).  A  mixture  of  HN03 
and  H2S04  converts  it  into  the  nitrate 
C4H8(N03)2C12  [60°]  (Champion,  C.  R.  73,  114). 

Erythrite  tetrachlorhydrin  v.  TETKA-CHLORO- 
BUTANE. 

Erythrite  dibromhydrin  C4H;(OH)2Br2. 
[130°].  From  erythrite  and  cone.  HBrAq  at 
110°  (Champion,  Z.  1871,  348 ;  G.  R.  73,  114). 
Crystals  (from  ether),  insol.  water.  A  cold 
mixture  of  fuming  HN03  (1  pt.)  and  cone.  H,S04 
(2 pts.)  forms  the  nitrate  C4H.(NOs)2Br2  [75°]. 

ERYTHROCENTAURIN  C,.H2468.  [136°]. 
S.  -06  at  15° ;  7  at  100°  ;  S.  (86  p.c.  alcohol)  2  ; 
S.  (ether)  '4 ;  S.  (chloroform)  7.  A  substance 
allied  to  santonin  which  may  be  extracted  by 
alcohol  from  the  common  centaury  (Erythrcea 
Centaurium).  Tasteless  crystals  (from  ether) ; 
neutral  to  litmus.  Inactive.  Sol.  most  menstrua ; 
water  ppts.  it  unaltered  from  its  solution  in  H,SO4. 
It  turns  bright  red  in  sunlight,  being  affecte'd  by 
the  blue  or  violet  rays ;  the  red  colour  disappears 
on  solution  or  on  heating  to  130°  (Mehu,  J.  Ph. 
1  :;,  265). 

EBYTHROGLUCIC  ACID  C4HH0-  i.e. 
CH,(OH).CH(OH).CH(OH).CO,H.     Obtained  by 
the  oxidation  of  erythrito  by  air  in  presence  of 
platinum-black  or  by  nitric  acid  (Sell,  BL  [2]  5, 
384  ;Lamparter,  A.  134, 243).  Deliquescent  mass ; 


v.  sol.  water  and  alcohol. — BaC4H.O-  aq  (L.). — 

(C4H  Pb05) 4PbO.,H.,(S.).— CjH.PbO,  (at  160° ;  L.). 

ERY I  HRO-0~XY-ANTHRAQUINONE  v.  OXY- 

ANTHBAQUINONE. 

ERYTHROPHLEINE.  An  alkaloid  in  the 
bark  of  Erythrophlceum  guineense  (Gallois  a. 
Hardy,  Bl.  [2]  26,  39).  Sol.  alcohol,  si.  sol. 
ether. 
H2S04. 

E3ENBECKINE.  An  alkaloid  in  the  bark  of 
Esenbeckia  febrifuga  (Buchner,  Rep.  Pharm.  31, 
481 ;  37,  1 ;  Am  Ende,  Ar.  Ph.  [2]  143,  112). 

ESERINE  C,.H21N302.  Phytostigmine.  [45°]. 
An  alkaloid  which  may  be  extracted  by  moist 
alcohol  from  Calabar  beans  (Petit,  J.  Ph.  [4]  14, 
255 ;  C.  R.  72,  569 ;  Hesse,  A.  129,  115 ;  141, 
82).  Kesinous;  v.  sol.  alcohol,  ether,  benzene, 
and  CHC13 ;  m.  sol.  water.  Alkaline  to  litmus. 
Poisonous,  producing  contraction  of  the  pupil. 
The  sulphate  evaporated  with  ammonia  leaves  a 
blue  residue.  Bleaching  powder  colours  its  solu- 
tion red.— B'HIHgI2.  [70°]  (H.). 

ESSENTIAL  OILS.  Oils,  usually  obtained 
from  plants,  which  are  volatile  either  alone  or 
with  steam.  They  usually  contain  one  or  more 
hydrocarbons  such  as  terpenes  (g.  v.)  and  one  or 
more  substances  containing  oxygen,  which  some- 
times separate  in  a  solid  form  on  cooling  strongly 
and  are  then  called  stearoptenes,  the  remaining 
liquid  being  termed  elaeoptene  (v.  also  OILS). 

ESTER.  A  name  applied  by  Gmelin  to  com- 
pound ethers  derived  from  oxygenated  acids  to 
distinguish  them  from  simple  and  mixed  ethers. 

ETHALDEHYDE  v.  ALDEHYDE. 

ETHANE  C2H6  i.e.  CH3.CH3.  Di-methyl- 
ethyl  hydride.  Mol.  w.  30.  S.  -0871  at  0°  (Bun- 
sen)  ;  S.  (alcohol)  1-5  (Berthelot,  J.  1867,  344). 
H.F.p.  25,670  (Thomson,  J.pr.  [2]  23, 168) ;  28,560 
!  (2%.);  28,000  (Dulong;  Favre  a.  Silbermann). 
H.F.V.  24,510  (Thomsen) ;  27,400  (Th.)-. 

Occurrence. — In  the  gases  given  off  by  natural 
petroleum  (Smith,  A.  Ch.  [5]  8,  566). 

Formation. — 1.  By  the  action  of  methyl 
iodide  upon  zinc  or  sodium  (Frankland,  C.  J.  2, 
173;  A.  71,  213;  Wanklyn  a.  Buckeisen,  A. 
116,  329). — 2.  By  heating  propionitrile  with 
potassium  (Frankland  a.  Kolbe,  C.  J.  1,  60 ;  A. 
65,  269). — 3.  By  the  electrolysis  of  potassium 
acetate  (Kolbe,  A.  69,  279).— 4.  By  the  action  of 
water  on  zinc  ethyl  (Frankland,  C.  J.  3,  338  ;  A. 
71,  203  ;  85,  360  ;  95,  53).— 5.  By  heating  ethyl 
iodide  (9  pts.)  with  A12C16  (2-6  pts.)  at  150° 
(Kohnlein,  B.  16,  562).— 6.  In  small  quantity 
together  with  methane  and  CO.,  by  heating  Ac.,O 
with  BaO.,(Schiitzenberger,.BZ.  [2]  5, 278;  Darling, 
C.  J.  21, 496).— 7.  From  HgEt,  and  H2S04  (Schor- 
lemmer,  A.  132,  234).— 8.  From  EtI,  alcohol,  and 
zinc-dust  (Sabanejeff,  B.  9,  1810). 

Preparation. — By  dropping  a  mixture  of 
equal  volumes  of  ethyl  iodide  and  absolute  alco- 
hol upon  the  copper-zinc  couple,  the  gas  being 
passed  through  a  scrubber  containing  copper- 
zinc,  through  alcoholic  NaOH,  through  bromine- 
water,  through  caustic  soda,  and  finally  through 
slaked  lime  (Percy  Frankland,  C.  J.  47,  236). 

Properties. — Colourless  gas.  Burns  with  pale 
flame.  With  water  under  pressure  it  forms  a 
crystalline  hydrate  (Villard,  C.  R.  106,  1602). 
J  The  identity  of  ethane  from  ZnEt2  with  that 
from  KOAc  may  be  shown  by  chlorination,  both 
yielding  ethyl  chloride  (Schorlemmer,  A.  131, 
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70 ;  132,  234)  or  by  their  heats  of  combustion 
(Thomson,  J.  pr.  [2]  23,  158). 

Derivatives  v.  BRDMO-,  BROMO-IODO-, 
BROMO-NITRO-,  CHLORO-,  CHLORO-IODO-,  CHLORO- 
NITRO-,  NlTRO-ETHANES,  &C. 

ETHANE-ARSONIC  ACID  v.  ARSENIC  COM- 
POUNDS, ORGANIC. 

ETHANE-TRICARBOXYLIC  ACID 
CO.H.CH2.CH(C02H)2.  [159°].  From  the  ether 
by  cone.  KOHAq.  Formed  also  by  saponifying 
ethane  tetra-carboxylic  acid  and  from  bromo- 
succinic  ether  by  successive  treatment  with  alco- 
holic KCy  and  KOH  (Orlowsky,  J.  R.  9,  278  ;  B. 
9,  1604).  Small  hard  prisms  (from  ether).  V. 
sol.  alcohol,  ether,  or  water,  si.  sol.  benzene. 
When  melted  it  splits  up  into  C02  and  succinic 
acid. 

Salts . — The  ammonium  salt  gives  pps.  with 
BaCl2  or  Pb(OAc)2  in  the  cold,  and  with  CaCl2  or 
FeCl2"  on  warming.  —  Ca3A'"2.  —  Zn3A"'22aq.— 
Ag3A'". 

Ethyl  ether  C02Et.CH2.CH(C02Et)2.  (278° 
uncor.).  S.G.  ^  1-089.  From  malonic  ether, 
NaOEt,  alcohol,  and  chloro-acetic  ether  (Bi- 
schoff,  A.  214,  38).  Oil.  V.  e.  sol.  alcohol  or 
ether.  By  the  action  of  01  on  the  ether  chloro- 
ethane-tricarboxylic  ether  is  formed,  which  on 
boiling  with  HC1  gives  fumaric  acid,  and  with 
KOH  gives  malic  acid.  By  the  successive 
action  of  sodium  and  chloro-acetic-ether  on  the 
ether,  the  ether  of  propane-tetra-carboxylic  acid 
(C02H)CH2.C(C02H)2.CH2(CO,H)  is  formed,  and 
this  acid  on  heating  gives  CO2  and  tricarballylic 
acid  (CO,H)CH2.CH(CO,H).CH,(CO,H)  (Bischoff, 
B.  13,  2161). 

First  nitrile  v.  CYANO-SUCCINIC  ETHER. 

Ethane  tetra-carboxylic  acid  C^HyOg  i.e. 
(C02H)2CH.CH(C02H),. 

Acetylene  tetra-carboxylic  acid. 

Di-ethyl  ether 

C02Et.CH(C02H).CH(C02H).C02Et.  [133°].  The 
potassium  salt  is  formed  as  a  sticky  pp.  by  the 
action  of  KOH  (36  g.)  on  the  tetra-ethyl  ether 
(28  g.)  dissolved  in  alcohol  (720  g.)  at  0°.  Plates 
with  obtuse  angles.  Deliquescent,  v.  sol.  alcohol 
or  ether,  si.  sol.  chloroform  or  CS2.  When  heated, 
it  splits  off  C02,  becoming  succinic  ether 
(Guthzeit,  A.  214,  72).  The  salt  Na2Et2A""  is 
converted  by  di-bromo-o-xylene  C6H4(CH2Br)2 
into  naphthalene  tetra-hydride  tetracarboxylic 
acid  (Baeyer  a.  Perkin,  B.  17,  449). 

Tetra-ethyl  ether  Et4A"".  [76°].  (305°). 
From  malonic  ether,  chloro-malonic  ether,  NaOEt 
and  alcohol  (Conrad  a.  Bischoff,  A.  214,  68  ;  B. 
13,  601  ;  21,  2087).  Formed  also  by  the  action 
of  iodine  (1  mol.)  on  sodio-malonic  ether  (2  mols.), 
dissolved  in  absolute  alcohol  (Bischoff  a.  Each, 
B.  17,  2781).  Needles.  V.  sol.  alcohol,  ether  or 
benzene. 

Reactions. — 1.  Very  stable.  NaOEt  and 
benzyl  chloride  do  not  form  a  benzyl  derivative. 
2.  Heated  with  aqueous  HC1,  or  with  aqueous 
KOH,  it  forms  C02,  ethane  tri-carboxylic  acid 
and  alcohol. 

Amide  C2H2(CONH2)4.  Crystals,  v.  si.  sol. 
water.  Decomposes  above  230°. 

ETHANE-PHOSPHONIC  ACID  C2H5.PO(OH),. 
[44°].  From  ethyl-phosphine  and  fuming  HNO"3 
(Hofmann,  B.  5, 106).  Crystals,  v.  e.  sol.  water. — 
Ag_A"  :  amorphous  yellow  powder. 


Chloride  C.JH,.POC1:!.  (c.  175°).  Liquid 
(Michaelis,  B.  13,  2174). 

ETHANE-SELINIC  ACID  v.  SELENIUM  COM- 
POUNDS, ORGANIC. 

ETHANE-SULPHINIC  ACID  C2H5.S02H. 
Ethyl-sulphinic  acid. 

Formation. — 1.  By  the  action  of  ZnEt2 
followed  by  water  upon  S02  (Wischin,  A.  139, 
364). — 2.  From  ethane-sulphonic  chloride  and 
zinc-dust  (Pauly,  B.  10,  941).-  3.  By  the  oxida- 
tion of  sodium  mercaptide  NaSEt. — 4.  From 
PbEt4  and  S02  (Frankland  a.  Lawrance,  C.  J. 
35,  246). 

Properties. — Syrup.  Gives  ethane-sulphonic 
acid  when  oxidised  by  HN03  (Claesson,  J.  pr. 
[2]  15,  222)  and  a  compound  C6H15NS307  [81°] 
(Zuckschwerdt,  A.  174,  308). 

Salts. — NaA':  crystals  (from  alcohol). — 
BaA'2  aq.— ZnA'2  aq.— PbA'2.  From  PbEt4  and 
S02  (Frankland  a.  Laurance,  B.  12,  846).— AgA' : 
laminae,  m.  sol.  water. 

Ethane  di-sulphinic  acid  C.,H.S,0.  i.e. 
C2H4(S02H), 

Ethylene-disulphinic  acid.  From  ethane 
disulphonic  chloride  C2H4(S02C1)2,  zinc-dust  and 
water  (Otto,  J.  pr.  [2]  36,  439).  The  free  acid 
is  unstable. 

Salts. — Na2A"4aq:  small  laminae  from 
alcohol),  v.  e.  sol.  water,  si.  sol.  alcohol. — ZnA'2 : 
small  plates,  si.  sol.  cold,  v.  sol.  hot  water. 

Di-methyl  ether  Me2A".  [190°].  Di- 
methyl ethylene  disulphone.  From  the  sodium 
salt  and  MeBr.  Plates,  insol.  cold,  sol.  hot 
water  and  alcohol. 

Di-ethyl  ether  Et.2A".  [137°].  Ethylene 
diethyl  sulphone.  From  Na.,A"  and  EtBr  (Otto, 
/.  pr.  [2]  36,  436).  Needles.  SI.  sol.  ether, 
benzene,  chloroform  and  CS2,  v.  sol.  hot  alcohol. 
Converted  by  PC15  into  C2H4(S02C1)2  [91°].  Ee- 
duced  in  alkaline  solution  to  ethane  sulphinic 
acid.  Aqueous  KOH  forms  C2H4(OH)(S02Et) 
and  ethane-sulphonic  acid.  Ammonia  forms  a 
substance  [83°]. 

Di-propyl  ether  Pr-^A".  [155°].  From 
Na2A"  and  BrPr  (Otto).  Iridescent  plates. 

CH2.S02.CH2 

Ethylene  ether  C2H4A"  i.e.  |  |      . 

CH2.S02.CH2 

From  Na2A"  and  ethylene  bromide  (Otto,  J.  pr. 
[2]  36,  446).  Prisms,  insol.  ordinary  solvents, 
m.  sol.  hot  cone.  HN03. 

ETHANE  SULPHONIC  ACID  C2H-S03H. 
Ethyl  sulphonic  acid. 

Formation. — 1.  By  the  oxidation  of  mer- 
captan,  of  ethyl  sulphocyanide,  or  of  di-ethyl 
disulphide  (Lowig  a.  Weidmann,  P.  47,  153  ;  49, 
329  ;  Kopp,  A.  35,  346  ;  Muspratt,  C.  J.  3,  18). 
2.  From  KjSO,  and  EtI  (Strecker,  A.  148,  90 ; 
Graebe,  A.  146,  37). 

Properties. — Deliquescent  mass.  Not  acted 
on  by  01,  but  converted  by  IC13  into  C,H3C1.,S03H 
and  C2C16  (Spring  a.  Winssinger,  B.  15,  445). 

Salts.— NaA' zaq.—NaA'INal  (Bender,  A. 
148,  90).  —  KA'  aq.  —  CaA'2xaq.  —  BaA'2  aq.  — 
ZnA'27aq.— CuA'25aq.— HgA'2HgO  (Claesson,  A. 
148,  90).— PbA'2aq.— AgA'. 

Methyl  etherMeA.'.  (c.!99°).  From  ethane- 
sulphonic  chloride  and  NaOMe  (Carius,  J.  pr. 
[2]  2,  262). 

Ethyl  ether  EtA'.  Mol.  w.  138.  (213° 
cor.).  S.G.  gl'1712;  2S°  1-1452.  E^  29-79.  From 
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(XH-.SO,C1  and  NaOEt  (C.) ;  or  from  EtI  and 
Ag.,S03  (Kurbatoff,  A.  173,  7;  Nasini,  B.  15, 
2884  ;  G.  13,  304). 

Chloride  C.,H,SO.,C1.  (178°  cor.).  S.G. 
^l5 1-357.  From  the  sodium  salt  and  PC15 
(Gerhardt  a.  Chancel,  C.  E.  35,  691).  Also  from 
di-ethyl  sulphoxide  and  chlorine  in  presence  of 
water  (S.  a.  W.).  PC15  decomposes  it  into  EtCl 
and  SOCL. 

A  mide  C2H5SO.,NH2.  [58°].  Silky  needles  or 
long  prisms  (from  ether).  Sol.  water,  alcohol 
and  ether  (James,  C.  J.  43,  43). 

Methylamide  C2H5.SO,NHMe.  (276°). 
S.G.  i£  1-216.  From  the  chlo'ride  and  methyl- 
amine,  both  being  dissolved  in  cold  ether  (Fran- 
chimont  a.  Klobbie,  R.  T.  C.  5,  274).  Liquid, 
miscible  with  water.  When  poured  into  5  pts. 
of  fuming  HN03  (S.G.  1-5)  it  forms  a  nitramide 
C,H5.S02.N(N02)Me  [11°],  a  liquid  which  defla- 
grates at  100°  and  is  si.  sol.  cold  water.  The 
nitramide  is  volatile  with  steam. 

Di-methyl-amide  C2H5S02NMe2.  (240°). 
g.Q.  i§  1-146.  Liquid,  miscible  with  water. 
When  poured  into  5  vols.  of  HNOa  (S.G.  1-5)  it 
gives  di-rnethyl-nitramine  NMe.,N02. 

Ethyl-amide  Gja.ySO...'8KEt.  (272°).  S.G. 
i^  1-154.  Liquid,  miscible  with  water,  sol. 
ether.  HNO3  (S.G.  1-5)  gives  the  nitramide 
C,H5.SO,.NEt.N02  [20°],  a  crystalline  substance 
si.  sol.  cold  water,  volatile  with  steam. 

Di-ethyl-amide  C2H5.S02.NEt2.  (254°). 
S.G.  is  1-080.  Liquid,  with  characteristic  odour, 
sol.  ether,  sol.  water,  but  not  miscible  therewith. 
Fuming  HN03  (S.G.  1-5)  gives  C2H5.S02.NEt.N02 
(F.  a.  K). 

s-Ethane-disulphonic  acid 
S03H.CH2.CH2.S03H.       Ethylene    disulphonic 
acid.     [94°]  (when  anhydrous). 

Formation. — 1.  Together  with  sulpho-pro- 
pionic  acid  and  C02,  by  heating  propionamide  or 
propionitrile  with  fuming  H2S04  (Buckton  a. 
Hofmann,  C.  J.  9,  250;  A.  100,  129).— 2.  By 
the  action  of  fuming  nitric  acid  upon  ethylene 
thiocarbonate  C.JJ4CS3  (Husemann,  A.  126^  269) 
or  upon  C.,H4(SH)2. — 3.  From  mtro-ethane  and 
fuming  H~S04  (Meyer  a.  Wurster,  B.  11,  1168). 

Properties. — Deliquescent  mass  of  radiating 
crystals  (containing  aq).  Potash-fusion  gives 
acetylene  (Berthelot,  Z.  1869,  682). 

Salts. — (NH4)2A':  long  monoclinic  prisms. 
— KjA"  :  thick,  four-sided,  monoclinic  prisms.  S. 
38  at  17°.— KHA"  l|aq  :  hard  crystalline  crusts. 
— Na,A"  2aq.  S.  -023  at  21°  (Guareschi,  G.  9, 
88). — Ag2A"  :  thin  monoclinic  tables.  — 
Ag3HA"2 12aq.— BaA"aq  :  stellate  groups  of  six- 
sided  tablets  (B.  a.  H.).— BaA":  monoclinic 
prisms;  ppd.  by  alcohol,  or  from  water.  S.  2-85 
at  17°  (G.). — BaA'  2aq  :  trimetric  octahedra 
(Husemann). —  CaA".  —  CuA"  4aq  :  monoclinic 
light-blue  prisms. — PbA"  l^aq :  easily  soluble 
crystals.  —  PbA''  2aq.  —  MgA"  6aq.  —  HgA''  6aq : 
long  thin  monoclinic  prisms. — Hg.2A"aq  :  white 
crusts,  which  separate  on  warming  into  an  acid 
and  a  basic  salt. — ZnA"  6aq  :  nacreous  mono- 
clinic  tables. 

Chloride  C2H4(S02C1)2.  [91°].  Needles 
(from  ether).  Boiling  alcohol  decomposes  it, 
giving  off  S02  and  EtCl  (Konigs,  B.  7,  1163). 

^-Ethane  disulphonic  acid  CH3.CH(S03H),. 
Ethylidene  disulphonic  acid.  Obtained  by  oxi- 
dising thio-aldehyde  (C2H4S)8  or  thialdine  by 


KMn04  (Guareschi,  G.  9,  75;  A.  222,  302). 
Syrup,  v.  sol.  water  and  alcohol. 

Salts. — Na2A"aq:  tables,  nearly  insol.  al- 
cohol.—-K2 A"  2aq:  prisms  (from  water). — K.A": 
needles,  ppd.  by  adding  alcohol  to  its  aqueous 
solution.  S.  64  at  17°.— MgA"  5aq.— CaA".— 
BaA"  3aq :  tables  (from  water).  S.  (of  BaA") 
11  at  17°.  —  BaA"3|aq:  ppd.  by  alcohol. - 
CaA"  2aq.  —  CuA"  aq.  —  Ag,A"  aq  :  slender 
needles. 

Ethyl  ether  Et,A".  From  AgA"  and  EtI 
(Mauzelius,  B.  21,  1551).  Keddisli  oil,  insol. 
alkalis,  v.  sol.  alcohol  and  ether.  With  NaOEt 
it  gives  CH3.CNa(S03Et)2,  whence  EtI  gives 
butane  disulphonic  ether. 

Ethane-tri-sulphonic  acid 

CH,(S03H).CH(S03H)2.  '  Etlienyl-tri-sulphonic 
acid.''  Formed  by  boiling  tri-chloro-ethane 
(chloro-ethylene  dichloride)  with  a  saturated 
aqueous  solution  of  neutral  ammonium  sulphite 
(Monari,  B.  18,  1346).  Large  hexagonal  tables. 
V.  sol.  water  and  alcohol.  Strongly  acid. 

Salts. — A'"Na.,4aq  :  large  six-sided  tables. — 
A'"(NH4)3:  large  prisms.— A' '2Ba3  5 |aq:  octa- 
hedral crystals,  somewhat  sol.  water. 

ETHANE-THIO-SULPHONIC  ACID 
C.2H3.S02.SH.    Prepared  by  the  action  of  K,S  on 
ethane-sulphonic  chloride  (Spring,  B.  7,  1162). 

Ethyl  ether  C,H5.S02.SC2H5.  Ethyl-di- 
sulplwxide.  (130°-14"0°).  S.G.  1-24.  Prepared 
by  the  action  of  C2H5Br  on  the  potassium  salt 
(Otto,  B.  15,  122 ;  11,  2073).  Formed  also  by 
heating  mercaptan  or  Et.,S2  with  nitric  acid 
(S.G.  1-23)  (Lowig  a.  Weidmann,  A.  35,  343 ; 
Lukaschewitch,  Z.  1868,  641).  Oil,  smelling  of 
onions ;  volatile  with  steam ;  v.  sol.  alcohol  and 
ether,  insol.  ligrom.  Further  oxidation  by 
HN03  converts  it  into  ethane-sulphonic  acid. 
Zinc  and  dilute  H2S04  reduce  it  to  mercaptan. 
Aqueous  potash  forms  Et2S2,  ethane  sulphonic 
acid,  and  ethane  sulphinic  acid  (Pauly  a.  Otto, 
B.  11,  2073). 

ETHENYL.  The  trivalent  radicle  CH3.C: 
Vinyl  is  the  name  given  to  the  isomeric  mono- 
valent  radicle  CH2:CH. 

ETHENYL-AMIDINE  v.  ACETAMIDINE. 

ETHENYL-AMIDO-BENZAMIDE     v.    OXY- 

METHYL-QUINAZOLINE. 

ETHENYL  TRI-AMIDO-BENZENE 

C6H3(NH2)(N,HC2H3).  The  hydrochloride  of 
this  base  B'H2C12  l£aq,  formed  by  the  action  of 
HC1  on  its  acetyl  derivative,  crystallises  in  easily 
soluble  lustrous  crystals. 

Acetyl  derivative 

C,iH3(NHAc)(N2HC2H3)  2aq.  [85°-90°]  (above 
360°).  From  tri-amido-benzene  and  Ac20  (Sal- 
kowski  a.  Kudolph,  B.  10,  1692).  Geodes  of 
prisms  (from  water) ;  v.  si.  sol.  cold  water. 

Ethenyl-tetra-amido-benzene     C8H10N4     i.e. 

C6H2(NH2)2<;1JH^>CMe  [1:2:3:4].     Formed  by 

reduction  of  nitro-ethenyl-tri-amido-benzene. 
The  free  base  is  at  once  oxidised  by  the  air  to 
brown  bodies.  With  quinones  it  forms  quinox- 
alines. — B"HoCl2:  colourless  plates.  The 
picrate  forms  sparingly  soluble  yellow  needles 
(Nietzki  a.  Hagenbach,  B.  20,  333). 

Di-ethenyl-tetra-amido-benzene  C10H,0N4  i.e. 

C6H2(<™>CMe)2  [1:2:3:4].  [210°].  Long 
colourless  needles  (containing  aq).  V.  sol.  alco- 
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hoi  and  hot  water,  si.  sol.  cold  water,  nearly  insol. 
ether.  Formed  by  reduction  of  di-nitro-di-acetyl- 
jo-phenylene-diamine  with  tin  and  HC1.  It  is  a 
very  stable  body  and  cannot  be  saponified. 

Halts.  —  B"H2CL,aq:  colourless  soluble  crys- 
tals.— B"H,Cl2PtCl4~2aq  :  long  yellow  needles.— 
B"H.,S04aq:  colourless  needles.  —  Picrate 
B"CdH2(N02),OH  :  yellow  needles  (Nietzki  a. 
Hagenbach,  B.  20,  329). 

Di-ethenyl-tetra-amido-benzene  C10H,0N4  i.e. 

CJI^^^CMe).,    [1:2:4:5].       (above    360°). 

Colourless  needles.  Formed  by  reduction  of  di- 
acetyl-di-nitro-m-phenylene-diamine. 

Salts.—  B"H2S04  :  colourless  needles.— 
B"H.,Cl2PtCl4Aq  :  yellow  needles  (Nietzki  a. 
Hagenbach,  B.  20,  336). 

ETHENYL-DI-AMIDO-BENZOIC  ACID 

CaH,(CO,H)<^H^>C.CH3    [1:3:4].     Ethcnyl-o- 

plienylene-diaminc  carboxylic  acid.  [c.  302°]. 
Formed  by  reduction  of  w-nitro-p-acetamido- 
benzoic  acid  [221°],  or  of  ^>-nitro-?ri-acetamido- 
benzoic  acid  [206°],  with  tin  and  acetic  acid 
(Kaiser,  B.  18,  2944).  White  needles  (contain- 
ing aq).  V.  sol.  hot  acetic  acid,  less  sol.  hot 
alcohol,  nearly  insol.  ether,  acetone,  benzene, 
and  chloroform. 

Salts.  —  A'K  :  very  soluble  microscopic 
needles.  —  A'H,HC1  £aq  :  easily  soluble  fine  white 
needles.  —  (A'H.HCl)  ,PtCl4  2aq  :  thick  yellow 
needles,  sol.  hot,  si.  sol.  cold,  water. 

ETHENYL-AMIDO-p-CRESOL 

[l  Q  C6H3(CH3)<°>C.CH2.        (219°     uncor.). 

Formed  by  boiling  the  hydrochloride  of  amido- 
£>-cresol  with  acetic  anhydride  and  sodium 
acetate  (Nolting  a.  Kohn,  B.  17,  361).  Liquid. 
Sol.  alcohol,  ether,  and  aqueous  acids,  v.  si.  sol. 
water. 

Salts  .—  B'HCl  x  :  very  soluble  white  crystal- 
line powder.  —  B'2H2Cl2PtCl4  :  yellow  powder,  sol. 
water  and  alcohol. 

ETHENYL  -  TKI  -  AMIDO  -  ^  -  CUMENE  v. 
AMIDO-^-CUMYLENE-ACETAMIDINE. 

ETHE  N  YL-TKI-AMIDO-N  APHTHALENE 

C12HHN3  i.e.  NH2.C10H5<NH>C'CH3-  From 
the  acetyl  derivative  of  di-nitro-(a)-naphthyl- 
amine  by  reduction  with  tin  and  HC1  (Meldola  a. 
Streatfeild,  C.  J.  51,  692).  The  free  base  is  ex- 
tremely soluble  in  water,  and  is  rapidly  oxidised 
by  exposure  of  its  solution  to  the  air.  Aqueous 
solutions  of  its  salts  are  oxidised  by  air. 

Salts.—  B"H2S04  £aq.—  B"H2C12  l^aq  :  stel- 
late aggregates  of  thick  stumpy  needles.— 
B"H.,CL,  -J-aq  :  long  white  needles.— 
B"H.;ZnCl4  aq. 

ETHENYL-  (a)  -AMIDO-(j8)-NAPHTHOL 


by  heating  acetyl- 

(a)-amido-08)-naphthol  C10H6(NHAc)OH.— 
B'2H2Cl2PtCl4  2aq  :    yellow    crystalline    powder 
(Bottcher,  B.  16,  1939  ;  C.  C.  1884,  898). 

ETHENYL  -  (a)  -  AMIDO  -  NAPHTH  YL  -  MER- 

CAPTAN CJOHti<^>C.CH3.   [95°]  (J.).  Formed, 

together  with  dicarbyl-amido-naphthyl  mercap- 
tan,  by  heating  acetyl-  (a)  -naphthylamine  with 
sulphur  (Hofmann,  B.  20,  1800).  Obtained  by 
oxidation  of  the  thioacetyl  derivative  of  (a)- 


naphthylamine  C10H;.N:C(SH).CH,  with  potas- 
sium ferricyanide  ;  the  yield  is  50  p.c.  of  theo- 
retical (Jacobsen,  B.  20,  1898).  Colourless  pris- 
matic crystals  (from  alcohol)  (J.).  Insol.  water  ; 
volatile  with  steam  (H.).  Gives  phthalic  acid 
when  oxidised  by  KMn04  (Jacobsen,  B.  21, 
2G24). 

iTHENYL-AMIDO-PHENOL       v.      AMIDO- 

PHENOL,  Vol.  i.  p.  170. 

ETHENYL-  AMIDO-PHENYL   MERCAPTAN 


C8H7NS  i.e.  C6H4 


.     (239°). 


.  Formation.—  1.  By  heating  o-amido-phenyl 
mercaptan  with  aldehyde,  acetic  anhydride,  ace- 
tonitrile,  or  acetyl  chloride  (Hofmann,  B.  13,  21, 
1286).—  2.  By  oxidation  of  a  cold  dilute  solution 
of  thio-acetanilide  in  an  excess  of  aqueous  NaOH 
by  means  of  K3FeCy6  ;  the  yield  is  33  p.c.  (Jacob- 
sen,  B.  19,  1072). 

Properties.—  Colourless  oil. 

When  an  alkylo-iodide  of  this  base  is  mixed 
with  an  alkylo-iodide  of  methenyl-o-amido-phenyl 
mercaptan,  and  the  aqueous  solution  boiled  with 
I  NH3t  colouring-matters  are  obtained  analogous  to 
the  cyamines  (v.  METHENYL-O-AMIDO-PHENYL-MER- 
CAPTAN).  In  this  and  other  respects  the  base 
shows  considerable  analogy  with  methyl-quinol- 
ine  (Hofmann,  B.  20,  2262).  Phthalic  anhydride 
and  ZnCl2  at  190°  give  rise  to  the  compound 

CeH4<^C.CH:(C202):C6H4  [above  320°]  (Jacob- 

sen,  B.  21,  2624). 

Salt.—  B'.,H2PtCl6  :  needles  or  prisms. 
ETHENYL-TRI-AMIDO-TOLUENE 

C6H2(CH3)(NH2)<N1f>C.CH3      [1:5:3:4].       [c. 

100°]. 

Preparation.  —  Di-nitro-acetyl-p-toluidine  (1 
pt.)  is  reduced  with  tin  (5  pts.)  and  cone.  HC1 
(10  pts.)  and  boiled  for  five  or  six  hours  ;  on  con- 
centration of  the  solution  the  hydrochloride 
crystallises  out. 

Properties.  —  Transparent  monoclinic  crystals 
(containing  aq),  a:6:c  =  l'5813:l:0'8216.  V.  sol. 
hot  water  and  alcohol,  si.  sol.  ether  and  benzene, 
nearly  insol.  cold  water. 

Acetyl  derivative 

CeH,Me(NHAc).N2HC,H3  :  [166°];  white  con- 
centric needles.  Formed  by  the  action  of  acetic 
anhydride  upon  ethenyl-tri-amido-toluene,  or 
I  upon  ^-acetyl-tri-amido-toluene.  By  boiling 
with  cone.  HC1  it  is  converted  into  ethenyl-tri- 
amido-toluene  (Niementowski,  B.  19,  719). 

ETHENYL-  AMIDO-TOLYL       MERCAPTAN 

C6H3(CH3)<^>C.CH3.     Prepared    by   heating 

p-amido-w-tolyl  mercaptan  with  acetic  anhy- 
dride.— (B'HCl)2PtCl4  (Hess,  B.  14,  493). 
ETHENYL-AMIDOXIM  C,H6N2O  i.e. 
CH3.C(NH2):NOH.  Acetamidoxim.  [135°].  Long, 
pointed  crystals.  V.  sol.  water  and  alcohol.  Fe2Cla 
gives  a  deep-red  colour.  On  warming  with  water 
it  decomposes  into  hydroxylamine  and  acetamide. 
The  hydrochloride  (B'HCl)  is  prepared  by  the  ac- 
tion of  hydroxylamine  on  acetonitrile  in  aqueous 
alcoholic  solution  at  30°-40°.  It  crystallises  in 
white  glistening  scales  [140°J  ;  v.  sol.  water  and 
alcohol,  insol.  ether,  benzene,  and  ligroi'n. 
With  NaN02  it  yields  acetamide  and  N2O. 
With  CuS04  and  NH3  it  gives  a  bluish-green 
pp.  of  the  formula  C2H5N2OCu(OH). 
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Benzyl  ether  CH3.C(NH,):N(OCH2Ph): 
yellow  oily  liquid;  v.  sol.  alcohol,  ether  and 
benzene,  nearly  insol.  water.  Its  hydrochloride 
(B'HCl)  forms  silky  white  scales  [163°],  v.  sol. 
water  and  alcohol  (Nordmann,  B.  17,  2746). 

ETHENYL  -  AMIDO  -XYLYL  -  MERC  APT  AN 

C6H,Me2<g^>CMe.   Oil.  From  thio-acetyl-xyli- 

dine  and  alkaline  K3FeCy6  (Gudeman,  B.  21, 
2549). 

ETHENYL-AZOXIM  v.  Azoxma. 

ETHENYL-  BROMO  -  (aj8)  -  NAPHTHYLENE- 

DIAMINE     v.     BROMO-ETHENYL-NAPHTHYLENE- 

DIAMINE. 

TRI-ETHENYL-BUTYRIC  ACID  v.  DECONOIC 

ACID. 

ETHENYL     TRICARBOXYLIC      ACID     v. 

ETHANE  TRICARBOXYLIC  ACID. 

ETHENYL  -  TRI  -  METHYLENE  -  DIAMINE 


C5H10N2  i.e. 


Obtained  as 


hydrochloride  on  treating  tri-methylene-diamine 
hydrate  with  Ac2O,  distilling  off  HO  Ac  and 
warming  in  an  atmosphere  of  HC1  (Hofmann,  B. 
21,  2336).  The  base  is  a  brown  oil. 

Salts.  —  B'.jH.jPtClg  :  large  rhombic  crystals, 
v.  sol.  water.  —  B'HCl.AuCl3  :  needles. 

ETHENYL  -  (1:2)  -  NAPHTHYLENE  -  DI  - 

AMINE    C10H6<N^>C.CH3.       Naphthylene- 

acetamidine.  Formed  by  reduction  of  the 
acetyl  derivative  of  (l:2)-nitro-(a)-naphthyl- 
amine  with  tin  and  HC1  (Lellmann  a.  Eemy,  B. 
19,  799).  Formed  also  by  reducing  bromo- 
ethenyl-naphthylene-diamine  [229°]  in  alcoholic 
solution  by  sodium  amalgam  (Prager,  B.  18, 
2161),  and  by  reducing  acetyl-nitro-(/8)-naph- 
thylamine  with  SnCl2  (Jacobsen,  .B.  14,  1794). 

Salts.  —  B'HCl  :  small  soluble  colourless 
needles.—  B'2H2CL,PtCl4:  yellow  crystalline  pp.— 
B'H2S04:[269°];whitepowder.—  B'C6H2(N02)3OH: 
[242°]  ;  small  yellow  needles  or  plates. 

ETHENYL-TRI-PHENOL     v.     TRI-OXY-TRI- 

PHENYL-ETHANE. 

ETHENYL-DI-PHENYL-AMIDINE    v.    Di- 

PHENYL-ACETAMrDINE. 

ETHENYL-PHENYL-AMIDOXIM 

CH3.C(NHPh):NOH.  Ethenyl-anilidoxim.  [121°]. 
Formed  by  heating  ethenyl-amidoxim  with  aniline 
(Nordmann,  B.  17,  2752).  Large  yellow  glisten- 
ing  plates.  Sol.  alcohol,  ether,  benzene,  and 
hot  water,  nearly  insol.  cold  water.  Fe2Cl6 
colours  it  deep-violet  to  olive-green. 

ETHENYL-DI-PHENYL-DIAMINE     v.    Di- 

PHENYL-ACETAMIDINE. 

ETHENYL-PHENYLENE  DIAMINE 
C8H8N2  i.e.  C6H4<™>C.CH3.      [170°]     (H.)  ; 

[175°]  (L.).  Formed  by  reducing  acetyl-o-nitro- 
aniline  or  its  bromo-  derivative  with  zinc  and 
glacial  acetic  acid  (Hiibner,  A.  209,  352  ;  B.  8, 
471).  Formed  also  by  boiling  o-phenylene-diamine 
with  glacial  acetic  acid  (Ladenburg,  B.  8,  677), 
Needles  or  leaflets.  —  The  hydrochloride, 
sulphate  and  nitrate  form  colourless  needles. 
—  B"HC1,  B"H2S04,  B"2H2S04  and  B"HN03.— 
B"2H2PtCl6zaq. 

Ethenyl-phenylene-diamine  carboxylic  acid 
V-  ETHENYL-DI-AMIDO-BENZOIO  ACID. 


ETHENYL-PROPYLENE  DIAMINE 

N  v 

^TT^>CMe.      From    di-acetyl-propylene- 

diamine  by  heating  a  current  of  dry  HC1  (Hof- 
mann,  B.  21,  2332).  —  B'^PtClg :  trimetric 
crystals,  extremely  sol.  water. — B'HAuCl4:  small 
needles. 

ETHENYL-TRI-SULPHONIC  ACID  v. 
ETHANE-TRI-STJLPHONIC  ACID. 

ETHENYL-TOLYLENE-o-DIAMINE 

C6H3Me<^C>C.CH3.     [199°].      Formed  with 

elimination  of  AcOEt  and  H20,  by  heating 
tolylene-o-diamine  with  aceto-acetic  ether 
(Ladenburg  a.  Eugheimer,  B.  12,  951 ;  Witt,  B. 
19,  2977).  It  gives  a  nitro-  derivative  [202°]. 

ETHER  C4H100  i.e.  Et20.  Di-ethyl  oxide. 
Ethyl  ether.  Sulphuric  ether.  [-117°]  (Ols- 
zewsky,  M.  5,  128).  Mol.  w.  74.  (34-6°)  (Schiff, 
A.  220,  332).  S.G.  f -7157  (Briihl) ;  if  -7201; 
P  -7099  (Perkin,  C.  J.  45, 474).  S.  8-3  at  17-5°. 
S.V.  106-4  (Eamsay);  106-24  (S.) ;  106-1  (P.). 
C.E.  (0°-10°)  -00152  (Dobriner,  A.  243,  20).  M.M. 
4-777  at  20°  (P.).  ^  1-3572  (B. ;  cf.  Oude- 
mans  jun.  E.  T.  C.  4,  269).  E^  35-53  (B.). 
H.F.p.  70,040  (Th.) ;  53,000  (Berthelot).  H.F.v. 
67,430  (Th.). 

Critical  temperature  194°  (Eamsay  a.  Young, 
Pr.  40,  381 ;  P.  M.  [5]  24, 196). 

Effect  of  dissolved  substances  on  the  vapour 
pressure  of  ether:  Eaoult,  C.  E.  104,  976. 

Coefficient  of  Compressibility  -000183  at  21-5° 
(Isambert,  C.  E.  105, 375). 

Formation.—!.  From  alcohol  by  treatment 
with  H2S04  (Valerius  Cordius,  A.D.  1540; 
Frobenius;  Valentin  Eose,  Scher.  J.  4,  253; 
Saussure,  A.  Ch.  89,  273 ;  Dumas  a.  Boullay, 
!  A.  Ch.  [2]  36,  294).  Formed  also  from  alcohol 
by  treatment  with  phosphoric  acid  (Boullay, 
A.  Ch.  62, 192),  with  arsenic  acid  (Boullay,  A.  Ch. 
78,  284),  with  BF3  (Desfosses,  A.  Ch.  [2]  16, 
72),  with  ZnCl2  (Masson,  A.  31,  63)  or  with 
SnCl4  (Kuhlmann,  A.  33,  97,  192).— 2.  By  the 
action  of  ethyl  iodide  (bromide,  or  chloride)  on 
sodium  (or  potassium)  ethylate  (Williamson, 
C.  J.  4,  106).— 3.  From  EtI  and  dry  Ag.,0.— 4.  By 
heating  alcohol  with  EtBr  or  EtI  at  200° 
(Eeynoso,  A.  Ch.  [3]  48,  385).— 5.  By  heating 
EtBr  or  EtI  with  water  at  150°-200°  (E.).— 
6.  By  heating  alcohol  with  HC1,  HBr,  HI,  or 
chlorides  of  Mn,  Co,  Ni,  Cd,  Zn,  Sn,  Fe",  Hg", 
Ca,  Sr,  &c.  In  the  case  of  CaCl2  a  temperature 
of  300°  is  required  (Berthelot,  A.  83,  104). 
HgI2  and  SiF4  also  etherify  (E.).— 7.  Alcohol  is 
also  etherified  by  heating  with  the  sulphates  of 
Mg,  Zn,  Cd,  Fe",  Co,  Al,  and  with  alums 
(Eeynoso).— 8.  By  heating  EtI  with  Na20  at 
180°  (Greene,  C.  E.  86,  1141).— 9.  By  heating 
alcohol  with  Et2S04  (Erlenmeyer,  A.  142,  373). 

Preparation. — A  mixture  of  alcohol  of  90  p.c. 
(5  pts.)  and  cone.  H2S04  (9  pts.)  is  boiled,  and 
alcohol  (30  pts.)  is  allowed  to  run  in  continu- 
ously through  a  tube,  dipping  under  the  sur- 
face of  the  liquid  at  such  a  rate  that  the  liquid 
boils  constantly  at  140°  (Boullay,  /.  Ph.  1,  97). 
The  distillate  separates  into  two  layers,  the 
upper  consisting  of  ether  containing  alcohol  and 
water  in  solution,  the  lower  of  water  containing 
alcohol  and  ether  in  solution ;  but  towards  the 
latter  part  of  the  distillation,  when  the  sulphuric 
acid  has  become  weaker,  more  alcohol  passes 
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over  unchanged,  and  the  separation  of  the  ether 
no  longer  takes  place.  The  ether  is  freed  from 
sulphurous  and  acetic  acids  by  agitation  with 
milk  of  lime,  and  is  finally  rectified.  The  yield 
is  about  90  p.c.  of  the  theoretical.  The  amount 
of  olefiant  gas  formed  during  the  process  may 
be  very  greatly  diminished  by  keeping  the  mix- 
ture at  130°  instead  of  140°  (Soubeiran,  J.  Ph. 
[3]  16,  321).  Ether  may  be  freed  from  traces  of 
alcohol  and  water  by  fused  calcium  chloride  ;  or 
it  may  be  shaken  several  times  with  water,  and 
finally  dried  over  quicklime. 

Properties. — Colourless,  very  mobile  liquid, 
with  characteristic  odour  and  burning  taste. 
Very  inflammable,  burning  with  a  luminous 
flame;  its  vapour  forms  an  explosive  mixture 
with  air.  When  inhaled  it  produces  insensi- 
bility. 35  pts.  of  ether  dissolve  1  pt.  of  water. 
It  mixes  with  alcohol,  CS2,  chloroform,  acetone, 
and  many  essential  oils ;  in  the  latter  case 
presence  of  water  or  alcohol  is  indicated  by 
turbidity  (Blanchet,  A.  7,  157).  Wet  ether  gives 
turbidity  with  CS2.  It  dissolves  iodine  and 
bromine  and  small  quantities  of  sulphur  and 
phosphorus.  It  also  dissolves  AuCl3,  Fe.2Cl6, 
HgCl2,  Hg(N03)2,  fats,  resins,  and  many  other 
organic  bodies.  Strong  aqueous  HC1  dissolves 
ether  with  evolution  of  heat,  apparently  forming 
an  unstable  compound.  By  rapidly  evaporating 
wet  ether  Tanret  (0.  R.  86, 765)  obtained  a  cryo- 
hydrate  C4H100  2aq  [ -  3-5°]. 

Reactions. — 1.  The  vapour  of  ether  passed 
through  a  red-hot  tube  produces  C2H4,  water, 
CO,  and  aldehyde. — 2.  When  a  mixture  of  ether- 
vapour  and  air  comes  in  contact  with  platinum 
black,  heated  platinum-sponge,  or  other  bodies 
heated  not  quite  to  redness,  it  undergoes  slow 
and  imperfect  combustion,  emitting  a  pale  light, 
and  forming  aldehyde,  acetic,  and  formic  acids, 
C02,  water,  &c.  Oxidised  by  a  red-hot  platinum 
spiral  it  gives  formic  acid,  acetic  acid,  aldehyde, 
acetal,  formic  aldehyde  and  trimetric  prisms  of 
CnH3:j021  [51°],  These  prisms  are  soluble  in 
water,  alcohol,  ether,  or  chloroform,  and  are  de- 
composed by  alkalis  into  formic  aldehyde  and 
formic  acid.  The  compound  liberates  I  from  KI 
solution,  andreduces Pb02,  and  appears, therefore, 
to  be  a  derivative  of  H202  (Legler,  A.  217, 381).— 
3.  Dry  ozonised  oxygen  acts  violently,  forming 
acetic  acid,  oxalic  acid,  H.,02,  and  a  little  formic 
acid  (A.  W.  Wright,  Am.  8.  [3]  7,  184).  Accord- 
ing to  Berthelot  (Bl.  [2]  36,  72)  syrupy  Et202  is 
formed  in  this  reaction. — 4.  Sulphuric  acid  at 
120°  forms  ethyl-sulphuric  acid  EtHS04.  When 
ether  is  boiled  with  sulphuric  acid  the  tempera- 
ture rises  from  130°  to  180° ;  SO2  and  Et2S04 
pass  over  while  isethionic  acid,  ethionic  acid, 
&e.,  remain  in  the  retort. — 5.  The  product  of 
the  action  of  S03  separates  into  an  aqueous  and 
a  brown  ethereal  layer.  The  former  contains 
ethionic  acid,  which,  on  boiling,  changes  to 
isethionic  acid.  The  latter  consists  of  di-ethyl 
sulphate  (84  p.c.),  ethyl  ethionate  (12  p.c.),  and 
ethyl  methionate  CH.,(S03Et)2(4p.c.)  (B.Hiibner, 
A.  223,  207).  The  "reaction  may  perhaps  be 
represented  as  follows : — 
Et.20  +  S03  =  S02(OEt)2; 
SO.,(OEt)2  +  3SO3  = 

H"O.S0.2.O.C.,H4.S02.OH  +  S03H.CH:CH.S03H ; 
S02(OEt).,-f2S03 

"  =HO.SO.,.OEt  +  S03H.CH:CH.S03H ; 
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S03H.CH:CH.S03 

=  SO,H.CH2.CH2O.S03H ; 
S03H.CH2.CH2O.SO,H  +  2SO3 

=  CH,(SO,H)2  +  2S02  +  C02  +  H2O. 
6.  Hot  nitric  acid  forms  C02,  acetic  acid,  and 
oxalic  acid.  Cr03  also  oxidises  it  to  acetic 
acid.— 7.  HC1  gas  forms  ethyl  chloride.— 8.  Dry 
chlorine  forms  di-,  tetra-,  and  deca-,  chloro-di- 
ethyl  oxides,  aldehyde,  chloral,  EtCl,  &c.  In 
presence  of  water  acetic  acid  and  other  products 
of  oxidation  are  formed.  —  9.  A  solution  of 
bromine  in  ether  becomes  colourless  after  a  few 
days,  EtBr,  bromal,  and  other  products  being 
formed.  According  to  Schiitzenberger  (C.  R. 
75,  1511)  a  mixture  of  bromine  and  ether 
deposits  in  a  freezing  mixture  crystals  of 
(Et20)2Br6  [c.  22°].  Iodine  acts  but  slightly  on 
ether.  — 10.  Sodium  does  not  act  on  pure  ether. — 
11.  Heated  soda-lime  forms  Na2CO.,,  hydrogen, 
and  CH4. — 12.  Bed-hot  zinc-dust  forms  C2H4, 
water,  and  hydrogen  (Jahn,  M.  1,  675). 

Combinations. — Et,OSnCl4 :  volatile  plates, 
sol.  ether,  decomposed"  by  water  (Kuhlmann,  A. 
33, 106, 192 ;  Lewy,  J.pr. 36, 146).— SnBr4Et2O.— 
Et2OSbCl3:  [69°] ;  crystalline  hygroscopic  powder, 
sol.  alcohol  and  ether,  decomposed  by  water  and 
by  fusion  (Williams,  B.  9,  1135).— SbBr3Et2O.— 
SbBr32Et,0  (Nickles,  C.  R.  52,  396).— 
BiBr3Et26  2aq:  deliquescent  prisms.— Et2OAsBr3. 
— Et2OTiCl4.  [42°-46°].  (119°).  Decomposed  by 
water  (Bedson,  C.  J.  29,  309).— (Et20)3(TiCl4)2 
(B.).— (Et.20)2(PCl5)3.  White  plates,  formed  by 
dissolving  PC15  in  dry  ether.  Violently  decom- 
posed by  water,  giving  ethyl-phosphoric  acid,  but 
no  ether  (Liebermann  a.  Landshoff ,  B.  13,  690).— 
BeCL,2Et20  (Atterberg,  B.  9,  856).— HgBr23Et2O 
(Nickles,  C.  R.  52,  869).  —  Al2Br62Et20.  — 
TlCl3Et2OHCl  aq.— TlBr3UEt20  (Nickles,  C.  R. 
58,  537).— VdOCl3Et20.  [below  20°].  Lustrous 
green  crystals  (Bedson,  C.  J.  29,  309). 

Hydroiodide  (Et20)2HI.  An  oil  formed  by 
direct  combination  of  ether  and  HI  (Messinger 
a.  Engels,  B.  21,  327).  Insol.  ether.  Decom- 
posed by  KOH  into  ether  and  KI,  and  by  water 
into  ether,  HI,  and  EtI. 

Hydrobromide  (Et-jOJzHBr.  Oil.  Simi- 
lar to  the  hydroiodide. 

References. — AMIDO-,  BBOMO-,  and   CHLOBO-, 

DI-ETHYL   OXIDE. 

ETHERIFICATION.  The  formation  of  ethers. 
In  the  most  general  sense  etherification  means 
the  displacement  by  an  alkyl  of  hydrogen  at- 
tached to  oxygen  (or  to  a  halogen  in  the  case  of 
HC1,  HBr,  and  HI).  In  the  narrowest  sense  it 
is  applied  to  the  making  of  common  ether.  The 
reactions  underlying  the  continuous  manufac- 
ture of  ether  may  be  taken  as  typical  of  all  casee 
of  etherification.  Alcohol  was  at  one  time  re- 
garded as  the  hydrate  of  ether,  so  that  in  the 
manufacture  of  ether  the  sulphuric  acid  merely 
abstracted  a  molecule  of  water  from  each  mole- 
cule of  ether.  It  was  pointed  out  by  Mitscher- 
lich  that  ether  and  water  distil  over  in  equivalent 
proportions  (4  pts.  of  ether  to  1  pt.  of  water),  so 
that  the  sulphuric  acid  must  be  supposed  first 
to  take  the  water  from  the  alcohol  and  then  to 
give  it  up  again.  Mitscherlich  and  Berzelius 
therefore  said  that  the  sulphuric  acid  acted 
'  catalytically.'  Liebig  {A.  23,  39  ;  30, 129)  then 
pointed  out  that  on  mixing  alcohol  and  sulphuric 
acid  hydrogen  ethyl  sulphate  is  formed,  but 
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on  distilling  the  mixture  the  quantity  of 
hydrogen  ethyl  sulphate  constantly  diminishes 
as  the  ether  passes  over,  and  he  concluded 
that  the  hydrogen  ethyl  sulphate  must  take  part 
in  the  formation  of  ether.  He  assumed  the  first 
reaction  to  consist  in  the  formation  of  hydrogen 
ethyl  sulphate  from  alcohol  and  sulphuric  acid, 
and  that  at  120°-140°  that  body  was  split  up 
into  ether,  hydrogen  sulphate,  and  S03,  the  S03 
then  uniting  with  the  water  formed  in  the  first 
reaction.  When,  however,  hydrogen  ethyl  sul- 
phate is  heated  alone  it  gives  alcohol  and  not 
ether,  although,  when  heated  with  alcohol,  it 
does  give  ether.  Williamson  (G.  J.  4,  106, 
229;  A.  77,  37;  81,  73;  A.  Ch.  [3]  40,  98), 
while  adopting  the  first  of  Liebig's  equations, 
showed  that  the  second  reaction  consisted  in 
the  decomposition  of  hydrogen  ethyl  sulphate 
by  alcohol.  At  the  same  time,  Williamson 
doubled  the  formula  then  ascribed  to  ether  for 
several  reasons : 

(1)  To  bring  it  in  accordance  with  Avogadro's 
Law. 

(2)  The  difference  between  the  boiling-points 
of  alcohol  and  of  ether  (44°)  is  exactly  that 
usually  found  between  an  acid  and  its  ethyl 
salt. 

(3)  By  the  same  methods  used  in  preparing 
ordinary  ether  it  is  possible  to  prepare  mixed 
ethers,  such  as  methyl  ethyl  oxide  MeOEt,  and 
the  boiling-points  of  these  ethers  are  intermediate 
between  those  of  the  two  corresponding  simple 
ethers. 

(4)  There  are  other  reasons  for  doubling  the 
atomic  weight  of  oxygen. 

The  two  equations  proposed  by  Williamson, 
and  now  universally  adopted,  are 

(1)  EtOH  +  H2S04  =  EtHS04  +  H20 

(2)  EtHS04  +  EtOH :  =  Et20  +  H2SO4. 

That  ether  is  alcohol  in  which  an  atom  of  hy- 
drogen has  been  displaced  by  ethyl  would  appear 
probable  from  its  formation  according  to  the 
equations 

EtOH  +  K  =  EtOK  +  H 
EtOK  +  EtI  =  EtOEt  +  KI   (Williamson). 
The  etherification  of  an  acid  by  means  of  alcohol 
and  H2S04  probably  takes  place  for  the  most 
part  according  to  such  equations  as 

EtOH  +  H,S04  =  EtHS04  +  H,0 
EtHS04  +  HOAc  =  EtOAc  +  H2S04. 
Etherification  by  alcohol  and  HC1  being  repre- 
sented thus  : 

EtOH  +  HC1  =  EtCl  +  H20 
2EtCl  +  C4H604  =  Et2C4H4O4  +  2HC1. 

ETHERS.  Ethers  may  be  simple,  mixed,  or 
compound.  Simple  ethers  are  oxides  of  mono- 
valent  alkyls ;  the  oxides  of  divalent  radicles, 
such  as  ethylene,  are  not  usually  classed  as 
ethers.  A  mixed  oxide  of  two  monovalent 
alkyls,  such  as  MeOEt,  is  called  a  mixed  ether. 
A  compound  ether  (or  ester)  is  a  hydrogen  salt 
in  which  the  typical  hydrogen  has  been  dis- 
placed by  an  alkyl,  and  may  therefore  be  regarded 
as  an  alkyl  salt  of  an  acid. 

Properties  of  simple  and  mixed  ethers. 
The  simple  and  mixed  ethers  in  general  re- 
semble ordinary  ether  in  their  properties.  They 
are  insol.  water,  and  are  not  decomposed  by 
ammonia,  alkalis,  sodium,  dilute  acids,  P205,  or 
cold  PC15.  Cone.  H,S04  and  S03  decompose 
them  (v.  ETHER).  Nitric  acid  oxidises  them  to 


the  acids  corresponding  to  the  alkyls.  If  one 
of  the  alkyls  is  benzyl,  this  becomes  benzoic 
aldehyde  (Errera,  G.  17,  193).  HI  forms  an 
alcohol  and  an  alkyl  iodide  ;  if  one  of  the  alkyls 
is  methyl,  the  iodide  is  methyl  iodide  (Silva, 
C.  R.  81,  323).  Aluminium  and  iodine  produce 
alkyl  iodide,  and  aluminium  iodoalkylate  (Glad- 
stone a.  Tribe,  C.  J.  30,  357).  Chlorine  pro- 
duces products  of  substitution. 

Formation  of  compound  ethers.  When  an 
alcohol  is  heated  with  an  equivalent  quantity  of 
an  acid,  a  reaction  such  as : 

EtOH  +  HOAc  =  EtOAc  +  H20 
occurs ;  but  as  soon  as  the  products  of  the  re- 
action are  formed  they  begin  to  react  in  an 
inverse  sense : 

EtOAc  +  H20  =  EtOH  +  HOAc. 
Thus,  these  two  reactions  occurring  simultane- 
ously an  equilibrium  is  ultimately  set  up  (Ber- 
thelot  a.  Pean  de  Saint-Gilles,  C.  R.  53,  474  ;  55, 
39,  210,  324 ;  85,  883  ;  A.  Ch.  [3]  68,  225). 
When  molecular  mixtures  of  glacial  acetic  acid 
and  alcohols  are  heated  to  154°  the  percentage 
of  acid  etherified  at  the  end  of  the  first  hour  is 
called  by  Menschutkin  the  initial  velocity  of 
etherification,  while  the  percentage  etherified  at 
the  end  of  120  hours  is  called  the  final  limit  of 
etherification. 

The  initial  velocity  is  55'6  for  methyl  alcohol, 
46'7  for  ethyl,  propyl,  and  w-butyl  alcohols,  44-9 
for  isobutyl  alcohol,  36-1  for  allyl  alcohol,  38-0 
for  benzyl  alcohol,  26'5  for  isopropyl  alcohol, 
22-6  for  sec-butyl  alcohol,  10-6  for  di-allyl  car- 
binol,  1'4  for  tert-butyl  alcohol,  and  1-5  for 
phenol;  It  will  be  seen  that  the  initial  velocity 
is  greatest  for  primary  and  least  for  tertiary 
alcohols,  while  unsaturated  alcohols  etherify 
more  slowly  than  saturated  alcohols. 

The  final  limit  is  69'6  for  methyl  alcohol, 
about  66-8  for  ethyl,  propyl,  butyl,  and  isobutyl 
alcohols,  about  60  for  allyl,  benzyl,  and  sec- 
butyl  alcohols,  10  for  di-allyl  carbinol,  and  8-6 
for  phenol.  The  limit  therefore  follows  in  the 
main  the  same  variation  as  the  initial  velocity, 
although  in  the  case  of  primary  and  secondary 
alcohols  the  changes  are  less  marked. 

When  the  rate  of  etherification  of  various 

acids  by  the  same  alcohol  (isobutyl  alcohol  was 

used)  is  examined  it  is  found  that  the  limit  is 

fairly  constant  at  67  to  74,  while  the  initial 

velocity  varies  from  44-4  for  acetic  acid  to  3*5 

for  di-methyl-ethyl-acetic  acid.     Here  also  the 

normal   compounds   show  greatest  rapidity  of 

etherification.      Formic    acid  shows  a  greater 

initial  velocity  (61*7)  and  a  lower  limit  (64)  than 

any  other  organic  acid  (Menschutkin,  Bl.  [2]  34, 

87).     In  the  etherification  of  alcohols  by  Ac.,0 

j  the  greatest  velocity  is  shown  by  methyl  alcohol, 

j  but  in  most  cases  the  reaction  is  ultimately  com- 

I  plete  (Menschutkin,  C.  R.  105,  1016 ;  v.  vol.  i. 

p.  737). 

Preparation  of  compound  ethers. — 1.  Vola- 
tile ethers  are  prepared  by  distilling  a  mixture 
of  the  alcohol,  the  acid  (or  a  salt  of  the  acid), 
and  H2S04. — 2.  Non-volatile  ethers  are  prepared 
by  passing  HC1  into  a  solution  of  the  acid  in 
|  alcohol. — 3.  The  ethers  may  be  prepared  by 
treating  the  silver  salt  of  the  acid  with  ethyl 
iodide,  and  this  reaction  may  be  resorted  to  when 
neither  of  the  preceding  is  available. — 4.  By  dis- 
tilling the  potassium  salt  of  an  acid  with  potas- 
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slum  alkyl  sulphate. — 5.  By  treating  the  alcohol 
with  the  chloride  or  anhydride  of  the  acid. — 6.  By 
the  action  of  HC1  or  H2S04  on  a  solution  of  the 
nitrile  in  an  alcohol  (Beckurts  a.  Otto,  C.  C. 
1877,  5).— 7.  According  to  Veiel  (A.  148,  160) 
compound  ethers  are  formed  by  the  oxidation 
of  fatty  acids  by  Mn02  and  dilute  sulphuric  acid. 
Thus,  butyric  acid  is  said  to  give  propyl  buty- 
rate. 

Properties  of  compound  ethers. — The  com- 
pound ethers  are  almost  all  insol.  water,  but  are 
partially  saponified  by  heating  therewith  ;  they 
are  saponified  by  heating  with  alkalis  or  alkaline 
earths,  and  by  HC1  or  dilute  H2S04.  Ammonia 
splits  up  compound  ethers  derived  from  organic 
acids  into  the  amide  and  an  alcohol.  When  a 
compound  ether  is  heated  with  an  alcohol  an  in- 
terchange of  alkyls  may  take  place  ;  thus,  ethyl 
acetate  and  amyl  alcohol  yield  amyl  acetate, 
ethyl  amyl  oxide,  and  water  (Friedel  a.  Crafts, 
A.  130,  198;  131,  55).  Compound  ethers  are 
split  up  by  heating  with  dry  HBr  at  100°,  form- 
ing alkyl  bromide  and  free  acid  (Gal,  C.  R.  59, 
1049).  Aluminium  and  iodine  react  upon  com- 
pound ethers  of  the  fatty  series,  forming  an  alkyl 
iodide  and  aluminium  salt  (Gladstone  a.  Tribe, 
C.  J.  30,  357).  Compound  ethers  unite  with 
titanium  chloride,  forming  such  compounds  as 
EtOAc(TiCl4)2,  EtOAcTiCl4,  and  (EtOAc)2TiCl4 
(Demarcay,  BL  [2]  20,  127 ;  C.  E.  76,  1414). 

Acid  ethers.  When  in  polyhydric  acids  a 
part  only  of  the  typical  hydrogen  has  been  dis- 
placed by  alkyls  the  resulting  acid  ether  is 
usually  very  soluble  in  water,  and  readily  saponi- 
fied by  boiling  therewith. 

References. — The  particular  characters  of 
each  group  of  compound  ethers  may  be  gathered 
by  reference  to  the  articles  on  the  ethyl  salts  of 
the  acids,  e.g.  ETHYL  BROMIDE,  ETHYL  CHLOBIDE, 
ETHYL  PERCHLORATE,  ETHYL  IODIDE,  ETHYL  NI- 
TRATE, ETHYL  NITRITE,  DI-ETHYL  SELENIDE,  ETHYL 
SILICATE,  ETHYL  SULPHATE,  DI-ETHYL  SULPHIDE, 
ETHYL  SULPHITE,  ETHYL  THIOSULPHATE,  &c. 

ETHINE  or  ETHINENE   v.  ACETYLENE. 

ETHINE-DI-PHTHALYL     v.    DI-PHTHALYL- 

ETHANE. 

ETHIONIC  ACID   C2H6S207  i.e. 
S03H.CH2.CH2.O.S03H. 

Formation. — 1.  By  saturating  anhydrous  al- 
cohol or  ether  with  S03  and  diluting  with  water 
(Magnus,  P.  27,  378 ;  47,  514 ;  Marchand,  P. 
32,  466). — 2.  Its  mono -chloride  is  formed  along 
with  ClS02.OEt  by  action  of  C1S02OH  upon 
ethylene  :  (a)  C1.S02OH  +  C2H4  =  C1.S02OC,H5 ; 
and  then  follows  (b)  C1.S02.OH  +  ClSO,OEt 
=  HC1  +  C^SCVOHHO.SO.Cl)  (Claesson,  J.pr. 
[2]  19,  255).— 3.  From  Et2S04  and  S03  (Hiibner, 
A.  223,  208).— 4.  By  the  action  of  H2S04  on 
isethionic  acid  S03H.CH2.CH2OH  in  the  cold 
(Erlenmeyer  a.  Carl,  N.  Rep.  Pharm.  23,  428). 

Properties.— Only  known  in  solution,  for  on 
evaporation  it  splits  up  into  H2S04  and  isethio- 
nic acid. 

S alt  s.— K2A"|  aq  :  crystalline.— Na2A"  aq. 
— BaA"aq.  S.  10  at  20°. 

CH2.O.S02 

Anhydride    \          \  .     [80°].        Carbyl 

CH2.S02.0 

sulphate.  Obtained  by  direct  union  of  ethylene 
with  S03 ;  formed  also  by  exposing  alcohol  to 
the  vapour  of  SO.}  (Eegnault,  A.  Ch.  65,  98; 


'  Magnus,    P.   47,  509).     Deliquescent  crystals ; 
dissolves  in  water  forming  ethionic  acid. 
Isethionic  acid  v.  ISETHIONIC  ACID. 
DIETHOXALIC  ACID  v.  OXY-HEXOIC  ACID. 
ETHOXY-  COMPOUNDS  v.  the  ethyl  ethers 

Of    OXY-    COMPOUNDS. 

ETHOXY-OXALYL    CHLOBIDE  v.  CHLORO- 

GLYOXYLIC    ETHER. 

ETHYL.  The  radicle  C2H5  or  CH3.CH2.  The 
ethyl  derivatives  of  hydroxylic  compounds  are 
described  under  the  compounds  from  which 
they  are  derived. 

Di-ethyl  v.  BUTANE. 

DI-ETHYL-ACETAL  v.  ACETAL. 

DI-ETHYL-ACETAMIDINE  C6H14N2  i.e. 
CH3.C(NHEt):NEt.  (c.  167°).  From  ethyl- 
acetamide  and  PC15  the  resulting  oily  base 
C8H15C1N2  being  subsequently  warmed  with  solid 
KOH  (Wallach  a.  Hoffmann,  B.  8,  313  ;  A.  184, 
108).  Syrup,  iniscible  with  water,  alcohol  and 
ether.  Strongly  alkaline.  Precipitates  most 
metallic  salts  and  dissolves  recently  ppd.  alu- 
mina. Boiling  alkalis  split  it  up  into  acetic 
acid  and  ethylamine. 

ETHYL-ACETAMIDE      v. 

AMINE. 

ETHYL- ACETANILIDE    v. 

ANILINE. 

ETHYL  ACETATE  v.  vol.  i.  p.  14. 

DI-ETHYL-ACETIC  ACID  v.  HEXOIC  ACID. 

Ethyl-diacetic  acid  v.  ETHYL  ACETO-ACETATE, 
vol.  i.  p.  17. 

ETHYL-ACETO-ACETIC  ACID  v.  vol.  i. 
p.  23. 

ETHYL-DIACETONAMINE  v.  vol.  i.  p.  28. 

ETHYL- ACETO-NITEANILIDE    v.    Acetyl- 

NlTRO-ETHYL-ANILINE. 

DI-ETHYL-ACETOPHENONE     v.      PHENYL 

AMYL  KETONE. 

ETHYL-ACETO-PBOPIONIC     ACID     v.     0- 

ACETYL-W-tSO-VALERIC   ACID. 

ETHYL  -  ACETO  -  SUCCINIC     ETHER     v. 

ACETYL-ETHYL-SUCCINIC   ETHER. 

ETHYL -DI-ACETYL- ACETIC  ETHEE  v. 
vol.  i.  p.  23. 

ETHYL-ACETYL-ACETONE    v.     DI-METHYL 

PROPYLENE    DIKETONE. 

DI-ETHYL-ACETYL-ACETONE  v.  DI-METHYL 

AMYLENE    DIKETONE. 

ETHYL-ACETYLENE  v.  BUTINENE. 

ETHYL-ACETYLENE-TETEA-CAEBOXYLIC 
ACID  v.  BUTANE  TETRA-CARBOXYLIC  ETHER. 

ETHYL-JESCULETIC  ACID  v.  Ethyl  deri- 
vative Of  ./ESCULETIC  ACID. 

ETHYL  ALCOHOL  v.  ALCOHOL.  Derivatives 
are  described  as  BROMO-ETHYL  ALCOHOL,  CHLORO- 

ETHYL  ALCOHOL,  &C. 

TBI-ETHYL-ALCAMINE  v.  OXY-TRI-ETHYL- 

AMINE. 

ETHYL  ALDEHYDE  v.  ALDEHYDE. 
ETHYL-ALL YL  v.  AMYLENE. 
TETEA-ETHYL-ALLYL-ALCINE    v.   TETRA- 

ETHYL-OXY-PROPYLENE-DIAMINE. 

ETHYL-ALLYL-AMINE  (C2H,)  (C3H5)NH. 
(85°).  Colourless  ammoniacal  liquid.  Miscible 
with  water.  Prepared  by  the  action  of  ethyl 
iodide  on  allylamine. 

Salts.— B'HCl:  small  deliquescent  plates. 
— B'2H.,Cl2PtCl4 :  orange  needles  [c.  155°].— 
B'HClP~tCl2:  yellow  needles  [220°],  formed  by 
boiling  the  preceding  salt  with  water. 

H  H  2 
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4 :  tables  v.  e.  sol.  water,  insol.  alcohol  ; 
and  ether.    The  acid  oxalate  forms  sparingly 
soluble  colourless  plates  (Einne,  A.  168,  261 ; 
Liebermann  a.  Paal,  B.  16,  525). 

Di-ethyl-allyl-amine  (CjH.UC.HJN.  (111°). 
S.  5  at  18°.  Colourless  liquid.  Its  aqueous 
solution  becomes  turbid  on  warming.  Prepared 
by  the  action  of  ethyl  iodide  on  allyl-amine 
(Einne,  A.  168,  265). 

Salts.— B'2H2ClJPtCl4 :  large  orange  crystals 
[129°].— B'HClPtCl2":  yellow  needles  [189°], 
formed  by  boiling  the  preceding  salt  with  water 
(Liebermann  a.  Paal,  B.  16,  526).— B'HCl :  very 
soluble  crystals. 

Ethylo-bromide  (C2H5)3(C3H5)NBr.  Tri- 
ethyl- ally  I -ammonium  bromide.  From  tri- 
ethylamine  and  allyl  bromide  (Eeboul,  C.  E.  92, 
1464).  Deliquescent  crystals.  Split  up  on  dis- 
tillation into  allyl  bromide,  ethyl  bromide,  tri- 
ethylamine,  diethylamine,  ethylene,  s-tri-bromo- 
ethane,  and,  probably,  allylamine.  From  it  may 
be  prepared  (C.,H5)3(C3Hft)NCl  and  the  platino- 
chloride  {(C2Hj3(C3H5JNCl2}PtCl4,  both  crystal- 
line. 

ETHYL -ALLYL- ANILINE  CnH15N  i.e. 
NPhEt(C3H5).  (c.  223°).  From  allyl-aniline 
and  EtI  (Schiff,  A.  SuppL  3,  364).  Thick  oil.— 
B'CjjH^ :  spherical  groups  of  small  needles  (from 
water). 

ETHYL-DI-ALLYL-CARBINOL    v.  ENNINYL 

ALCOHOL. 

Di-ethyl-allyl-carbinol  v.  OCTENYL  ALCOHOL. 

ETHYL-ALLYL-CYANAMIDE  C6H10N2  i.e. 
CN.NEt(C3H5).  [100°].  From  ethyl-allyl-thio- 
urea,  Pb(OH)2,  and  KOH  (Hinterberger,  A.  83, 
348).  Needles  (from  ether).  Insol.  water,  sol. 
alcohol  and  ether.  Tastes  bitter.— B'2(HgCl2)3.— 
B'oH2PtCl6. 

"EiHYL  ALLYL  OXIDE  C5H100  i.e. 
C2H5.O.C3H5.  Ethyl-allyl  ether.  Mol.  w.  86. 
(67°).  S.G.  2f  '7651.  up  1-3939.  B^  =42-2.  Criti- 
cal temperature  245°  (Pawlewsky,  B.  16,  2634). 
From  allyl  bromide  and  NaOEt,  allylene  being 
also  formed  (Bruhl,  A.  200,  178  ;  cf.  Berthelot  a. 
De  Luca,  A.  Ch.  [3]  48,  292;  Cahours  a.  Hof- 
mann,  A.  102,  290).  Formed  also  by  treating 
ethyl  di-bromo-allyl  oxide  C2H5.O.CHBr.CH2Br 
with  sodium  amalgam  (Markownikoff,  Z.  1865, 
554).  Combines  with  chlorine  and  bromine,  but 
is  not  reduced  by  sodium  amalgam.  C10H  forms 
a  compound  C3H5Cl(OH)(OEt)  (184°). 

ETHYL-ALLYL-THIO-UREA  C6H12N2S  i.e. 
NHEt.CS.NHC3H5.  From  allyl  thiocarbimide 
and  ethylamine  (Hinterberger,  A.  83,  346; 
Weltzien,  A.  94,  103).  Syrup.— B'2H2PtCl6.— 
B'HI. 

Di  -  ethyl  -  allyl  -  thio  -  urea  C8H16N2S  i.e. 
NEt2.CS.NHC3H5.  [55°].  Long  prisms  or  nee- 
dles. V.  sol.  alcohol  and  benzene,  si.  sol.  ligrom, 
insol.  water.  Formed  by  combination  of  allyl 
thiocarbimide  and  di-ethyl-amine  (Gebhardt,  B. 
17,  3038). 

ETHYL  -  ALLYL  -  UREA  C6H,2N20  i.e. 
NHEt.CO.NHC3H5.  From  ethylamine  and  allyl 
cyanate.  Prisms  (Cahours  a.  Hofmann,  A.  102, 
300). 

ETHYL-AMAEINE    v.    BENZOIC    ALDEHYDE, 

AMMONIA  DERIVATIVES  OF. 

ETHYL-AMIDO-ACETIC  ACID  C,H9NO2  i.e. 
NHEt.CH2.C02H.  Ethyl  -  glycocoll.  Ethyl 
glycocine.  [above  160°].  Prepared  by  prolonged 


boiling  of  chloro-acetic  acid  with  ethylamine 
(Heintz,  A.  129,  27 ;  132,  1).  Indistinct  deli- 
quescent laminae  (from  alcohol).  Sweetish,  al- 
most metallic  taste.  On  mixing  with  an  aqueous 
solution  of  cyanamide  there  are  deposited  long 
needles  of  '  ethyl  -  amido  -  aceto  -  cyamidine ' 

HN^NEUJH  >  a  homologue  of  creatinin  ; 
S.  9  at  25°  ;  S.  (alcohol)  1  at  25°  (Duvillier,  C.  R. 
103,  211). 

Salts.—  HA'HCl :  [c.  180°] ;  trimetric prisms, 
v.  sol.  water  and  hot  alcohol.  -HoA'^PtCl,  Gaq : 
large  orange -red  monoclinic  prisms.  — 
HA'(HgCl2)2:  small  prisms  (from  water). — 
H2A'2HgCl2 :  syrup.— CuA'2  4aq :  prisms,  v.  sol. 
water  and  alcohol,  insol.  ether. — Derivative :  Di- 

CHLOBO-ETHYL-AMIDO-ACETIC   ETHER  (q.V.). 

Di-ethyl-amido-acetic  acid  C6H13N0.2  i.e. 
NEt2.CH2.C02H.  Obtained  by  boiling  diethyl- 
amine with  chloro-acetic  acid  (Heintz,  A.  140, 
217  ;  Z.  [2]  5,  152).  Deliquescent  rhombohedral 
crystals ;  v.  sol.  alcohol ;  sublimes  below  100°.— 
CuA'2  4aq :  small  blue  prisms.— H^H-jPtCly  aq : 
orange-red  crystals. 

Ethyl  ether  NEt2.CH2.C02Et.  (174°  un- 
cor.).  S.G.  a  -919.  From  silver-glycocoll  and 
EtI  (Kraut,  A.  182,  172 ;  210,  317).  Alkaline 
liquid. — B^H-JPtCV  short  monoclinic  crystals. 
— B'3H3Bi.Jg :"  slender  red  needles. 

Ethylo-hydroxide.  Anhydride. 

C8H17N02  i.e.  NEt3<CH2>CO.  '  Triethyl  gly- 
cocoll.' (210°).  Prepared  by  heating  NEt3  with 
chloro-acetic  ether,  boiling  the  product  with 
baryta  water,  and  heating  the  resulting  ethylo- 
chloride  with  silver  oxide  (Kraut,  A.  182,  172). 
Formed  also  from  NEt3  and  chloro-acetic  acid 
(Hofmann,  Pr.  11,  525 ;  Bruhl,  B.  8,  479 ;  A. 
177,  201).  Deliquescent  crystalline  mass ;  partly 
decomposed  by  distillation  giving  off  NEt3. 

E  thy  lo- chloride  WEtzCLCILrCO.fi.  From 
NEt3  and  chloro-acetic  acid.  Not  decomposed 
by  boiling  potash  or  baryta  water. 

S  a  1 1  s.— (NEt3Cl.CH2.C02H)oPtCl4  2aq:  mono- 
clinic  prisms.— (NEt8Cl.CH2.CO"sH)AuCl,. 

Ethylo-iodide  NEt3I.CH2.C02H :  orange 
hair-like  crystals.  —  (NEt3I.CH2.C02H)3Bi2I6 : 
orange  tables. 

Ethylo -nitrate  NEt3(N03).CH2.C02H  : 
needles,  v.  e.  sol.  water. 

Ethyl  ether  of  the  ethylo-chloride 
NEt3Cl.CH2.C02Et.  From  triethylamine  and 
chloro-acetic  ether.  Needles,  v.  e.  sol.  water  and 
alcohol.  (NEt3Cl.CH2.C02Et)2PtCl4  :  orange 
crystals.  —  (NEt3Cl.CH2.C02Et)AuCl3  :  [100°]  ; 
needles. 

Ethyl  ether  of  the  ethylo-iodide 
NEt3I.CH,.C02Et.  From  silver  glycocoll  (3  mols.) 
and  EtI  (4  mols.)  in  the  cold. 

ETHYL-o-AMIDO-ACETOPHENONE 
C6H4(NHEt).CO.CH3.    Oil.    Obtained  by  heating 
o-amido-acetophenone      with      ethyl     bromide 
B'2H2Cl2PtCl4:  golden-yellow  plates  (Baeyer,  B. 
17,  970). 

ETHYL-AMIDO-AZO-  COMPOUNDS  v.  Azo- 


COMPOUNDS. 

ETHYL  -  AMIDO  -  BENZENE 


ETHYL- 


ANILINE. 

ETHYL  -  AMIDO  -  BENZENE    SULPHONIC 
ACID    NHEt.CJE^.SOsH.      From    ethyl-aniline 


ETHYL-AMIDO-ETHANE  SULTIIONIC  ACID. 
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and    H.,S04    at    200°   (Smyth,   B.   7,   1241).— 
BaA',  2aq. 

Di-ethyl-amido-benzene  sulphonic  acid 
NEt2.C6H4.S03H.     From    di-ethyl-aniline    and 
H2S04  (S.).-BaA'22aq. 

ETHYL-o-AMIDO-BENZOIC  ACID.  Amide 
[2:l]C6H4(N5Et).CONH,.  [129°].  From  o- 
amido-benzamide  and  EtI  in  alcohol  at  100° 
(Finger,  J.  pr.  [2]  37,  441).  Crystalline  mass, 
sol.  hot  water.  Gives  rise  to  a  nitrosamine 
C6H4(N(NO)Et).CONH2  [110°]. 

Ethyl-w-amido-benzoic  acid  C9HUN02  i.e. 
[3:l]C6H4(NHEt).C02H.  [112°].  When  potas- 
sium 7tt-amido-benzoate  is  boiled  with  alcoholic 
EtI  a  mixture  of  ethyl-  and  di-ethyl-amido- 
benzoic  acids  is  produced  ;  these  may  be  sepa- 
rated by  crystallisation  of  their  hydrochloride 
from  hot  dilute  HC1  (Griess,  B.  5,  1038).  Small 
prisms,  si.  sol.  hot  water,  v.  e.  sol.  alcohol  and 
ether.  Its  solution  is  tasteless,  but  acid  in  re- 
action. It  forms  salts  with  mineral  acids  but 
not  with  HOAc.  It  gives  a  nitrosamine 
C(iH4(N(NO)Et).C02H  which  crystallises  (from 
water)  in  yellowish-white  long  narrow  plates, 
and  forms  a  crystalline  silver  salt  C9H9AgN203. 

Salts.— HA'HCl:  small  four-  or  six-sided 
plates;  also  (from  dilute  HC1)  in  needles;  m. 
sol.  cold,  v.  sol.  hot,  water ;  v.  si.  sol.  cold 
HClAq. — BaA'2  2aq  :  indistinct  plates  (from 
alcohol). 

Di-ethyl-ra-amido-benzoic  acid  CHH15NO,i.e. 
[3:l]C6H4(NEt2).C02H.  [90°].  Formed  as  above 
(G.).  White  prisms  (containing  2aq) ;  may  be 
distilled. — HA'HCl  aq :  shining  four-sided  plates, 
v.  sol.  cold  water  and  HClAq. 

Di-ethyl-jp-amido-benzoic  acid 
[4:l]C?H4(NEt.,).CO2H.  [188°].  From  _p-amido- 
benzoic  acid,  KOH,  and  alcoholic  EtI.  Also  by 
saponifying  its  chloride  which  is  obtained  by 
treating  di-ethyl-aniline  with  COC12  (Michler  a. 
Gradmann,  B.  9,  1912).  Small  plates  (from 
alcohol) .— H2A'2H2PtCl6.— AgA'. 

Ethyl  ether  EtA'.  (315°).  Formed,  to- 
gether with  the  acid,  by  treating  potassium  p- 
amido-benzoate  with  EtI  in  the  cold  (Michael  a. 
Wing,  Am.  7,  198).  Oil. 

Di-ethyl-di-amido-benzoic  acid  CnH16N202 
i.e.  C6H3(NEt2)(NH2).C02H.  From  di-ethyl-m- 
amido-benzoic  acid  by  nitration  and  reduction. 
Also  from  benzene-azo-di-ethyl-amido-benzoic 
acid  by  reduction  (Griess,  B.  10,  527).  Grey 
needles  or  prisms  (from  alcohol). 

#-DI-ETHYL-AMIDO-BENZOIC  ALDEHYDE 
C6H4(NEt2)CHO[l:4j.  [41°].  Needles.  Sol. 
water,  alcohol,  ether,  &c.  Formed  by  the  action 
of  alkalis  upon  di-ethyl-amido-phenyl-tri-chloro- 
ethyl-alcohol  CCl3.CH(OH).C6H4.NEt2,  the  con- 
densation product  of  chloral  and  diethylaniline 
(Boessneck,  B.  19,  369). 

DI  -  ETHYL  -  AMIDO  -  BENZOPHENONE 
CHH5CO.C8H4NEt2.  [78°].  Benzoyl-phenyl-di- 
ethyl-amine.  From  tetra-ethyl-di-amido-tri- 
phenyl-carbinol  and  cone.  HC1  at  180°  (Doebner, 
A.  217,  265).  Trimetric  crystals  (from  alcohol). 
Insol.  water,  si.  sol.  cold  alcohol,  v.  sol.  hot  alco- 
hol. Very  feebly  basic,  dissolving  in  cone.  HC1, 
but  reppd.  by  water, 

Tetra-ethyl-di-amido-benzophenone 
CO(C6H4NEt2)2.     [96°].    Formed,  together  with 
CtiH3(NEt,)(CO.C6H4NEt2)2  [170°],  by  saturating 
di-ethyl-aniline  with  COC12,   adding  half    the 


original  volume  of  di-ethyl-aniline  and  heating 
at  120°  (Michler  a.  Gradmann,  £.9, 1912),  Small 
laminae  (from  alcohol).— B''H.jPtCl6. 

ETHYL-a-AMIDO-n-BUTYRIC  ACID 
C.H.sNO,  i.e.  CH3.CH2.CH(NHEt).C02H.    From 
o-bromo-butyric  acid  and  ethylamine  (Duvillier, 

A.  Ch.  [5]  20,  196 ;  C.  B.  88,  425 ;  97,  1486). 
Crystalline  leaflets,  subliming  above  110°  without 
fusion ;  v.  sol.  water,  si.  sol.  cold  alcohol.  Mixed 
with  cyanamide  in  aqueous  solution,  with  addi- 
tion of  a  few  drops  of  ammonia,  there  is  formed 
in  a  month  crystals  of  di-cyan-di-amide,  while 
from  the   mother-liquor  ethyl-o-amido-butyro- 

.NEt.C:NH 
cyamide  CH3.CH2.CH<  may  be  ob- 

XX)  .NH 

tained  in  tabular  crystals,  v.  sol.  water  and 
alcohol. — HA'HCl :  opaque,  ill-defined,  deliques- 
cent crystals.— HaA'aHjjPtClg :  orange-red  crys- 
tals, v.  sol.  water  and  alcohol,  si.  sol.  ether.— 
CuA'22aq :  blue  leaflets. 

Di-ethyl-a-amido-butyric  acid  C8H,7N02  i.e. 
CH3.CH2.CH(NEt2).C(XH.  [135°].  From  a- 
bromo-butyric  acid  (1  mol.)  and  NEt2H  (1  mol.) 
(Duvillier,  C.  B.  100,  860).  Deliquescent  crys- 
talline solid,  v.  sol.  water  and  alcohol,  si.  sol. 
ether.  May  be  distilled  with  partial  decomposi- 
tion. The  cupric  salt  forms  violet-red  crystals 
and  dissolves  in  water  and  alcohol,  forming  a 
violet  solution. 

ETHYL-AMIDO-CHLORO-  v.  CHLORO-ETHYL- 

AMIDO-. 

ETHYL-o-AMIDO-CINNAMIC  ACID 

CnH13N02i.e.  C6H4(NEtH).CH:CH.C02H.  [125°]. 
From  o-amido-cinnamic  acid,  KOH,  EtI,  and 
alcohol  by  boiling  (Fischer  a.  Kuzel,  A.  221, 
267  ;  B.  16,  653 ;  cf.  Friedlander  a.  Weinberg, 

B.  15,  1423).     Groups  of  small  crystals  (from 
light  petroleum).      81.  sol.  water,  sol.  alcohol, 
ether,  and  CS2,  forming  a  yellow  solution  with 
green  fluorescence. 

iVi£rosawineC6H4(NEtNO).CH:CH.C02H. 
[150°].  Formed  by  the  action  of  H2S04  and 
KN02  on  the  above.  Yellowish  plates  from  dilute 
(25  p.c.)  alcohol.  Insol.  light  petroleum,  v.  sol. 
ether  and  chloroform.  Insol.  acids  in  the 
cold.  Eeduced  by  zinc  and  acetic  acid  to 
NH2.NEt.C6H4.CH:CH.C02H,  which  is  oxidised 
by  the  air  to  ethyl-quinazole  carboxylic  acid 
(Fischer  a.  Tafel,  A.  227,  332). 

Di-ethyl-o-amido-cinnamic  acid  C13H,7N02 
i.e.  C6H4(NEt2).CH:CH.C02H.  [124°].  From 
amido-cinnamic  acid,  KOH,  alcohol,  and  EtI 
(Fischer  a.  Kuzel,  A.  221,  269).  Pale  lemon- 
coloured  plates  (from  alcohol).  Its  solutions  in 
alcohol,  ether,  or  CS2  exhibit  bluish-green  fluor- 
escence. 

ETHYL-AMIDO-CUMINIC  ACID  C12H17NO,, 
i.e.  C)0Hn(NHEt)02.  From  amido-cuminic  acid 
and  EtI  at  105°  (Lippmann  a.  Lange,  B.  13, 
1662).-AgA'. 

ETHYL  -  AMIDO  -  ETHANE  SULPHONIC 
ACID  NHEt.CH2CH2.S03H.  Ethyl  -  taurine. 
[147°].  From  ethylamine  and  £-chloro-ethane 
sulphonic  acid  at  160°  (James,  J.pr.  [2]  31,414). 
Prisms  (from  water). 

Di-ethyl-amido-ethane  sulphonic  acid 
NEt2.CH.,CH2.S03H.  [151°].  From  diethylamine 
and  C1CH2CH2SO3H  (J.).   Trimetric  tables  (from 
alcohol).    V.  e.  sol.  water. 
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ETHYL-AMIDO-ETHYL  ALCOHOL  v.  OXY- 

TRI-ETIIYL-AMINE. 

ETHYL-o-AMIDO-HEXOIC  ACID  C8H,.N02 
i.e.  CH3(CH2)3CH(NHEt).C02H.  S.  10-7  at  15°. 
From  o-bromo-hexoic  acid  and  ethylamine  (Du- 
villier,  C.  R.  90, 822  ;  A.  Ch.  [5]  29,  172).  Pearly 
plates  (from  alcohol).  SI.  sol.  cold,  m.  sol.  hot, 
alcohol,  insol.  ether.  Its  aqueous  solution  has  a 
neutral  reaction  and  bitter  taste  ;  it  gives  with 
Fe2Cl6  an  intense  red  colouration,  and  on  boiling 
a  reddish-brown  pp.  Cyanamide  forms  the 

/NEt.C:NH 
creatinin  CH3.(CH2)3.CH/          |         ,  which 

X30  .NH 

crystallises  in  long  needles,  m.  sol.  hot  water,  v. 
sol.  alcohol  (Duvillier,  C.  R.  96,  1583). 

Salts. — The  hydrochloride  forms  deli- 
quescent  laminae,  v.  sol.  alcohol,  insol.  ether; 
the  aurochloride  is  a  golden  crystalline  mass. 
(HA'HClJJPtCl, :  orange  prisms.— CuA'2.  S.  1 
in  the  cold. 

ETHYL- AMIDO -HYDEOCAEBOSTYBIL    v. 

OxY-ETHYL-AMn>b-QUINOLINE  DIHYDBIDE. 

ETHYL-o-AMIDO-HYDEOCINNAMIC    ACID 

v.  ETHYL-O-AMIDO-PHENYL-PROPIONIC  ACID. 

TETEA-ETHYL-DI-AMIDO-METHANE       v. 

TETBA-ETHYL-METHYLENE-DIAMINE. 

DI  -  ETHYL  -  (a)  -  AMIDO  -  NAPHTHALENE 
SULPHONIC  ACID  NEt2.C10H,..S03H.  From  di- 
ethyl-naphthylamine  and  H.,S04  (Smith,  C.  J. 
41,184).  Needles. -BaA'2. 

Dl-ETHYL-AMIDO-NAPHTHOIC  ACID 
NEt2.C,0H6.CO.,H.  r>i-ethyl-(a)-naphthylamine 
dissolved  in  benzene  is  converted  by  COC12  into 
a  mixture  of  two  isomeric  chlorides  of  the  formula 
NEt2.CIOH6.COCl  [70°]  and  [225°]  with  the  com- 
pound NEt2.C10H5(CO.C10H(i.NEt2)2  [130°]  (Smith, 
C.  J.  41,  185). 

ETHYL-AMIDO-NAPHTHOQUINONE 
CIOH5O2(NHEt).   [140°].    From  naphthoquinone 
and  ethylamine  (Plimpton,  C.  J.  37,  639).     Eed 
needles ;  may  be  sublimed ;  v.  sol.  hot  alcohol 
and  benzene,  v.  si.  sol.  ligrom. 

TETEA-ETHYL-DI-  AMIDO-  DI-  NAPHTHYL 
C28H32N2  i.e.  NEt2.C10HG.C10H6.NEt2.  [190°]. 
(Much  above  360°).  Formed  by  heating  di-ethyl- 
naphthylamine  (20  g.)  with  H2S04  (20  g.)  for  eight 
hours  at  190°-210°.  Crystallises  in  colourless 
tufts  (from  alcohol).  Sol.  HC1  (giving  a  red  solu- 
tion), strong  HN03  (intense  red  colour).  V.  sol. 
hot  alcohol,  m.  sol.  cold  alcohol,  si.  sol.  ether, 
v.  sol.  benzene  and  CHC13. 

Salt.— B"2(HC1)  (B.  E.  Smith,  C.  J.  41, 182). 

o-ETHYL-AMIDO-PHENOL 
CtfH4(NHEt)OH[l:2].  [168°].  Obtained  by  heat- 
ing its  ether  with  fuming  HC1  for  five  hours  at 
160°  (Forster,  J.  pr.  [2]  21,  350).  The  product 
is  mixed  with  NaOH,  extracted  with  ether,  the 
extract  dried  over  CaCL,  and  the  ether  is  then 
boiled  off.  Trimetric  plates.  V.  sol.  alcohol, 
less  sol.  benzene,  CS2,  chloroform  and  ether. 
Cannot  be  distilled  undecomposed. 

Salts. — Unstable,  decomposing  partially 
when  their  solutions  are  evaporated,  a  resin 
being  formed.— B'HCl.  -  (B'HCl)2PtCl4.— B'HBr. 

Nitrosamine  C  H4(OH)NEt(NO).  [121°]. 
Formed  by  passing  nitrous  acid  gas  into  a  solu- 
tion of  the  hydrochloride  at  0°.  Grey  plates. 
Neither  acid  nor  basic. 

Ethyl  ether  CtiH,(NHEt)OEt[l:2].  (235°). 
S.G.  ^  1-021.  Prepared  by  heating  100  grms. 


of  o-amido-phenetol  with  84  grms.  of  EtBr  for 
five  hours  at  60°.  The  product  is  mixed  with 
soda  and  extracted  with  ether.  The  base  is 
dried  over  CaCl2  and  distilled  (Forster,  J.  pr.  [2J 
21,  346).  Oil.  Gradually  turns  brown.  Mis- 
cible  with  ether,  CS2,  chloroform,  benzene,  and 
methyl  alcohol.  Sol.  ethyl  alcohol.  With 
bleaching  powder  its  solution  gives  a  brown 
colour.  H2S04  and  K2Cr207  give  a  brown  colour. 
H2S04  dissolves  it,  forming  a  reddish-violet  solu- 
tion, the  colour  being  destroyed  by  water.  Ni- 
trous acid  gas  forms  a  nitro-nitrosamine 
C6H3(N02)(OEt)NEt(NO). 

Salts.— B'HBr:  trimetric  plates.— B'HI : 
trimetric  plates. — B'HCl:  trimetric  plates.— 
(B'HCl)2PtCl4.  V.  sol.  water.  Thrown  down  by 
fuming  HC1.— B'H2C204.  Prisms. 

Di-ethyl-o-amido-phenol 

CtiH4(NEt2)(OH)[l:2].  (220°).  Obtained  from 
its  ethyl  ether  by  cone.  HC1  (Forster,  J.  pr.  [2] 
21,  367). 

Properties.— Oil.  Turns  green  in  air,  but 
when  heated  to  its  boiling-point  suddenly  loses 
this  colour.  When  moist  it  decomposes  on  dis- 
tillation. It  has  a  peppery  taste,  is  volatile  with 
steam,  and  is  sol.  ether,  benzene,  chloroform, 
and  alcohol. 

Reactions. — 1.  With  Fe2Cl6  a  deep  brownish- 
red  colour. — 2.  H2S04  and  K2Cr207  a  similar 
colour. — 3.  Solution  of  bleaching  powder  gives  a 
wine-red  colour. — 4.  Bromine  water  gives  a 
yellow  pp.,  changing  quickly  to  a  brown  resin. — 
5.  Cone.  H2S04  dissolves  it,  forming  a  violet 
solution. 

Salts.— Crystallise  very  well.  The  base 
cannot  expel  NH3  from  its  salts.  Solutions  of 
its  salts  decompose  somewhat  on  evaporating. 
B'HBr.— B'HCl.— (B'HCl)2PtCl4. 

Ethyl  ether  CtiH4(NEt2)OEt  [1:2].  (228°) 
The  ethyl  ether  of  o-amido-phenol  (2  pts.)  and 
EtI  (3  pts.)  are  heated  together  in  alcoholic  solu- 
tion for  twelve  hours  at  130° ;  after  evaporation 
the  residue  is  mixed  with  solution  of  soda, 
shaken  with  ether,  and  the  extract  dried  over 
CaCl2  and  distilled  (Forster).  Oil.  Miscible  with 
alcohol,  ether,  benzene,  CHC13  and  CS2.  Bleach- 
ing-powder  solutions  give  a  red  colour.  H,S04 
and  lLCr207  a  reddish-brown  colour.  Cone. 
H2S04  forms  a  violet  solution. 

Salts.— Glue-like  masses.    B'HBr. 

DI-ETHYL-AMIDO-DIPHENYL  CltiH19N  i.e. 
Cb.H5.C6H4NEt2.  [below  100°].  From  ^-amido- 
diphenyl  and  EtI,  followed  by  Ag20  (Hofmann, 
Pr.  12,  389).  Long  white  needles  ;  insol.  water, 
m.  sol.  alcohol,  v.  sol.  ether ;  may  be  distilled. — 
B'2H2PtCl6.— B'HBr.— B'HI. 

Methylo-iodide  C«H..C6H4NEt.,MeI. 

Forms  crystalline  (CtiH5.C6H4NEt2MeCl)2PtCl4.- 

Tetra-ethyl-di-amido-diphenyl 
NEt,.CliH4.C,iH4.NEt2.  Tetra-cthyl-benzidine. 
[85°].  Formed  by  heating  di-ethyl-aniline  with 
H,S04  to  about  200°,  and  by  ethylation  of  benz- 
idine  (Michler  a.  Pattinson,  B.  14,  2166).  White 
needles.  Sol.  alcohol  and  ether,  insol.  water. 
Gives  a  green  colouration  with  Fe.,Cl6  or  CrOv 

TETEA  -  ETHYL-  DI  -  AMIDO  -  TEI  -  PHENYL 
CAEBINOL  C2.H,4N20  i.e. 

C(jH5C(OH)(C6H4NEt,)2.  Base  of  'Brilliant 
green.1  From  di-ethyl-aniline,  benzotrichloride 
and  ZnCl2  (Doebner,  A.  217,  261).  Also  from 
di-ethyl-aniline  and  benzoic  aldehyde  and  oxida- 
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tion  of  the  product  (Fischer,  B.  14,  2521).  Red- 
dish  amorphous  solid  ;  si.  sol.  water,  v.  sol.  alco- 
hol. Its  solution  in  alcohol  and  in  dilute  acids 
is  green ;  in  concentrated  acids  it  forms  a  yel- 
lowish-brown solution.  Heated  with  cone.  HCI 
at  180°  it  forms  di-ethyl-aniline  and  di-ethyl- 
amido-benzo-phenone  :  C(.H,,C(OH)(C6H4NEt.,)., 
=  CliH5.CO.C(;H4NEt2-i-  C(iH.NEt2. 

Salts. — Dye   a  yellower  shade  than  mala- 
chite green. — C27H32N2H,SO4.     Golden  crystals. 
Its  solution  in  alcohol  or  water  is  emerald  green. 
-  (C27H,2N2HCl),,ZnCl2  2aq.  —  B'H2C204  aq  : 
golden  prisms. 

Zeuco-base  C^CH^H.NEt,),.     [62°]. 

ETHYL-  AMIDO-  PHENYL-  CHLORO-  ETHYL 
ALCOHOL  v.  CHLORO-ETIIYL-AMIDO-PHENYL-ETHYL 
ALCOHOL. 

ETHYL-o-AMIDO-PHENYL-ETHANE 
C)0H,,N    i.e.    C2H5.CtjH4.NHEt.     From    amido- 
phenyl-ethane  and  EtBr   (Bernthsen,  A.   184, 
304).    Lamin®.— B'HBr :  tables.— B'2H2PtClti. 

Deca-ethyl-pent-  amido-  penta-  phenyl-ethane 
(Et,N.CtiH1)3C.CH(CtiH4.NEt,)2.  [158°].  Obtained 
by  heating  20  pts.  of  chloral  hydrate,  50  pts.  of 
diethylaniline  and  10  pts.  of  ZnCl2  at  100°  for 
five  hours.  On  oxidation  it  gave  a  bluish-green 
dye-stuff  (Boessneck,  B.  19,  367). 

TETfl A- ETHYL-DI- AMIDO -TRI -PHENYL 
METHANE    C6H5CH(CdH4NEt,)2.     [62°J.    From 
the  carbinol,  zinc-dust,  and  HCI  (Doebner,  A.  \ 
217,  263).    From  di-ethyl-aniline,  benzoic  aide-  \ 
hyde  and   ZnCl2.      Colourless    glassy  needles.  ; 
V.  si.  sol.  water,  v.  sol.  ether,  alcohol,  or  benzene. 
B"H2Cl2PtCl4  3aq. 

Tetra  -  ethyl  -  tri  -ppp  -  amido  -  tri  -  phenyl- 
methane  (C6H4.NH2).HC:(CtfH4.NEt,)2.  Tetra- 
ethyl-para-leucaniline.  [118°].  Fine  concentric  j 
needles.  Formed  by  reduction  of  tetra-ethyl-p- 
di-amido-p-mtro-tri-phenyl-methane  with  zinc- 
dust  and  dilute  HCI.  On  oxidation  it  gives  a 
violet  colouring-matter.  The  acetyl  derivative 
on  oxidation  yields  a  green  dye-stuff,  which  dis- 
solves in  benzene  with  a  strong  fluorescence 
(Kaeswurm,  B.  19,  747). 

Tetra-ethyl-tri  -ppo  -  amido  -  tri-phenyl-metli- 
ane  C(iH4(NH,).CH(C(jH4NEt,,)2.  o-Amido-leuco- 
brilliant-green.  [136°].  White  needles  (contain- 
ing C6H6).  Formed  by  reduction  of  the  conden- 
sation product  of  diethylaniline  and  o-nitro- 
benzoic  aldehyde,  by  means  of  zinc-dust  and 
HCI  (Fischer  a.  Schmidt,  B.  17,  1894). 

Hexa-  ethyl-  tri  -  amido  -  tri  -  phenyl  -methane 
CH(CaH4NEt2)3.     Triclinic  crystals ; 
a:b:c  =  1-343:1:?;       a  =  86°   9';       0  =  102°   38'; 
7-91°  32'  (Haushofer,  Z.  K.  9,  533). 

TETRA- ETHYL-DI- AMIDO -DI-PHENYL- 
NITRO-PHENYL-METHANE  v.  NITRO-TETRA- 

ETHYL-DI-AMIDO-TRl-PHENYL-METHANE. 

TETRA  -  ETHYL  -  DI  -  AMIDO  -  DI  -  PHEN  YL 
OXIDE  0(C6H4NEt2)2.  [89°].  From 
S(CtiH4NEt2)2  and  silver  nitrate  (Holzmann,  B. 
21,  2061).  Needles,  insol.  water,  si.  sol.  cold 
alcohol  and  ether. -B"H2PtCl6.  [c.  100°]. 
Yellow  flocculent  pp.,  si.  sol.  warm  alcohol. — 
Pi  crate  B"2CBH2(N02)3OH.  [174°].  Yellow 
crystalline  pp.,  si.  sol.  hot  alcohol. 

Tetra-ethyl-di-amido-di-phenyl  peroxide 
02(C6H4.NEt2)2.    [67°].    From  the  corresponding 
sulphide  by  treatment  with  ammoniacal  AgNO3 
(Holzmann,  B.  20,   1636).     Needles  or  prisms. 
Decomposed  by  moist  air. 


HEXA- ETHYL -TRI  -  AMIDO  -DI-PHENYL- 
PHENYLENE  DIKETONE  C3,H41N3O2  i.e. 
C,iH,(NEt2)(CO.C6H4NEt2)2.  [0.170°].  Fromtetra- 
ethyl-di-amido-benzophenone,  di-ethyl-aniline, 
and  COC12  at  120°  (Michler  a.  Gradmann,  B.  9, 
1912).  Triclinic  crystals  (from  alcohol). 

TETRA  -  ETHYL  -  DI  -  AMIDO  -  DI-PHENYL- 
PROPANE  CMe2(C6H4NEt2)2.  [76°].  Prepared 
by  heating  acetone  (10  pts".)  with  diethylaniline 
(50  pts.)  and  zinc  chloride  (30  pts.)  in  sealed 
tubes  for  12  hours  to  170°  (Doebner  a.  Petschow, 
A.  242,  334).  Long  needles.  Insol.  water,  si. 
sol.  cold,  v.  sol.  hot,  alcohol.  Sol.  ether,  CS2, 
petroleum-ether,  and  benzene. 

Salts. — B"H.2I2:  reddish  yellow  pp. ;  v.  sol. 
hot  water  and  alcohol. 

o-ETHYL-AMIDO  -  0  -  PHENYL  -  PROPIONIC 
ACID  CHH4(NHEt)  CH2.CH2.C02H.  Ethyl- 
amido-hydrocinnamic  acid.  Fromo-ethyl-amido- 
cinnamic  acid  and  sodium  amalgam  in  alkaline 
solution  (Friedlander  a.  Weinberg,  B.  15,  2104  ; 
Fischer  a.  Kuzel,  B.  16,  1449;  A.  221,  271). 
Dilute  BL,S04  throws  down  the  acid  as  a  white 
flocculent  pp.,  excess  of  H2SO4  dissolves  it,  and 
on  warming  its  anhydride"  oxy-ethyl-quinoline 
dihydride  (ethyl-hydrocarbostyril)  separates  as 
an  oil. 

Nitrosamine 

CttH4(NEtNO).CH2.CH2.C02H.  [78°].  Formed 
by  adding  NaN02  to  a  solution  of  the  acid  in 
H2S04.  Groups  of  colourless  oblong  plates  (from 
dilute  acetic  acid).  Decomposes  at  150°.  Sol. 
alcohol,  ether,  benzene,  and  alkalis.  Gives 
Liebermann's  reaction.  On  reduction  with  zinc- 
dust  and  acetic  acid  it  gives 
C(iH4(NEt.NH,).CH,.CH,.C02H,  which  on  eva- 
porating leaves  its"  lacfam,  ethyl-quinazole  di- 
hydride. 

TETRA-ETHYL-DI-AMIDO-DI-PHENYL-DI- 
STJLPHIDE  S,(C(iH4NEt,,)2.  [80°].  From  di- 
ethyl-aniline  and  S.,C12  in  ligrom  (Holzmann,  B. 
20,  1636  ;  21,  2056).  Golden  prisms ;  si.  sol. 
ether,  m.  sol.  alcohol  and  benzene.  Decomposed 
by  water.  Forms  a  crystalline  pier  ate  [175°J 
and  platino-chloride. 

TRI  -  ETHYL  -  TRI  -  AMIDO  -  DI  -  PHENYL- 
TOLYL  CARBINOL  C.,6HS,N3O  i.e. 
CdH,Me(NHEt).C(OH)  (CtfH4.NHEt)2.  Tri  -  (?)  - 
ethyl-rosaniline.  From  rosaniline  (1  pt.),  EtI 
(Ipt.),  KOH  (Ipt.),  and  alcohol  (Hofmann,  A. 
132,163). — C^H^N.JHI :  lustrous  green  crystals 
which  form  a  violet  solution  in  water. 

ETHYL-a-AMIDO-PROPIONIC  ACID 
C,HnNO,  i.e.  CH3.CH(NHEt).CO,H.  S.  50  at 
25°.  S.  (alcohol)  2  at  25°.  Formed  by  boiling 
o-bromo-propionic  acid  with  ethylamine  (Du- 
villier,  A.  Ch.  [6J  7,  427 ;  C.  B.  99,  1120 ;  100, 
916).  Monoclinic  crystals  (containing  ^  aq)  or 
nacreous  plates  (from  alcohol) ;  sol.  water  and 
alcohol.  Its  hydrochloride  forms  deliques- 
cent needles.  It  forms  a  crystalline  platino- 
chloride  and  aurochloride. —  CuA'22aq: 
blue  prisms,  sol.  water  and  alcohol.  When  its 
saturated  solution  is  mixed  with  a  solution  of 
cyanamide  there  is  deposited  in  three  months  a 
crystalline  homologue  of  creatinin 

.NEt.C:NH 
CH3CH<  ;  S.  27  at  17° ;  S.  (alcohol) 

\CO. 
5-6  at  16°. 


NH 
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ETHYL-AM1DO-ISOPROPYL  ALCOHOL. 


ETHYL-AMIDO-ISOPROPYL    ALCOHOL    v. 

ETHYL-OXY-ISOPKOPYL-AMINE. 

DI-ETHYL-AMIDO-PROPYLENE-GLYCOLv. 

Dl-ETHYL-DI-OXY-PROPYL-AMINE . 

ETHYL-AMIDO-TOLTJENE  v.  AMIDO-TOLYL- 
ETHANE  and  ETHYL-TOLUIDINE. 

Ethyl  -  tri  -  amido  -  toluene  C9H,5N3  i.e. 
C6H,Me(NHEt)(NH2)2  [1:4:3:5].  Obtained  by 
reducing  di-nitro-£>-tolyl-ethyl-nitramine  with 
tin  and  HC1  (Van  Eomburgh,  R.  T.  C.  3,  412). 

o-ETHYL-AMIDO-ISOVALERIC  ACID 
C7H,5N02  i.e.  (CH3)2CH.CH(NHEt).C02H.  From 
bromo-isovaleric  acid  and  ethylamine  (Duvillier, 

A.  Ch.  [5]  21,  439  ;  C.  E.  88,  425).     Groups  of 
slender  white  needles ;  sol.  water  and  alcohol, 
insol.  ether.   Neutral  to  litmus.   Sublimes  above 
110°.— HA'HCl :  confusedly  crystalline  ;  v.  sol. 
water    and    alcohol,    insol.    ether. — CuA'2#aq: 
crystalline  violet  mass  forming  an  intense  blue 
solution. — The  platinochloride   and  auro- 
chloride  are  exceedingly  deliquescent. 

ETHYLAMINE  C.,H-N  i.e.  NH2Et.  Mol.  w. 
45.  (19°).  S.G.  a  -6964.  V.D.  1-5767.  H.F.p. 
17,510.  H.F.v.  15,770  (Th.). 

Compressibility :  Isambert,  C.  R.  105,  1173. 

Formation. — 1.  By  boiling  cyanic  or  cyan- 
uric  ether  with  potash  (Wurtz,  C.  R.  28,  223, 
323;  A.  Ch.  [3]  30,  443).— 2.  Together  with 
NH,  by  boiling  ethyl-urea  with  potash  (W.). — 
3.  By  the  action  of  ammonia  on  the  ethers  of 
inorganic  acids,  e.g. :  EtBr  and  EtI  (Hofmann, 
C.  J.  13,  331),  EtCl  (Groves,  C.  J.  13,  331), 
Et3P04  (De  Clermont,  A.  Ch.  [3]  44,  335),  EtaS04 
(Strecker,  A.  75,  46),  EtN03  (Juncadella,  C.  R. 
48,  332),  KEtS04  (Erlenmeyer  a.  Carl,  /.  1875, 
617),  and  Et2SO,  (Carius,  A.  110,  209).— 4.  By 
heating  chloride,  bromide,  or  iodide  of  ammo- 
nium with  alcohol  or  ether  in  sealed  tubes  (Ber- 
thelot,  A.  Ch.  [3]  38,  63).— 5.  Formed,  together, 
with  di-  and  tri-ethyl-amine,  by  heating  abso- 
lute alcohol  with  ammoniacal  ZnCl2  at  260° ; 
the  yield  of  mixed  bases  amounts  to  about 
46  p.c.  of  the  alcohol  used  (Merz  a.  Gasiorowski, 

B.  17,  637). — 6.  From  propionitrile,   zinc,  and 
dilute  H2S04    (Mendius,   A.  121,  142).— 7.  By 
the   dry  distillation  of   alanine   (Limpricht  a. 
Schwanert,  A.  101,  297).     Occurs  also  among 
the  products  of  the  dry  distillation  of  beet-root 
molasses   (Duvillier  a.  Buisine,  A.  Ch.  [5]  23, 
317). — 8.  Occurs  among  the  products    of    the 
putrefaction  of  yeast  and  flour  (Hesse,  J.  pr.  71, 
471 ;  Sullivan,  J.  1858,  231).— 9.  With  di-  and 
tri-ethyl-amine    by    heating  white    precipitate 
NHJEgCl  with  EtI  (Sonnenschein,  A.  101,  20). 
10.  By  heating  acetamide   with   alcoholic   so- 
dium-ethylate    at    170°-200°    (Seifert,    B.   18, 
1357). — 11.    By  the  action  of  alkalis  on  pro- 
pionic  bromo-amide,  or  of  bromine  and  KOH  on 
propionamide ;  yield  80  p.c.  of  theoretical  (Hof- 
mann, B.  15,  753). — 12.  By  reduction  of  a  cold 
solution  of  aldehyde-phenyl-hydrazide  in  5  pts. 
of  alcohol  by  means  of  sodium-amalgam  (2  p.c.) 
and  acetic  acid ;  yield  45  p.c.  of  the  theoretical. 

B'.,H.,Cl2PtCl4 :  hexagonal  prisms  (Tafel,  B. 
19,  1926). 

Preparation. — 1.  Cyanic  ether  is  boiled  with 
aqueous  KOH,  the  escaping  gas  is  absorbed  by 
HClAq,  and  the  ethylamine  hydrochloride  dried, 
mixed  with  quick-lime,  and  distilled  (Wurtz). 
The  potassium  cyanate  from  which  the  cyanic 
ether  is  prepared  (by  distillation  with  KEtS04)is 


usually  sufficiently  impure  to  give  off  NHS,  which 
then  produces  all  three  ethylamines,  so  that  the 
product  is  seldom  quite  pure.— 2.  Ethyl  nitrate 
is  heated  with  alcoholic  ammonia.  NH4C1  is 
hardly  soluble  in  alcohol,  and  the  ethyl-amines 
are  separated  by  crystallisation  of  their  picrates 
(Carey  Lea,  C.  N.  5,  118).— 3.  A  mixture  of  pro- 
pionamide (1  mol.)  and  bromine  (1  rnol.)  is 
treated  in  the  cold  with  a  5  p.c.  solution  of  KOH, 
and  the  solution  run  slowly  into  a  30  p.c.  solu- 
tion of  (3  mols.  of)  KOH  at  60°-70°  as  described 
under  methylamine  ;  the  yield  is  80-90  p.c.  (Hof- 
mann, B.  15,  767).— 4.  EtBr  is  heated  with 
cone.  NH3Aq  in  sealed  tubes  at  100°  (Hof- 
mann, C.  J.  3,  300).— 5.  EtI  is  heated  with 
aqueous  NH3  at  100°.  The  product  is  distilled 
with  KOH.  The  mixture  of  the  three  ethyl- 
amines  is  dried  over  KOH  and  mixed  with  oxalic 
ether.  Ethylamine  forms  diethyl-oxamide 
NHEt.CO.CO.NHEt,  di-ethyl-amine  forms  di- 
ethyl-oxamic  ether  NEt2.CO.CO.C02Et,  whilst 
the  tri-ethyl-amine  has  no  action,  and  is  removed 
by  distillation.  The  liquid  di-ethyl-oxaniic  ether 
is  then  separated  by  nitration  from  the  crystal- 
line di-ethyl-oxamide.  On  distilling  the  di-ethyl- 
oxamide  with  potash  ethylamine  passes  over. 
EtCl  obtained  as  a  by-product  in  the  manufacture 
of  chloral  may  be  used  instead  of  EtI  in  the  above 
preparation  (Hofmann,  B.  3,  109,  776).  When 
EtCl  is  heated  in  equimolecular  proportions  with 
cone.  NH3Aq  at  90°  a  floating  layer  of  tri-ethyl- 
amine  containing  free  NH3  is  formed,  while 
ethylamine  and  diethylamine  remain  dissolved 
as  salts,  and  constitute  the  chief  product.  The 
same  mixture  of  EtCl  and  NH3Aq  when  heated 
at  150°  forms  NH4C1,  ethylamine  hydrochloride, 
and  NEt4Cl  as  chief  products,  only  traces  of 
NHEt2  and  of  NEt3  (free)  being  formed  (Malbot, 
A.  Ch.  [6]  13,  477;  C.  R.  105,  755).— 6.  A  good 
modification  of  the  preceding  method,  proposed 
by  Groves  (C.  J.  13,  331),  consists  in  heating 
ethyl  chloride  (1  mol.)  with  a  solution  of  am- 
monia (1  mol.)  in  alcohol.  After  removing  the 
insoluble  ammonium  chloride  the  alcohol  is  dis- 
tilled off,  and  the  hydrochlorides  are  decomposed 
by  soda.  The  bases  are  received  in  water,  sul- 
phuric acid  added,  and  the  solution  of  the  sul- 
phates evaporated  to  a  syrup.  This  is  poured 
into  absolute  alcohol,  in  which  ammonium  sul- 
phate is  insoluble  (cf.  Wanklyn  a.  Chapman,  Pr. 
15,  218).  The  sulphates  are  again  decomposed, 
and  the  bases  received  in  water,  and  to  the  solu- 
tion ethyl  oxalate  is  added,  in  a  quantity  calcu- 
lated on  the  supposition  that  the  alkalinity  is 
due  to  mono-ethyl-amine.  The  separated  diethyl- 
oxamide  is  filtered  off  and  the  syrupy  mother 
liquor  is  boiled  for  12  hours  with  10  times  its 
volume  of  water,  so  as  to  form  acid  diethylamine 
oxalate  and  di-ethyl-oxamic  acid.  On  concentra- 
tion the  former  salt  separates  out  in  long  needles, 
and  on  decomposition  yields  pure  diethylamine. 
The  molten  liquor  is  decomposed  with  soda,  the 
separated  bases  received  in  alcohol  and  again 
treated  with  ethyl  oxalate,  and  the  mixture  dis- 
tilled to  remove  the  triethyl-amine  and  alcohol, 
and  to  the  residue  milk  of  lime  is  added  to  pre- 
cipitate calcium  mono-  and  di-  ethyl-oxamate, 
which  on  decomposition  yield  diethylamine 
(Duvillier  a.  Buisine,  A.  Ch.  [5]  23,  340  ;  C.  R. 
88,  31). 

Properties. — Colourless  inflammable  liquid ; 
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does  not  solidify  at  — 140°.  Possesses  a  pungent 
ammoniacal  odour,  a  strong  alkaline  reaction, 
and  burning  taste,  inflaming  the  tongue.  It  forms 
dense  white  fumes  with  HC1.  It  mixes  with 
water,  considerable  rise  of  temperature  taking 
place,  but  it  is  completely  expelled  again  by 
boiling.  Solid  KOH  separates  it  from  its  aqueous 
solution.  It  expels  NH3  from  ammonium  salts. 
An  aqueous  solution  of  ethylamine  resembles  one 
of  NH3  in  behaviour  towards  many  metallic 
salts ;  it  differs  in  dissolving  the  ppd.  oxides  of 
aluminium,  gold,  and  ruthenium,  and  in  not  dis- 
solving the  pps.  which  it  gives  with  salts  of  Cd, 
Ni,  and  Co.  It  dissolves  ppd.  cupric  hydroxide 
less  readily  than  NH3  does.  With  SnCl4  it  gives 
a  pp.  very  soluble  in  excess.  Phosphomolybdic  j 
acid  gives  a  yellow  pp.  more  soluble  than  the  | 
corresponding  pp.  obtained  with  ammonia.  An 
alcoholic  solution  of  chloro-tri-nitro-benzene 
(picryl  chloride)  gives  the  characteristic  ethyl- 
picramide  CuH,(N02)3(NHEt)  with  even  small 
quantities  of  ethylamine  (Van  Bomburgh,  R.  T.  C. 
2,  107).  A  concentrated  aqueous  solution  of 
ethylamine  that  has  been  dehydrated  as  far  as 
possible  by  KOH  yields  on  distillation  dry  ethyl- 
amine gas,  followed  very  soon  by  a  liquid  boiling 
below  75°,  which  is  probably  a  hydrate  of 
ethylamine  (Wallach,  B.  7,  326).  From  an  ex- 
amination of  the  compressibility  of  a  solution  of 
ethylamine  in  water,  Isambert  also  concludes 
that  chemical  combination  does  take  place  be- 
tween the  water  and  the  base  (Isambert,  C.  R. 
105,  1173). 

Reactions. — 1.  On  passing  through  a  red-hot 
tube  there  is  formed  NH3,  hydrogen,  HCy,  CH4, 
C2H2,  CaH6,  C2H4,  and  carbon  (Muller,  Bl.  [2] 
45,  438). — 2.  Nitrous  acid  produces  nitrogen  and 
alcohol  (or  nitrous  ether). — 3.  Chromic  acid  mix- 
ture oxidises  it  to  aldehyde,  acetic  acid,  water, 
and  nitrogen  (Wanklyn  a.  Chapman,  C.  J.  20, 
328). — 4.  Cyanic  acid  forms  ethyl-urea.— 5.  Cy- 
anic ether  gives  di-ethyl-urea. — 6.  o-Oxy-benzoic 
aldehyde  forms  syrupy  C9HUNO  (237°), sol.  water 
(Dennstedt  a.  Zimmermann,  B.  21,  1553). — 
7.  Dry  ethylamine  hydrochloride  is  converted  by 
COCI,  into  NHEt.COCl  at  260°  (Gattermann  a. 
Schmidt,  B.  20,  118). — 8.  Allyl  thiocarbimide 
(oil  of  mustard)  gives  ethyl-allyl-thio-urea  (Hin- 
terberger,  A.  83,  346). — 9.  Gaseous  cyanogen 
chloride  forms  ethyl-cyanamide,  which  is  con- 
verted- by  boiling  water  into  the  isomeric  iso-tri- 
ethyl-melamine  (Hofmann,  B.  2,  602 ;  Cloez  a. 
Cannizzaro,  A.  78,  228). — 10.  Bleaching -powder 
gives  ethyl-di-chloro-amine  (Tcherniak,  B.  9, 
143).  —  11.  Di  -  chloro  -  naphthoquinone  forms 
NHEt.C,0H4C102[110°].— 12.Benzoicaldehydem 
aqueous  or  alcoholic  solution  forms  benzylidene- 
ethyl-amine  PhCH:NEt  (195°),  an  oil  which  is 
reduced  by  sodium-amalgam  to  benzyl-ethyl- 
amine  PhCH.NHEt  (Zaunschirm,  A.  245,  279). 
13.  S03  forms'ethyl  sulphamic  acid  NHEt.S03H. 

Salts. — The  sulphate,  chloride,  tar- 
trate,  and  other  salts  differ  from  the  corre- 
sponding ammonium  salts  in  being  very  much 
more  soluble  in  alcohol.— B'HCl  [76°-80°].  Mol. 
w.  81|.  EOT,  35-11  in  an  11  p.c.  aqueous  solu- 
tion (Kanonnikoff).  Large  deliquescent  laminas 
(from  alcohol)  or  striated  prisms  (from  water). 
On  distillation  it  gives  ethyl-amine,  di-ethyl- 
amine,  EtCl,  C.,H,,  and  NH3  (Fileti  a.  Piccini, 
B.  12,  1508).— B'2H2PtClfi :  orange  hexagonal 


rhombohedra.  S.G.  ^  2-253  (Clarke,  Am.  2, 
175).  Not  decomposed  by  boiling  water  (De 
Coninck,  Bl  [2]  45,  131).— B'HAuCl4 :  very 
slender  golden  monoclinic  prisms,  sol.  water, 
alcohol,  and  ether  (Wurtz).— B'2H2HgCl4 :  small 
white  scales  (from  alcohol). -B'HHgCl3:  deli- 
quescent trimetric  crystals  (Kohler,  B.  12,  2211, 
2324;  Topsoe,  Z.  K.  8,  246).— B'HHg.Cl,, : 
hexagonal  rhombohedra.  — B'HClHgCy2 :  large 
laminae,  permanent  in  the  air,  decomposed  at 
100° ;  sol.  water,  si.  sol.  cold  alcohol  (Kohl  a. 
Swoboda,  A.  83,  342).— B'2H2PdCl4 :  feathery 
tufts  of  large  black  crystals  ;  red  by  transmitted 
light  (Keckenschuss,  A.  83,  343;  cf.  Muller, 

A.  86,  366).— B'.,H,CuClt:  trimetric  crystals.— 
B'HBr :    crystalline".— B'.JI,S04X  :    deliquescent 
gummy  mass,  v.  sol.  alcohol.— B'HN03X  :  very 
deliquescent      thin      laminse. — MgB'HP045aq: 
bulky  pp.  obtained  by  adding  sodium  phosphate 
to  a  solution  of  magnesium  sulphate  mixed  with 
ethylamine  or  any  of  its  salts ;  becomes  crystal- 
line on  standing. — B'2H2Mo2O7 :  white  scales,  be- 
coming brown  on  drying  (Meyer,  J.  pr.  67,  151). 
— B'2H2S04AL,(S04)324aq:  S.  15  at  25°;  regular 
octahedra  (Stenner  a.  Kanmer,  A.  91,  172).— 
B'H2C03(?) :  very  unstable  crystalline  mass  ob- 
tained from    B'HCl  and    Na2C03.— B'HOAcx  : 
deliquescent  crystalline  mass.— B'ELjS  :  crystals ; 
vapour-tension  48  at  13°  (Isambert,  C.  R.  96, 
708).— B'HVO3     (Bailey,     C.     J.    45,    692).— 
B'4(H20)2(V205)3  3aq.-B'2H.O(V,05)2:  red  prisms 
(Ditte,  C.  R.  104, 1844).— B'HCyS:  deliquescent; 
not  converted  into  ethyl-thio-urea  at  150°  (De 
Clermont,  Bl.  [2]  27,198).— B'H2C204:  trimetric 
lamina  (Loschmidt,  Sits.  W.  51  [2]  7, 384 ;  J.  1865, 
376). — B'2H2C204:  monoclinic  crystals.— C  a  m- 
phorate    B'2C10H1604:    small    needles    (Wal- 
lach   a.   Kamensky,    A.   214,   242).  — Mucate 
B^CaH^Og  8aq :  oblique  rhombic  prisms  (Bell,  B. 
10,  1861).— Pirn  elate  B'2C,H1204  (Wallach  a. 
Kamensky,  5.14,  170). — Benzene  sulphon- 
ate  C6H5SO:<HB'  [92°]  (Norton  a.  Westenhoff, 
Am.   10,    129).  — ^-Toluene     sulphonate 
B'HS03.CdH4Me  [1110]  (Norton  a.  Otten,  Am.  10, 
140).— Combinations  with  salts.— B'HgCl,: 
crystalline  pp.  got  by  mixing  alcoholic  solutions 
of  ethylamine  and  HgCl2  (Kohler,  B.  12,  2208, 
2323).— B'2HgCl2Hg,02:   pp.  got  by  mixing  the 
aqueous  solutions.     By  boiling  with  excess  of 
HgCl2  there  is  formed  an  insoluble  yellow  salt 
NHEt.HgClHgO,  while  crystalline  NHEt.HgCl 
remains  in   solution. — B'2PtCl2 :   fawn-coloured 
powder.— B'4PtCl.,  2aq  :     colourless   crystals,    v. 
sol.  water.— B/4PtS04.—B/2(NH3).,PtCU  (Gordon, 

B.  3,  174).— B'C2H4PtCl2  (Martius  a.  Griess,  A. 
120,  326). 

Formyl  derivative  NHEt.CHO.  (197°). 
S.G.  21  -952.  Mixes  with  water,  alcohol,  and 
ether. 

Acetyl  derivative  C4H9NO  i.e.  NHAcEt. 
(202°)  S.G.  —  -942.  Formed  by  the  action  of 
ethylamine  on  acetic  ether ;  or  of  HO  Ac  on 
cyanic  ether  (Wurtz,  A.  Ch.  [3]  30,  491 ;  C.  R. 
37,  180).  Colourless  liquid.  Formed  also  by 
dehydrating  ethylamine  acetate.  PC13  converts 
it  into  C8H)5C1N2  whence  solid  KOH  forms,  on 
warming,  di-ethyl-acetamidine  CdHuN.,  (Wal- 
lach a.  Hoffmann,  B.  8,  1567  ;  A.  184,  108). 

Di-acetyl  derivative  CdH,,NO.,  i.e. 
NEtAc2.  (185°-192°).  S.G.  22  1-009.  "From 
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cyanic  ether  and  Ac.,0  at  190°  (Wurtz,  A.  Ch. 
[3]  42,  43).  Liquid. 

Valeryl  derivative  CMe3.CO.NHEt. 
[49°].  (204°).  Crystals  ;  v.  sol.  water,  alcohol, 
and  ether ;  has  no  smell.  Pure  HN03  attacks 
it  slowly,  giving  off  N20  (Franchimont  a.  Klob- 
bie,  R.  T.  C.  6,  241). 

Heptoyl  derivative  CJE^.CO.NHEt.  [6°]. 
(268°).  Formed  by  heating  ethylamine  hepto- 
ate  to  230°  (F.  a.  K.).  Pure  HN03  gives  off 
N.,0. 

Benzoyl  derivative  CdH5.CO.NHEt : 
[67°] ;  (260°) ;  glistening  needles  (from  water) 
or  plates  (from  dilute  alcohol).  From  ethyl- 
amine and  BzCl  (Komburgh,  E.  T.  C.  4,  390). 
Formed  also  by  the  action  of  ethyl-carbamic 
chloride  OC(NHEt)Cl  upon  benzene  in  presence 
of  A1.,C16  (Gattermann  a.  Schmidt,  B.  20,  120 ; 

A.  244,  50). 
o-Amido-benzoyl      derivative 

CtiH4(NH.,)CO.NHEt.  [105°].  From  isatoic 
acid  and  ethylamine  (Finger,  J.  pr.  [2]  37,  437). 
White  colloid  mass ;  sol.  alcohol  and  hot  ligroiin. 

HN02  converts  it  into  C6H4<°°>NEt.  [70°]. 

Ethyl  -  chloro  -  amine  NHEtCl.  Acetyl- 
derivative  NAcEtCl.  Formed  by  passing 
chlorine  into  NAcEtH  at  -18°  (Norton  a. 
Tcherniak,  C.  R.  86, 1409).  Liquid,  v.  sol.  water, 
alcohol,  and  ether ;  decomposed  by  heat.  Boil- 
ing soda-solution  decomposes  it  into  chloroform, 
ethyl-di-chloro-amine,  ethyl  carbamine  and 
NH.2Et. 

Ethyl  - bromo  -  amine.  Acetyl  deriva- 
tive. NAcEtBr.  From  acetyl-ethylamine  by 
warming  with  a  solution  of  bromine  in  aqueous 
KBr(N.a.T.). 

Ethyl-di-chloro-amine  NCLEt.  (89°).  S.G. 
s  1-240;  ^  1-230.  Obtained  by  chlorinating 
ethylamine'  at  0°  (Wurtz,  A.  Ch.  [3]  30,  474). 
Prepared  also  by  distilling  ethylamine  hydro - 
chloride  (100  g.)  with  bleaching-powder  (250  g.) 
made  into  a  thick  cream  with  water  (Tcherniak, 

B.  9,   146).    Pungent  yellow  oil;  not  solid  at 
—  30°.  Insol.  acids.   Decomposes  spontaneously 
in  damp  air  into   NH4C1,  ethylamine    hydro- 
chloride,  chloroform,  acetyl  chloride,  and  aceto- 
nitrile.    Keduced  to  NELjEt  by    H2S.    Alkalis 
give  HOAc  and  NH3.     Converts  aniline  into  di- 
and  tri-chloro-aniline,  being  itself  reduced  to 
NK^Et  (Pierson  a.  Heumann,    B.    16,   1047). 
Reacts   with    ZnEt2  diluted  with    ether    with 
formation  of    ethylamine    and    tri-ethylamine 
(Kohler,  B.  12,  770,  1869). 

Ethyl-di-iodo-amine  NI2Et.  From  ethyl- 
amine and  iodine  (Wurtz ;  Kaschig,  A.  230,  221). 
Dark  red  pp. 

Diethylamine  C4H,,N  i.e.  NHEt2.  Mol.  w. 
73.  (56°).  S.G.  2  -726 ;  18  -716;  ?°  -706  ;  &  -674 
(Oudemans,  R.  T.  C.  1,  56).  S.  V.  109  (Schiff ). 
H.F.p.  29,320  (Th.),  31,100  (M.).  H.F.v.  26,420 
(Th.).  H.C. 724,400  (gaseous);  716,900 (liquid) 
(Muller,  Bl.  [2]  44,  609). 

Formation. — 1.  By  heating  ethylamine  with 
EtBr  (Hofmann,  T.  1850,  120 ;  C.  J.  3,  300).— 
2.  By  heating  ammonia  with  EtCl,  EtBr,  or 
EtI  as  described  under  ethylamine. — 3.  Together 
with  ethylamine  by  heating  ethyl  nitrate  with 
ammonia  (Carey  Lea,  J.pr.  86, 176).— 4.  Together 
with  mono-  and  tri-ethyl-amine  by  heating 


absolute  alcohol  with  ammomacal  ZnCl2  at  260° 
(Merz  a.  Gasiorowski,  B.  17,  637). 

Preparation. — 1.  By  treating  its  nitrosamine 
with  cone.  HClAq  (Geuther,  Jenaische  Zeitschr. 
7,  118). — 2.  By  acting  on  di-nitro-di-ethyl- 
aniline  CtiH3(N02)2NEt2  with  dilute  KOH,  the 
other  product  being  C6H3(NO2)2OK.  The  yield 
is  good  (Van  Eomburgh,  R.  T.  C.  2,  35).— 3.  v. 
ETHYLAMINE. 

Properties. — Volatile  inflammable  liquid  with 
strong  alkaline  reaction ;  v.  sol.  water.  It  differs 
from  ethylamine  in  not  redissolving  the  pp. 
which  it  forms  with  zinc  salts,  in  not  ppg.  a 
solution  of  PdCl2,  and  in  the  fact  that  the  pp. 
which  it  forms  with  HgCl2  is  not  soluble  in 
acetic  acid,  whereas  the  pps.  formed  by  ethyl- 
amine and  by  NH3  are  soluble  in  HOAc. 

Reactions. — 1.  When  passed  through  a  red- 
hot  tube  it  forms  HCy,  NH3,  carbon,  CH4,  hy- 
drogen, C2H2,  benzene,  and  nitrogen,  but  no 
ethylene  (Muller,  Bl.  [2]  45,  438).— 2.  Iodine 
forms  an  oily  substitution  product. — 3.  Potassium 
nitrite  converts  its  hydrochloride  into  di-ethyl- 
nitrosamine  NEt2NO.  This  is  a  neutral  yellowish 
oil,  (177°),  S.G.  ^-5 -951,  V.D.  3-36  (calc.  3-53) 
(Geuther  a.  Kreutzhage,  A.  127,  43).  It  is  split 
I  up  by  alcoholic  KOH  at  140°  into  NH3  and 
ethylamine. — 4.  C?/awice£7ierformstri-ethyl-urea 
(Hofmann,  C.  R.  54, 252). — 5.  Cyanogen  chloride 
forms  liquid  di-ethyl-cyanamide  (190°)  (Cloez 
a.  Cannizzaro,  A.  78,  228).— 5.  S03  forms  di- 
ethyl-sulphamic  acid  NEt.SOJL 

Salts.— B'HCl  [217°],  (320°-330°),  non- 
deliquescent  plates  (Wallach,  B.  14,  748).  V.  e. 
sol.  water,  m.  sol.  alcohol,  v.  sol.  chloroform 
(Behrend,  A.  222,  119).— B'2H2PtCl6 :  orange 
|  monoclinic  crystals  (Topsoe,  Z.  K.  8,  246). — 
I  B'HAuCl4 :  trimetric  crystals.— B'HHgCl3 :  tri- 
metric  crystals.  —  B'HCl(HgCl2)5 :  hexagonal 
|  rhombohedra.  —  B'-jH^Cl^HgCLJ- :  dimorphous. 
— B'2H2PtBr6 :  monoclinic.— B'H2S  :  crystalline ; 
its  vapour-pressure  is  150  mm.  at  10°  (Isambert, 
C.  R.  96,  708).-B'HN03.  [100°].  Long  needles 
or  prisms  (Franchimont,  R.  T.  C.  2,  338).— 
B/H.,C.204 :  long  needles,  m.  sol.  water  (Duvillier 
a.  Buisine,  A.  Ch.  [5]  23,  342).  Benzene  sul- 
phonate  B'HSO3.C(iH5 :  [139°]  (Norton, 
Am.  10,  129).  —  p-Toluene  sulphonate 
B'HSO,.C(iH4Me :  [88°]  (N.). 

Formyl  derivative  NEt.CHO  (178°). 
S.G.  12  '908.  From  di-ethyl-oxamic  acid  by 
heating  (Wallach,  B.  14,  745).  Liquid,  miscible 
with  water.— B'2H,PtCl6.-B'2H0PtClti2aq.  With 
PC15  it  forms  a  base  C8HHN2  (Wallach,  A.  237, 
236). 

Acetyl  derivative  C6H13NO  i.e.  NEt^Ac. 
(186°).  S.  G.  25  -925  (Wallach  a.  Kamensky,  A. 
214,  235). 

Tri-chloro-acetyl  derivative 
CCl3.CO.NEt2.  [27°]  (F.  a.  K). ;  [90°]  (C.).    From 
NHEt2  and  CC13.COC1  (Franchimont  a.  Klobbie, 
R.  T.  C.  6,  236).   From  hexa-chloro-acetone  and 
NHEt2  (Cloez,  A.  Ch.  [6]  9,  145). 

Valeryl  derivative  CMe3.CONEt2.  (203°). 
S.G.  i*  -891  (F.  a.  K.). 

Hep  toy  I  derivative  CtiH13CO.NEt2.  [below 
-15°].  (258°).  S.  G.  -^  -881  (F.  a.  K.). 

Benzoyl  derivative  NEt2Bz.  (282°). 
S.G.  ifi  1-019  ;  oil ;  sol.  dilute  HC1  but  reppd. 
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by  water  (Hallmann,  B.  9,  846;  Romburgh, 
R.  T.  C.  4,  387). 

Triethylamine  C6H,,N  i.e.  NEt3.  Mol.  w. 
101  (cf.  Dewar  a.  Scott,  Pr.  35,  347).  (90°).  S.G. 
f  -7277  (Briihl,  A  200,  186).  S.V.  153-86  (Schiff). 
HP  1-406.  BO,  53-86.  H.F.p.  42,080  (Thomsen)  ; 
34,400  (Muller,  BL  [2]  44,  609).  H.F.v.  38,020 
(Th.).  H.C.  1,047,100  (gaseous);  1,038,300  (liquid) 
(M.).  Critical  temperature,  267°  (Pawlewsky,  B. 
16,  2633). 

Formation.  —  1.  By  heating  diethylamine  with 
EtBr.—  2.  From  cyanic  ether  and  KOEt.—  3.  By 
heating  ammonia  with  EtI,  EtBr,  EtCl,  or  EtN03  ; 
v.  ETHYLAMINE  (Hofmann,  C.  J.  3,  300  ;  Carey 
Lea,  C.  N.  6,  142).—  4.  Together  with  ethylene 
and  water  by  the  destructive  distillation  of  tetra- 
ethyl-ammonium  hydroxide  (Hofmann).  —  5.  To- 
gether with  mono-  and  di-ethyl-amine,  by  heat- 
ing absolute  alcohol  with  ammoniacal  ZnCL,  at 
260°  (Merz  a.  Gasiorowski,  B.  17,  637). 

Properties.  —  Strongly  alkaline  liquid,  in- 
flammable, having  an  ammoniacal  odour;  si. 
sol.  water.  Its  aqueous  solution  forms  with 
salts  of  Zn,  Cd,  Be,  Zr,  Ni,  Co,  Sn",  Ag,  Hg", 
Cu,  Pb,  Fe,  and  Mg,  pps.  insol.  excess  ;  with 
salts  of  Al  and  Sniv  a  pp.  v.  sol.  excess  ; 
with  AuCl3  it  gives  a  yellow  pp.  insol.  excess, 
which  soon  blackens  from  reduction  to  AuCl,  an 
odour  of  aldehyde  being  formed. 

Reactions.  —  1.  At  a  temperature  of  1200°  it 
gives  HCy,  ammonia,  carbon,  hydrogen,  CH4, 
acetylene,  and  C2H4,  but  no  benzene  or  N 
(Muller,  BL  [2]  45,  438).—  2.  KMnO4  oxidises  it, 
giving  C02  and  HOAc  (Wallach  a.  Claisen,  B. 
8,  1237).  —  3.  Its  hydrochloride  is  not  decom- 
posed by  aqueous  KNO.2  in  the  cold,  but  on  boil- 
ing some  NEt2.NO  is  formed  (Geuther,  Z.  [2]  2, 
513).  —  4.  When  heated  with  o-bromo-butyric 
acid  and  water  there  is  formed  o-oxy-butyric 
acid  and  NEt3HBr.  The  same  products  appear 
to  be  formed  when  no  water  is  present  (Duvillier, 
BL  [2]  48,  3;  cf.  Briihl,  B.  9,  34).—  5.  S03 


forms  EtsN^Q          [92°]  which  crystallises  in 

tables  ;  sol.  alcohol,  acetone,  and  hot  water  ;  si. 
sol.  cold  water  and  ether.  It  is  decomposed  by 
boiling  water  into  acid  triethylamine  sulphate 
(Beilstein  a.  Wiegand,  B.  16,  1267).—  6.  Tri- 
ethylamine combines  directly  with  the  chlorides, 
bromides,  and  iodides  of  primary  alkyls,  form- 
ing ammonium  derivatives  that  are  not  decom- 
posed by  KOH,  but  are  converted  by  moist  Ag.,0 
into  non-volatile,  caustic  bases.  When  the  alkyl 
is  secondary  or  tertiary  an  olefine  and  a  salt  of 
triethylamine  are  the  chief  products.  Thus, 
isopropyl  iodide  at  100°  forms  NEt^HI  and 
C  ,H6,  while  Me3CBr  forms  NEt,HBr  and  butylene 
(Reboul,  C.  R.  93,  69). 

Salts.  —  B'HCl  :  white,  non-deliquescent 
laminae.  —  B'2H2PtCl6  :  orange  monoclinic  crys- 
tals, v.  sol.  water.  —  B'HAuCl4:  monoclinic  crys- 
tals.- B'2H,HgCl4:  hexagonal  crystals  (Topsoe). 

—  B  HHg2C~l5  :  monoclinic.  —  B'HHg5Cln  :  hexa- 
gonal rhombohedra.  —  B'.,H,CuCl4:  monoclinic.  — 
B'HN03.   [99°]  .  Hygroscopic  crystals  (Franchi- 
mont,  R.  T.  C.  2,  338).—  B'H2PtBr6  :  monoclinic. 

—  B'HBil,  :  scarlet  prisms  (Kraut,  A.  210,  317).— 
B'H.,C.,O4  :  trimetric  plates  (Loschmidt,  J.  1865, 
375  ;  Site.  W.  51  [2]  7,  384). 

Benzene       sulphonate      C6H5.S03HB'. 


[121°]   (Norton,   Am.   10,   12')).— p-Toluene 
sulphonate   C.H.Me.SO.HB'.  [65°]  (N.). 

Tetra-ethyl-ammonium  hydroxide  NEt4OH. 
Obtained  by  decomposing  its  iodide  by  moist 
Ag20  or  its  sulphate  by  baryta.  Very  deliques- 
cent, hair-like  needles.  Absorbs  C02  from  the 
air.  Strongly  alkaline,  saponifying  fats.  Its 
solution  rubbed  between  the  lingers  feels  like 
caustic  potash ;  it  strongly  attacks  the  tongue, 
and  when  dilute  has  a  bitter  taste.  With 
metallic  solutions  it  behaves  like  potash,  except 
that  alumina  is  less  soluble  in  it,  and  hydrated 
chromic  oxide  is  quite  insoluble.  A  very  con- 
centrated solution,  as  well  as  the  dry  base,  is  split 
up  at  103°  into  NEt3,  water,  and  C2H4.  Its 
solution  boiled  for  24  hours  with  EtI  gives 
NEt4I  and  alcohol. 

Salts  of  Tetraethyl  ammonium  (Hof- 
mann, C.  J.  4,  304  ;  A.  78,  253).— NEt4Cl.  The 
union  of  NEt3  with  EtCl  takes  place  with  diffi- 
culty in  dilute  alcoholic  solutions  (Malbot,  A.  Ch. 
[6]  13,  545).— (NEt4)2PtCl6 :  orange  pp. ;  si.  sol. 
water,  v.  si.  sol.  alcohol  and  ether. — NEt4AuCl4 : 
lemon-yellow  pp.  ;  si.  sol.  cold  water  and 
HClAq.— (NEt4)2Hg,Cl12 :  white  crystalline  pp. ; 
sol.  water  and  boiling  HClAq,  from  which  it 
separates  as  unctuous  plates  (Hofmann). — 
(NEt4)2HgCl4  :  dimetric  crystals  (Topsoe,  J. 
1883, 620).— NEt4HgCl3 :  triclinic.— NEt4Hg2Cls : 
triclinic.  —  NEt4Hg3Cl7  :  monoclinic.  — 
NEt4Hg.Cln  :  hexagonal  rhombohedra.  - 
NEt4Cl2I  :  regular  crystals  deposited  from  a 
hot  solution  of  NEt4Cl  and  IClin  water  (Tilden, 
C.  J.  19,  145).— (NEt4)3Bi2Cl9 :  six-sided  tables 
(Jorgensen,  J.  pr.  [2]  3,  344).— (NEt4)2CuCl4 : 
dimetric  crystals.  —  NEt4Br.  —  NEt4Br3  [78°]  : 
light-red  pp.  or  orange-red  needles  (from  al- 
cohol) ;  v.  sol.  alcohol  and  CS2.  A  solution  of 
iodine  in  aqueous  KI  added  to  its  alcoholic 
solution  throws  down  NEt4I3  (Clamor-Marquart, 
J.  pr.  [2]  1,  429).— NEt4Br5:  crimson  pp. ;  gives 
off  \  of  its  Br  in  air.— (NEt4)3Bi.,Br9  (Jorgensen). 
— NEt4I.  The  union  of  NEt3  with  EtI  takes 
place  slowly  in  the  cold,  but  when  it  is  started 
at  100°  it  goes  on  with  great  vigour.  Large 
crystals  (from  water) ;  v.  sol.  cold  water,  sol. 
alcohol,  insol.  ether.  Decomposed  on  distilla- 
tion into  NEt3  and  EtI.  Not  acted  on  by 
KOHAq,  but  less  soluble  therein  than  in  water. 
Decomposed  by  AgN03,  by  Ag2S04,  or  by  moist 
Ag20,  yielding  NEt4N03,  (NEt4)2S04,  or  NEt4OH 
respectively. — NEt4I3 :  red  needles  (Weltzien,  A. 
86,292;  91,  33).-NEt4I7 :  [108°] ;  dark- violet 
plates  (Geuther,  A.  240,  66).— (NEt4I)25HgL : 
from  NEt4I  and  Hgl,.— (NEt4I)23HgI2:  yellow 
crystals  formed  by  the  action  of  EtI  on  N.,Hg., 
or  NHg.>H2Cl ;  m.  sol.  alcohol,  not  decomposed 
by  water  (R.  Muller,  A.  108,  6  ;  Sonnenschein,  A. 
101,  20).-NEt4IHgI2  :  from  NEt4I3  and  Hg 
(Kisse,  A.  107,  224).-C32H78N4HgsI18  :  [150°] ; 
from  NH2.HgCl  and  lEt :  golden-yellow  crystals, 
insol.  alcohol,  ether,  and  water.— (NEt4I)3Bi2Ia 
(Jorgensen,  J.  pr.  [2]  3,  339).— (NEtJ-AV./), : 
deliquescent  (Classen,  J.  pr.  93,  446)".  — 
(NEt4)2Mo207  3aq  :  deliquescent  (C.).  - 
(NEt4)206Sn02  aq  :  insoluble  dimetric  octahedra. 
— (NEt4).,07Sn02  aq.— (NEt4)2Cr04 :  not  crystal- 
lised.—(NEt4).,Cr.,07  :  prisms  (C.).— NEt4AsO3 : 
crystalline.— (NEt4)4Sb207 :  deliquescent  (C.).— 
Pi  crate  [251°]  (Lessen,  A.  181,  375).— 
(NEt4)3FeCy6  4aq :  from  Ag3FeCy6  and  NEt4I 
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(Bernheimer,    B.   12,  409).— NEt4V03   (Bailey, 
C.  J-  45,  693). 

Tri-ethylamine  methylo-hydroxide 
NEt3Me(OH).  Methyl-lri-ethyl-ammonium  hy- 
droxide. Derivatives  :  NEt3MeI.  From  NEt3 
and  Mel  (Hofmann,  A.  78,  277).  V.  e.  sol.  water, 
but  ppd.  from  its  solution  by  KOH. — NEt3MeI5 : 
[16°];  dark  green  plates.— NEt3MeI7:  [42°]; 
brownish -violet  plates.— (NEt3MeCl)2PtCl4  :  di- 
metric  crystals.  —  NEt.,MeAuCl4 :  dimetric. — 
(NEt3MeCl)2HgCl2 :  dimetric  (Topsoe,  Z.  K.  8, 
246).  —  (NEt3MeCl)45HgCl2  :  monoclinic.  - 
NEt3MeCl(HgCl2)2  :  monoclinic  crystals.  — 
(NEt3MeCl)2CuCl2.— NEt3MeI3  (Miiller,  A.  108, 
5).— Picrate  [268°]  (Lessen,  A.  181,374). 

Tri-e thylamine iodo-m ethyl-hydroxide.  De- 
rivatives: NEt3(CH2I)I.  From  NEt,  and 
CH.J2  (Lermontoff ,  B.  7,  1253).  Dimetric  tables, 
v.  sol.  water.  Boiling  with  Ag.,O  suspended  in 
water  gives  NEt3(CH2I)OH.— (N'EtsCHjIJjjPtCl, : 
octahedra. 

Tri-ethylamine  any lo -hydroxide 
NEt3(C5H,,)OH.   Not  obtained  crystalline.     The 
iodide  NEt3(C5HH)I  forms  slender  unctuous  crys- 
tals, v.  sol.  water  and  alcohol,  insol.  ether  (Hof- 
mann, C.  J.  4,  313). 

DI-ETHYLAMINE  DISULPHONIC  ACID 
C4HHNS206  i.e.  NH(CH2.CH2.S03H)2.  Imido-di- 
ethane  disulplionic  acid.  Formed  by  heating 
taurine  with  baryta-water  at  220°  (Salkowsky, 
£  7,117). 

ETHYL-AMMELINES  v.  Cyanuric  acid  in 
the  article  CYANIC  ACID. 

ETHYL-AMYL  is  HEPTANE. 

DI  -  ETHYL  -  AMYL  -  AMINE  NEt2(C5H1I). 
(154°).  Obtained,  together  with  water  and 
ethylene,by  the  dry  distillation  of  NEt3(C5HM)OH 
(Hofmann,  C.  J.  4,  315).  Liquid,  sol.  water. 

ETHYL-ISO-AMYL-ANILINE  C13H21N  i.e. 
NPhEt(C6H,j).  Mol.  w.  191.  (262°).  From 
isoamyl-aniline  and  EtBr ;  or  from  ethyl-aniline 
and  isoamyl  bromide  at  100°  (Hofmann,  A.  74, 
156 ;  79,  13).  Liquid.  Its  hydrobromide  is  re- 
solved by  distillation  into  ethyl-aniline  and  iso- 
amyl bromide.  HN03  and  H2S04  give  a  product 
[c.  72C]  (Van  Eomburgh,  E.  T.  C.  2,  103).— 
B^HjPtClet  [100°]. 

Methylo-iodide  NPhEt(C6H,,)MeI.  Moist 
Ag,O  forms  NPhEt^HJMeOH,  which  is  re- 
solved by  distillation  into  ethylene,  water,  and 
methyl  -  isoamyl  -  aniline.  Gives  the  platino- 
chloride(NPhEt(C5Hn)MeCl)2PtCl4. 

DI-ETHYL-ISOAMYL  BORATE 
Et2(C5Hn)B03.    (174°),     S.G.^-858(Schiff,A 
Suppl.  5, 154). 

Ethyl-di-isoamyl  borate  Et(C5H11)2B03.  (c. 
213°).  S.G.  e  -876. 

ETHYL  ISOAMYL  CARBONATE 
Et(C5Hn)CO3.   (182°  cor.).     S.G.  ^  -92  (Rose, 
A.  205,  230).  PC15  gives  C5HMO.COC1  and  EtCl. 

ETHYL  AMYL  KETONE  C^.CO.CEtMe,. 
Ethyl-amyl-pinacolin.  (151°).  S.G.  s.  -845"; 
Si  -829.  From  CEtMe,.COCl  and  ZnEt2  (Wysch- 
negradsky,  A.  178,  107).  Formed  also  by 
boiling  the  pinacone  CMeEt(OH).CMeEt(OH) 
with  diluted  H2S04  (Lavrinovitch,  A.  185,  12G). 
Gives  on  oxidation  acetic  acid  and  CEtMe^CO^H. 

Ethyl  amyl  ketone  C8H18O.  (154°).  S.G. 
•841.  Occurs  among  the  by -products  in  the  pre- 
paration of  ether  (Hartwig,  J.  pr.  [2]  23,  449). 
Oil,  smelling  like  camphor.  Reduces  to  a  secon- 


dary alcohol  C8H200.     Oxidation  gives  propionio 
and  valeric  acids. 

ETHYL  ISOAMYL  OXIDE  C7H160  i.e. 
Et.O.C5Hn.  Ethyl  amyl  ether.  (112°).  V.D. 
4-04.  S.G.  is  -764.  H.F.  49,000  (Berthelot). 
Prepared  by  the  action  of  potassium  isoamylate 
KOC5Hn  on  EtI ;  or  of  potassium  ethylate  on 
isoamyl  iodide  (Williamson,  C.  J.  4,  233).  Not 
formed  by  distilling  a  mixture  of  ethyl  and  iso- 
amyl alcohols,  since  amylene  is  given  off  (Guthrie, 
A.  105,  37).  Oil,  lighter  than  water,  smelling 
like  sage. 

Ethyl  tert-*mjl  oxide  Et.O.CMe2Et.  (102°). 
S.G.  2  -779  ;  is  -751.  A  by-product  in  the  for- 
mation of  amylene  by  the  action  of  alcoholic 
potash  on  tert-amyl  iodide :  the  yield  being 
2  p.c.  (Kondakoff,  J.  R.  1887,  300  :  Eeboul,  C.E. 
64,  1243). 

DI-ETHYL-ISO-AMYL-PHOSPHINE 
Et2(C5HH)P.  (186°).  Formed  by  treating  di-ethyl- 
isoamyl-phosphine  hydrochloride  with   NaHO. 
A  colourless  slightly  viscid  liquid  (Collie,  C.  J. 
53,  722). 

Tri-  ethyl  -  iso  -  amyl  -  phosphonium  chloride. 
Formed  by  heating  iso-aniyl  chloride  with  tri- 
ethyl  phosphine  at  130°  in  a  sealed  tube  (Collie). 
Very  deliquescent.  Decomposed  above  300°  into 
ethylene  and  di-ethyl-isoamyl-phosphine  hydro- 
chlorideEt2(C5Hn)PHCl.Theplatinochloride 
forms  thick  needles.  M.  sol.  water. 

TRI-ETHYL-ISOAMYL  SILICATE 
Et3(C5H,,)Si04.  (216°-225°).  From  isoamyl  alco- 
hol and  ClSi(OEt)3  (Friedel  a.  Crafts,  A.  Ch.  [4] 
9,5). 

Di-ethyl-di-isoamyl  silicate  Et2(C5Hn)2Si04. 
(245°-250°).  S.G.  2  -915.  From  Cl2Si(OEt)2  and 
isoamyl  alcohol. 

Ethyl -tri- isoamyl  silicate  Et(05H11)3Si04 
(280°-285°).  S.G.  s.  -913.  From  Cl3SiOEt  and 
isoamyl  alcohol. 

ETHYL-ISOAMYL  SULPHIDE  C-HI6S  i.e. 
Et.S.a,Hn.  (160°  i.V.)  (B.).  S.G.  fi  -852.  From 
NaSC5Hn  and  EtI ;  or  from  C5HUI  and  NaSEt 
in  dry  alcohol  (E.  0.  Beckmann,  J.  pr.  125,  449  ; 
A.  Saytzeff,  A.  139,  361).  Colourless  oil  with 
alliaceous  odour.  Mel  at  100°  gives  SMe3I, 
ethyl  iodide,  and  C5HUI.  HgI2  forms  a  com- 
pound HgI22SEt(aHn). 

Ethyl  -  amyl  -  di  -  sulphide  (C2H5)  (C,Hn)S,. 
Formed  by  oxidation  of  an  ethereal  solution  of 
ethyl-  and  amyl-mercaptans  with  bromine.  Thin 
colourless  liquid.  Volatile  with  steam.  Lighter 
than  water.  Miscible  with  alcohol  and  ether, 
insol.  water  (Otto  a.  Rossing,  B.  19,  3134). 

ETHYL-ISO-AMYL   SULPHONE 
Et(C5Hn)S02.   [14°J.    (270° i.V.).     S.G.  is  1-032. 
From  ethyl-isoamyl  sulphoxide  (g.  v.)  and  aque- 
ous KMn04  (E.  0.  Beckmann,  J.pr.  125,  450). 

ETHYL-ISOAMYL  SULPHOXIDE 
Et(C5H,,)SO.  From  ethyl-isoamyl  sulphide 
(1  pt.)  and  (2  pts.  of)  HNO3  (S.G.  1-4).  Crystal- 
line (Beckmann,  J.  pr.  125,  449).  Oil,  solidified 
by  a  freezing  mixture  at  — 16°.  May  be  reduced 
to  ethyl  isoamyl  sulphide. 

ETHYL-ISOAMYL  THIOCARBONATE  v. 
Ethyl  thiocarbonate. 

ETHYL-ANHYDRACETONE  BENZIL  v.  vol. 
i.  p.  462. 

ETHYL- ANILINE  CHHUN  i.e.  NPhEtH.  Mol. 
w.  121.  (204°).  S.G.  is  -954.  Formed  by  heating 
a  mixture  of  aniline  with  excess  of  EtBr  to  boil- 
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ing  ;  on  cooling,  a  mass  of  crystals  of  its  hydro- 
bromide  is  formed  (Hofmann,  C.  J.  3,  285).  Pre- 
pared by  saponifying  its  acetyl  derivative  with 
boiling  alcoholic  KOH;  the  acetyl  derivative 
may  be  obtained  by  warming  alcohol  (300  g.), 
acetanilide  (75  g.),  KOH  (31  g.),  and  EtBr  (65  g.) ; 
the  reaction  is  at  first  violent,  and  the  yield  of 
ethyl-aniline  is  41  p.c.  of  the  theoretical  (Pictet, 
B.  20,  3422  ;  cf.  Hepp.  B.  10,  327  ;  Elsbach,  B. 
15,  690).  Prepared  also  by  heating  aniline  hy- 
drochloride  with  ethyl  alcohol  (li  mol.)  for 
8  hours  at  150° ;  the  yield  being  52  p.c.  of  the 
theoretical  (Eeinhardt  a.  Staedel,  B.  16,  29). 
Commercial  ethyl-aniline  may  be  purified  by 
fractional  treatment  with  phthalic  anhydride 
(Piutti,  A.  227,  181). 

Properties. —  Oil,  sol.  alcohol,  smelling  like 
aniline.  Gives  no  blue  colour  with  bleaching 
powder  solution  ;  colours  fir-wood  and  elder  pith 
less  strongly  yellow  than  aniline.  Turns  brown 
in  air  and  light. 

Reactions.— I.  HN03  gives  off  CO2  and  red 
fumes,  but  forms  also  tetra-nitro-ethyl-aniline 
(Van  Eomburgh,  E.  T.  C.  2,  31).— 2.  Nitrous 
acid  forms  the  nitrosamine  C6H5NEt(NO),  a 
heavy  yellowish  oil,  v.  sol.  alcohol  and  ether, 
neutral  in  reaction,  and  re-converted  into  ethyl- 
aniline  by  treatment  with  zinc  and  dilute  H2S04 
(Griess,  B.  7,  218).— 3.  A  solution  of  acetone 
saturated  with  S02  forms  large  crystals  of 
C3H6OS02NPhEtH  (Boessneck,  B.  21,  1906).— 
4.  Its  phenyl-ethyl-phthalamate  loses  H.,0  at 

200°,  becoming  CO<^6H4>C(NPhEt)2  (Piutti, 

A.  227,    181). — 5.    Cyanogen    chloride  forms 
PhNEtCy  (271°)  (Cloez  a.  Cahours,  A.  90,  94). 

gaits. — B'HBr:  large  trimetric  tables  (from 
alcohol)  ;  v.  e.  sol.  water  (Hjortdahl,  Z.  K.  6, 
473).— B'gH^tClg :  long  needles;  v.  sol.  water 
and  alcohol. — B'HCl*  :  crystalline  mass ;  con- 
verted at  320°  into  the  hydrochloride  of  amido- 
phenyl-ethane  C6H4Et.NH2  (Hofmann,  B.  7, 
526).— B'HBrCdBr2  :  trimetric.— B'2H2SnBr6 : 
monoclinic. — B'HI :  trimetric  tables. — Ethyl 
sulphate  B'HEtS04Et,S04 :  prisms:  from 
NPhEtH  and  Et2S04  in  benzene  (Claesson  a. 
Lund  wall,  B.  13,  1704). 

Formyl  derivative  C6H.NEtCHO.  (260°). 
S.G.  is  1-063  (Pictet  a.  Crepieux,  B.  21,  1106  ; 
cf.  Tobias,  B.  15,  2866). 

Acetyl  derivative  C6H5NAcEt.  [55°]. 
(249°) ;  (258°)  at  731  mm.  (P.  a.  C.).  _  From 
sodium  acetanilide  and  EtI.  Also  from  di-ethyl- 
aniline  and  AcBr.  Prisms  ;  sol.  ether  (Elsbach, 

B.  15,  690;  Staedel,  B.  16,  29  ;  19,  1948). 
Benzoyl  derivative  CtiH5.NEtBz.    [60°J ; 

large  crystals  ;  v.  sol.  alcohol,  ether,  &c.,  insol. 
water.  Formed  by  heating  di-ethyl-aniline  with 
benzoyl  chloride  at  200°  (Hess,  B.  18,  687). 

Di-ethyl-aniline  C10H15N  i.e.  C6H5NEt2.  Mol. 
w.  149.  (214°).  S.G.  is  -936.  S.H.  -476  between 
8°  and  80°  (E.  Schiff,  G.  17,  286).  Formed  by 
heating  ethyl-aniline  with  excess  of  EtBr  (Hof- 
mann, A.  74, 135).  Prepared  by  heating  aniline- 
hydrobromide  (or  hydroiodide)  with  (2^  mols. 
of)  ethyl  alcohol  to  150°  for  8  hours  ;  the  yield 
is  98  p.c.  of  the  theoretical  (Eeinhardt  a.  Staedel, 
B.  16,  29). 

Properties.— Oil.  Gives  no  colour  with 
bleaching  powder.  Does  not  turn  brown  in  air. 
Benzoyl  chloride  at  180°  forms  EtCl  and  benzoyl- 


ethyl-aniline  (Hess,  B.  18,  687).  AcBr  'forms 
EtBr  and  NPhEtAc  (Staedel,  B.  19,  1<U<S). 
HN03  forms  tetra-nitro-ethyl-aniline  (Van  Eom- 
burgh, E.  T.  C.  2,  31).  Nitrous  acid  gives  ni- 
troso-di-ethyl-aniline  C6H4(NO)NEt2,  which  crys- 
tallises from  ether  in  green  prisms  [84°],  and 
dissolves  in  dilute  acids. 

Salts.—  B'HBr:  four-sided  tables  ;  sublimes 
in  needles.  —  B'2H2PtCl6  :  yellow  prisms  (from 
alcohol)  ;  less  soluble  than  the  platinochloride 
of  ethyl-aniline.  —  B'2H,Cl2SnBr4  :  monoclinic 
prisms  (Hjortdahl,  J.  1882,  524).—  B'2H2Br2SnBr4. 

Methylo-iodide  B'Mel  :  [102°];"  identical 
with  methyl  -  ethyl  -  aniline  ethylo  -  iodide.  By 
treatment  with  KOH  it  gives  methyl-ethyl- 
aniline  (Glaus  a.  Howitz,  B.  17,  1326).  The 
corresponding  hydroxide  splits  up  on  distillation 
into  ethylene,  water,  and  di-ethyl-aniline.  Its 
salts  are:  (NPhEt3Cl)2PtCl4.-NPhEt3I3  [81°]. 
NPhEt3I5  [68°]  (Dafert,"M.  4,  502). 

Ethylo-iodide  NPhEt,!.—  NPhEt3OH.— 
NPhEt3Cl.  —  (NPhEt,Cl)2PtCl4  (Hofmann,  A. 
79,  2). 

Eeferences.  —  BROMO-,  CHLOKO-,  CHLOKO-NITBO-, 
and  NITEO-  ETHYL-ANILINE. 

ETHYL-ANILINE  AZYLINE  v.  Di-ethyl- 
amido-benzene-A.zo-di-ethyl-aniline. 

ETHYL-ANILINE  SULPHONIC  ACID  v. 
ETHYL-AMIDO-BENZENE  SULPHONIC  ACID. 

ETHYL-ANTHRACENE  C16H14  or 


Large  plates. 

Prepared  by  reduction  of  ethyl-oxanthranol  with 
zinc-dust  and  NH3  (Liebermann  a.  Tobias,  B. 
14,  802;  A.  212,  109).  Picric  acid  com- 
pound [120°]. 

ETHYL-  AN  THEACENE-DIHYDEIDE  C16H16 

or  C6H4<°^Et>C6H4.     (322°  cor.).     S.G.  if 

1'049.  Prepared  by  reduction  of  ethyl-oxan- 
thranol with  P  and  HI  (S.G.  1*7)  (Liebermann, 
B.  13,  1600;  A.  212,  76).  Clear  fluorescent 
liquid.  Miscible  with  alcohol,  ether,  benzene, 
and  acetic  acid  in  all  proportions.  Cautious 
treatment  with  CrO3  in  glacial  acetic  acid  recon- 
verts it  into  ethyl-oxanthranol  ;  further  oxidation 
gives  anthraquinone. 

Di-ethyl-anthracene  dihydride 

C6H4<^t2>C6H4.     [50°].     From  di-ethyl-an- 

throne,  HIAq  (S.G.  !•?),  and  amorphous  phos- 
phorus at  190°  (Goldmann,  B.  21,  1176).  Colour- 
less crystals,  v.  sol.  ligroin,  ether,  and  CS2.  Oxi- 
dised by  Cr03  in  HOAc  to  di-ethyl-anthrone. 

Ethyl-anthracene-hydride-nitrite 
C14H8(C2H5)(N02)3.  [130°].  Large  crystals.  Sol. 
benzene.  Prepared  by  the  action  of  HN03  on 
an  acetic  acid  solution  of  ethyl-anthracene- 
hydride.  On  oxidation  with  Cr03  it  gives  anthra- 
quinone (Liebermann  a.  Landshoff,  B.  14,  473). 

ETHYL-ANTHRANOL       Ethyl       ether 

yC(OEtk 
C6H4<  |  VsH,.     [77°].     Formed  by  the 

X5Et      / 

action  of  ethyl  iodide  and  KOH  on  anthranol 
(Goldmann,  B.  21,  2506).  Needles  (from  dilute 
alcohol)  ;  v.  e.  sol.  benzene,  ether,  and  petroleum 
ether.  Oxidised  by  chromic  acid  to  ethyl-oxan- 


thranol 


4  [106°]. 
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DI-ETHYL-  AN  THRONE   C18H18O  i.e. 

4.    Formed  together  with  the 


ethyl  derivative  of  anthranol 

/C(OEtk 
CdH/  |         'yC6H4  by  boiling  anthranol  with 

cone.  KOHAq  and  EtI  (Goldmann,  B.  21,  1176). 
[136°].  Colourless  crystals,  v.  sol.  benzene, 
chloroform,  alcohol,  and  ether,  sol.  ligroi'n, 
insol.  aqueous  alkalis.  Oxidised  by  Cr03  in 
HO  Ac  to  anthraquinone.  Does  not  combine 
with  Br.  Not  affected  by  HC1  in  HOAc  at  180°. 

ETHYL  ARSENATE  (C  H5)3As04.  (237°). 
S.G.  2  1-326.  Decomposed  "by  water  into  al- 
cohol and  arsenic  acid  (Crafts,  Bl  [2]  14,  99). 

ETHYL  ARSENITE  (CaHJjAsO,.  (166°). 
S.G.  £  1-224.  Formed  from  Ag3As03  and  EtI. 
Prepared  by  the  action  of  NaOEt  on  AsCl3  or 
AsBr3  in  alcoholic  solution.  Only  f  of  the  cal- 
culated quantity  of  NaOEt  is  used,  to  avoid 
saponification  of  the  ether.  Excess  of  AsBr3  is 
removed  by  passing  in  dry  NH3  and  filtering  from 
the  pp.  Arsenious  ether  is  also  formed  by  heat- 
ing Et4Si04  with  As203  at  200°.  It  is  not  affected 
by  dry  NH3  but  is  decomposed  by  water  into  al- 
cohol and  As2Os.  HBr  gives  alcohol  and  AsBr, 
(Crafts,  Bl.  [2]  14,  99). 

ETHYL-ARSINES  v.  ARSENIC,  ORGANIC  COM- 
POUNDS OF. 

ETHYLATION  OF  BASE'.  The  displace- 
ment of  hydrogen  by  ethyl  in  primary  and 
secondary  bases  is  usually  effected  by  heating 
with  ethyl  iodide  (bromide  or  chloride),  the  re- 
sulting compound  being  decomposed  by  potash. 
Another  method  consists  in  heating  the  hydro- 
chloride  (hydrobromide  or  hydroiodide)  of  the 
base  with  10  p.c.  more  than  the  calculated  quan- 
tity of  ethyl  alcohol  at  150°  for  8  hrs.;  the  yield 
varies  from  28  p.c.  to  99  p.c.  of  the  theoretical, 
according  to  the  base.  The  reaction  takes  place 
most  readily  with  the  iodide,  and  least  readily 
with  the  chloride  (c/.  Eeinhart  a.  Staedel,  B.  16, 
29). 

ETHYL-ATROLACTIC  ACID  v.  Ethyl  deri- 

vative Of  a-OxY-a-PHENYL-PROPIONIC  ACID. 

ETHYL-ATROPINE  v.  ATROPINE. 
ETHYL-AZAUROLIC    ACID    v.    AZAUROLIC 

ACID. 

ETHYL-BARBITURIC  ACID  v.  Ethyl  deri- 
vative of  BARBITURIC  ACID. 

ETHYL-BENZENE  C8H10  i.e.  C6B5-C,H5.  Mol. 
w.  106.  (136°  i.  V.).  S.G.  2S°  -8673  (Briihl,  A. 
235,  12)  ;  ?2  -8760  (Schiff,  A.  220,  92).  C.  E. 
(9-9°  to  135-8°)  -00129.  V.D.  3-65  (calc.  3-66). 
S.V.  138-9.  fiD  1-496.  S.H.  -393  at  0°  (Schiff, 
A.  234,  300). 

Occurrence.  —  In  Dippel's  oil  (Weidel  a.  Cia- 
mician,  B.  13,  70). 

Formation.—  I.  From  EtBr,  C0H,Br  and  Na 
(Fittig,  A.  131,  310;  133,  222;  144,  278).—  2. 
From  benzene,  A12C16,  and  EtCl  or  ethylene 
(Friedel  a.  Crafts,  A.  Ch.  [6]  1,  457  ;  14,  456  ; 
liennie,  C.  J.  41,  33  ;  Balsohn,  Bl.  [2]  31,  540  ; 
Sollscher,  B.  15,  1680).—  3.  By  heating  benzene 
(4  pts.)  with  ether  (1  pt.)  and  ZnCl2  (2  pts.)  for 
12  hours  at  180°  (Balsohn,  Bl  [2]  32,  617).—  4. 
According  to  Berthelot  (BL  [2]  9,  289)  it  is 
among  the  products  obtained  by  heating  naph- 
thalene with  cone.  HIAq  (20  pts.).—  5.  Accord- 


ing to  Friedel  a.  Crafts  (Bl.  [2]  39,  195)  it  is 
among  the  carbonaceous  products  of  the  action 
of  A12C16  on  benzene  at  200°. — 6.  By  heating 
styrene  with  HIAq  (20  pts.)  (Berthelot,  BL  [2]  9, 
455). 

Properties. — Liquid,  resembling  toluene. 

Reactions. — 1.  On  passing  through  a  red-hot 
tube  it  is  decomposed  forming  styrene  (2  p.c.) 
benzene  (15  p.c.),  toluene  (1  p.c.),  naphthalene  ('2-2 
p.c.),  naphthalene  dijiydride,  diphenyl  (-6  p.c.), 
phenanthrene  (2-6  p.c.),  and  anthracene  (-4  p.c.) 
(Berthelot,  Z.  [2]  4,  589;  Ferko,  B.  20,  663). 
2.  By  prolonged  oxidation  with  dilute  HNO3 
or  Cr03  it  is  converted  into  benzoic  acid.  When 
the  oxidation  is  incomplete  there  is  formed  a 
small  quantity  (10  p.c.)  of  acetophenone  (Friedel 
a.  Balsohn,  BL  [2]  32,  615).— 3.  In  carbon  di- 
sulphide  it  yields  with  chromyl  chloride  Cr02Cl2 
a  chocolate  crystalline  pp.  of  composition 
PhEt2Cr02Cl2  converted  by  moisture  into  phenyl- 
acetic  aldehyde  (6tard,  A.  Ch.  [5]  22,  246).— 4. 
Converted  by  boiling  with  A12C16  into  ^>-di-ethyl- 
benzene  and  a  little  w-di-ethyl-benzene  (An- 
schiitz,  A.  235,  189). — 5.  Chlorine  under  the  in- 
fluence of  light  forms  a-chloro-ethyl-benzene 
(Schramm,  M.  8,  101).— 6.  By  the  action  of 
bromine  in  the  dark,  or  of  bromine  in  presence 
of  3  p.c.  of  iodine  in  diffused  daylight  it  yields 
a  mixture  of  o-  and  jp-bromo-ethyl-benzene 
(Schramm,  B.  18,  1272  ;  M.  8, 304). 

ra-Di-ethyl-benzene.  [-20°].  (182°).  S.G. 
25°  -8602.  Formed,  together  with  the  ^-isomeride, 
when  benzene  is  acted  upon  by  EtBr  in  presence 
of  A1C13  (Voswinkel,  B.  21,  2829).  Forms  no 
compound  with  picric  acid.  Dilute  HN03  gives 
isophthalic  acid.  Gives  C6H3BrEt2  (238°)  and 
C6Br4Et2  [74°]. 

^-Di-ethyl-benzene  C10HI4  i.e.  C6H4(C2H5)2. 
Mol.  w.  134.  (181°)  (A.).  S.G.  ^  -871. 

Formation. — 1.  From  £>-di-bromo-benzene 
[89°]  by  treatment  with  sodium  and  EtI  (Asch- 
enbrandt,  A.  216,  212;  B.  12,  1303).- 2.  From 
p-bromo-ethyl-benzene,  Na  and  EtI  (Fittig,  A. 
144,  285).— 3.  A  di-ethyl-benzene  (179°-185°) 
is  formed  by  passing  ethylene  into  benzene  con- 
taining AL,C16  (Balsohn,  BL  [2]  31,  540  ;  Friedel 
a.  Crafts,  A.  Ch.  [6]  14,  456).— 4.  By  passing  EtCl 
into  benzene  containing  A12C16  a  di-ethyl-ben- 
zene is  formed  which  on  oxidation  by  chromic 
mixture  gives  an  acid  C6H4(C02H).CH2CO.,H 
subliming  at  210°  (Allen  a.  Underwood,  BL  [2] 
40,  100). 

Reactions. — 1.  Gives  ethyl-benzoic  acid  on 
oxidation  by  dilute  HN03.  Chromic  acid  mixture 
forms  terephthalic  acid. — 2.  Cr02Cl2  forms  a 
compound  CeH4Et22Cr02Cl2  converted  by  water 
into  phenyl-acetic  aldehyde  (6tard,  A.  Ch.  [5] 
22,  252). 

s-Tri-ethyl-benzene  C12H)8  i.e.  C6H3Et3 
[1:3:5].  (218°).  Formed  by  treating  a  mixture 
of  acetone  and  methyl  ethyl  ketone  with  H^S04 
(Jacobsen,  B.  7,  1430).  It  yields  trimesic  acid 
CyH^CO.,!!),,  on  oxidation.  Tri-ethyl-benzenes 
are  also  formed  by  the  action  of  ethylene  on 
benzene  in  presence  of  Al2Clti  (Friedel  a.  Crafts, 
A.  Ch.  [6]  14,  456),  the  chief  product  being 
s-tri-ethyl-benzene.  On  oxidation  by  Cr03  this 
mixture  gives  an  acid  C10H806  crystallising  in 
large  needles,  and  ultimately  trimesic  acid 
(Friedel  a.  Balsohn,  BL  [2]  34,  635). 
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s  -  Tetra  -  ethyl  -  benzene  C6H.;Et  ,[1:2:4:5]. 
[13°].  (250').  Formed,  together  with  the  con- 
secutive isomeride,  by  the  action  of  EtBr  and 
A1C13  on  benzene;  the  product  (250°-255°)  is 
treated  with  C1S03H,  and  the  sodium  salts  of 
the  resulting  sulphonic  acids  crystallised  from 
water.  The  Na  salt  of  s-tetra-ethyl-benzene 
sulphonic  acid  crystallises  first,  and  the  residual 
acid  is  converted  into  Ba  salt.  After  barium 
c-tetra-ethyl  benzene  sulphonate  has  crystallised, 
there  may  still  be  obtained  from  the  mother- 
liquor  a  sulphamide  [100°],  possibly  belonging 
to  i-tetra-ethyl-benzene.  The  sulphonic  acids 
are  hydrolysed  (Jacobsen,  B.  21,  2820).  Crys- 
talline mass ;  oxidised  by  dilute  HN03  and  by 
KMn04  to  pyromellitic  acid.  Br  gives  C6Br2Et4 
[112-5°]. 

c-Tetra-ethyl-benzene  CHH2(C2H5)4[1:2:3:4]. 
(254°  cor.).  V.D.  (H  =  1)  189*5  (obs.).  Colour- 
less liquid.  Lighter  than  water.  Prepared  by 
heating  benzene  with  ethyl  bromide  and  A12C16 
at  100°.  On  oxidation  with  KMn04  it  gives 
prehnitic  acid  C  H,(CO.,H)4  (Galle,  B.  16,  1745). 
Forms  C6Br.,Et4  [77°]  (J.). 

Penta-etnyl-benzene  CtiHEfc5.  (277°).  S.G. 
if  -8985.  Obtained  from  benzene  by  the  action 
of  EtBr  and  A1C13.  Purified  by  conversion  into 
the  sulphonic  acid  by  C1S03H,  crystallisation  of 
the  Na  salt,  and  subsequent  hydrolysis  (Jacob- 
sen,  B.  19,  1209  ;  20,  896,  2857  ;  21,  2814).  Oil. 
Does  not  solidify  at  —20°.  HN03  does  not  give 
a  nitro-  compound.  When  treated  with  cone. 
H2S04,  followed  by  fuming  H2S04  there  is  formed 
C6H,,Et4  and  C6Et6. 

Hexa-ethyl-benzene  Cd(C2H5)6.  [129°].  (298° 
cor.).  V.D.  (H=l)  242-1  (obs.).  Formed  by 
heating  benzene  with  ethyl  bromide  and  AL,C16 
at  100°  (Galle,  B.  16,  1745 ;  Jacobsen,  B.  "21, 
2820).  Formed  also  by  passing  EtCl  into 
benzene  containing  A12C16  (Albright,  Morgan,  a. 
Woolworth,  C.  E.  86,  887).  Long  colourless 
monoclinic  prisms.  Sol.  alcohol  and  ether,  si. 
sol.  acetic  acid.  Easily  sublimes. 

References. — BROMO-,  BROMO-NITBO-,  CHLOBO-, 
CHLORO-NITRO-,  NITRO-,  <fec.,  ETHYL-BENZENE. 

ETHYL-BENZENE  CAEBOXYLIC  ACID  v. 
PHENYL-PROPIONIC  ACID. 

Ethyl-benzene  di-carboxylic  acid  C10H1004 
i.e.  C02H.C«H4.CHMe.C02H.  [147°].  From  its 
nitrile  and  fuming  HC1  at  200°  (Gabriel,  B.  20, 
2504).  Crystalline  powder. 

Nitrile  CN.CsH4.CHMe.CN.  [37°].  (285°). 
From  CN.C6H4.CH2CN  by  treatment  with  alco- 
holic KOH  and  Mel.  Triclinic  prisms  (Fock,  B. 
20,  2501).  V.  sol.  alcohol  and  ether.  Cone. 
H2S04  at  125°  converts  it  quickly  into  the  iinide 

[145°],  whence  POC13  at  200° 

gives  chloro-oxy-methyl-isoquinoline. 

Isomeride  v.  CARBOXY-PHENYL-PROPIONIC  ACID. 

ETHYL-BENZENE  SULPHONIC  ACID 
CdH4Et(S03H).  Two  acids  of  this  composition 
are  obtained  by  digesting  ethyl-benzene  with 
fuming  H2S04  at  100°.  The  more  abundant  acid 
forms  the  less  soluble  K  salt,  which  crystallises 
well  and  yields  an  amide  [108°] ;  fused  with 
KOH  it  yields  solid  ethyl-phenol  (Chrustschoff, 
B.  7,  1166). 

m-Ethyl-benzene  sulphonic  acid 
C6H3Et.,S03H  [1:3:4  ?].     From  the  hydrocarbon 
and  C1S03H  (Voswinkel,  B.  21,  2830).— KA'aq: 


dimetric   tables.  —  BaA'2  3aq  :    prisms,  m.   sol. 
water. — CuA'2  4aq  :  blue  plates. 

Amide  C6H3Et,S02NH2 :  [102°];  needles 
(from  alcohol). 

2>-Di-ethyl-benzene  sulphonic  acid 
CtiH,Et.2(S03H).      From    di-ethyl-benzene    and 
fuming  H2S04  (Fittig  a.   Konig,  A.  144,  277; 
Aschenbrandt,  A.  216,  214  ;  Kemsen  a.  Noyes, 
Am.  4,  200).     Deliquescent  laminae. 

Salts .— KA'  3  i  aq.— NaA'.  -  Ba A'2  4aq :  leaf- 
lets. S.  (of  BaA*2)  5-1  at  23°.— SrA'2  4aq.  - 
CaA'2  5aq. — CuA',  6aq  :  blue  plates.— PbA'.,  3aq. 
— HgA'2.  —  NiA'2"5aq.  —  CoA'2  5aq.  —  MgA'2.— 
AgA'. 

Amide  CtiH4Et2(S02NH2).  [97-5°  cor.] 
Leaflets,  si.  sol.  water. 

s-Tetra-ethyl-benzene  sulphonic  acid 
CyHEt4S03H.  From  s-tetra-ethyl-benzene  and 
C1S03H  (Jacobsen,  B.  21,  2820).— NaA'2  4aq  : 
plates  (from  water),  or  tables  (from  alcohol);  si. 
sol.  cold  water,  insol.  dilute  NaOHAq. — BaA'2  9aq : 
scaly  crystalline  pp.  SI.  sol.  boiling  water. 

Amide  C«HEt4S02NH2 :  [122°];  trimetric 
plates  (from  dilute  alcohol). 

c-Tetra-ethyl-benzene  sulphonic  acid 
C,.H(C2H5)4S03H.     Silky  plates  or  long  needles. 
Formed  by  sulphonation  of  c-tetra-ethyl-benzene. 

Salts.  —  A'Na  5aq  :  microscopic  plates. — 
A'.jBa6aq:  flat  prisms. — A'2Cu8aq:  light-blue 
plates. — A'2Cd  7aq  :  large  flat  prisms. 

4wideC6H(C2H5)4S02NH2:  [107°];  glisten- 
!  ing  scales  or  large  monoclinic  prisms,  v.  sol. 
alcohol  and  acetic  acid,  si.  sol.  petroleum-ether 
(Galle,  B.  16,  1745). 

Penta-ethyl-benzene  sulphonic  acid 

1  CHEt5S03H.      From     penta-ethyl-benzene    and 

|  C1S03H    (Jacobsen,   B.  21,   2814).— NaA' 4aq: 

i  thin  pearly  plates  (from  water) ;  m.   sol.  cold 

i  water,  insol.  dilute  NaOHAq,  v.  sol.  alcohol. — 

j  KA'2aq:  six-sided,  trimetric  plates  (from  water), 

prisms  (from  alcohol) ;  si.  sol.  cold,  m.  sol.  hot, 

water,  v.  e.  sol.  alcohol. — NH4A'aq:  trimetric, 

six-sided  plates,  si.  sol.  cold  water. — BaA'2  9aq  : 

from  the  Na  salt  and  Ba(OAc)2.     Small  scales  ; 

v.  si.  sol.  boiling  water. 

Reference. — CHLORO-ETHYL-BENZENE  SULPHO- 
NIC ACID. 

ETHYL-BENZHYDROXAMIC  ETHEE  v. 
BENZENYL-ETHOXIM  ETHYL  ETHER. 

TETRA-ETHYL-BENZIDINE      v.      TETRA- 

ETHYL-DI-AMIDO-DIPHENYL. 

ETHYL  BENZOATE  v.  Ethyl  ether  of  BENZOIC 
ACID. 

o-ETHYL-BENZOIC  ACID  C9H1002  i.e. 
C6H4EtC02H[l:2].  Mol.  w.  150.  [68°].  Formed 
by  reduction  of  tri-chloro-,  or  di-chloro-bromo-, 
vinyl-benzoic  acid  with  sodium  amalgam  (Zincke, 
B.  20,  2056).  Formed  also  by  reduction  of  ace- 
tophenone  carboxylic  acid  or  of  phthalyl-acetic 
acid  C6H4(C202)CH.CO.,H  with  HI  and  P  at  180° 
(Gabriel  a.  Michael,  B.  10,  2206).— Slender  flat 
needles. — AgA' :  long  needles. 

?tt-Ethyl-benzoic  acid  C6H4Et.C02H  [1:3]. 
[47°].  Formed  by  oxidising  w-di-ethyl-benzene 
with  dilute  HN08  (Jacobsen,  B.  21,  2820). 
Needles,  insol.  cold  water. — CaA'24aq:  needles, 
v.  sol.  water. 

^-Ethyl-benzoic  acid  C6H4Et.CO.,H[l:4]. 
[113°]. 

Formation. — 1.  By  the  action  of  sodium  and 
C02  upon  jp-bromo-ethyl-benzene  (Kekul6,  A. 
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137,  178;  Kekule  a.  Thorpe,  C.  J.  22,  366).— 
2.  By  oxidising  di-ethyl-benzene  with  boiling 
dilute  HN03  (Fittig  a.  Konig,  A.  144,  277; 
Aschenbrand't,  A.  216,  218). 

Properties. — Small  plates  (from  water)  or 
prisms  (from  alcohol),  v.  si.  sol.  cold  water,  v. 
sol.  alcohol,  ether,  chloroform,  and  benzene. 
May  be  sublimed.  Melts  under  water.  Gives 
terephthalic  acid  on  oxidation. 

Salts.— BaA'2  2aq  (A.).— BaA'2  aq  (F.  a.  K.). 

5.  2.— CaA'2  3aq  (A.)— CaA'2  2aq   (F.  a.  K.) : 
feathery  tufts  of  needles. — CuA'2  araq. — AgA' : 
needles  (from  hot  water). 

Di-ethyl-benzoic  acid  CUHU02  i.e. 
C(jH.iEt2.C02H.    Formed,  together  with  benzoic 
acid,     by    fusing     di-ethyl-carbobenzoic     acid 
C,8H1802  with  potash  (Zagoumenny,  A.  184, 171). 
Oil. — AgA' :  laminae  (from  water). 

References. — CHLORO-    and    NITRO-    ETHYL- 

BENZOIC  ACIDS. 

ETHYL-BENZOPHENONE  v.  PHENYL-ETHYL- 

PHENYL-KETONE. 

ETHYL- BENZOYL-ACETIC    ACID  v.  BENZ- 

OYL-ACETIC   ACID. 

ETHYL-BENZYL-  v.  BENZYL-ETHYL-. 
ETHYL-DIBENZYL        v.       PHENYL-ETHYL- 

PHENYL-ETHANE. 

ETHYL-DI-BENZYL-PHOSPHINE 

EtP(C7H7)2.  (320°-330°).  Formed  by  treating 
with  NaOH  the  distillate  from  Et2P(C7H7)2Cl 
(v.  infra)  (Collie,  C.  J.  53,  725). 

Benzylo-chloride  EtP(C7H7)3Cl  aq.  De- 
composed on  distillation,  giving ethylene,  stilbene, 
HC1,  &c. 

Di-ethyl-benzyl-phosphine  Et2PC7H7.  (250° 
-255°).  Formed  by  distilling  Et3PC7H7Cl  and 
treating  the  resulting  Et2PC7H7Clil  with  NaOH 
(Collie,  C.  J.  53,  724). 

Oxide  Et2(C7H7)PO.  (329°).  Formed  as 
above,  and  also  by  heating  Et2(C7H7),POH. 
Long  needles.  Converted  by  Na  into  Et2PCJH7. 

Sulphide  Et2(C7H7)PS.  [95°].  (300°-310°). 
Formed  by  adding  S  to  an  ethereal  solution  of 
Et2PC7H7.  Crystalline;  insol.  water.  When 
heated  with  Na  the  phosphine  Et2PC7H7  is 
liberated. 

Benzylo-chloride  EttP(G7H7)s(H.  De- 
composed on  heating  into  C2H4  and 
EtP(C7H7)2ClH. 

ETHYL  BENZYL  SULPHIDE  v.  Ethyl 
derivative  of  BENZYL  MERCAPTAN. 

TEI-  ETHYL  -BISMUTHINE     v.    BISMUTH 

TRI-ETHIDE. 

TEI  -  ETHYL  -  BIUEET  C8H17N302  i.e. 
NEt(CO.NHEt)2.  Formed  by  warming  cyanuric 
ether  with  baryta  (Limpricht  a.  Habich,  A.  109, 
104;  Nencki,  B.  9,  1011).  Thick  oil,  si.  sol. 
water,  v.  sol.  alcohol  and  ether.  Split  up  on  dis- 
tillation into  cyanic  ether  and  di-ethyl-urea. 

ETHYL  BOEATES. 

Ethyl  ortho-borate  (C2H5)3B03.  (120°  i.V.). 
S.G.a  -887 ;2^  -861.  V.D.  5-14  (calc.  5-07).  Pre- 
pared by  the  action  of  alcohol  on  BC13  (Ebel- 
men  a.  Bouquet,  A.  Cli.  [3]  17,  55 ;  Bowman, 
P.  M.  [3]  29,  546).  Formed  also  by  distilling  a 
mixture  of  dry  KEtS04  with  anhydrous  borax 
(Rose,  P.  98,  245),  and  by  the  action  of  absolute 
alcohol  as  powdered  B203  (Schiff,  Bl.  [2]  5,  372  ; 

6,  36).     Colourless  liquid  with  alcoholic  odour. 
Burns  with  green  llame.     Mixes  with  ether  and 


alcohol.  Decomposed  by  water  in  a  few  minutes 
into  alcohol  and  boric  acid.  HN03  gives  nitric 
ether  and  boric  acid,  Acetic  acid  forms  acetic 
ether  and  B2O3.  PC15  forms  EtCl,  POC13  and 
EtBO,. 

Ethyl  metaborate  EtB02.  Among  the  pro- 
ducts of  the  action  of  alcohol  on  B203.  Dense 
liquid,  absorbs  moisture  from  the  air,  being 
split  up  into  alcohol  and  boric  acid.  Gives  with 
alcohol  Et.}B03.  Acetic  acid  at  190°  gives  acetic 
ether  and  HB02.  Cannot  be  distilled,  for  it 
splits  up  at  high  temperatures  into  Et.}B03  and 
gummy  EtB305,  which  behaves  like  EtB02  to- 
wards water  and  alcohol. 

ETHYL-BOEIC  ETHEE  EtB(OEt)2.  The 
compound  EtB(OEt)2,B(OEt)3  (112°)  is  formed 
by  action  of  ZnEt2  (2  mols.)  on  boric  ether  (Imol.). 
Water  decomposes  it  into  ethyl-boric  acid 
BEt(OH)2  and  alcohol  (Frankland,  Pr.  25,  165). 

Di-ethyl-boric  ether  Et,B.OEt  (103°).  From 
ZnEt2  and  EtB(OEt)2,B(OEt)3.  Dry  oxygen  con- 
verts it  into  BEt(OEt)2.  Water  converts  it  into 
diethyl-boric  acid  Et2B.OH,  which  absorbs  oxy- 
gen from  air,  forming  crystals  of  EtB(OEt).OH, 
whence  H.,0  forms  alcohol  and  EtB(OH)2. 

ETHYL  BEOMIDE  C2HrBr.  Bromo-ethane. 
Mol.  w.  109.  (38-4°).  S.G.  ^  1-4189  (Mende- 
lejeff) ;  1-4555  (Weegman,  Z.  P.  C.  2,  218)  ;  £ 
1-4499;  |f  1-4325.  M.M.  5-851  at  19'7°.  S.V.77'07 
(Schiff).  Critical  temperature :  236°  (Pawlewsky, 
B.  16,  2633). 

Formation. — 1.  The  rate  of  formation  from 
alcohol  and  HBr  has  been  studied  by  Villiers 
(C.  R.  90,  1488).— 2.  When  a  mixture  of  ethyl- 
ene and  HBr  is  passed  over  Al2Br6  there  is  formed 
Al.Br3C4H8,  ethyl  bromide,  and  saturated  hydro- 
carbons (Gustavson,  J.  pr.  [2]  34, 161).— 3.  Toge- 
ther with  other  products  by  heating  alcohol  (1  pt.) 
with  bromine  (3pts.)  (Lowig,  A.  3,  291). 

Preparation. — 1.  By  adding  bromine  (8  pts.) 
gradually  to  alcohol  (40  pts.),  mixed  with  clear 
phosphorus  (Ipt.),  and  distilling  (Serullas,  A. 
Ch.  34,  99).  Personne  (C.  R.  52,  468)  employed 
red  phosphorus  (40  g.)  with  dry  alcohol  (160  g.) 
and  bromine  (100  g.).— 2.  By  mixing  H2S04 
(10  pts.)  and  alcohol  (5  pts.),  allowing  to  stand 
for  some  time,  and  then  diluting  with  water 
(3  pts.),  adding  KBr  (5  pts.)  and  distilling.  The 
yield  is  80  to  100  p.c.  (De  Vrij,  J.  Ph.  [3]  33 
169  ;  cf.  O.  J.  36,  127 ;  D.  P.  J.  229,  284). 

Properties.—  Colourless  liquid  with  ethereal 
odour  and  anaesthetic  influence  (Eobin,  C.  R.  32, 
649).  V.  si.  sol.  water,  miscible  with  alcohol 
and  ether.  Burns  with  difficulty,  forming  a 
smokeless  green  flame.  Not  acted  upon  by 
HN03,  by  H,S04,  or  by  potassium. 

Reactions. — 1.  When  passed  through  a  red- 
hot  tube  ethylene  and  HBr  are  among  the  pro- 
ducts.—2.  Ammonia  gives  ethylamines.  Other 
bases  act  similarly. — 3.  Alcolwlic  potash  forms 
KBr  and  ether  (Berthelot,  A.  92,  351).— 4.  Brom- 
ine forms  CH3.CHBr2,  CH>Br.CH2Br,  and 
CH2Br.CHBr2  (114°)  (Tavildaroff,  A.  176,  12).— 
5.  The  dry  copper-zinc  couple  forms  BrZnEt,  the 
combination  being  facilitated  by  the  presence  of 
a  little  EtI.  In  presence  of  water  or  alcohol 
ethane  is  given  off  on  warming  (Gladstone  a. 
Tribe,  C.  J.  27,  410).— 6.  A  mixture  of  EtBr 
passed  over  Al2Br6,  or  the  compound  AlBr.,C,H8 
at  60°  gives  saturated  hydrocarbons  (Gustav- 
bon). 
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Compound  EtBrH,S  23aq  (Forcrand,  A. 
Ch.  [5]  28,  29). 

ETHYL-BEOMO-ACETO-ACETIC  ETHEE  v. 
LKO.MO-ACETO-ACETIC  ETHEK. 

ETHYL-DI-BROMO-DI-ALLYL-AMINE 
C8H13Br2N  i.e.  EtN(C3H4Br)2.  From  dibromo- 
allyl-amine  and  EtI  at  100°  (Maxwell  Simpson, 
P.  M.  [4]  16,  257).  Pungent  bitter  oil,  alkaline 
to  test  papers.  Precipitates  Cu(OH)2  from 
cupric  salts. 

ETHYL  BROMO-ALLYL  OXIDE  C^H^BrO  i.e. 
Et.O.CH2.CBr:CH,.  (133°).  S.G.  ^  1-26.  From 
EtO.CH2.CHBr.CH.3r  and  NaOH  (Henry,  B.  5, 
188). 

Ethyl  di-bromo-allyl  oxide 
Et.O.CH2.CBr:CHBr.      From    ethyl    propargyl 
oxide   and  Br  (Liebermann  a.  Kretschmer,  A. 
158,  234). 

ETHYL-BROMO-AMINE  v.  ETHYLAMINE. 

ETHYL-BROMO-ANILINE  v.  BEOHO-ETHYL- 

ANILINE. 

ETHYL  BROMO-PENTENYL  OXIDE 

C5H8Br.O.Et.  (179°).  S.G.  ^  1-23.  From 
bromo-amylene  bromide (tri-bromo-pentane)  and 
alcoholic  KOH  (Reboul,  A.  133,  84). 

ETHYL-BROMO-PODOCAEPIC       ACID      v. 

PODOCAEPIC   ACID. 

ETHYL    ISOBTJTYL    CAEBONATE    C7H1403 

i.e.  Et(C4H9)C03.  (160-1°  cor.).  S.G.  si  -92  (Rose, 
A.  205,  230). 

ETHYL-ISOBUTYL-GLYOXALINE  O,H16N2 
i.e.C3H2Et(C4Hu)N2.  OxaletJiylifoamyline.  (225°). 
S.G.  ^  -9291.  The  hydrobromide  is  formed 
from  isobutyl-glyoxaline  (glyoxal-isoamyline)  and 
EtBr  (Radziszewsky  a.  Szul,  B.  17, 1294).  Oil.— 
B'2H2PtCl6 :  orange  prisms. 

ETHYL  ISOBUTYL  KETONE 
C.,H5.CO.CH2Pr.  (135°)  at  735mm.  S.G.  § 
•829  ;  ao5  -815.  Formed  when  CO  is  passed  over 
a  mixture  of  sodium  isovalerate  and  NaOEt  at 
160°  (Loos,  A.  202,  327).  Also  from  isovaleryl 
chloride  and  ZnEt2  (Wagner,  Bl.  [2]  38,  264 ; 
/.  B.  16,  673).  Gives  on  oxidation  acetic  and 
isovaleric  acids. 

Ethyl  tert-butyl  ketone  Et.CO.CMe3.  (126°). 
S.G.  a  -831;  i^  -810.  From  CMe3.COCl  and 
ZnEt?  (Wyschnegradsky,  A.  178,  104).  Liquid 
smelling  of  mint  and  camphor.  Oxidised  by 
Cr03  to  CMe3C02H. 

ETHYL-BUTYL-OXIDE  C6H,40  i.e. 
Et.O.C4H9.     (91-4°).     S.G.  §  -768.     S.V.  150-1. 
C.E.    (0°-10°)  -00116   (Dobriner,  A.  243,  5 ;  cf. 
Lieben  a.  Rossi,  A.  158,  167). 

Ethyl  isobutyl  oxide  EtOCH.Pr.  (79°).  S.G. 
•75.  From  EtI  and  KOC4H9  (Wurtz,  A.  Ch.  [3] 
42,  129  ;  A.  93,  117)  or  from  C4HaBr  and  KOEt 
(Meissler,  C.  C.  1887,  479). 

Ethyl  tert-butyl  oxide  EtOCMe3.  (69°). 
Formed  by  heating  tert-butyl  bromide  (2  vols.) 
with  NEt3  (5  vols.)  and  alcohol  (5  vols.)  at  100° 
(Reboul,  J.  1881,  409). 

ETHYL  ISOBUTYL  SULPHATE  ? 
Et(C4H8)S04.    From  C4H9O.S02C1  and  alcohol 
(Behrend,  J.  pr.  [2]  15,  34).    Decomposed  by 
water  into  alcohol  and  H(C4H9)SO4. 

ETHYL  ISOBUTYL  (a)-THIOCAEBONATE 
EtO.CO.SC4Hq.  (192°).  S,G.  ie  -994.  From 
ClC02Et  and  NaSC4H9  (Mylius,  B.  6,  313). 

Ethyl-isobutyl  (a)-di-thio-carbonate 
EtS.CO.OC4H9.     (193°).     S.G.  12  -994.     From 
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C1CO,C4H9  and  NaSEt  (M.) ;   v.  ETHYL  THIO- 

CAEBONATES. 

Ethyl-isobutyl  dithiocarbonate 
C4H9O.CS.SEt.      (228°).      From    C4H9O.CS.SK 
and  EtI  at  100°  (Mylius,  B.  5,  972).     Yellow 
liquid  with  unpleasant  odour,  with  a  taste  like 
aniseed. 

ETHYL  CAMPHENE  C10HI3(C2H5).  (198°- 
200°  cor.)  at  742  mm.  S.G.  &•  -9709.  V.D. 
=  5-55  (found).  Prepared  by  the  action  of  sodium 
on  a  mixture  of  solid  camphor-dichloride  [155°J 
and  ethyl  iodide  (Spitzer,  B.  11,  1817).  Mobile 
fluid  of  turpentine-like  smell. 

ETHYL-CAMPHOR  v.  CAMPHOR. 

ETHYL  CARBAMATE  v.  vol.  i.  p.  679. 

ETHYL  -  CAEBAMIC  ACID  NHEt.C02H. 
Ethyl-ammonium  salt  NH3EtA/.  From 
ethylamine  and  C02  at  -18°.  Snow-white 
powder.  Decomposed  by  water  although,  like 
ammonium  carbamate,  it  does  not  immediately 
ppt.  BaCL,  in  the  cold  (Wurtz,  A.  Ch.  [3]  30, 443). 

Ethyl  ether  NEtH.CO,,Et.  (176°).  V.D. 
4-07.  S.G.  ^  -986.  From  ClC02Et  and  NEtH2 
(Schreiner,  J.  pr.  [2]  21,  125  ;  22,  353).  Formed 
also  by  heating  cyanic  ether  with  alcohol  in 
sealed  tubes  at  100°  (Wurtz,  C.  R.  37, 182).  Oil. 
Decomposed  by  potash  into  ethylamine,  alcohol, 
and  K2C03. 

Di  -  ethyl  -  carbamic  chloride  Cl.CO.NEt2. 
Chloro-formic  acid  dicthylamide.  (190°-195°). 
Prepared  by  the  action  of  PC15  on  diethyl-oxamic 
acid,  CO  being  evolved  (Wallach,  B.  14,  746). 
Liquid.  By  treatment  with  diethylamine  it 
gives  tetra-ethyl-urea.  By  water  it  is  decom- 
posed into  C02  and  diethylamine  hydrochloride. 

ETHYL  CAEBAMINE  CNC2H5.  (78°).  Mol. 
w.  55.  From  ethyl  iodide  and  silver  cyanide 
(v.  vol.  i.  p.  680).  Also  from  EtI  and  mercuric 
fulminate  (Calmels,  J.pr.  [2]  30,  319).  Stinking 
liquid.  Does  not  solidify  at  —  68°.  Split  up  by 
acids  into  formic  acid  and  ethylamine.  HgO 
added  to  a  solution  of  ethyl  carbamine  (1  vol.) 
in  ether  (4  vols.)  forms  C9H22N4Oa  [112°].  Br 
forms  oily  NC3H5Br2  (Tscherniak,  Bl.  [2]  30, 
105). 

Ethyl  -  carbamine    cyaxnide    v.    CAEBIMIDO- 

ETHYL-UBEA. 

DI-ETHYL  SEMI-CAEBAZIDE  C3H9N,0  i.e. 
NH2.CO.N2H2Et.  [106°].  From  ethyl-hydrazine 
hydrochloride  and  cone,  aqueous  potassium 
cyanate  (Fischer,  A.  199,  284).  Lamina? ;  v.  e. 
sol.  water  and  alcohol,  si.  sol.  ether  and  cone, 
alkalis.  Reduces  Fehling's  solution  and  HgO 
only  when  warm. 

s  •  Di  -  ethyl  -  semicarbazide  C5H13N30  i.e. 
NHEt.CO.NEt.NH2.  From  the  nitrosamme  of 
s-di-ethyl-urea  NHEt.CO.NEt.NO 'by  reduction 
with  zinc-dust  and  HOAc  in  alcoholic  solution 
(Fischer,  A.  199,  284).  Crystallises  with  diffi- 
culty ;  v.  sol.  water  and  alcohol.  Reduces  Feh- 
ling's solution  only  when  warm.  Boiling  cone. 
HClAq  splits  it  up  into  C02,  ethyl-hydrazine,  and 
NH2Et.-B'HCl :  slender  needles.— B'2H2PtCl6. 

•M-Di-ethyl-semi-carbazide 
NHo.CO.NH.NHEt.  [149°].  Formed  by  the 
action  of  potassium  cyanate  on  the  neutral  salts 
of  ^-di-ethyl-hydrazine  (F.).  Long  slender 
prisms  (from  alcohol) ;  v.  e.  sol.  alcohol  and  hot 
water,  v.  si.  sol.  ether.  Reduces  boiling  Fehliug's 
solution  with  much  difficulty.  —  B^H-jPtCl., ; 
slender  yellow  needles  (from  alcohol). 
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Nitrosamine  NH,.CO.N(NO).NEt.,  Yellow 
plates ;  si.  sol.  water,  v.  sol.  alcohol  and  ether. 
Dilute  KOH  splits  it  up  at  once  into  diethyl- 
amine,  C02,  ammonia,  and  N20. 

ETHYL-CARBAZOLE  CJ4H13N  i.e. 

<Cc6H4/>NEt>  ^67°-''  •From  P°tassium  carl)- 
azole  and  EtI  (Graebe,  A.  202,  23).  Leaflets, 
sol.  ether  and  hot  alcohol,  insol.  water.  Its 
picrate  C,4H13NC6H.,(N02)3OH  crystallises  in 
needles  [97°]. 

ETHYL-CARBAZOLINE  C14HiqN  i.e. 
C12H14NEt.    Hydroiodide  B'HI.    Fromcarb- 
azoline,  EtI,   and   alcohol   at  100°  (Graebe  a. 
Behaghel,  A.  202,  25).    Thick  tables,  v.  sol.  hot 
water. 

ETHYL  -  CARBIMIDO  -  METHYL  -  THIO  - 

UREA  SC<^Jge>C:NEtorMeNH.CS.N:C:NEt. 

Methyl-thio-carbamine-ethyl-cyamide.  [106°]. 
Formed  by  the  action  of  ethyl  iodide  upon 
sodium  carbimido-methyl-thiourea  (Wunderlich, 

B.  19,  448). 
ETHYL-CARBIMIDO-PHENYL-THIO-UREA 

SC  <^h;>C:NEt  or  PhNH.CS.N:C:NEt.    Phe- 

nyl  -  thio  -  carbamine  -  ethyl  -  cyamide.  [119°]. 
Formed  by  the  action  of  ethyl-iodide  upon  so- 
dium carbimido-phenyl-thio-urea.  Crystalline 
solid.  V.  sol.  water  and  alcohol.  Indifferent 
body  (Wunderlich,  B.  19,  448). 
ETHYL-CARBIMIDO-UREA 

oc<NH>C:NEt  or  H2N.CO.N:C:NEt.  Car- 
bamine-ethyl-cyamide.  [121°].  Formed  by  the 
action  of  ethyl  iodide  upon  sodium  carbimido- 
urea  (' amido-dicyanic  acid').  Neutral  body 
(Wunderlich,  B.  19,  448). 

DI-ETHYL-CARBINOL  v.  AMYL  ALCOHOL. 

Tri-ethyl-carbinol  v.  HEPTYL  ALCOHOL. 

DI-ETHYL-CARBINYL  v.  AMYL. 

DI-ETHYL-CARBOBENZOIC  ACID  C)8H1802 
or  C16H1602?  [102°].  (239°)  at  11  mm.  An 
acid  formed  when  deoxybenzoin  is  heated  with 
alcoholic  KOH  (Limpricht  a.  Schwanert,  A  155, 
66 ;  Zagoumenny,  A.  184,  163 ;  Anschiitz  a. 
Berns,  B.  20,  1392).  Slender  needles  (from 
ether).  Converted  by  potash-fusion  into  benzoic 
and  di-ethyl-benzoic  acids.  Dilute  H2S04  forms 
crystalline  C18H1802  [132°]  and  other  bodies. 
HN03  gives  a  di-nitro-  derivative  [156°]. 

Salts. — AgA' :  amorphous. — EtA':  oil. 

ETHYL  CARBONATE  C-H1003  i.e.  Et2C03. 
Mol.  w.  118i.  (126°  cor.)  (Kopp,  A.  95,  325). 
S.G.  2?°  -9762.  up  =  1-3897.  RO,  =  45-41  (Bruhl, 
A.  203,  23).  H.F.p.  152,500.  H.F.v.  149,310 
(Th.  4,  213).  H.C.  641,448  (Louguinine,  Bl.  [2] 
41, 389).  V.D.  4-09  (obs.  and  calc.  Cahours). 

Formation. — 1.  By  the  action  of  potassium 
or  sodium  on  oxalic  ether  at  130°,  the  metal 
being  added  as  long  as  CO  escapes;  water  is 
then  added,  and  the  Et2C03  dried  over  CaCl2 
and  rectified  (Ettling,  A.  19,  17).— 2.  By  distil- 
ling a  mixture  of  KEtC03  with  KEtS04  (Chancel, 

C.  R.  31,  521).— 3.  By  the  action  of  NaOEt  on 
oxalic   ether   (Cranston   a.  Dittmar,  C.  J.  22, 
441).— 4.  From  ClCO^t  and  NaOEt  (Schreiner, 
J.pr.  [2]  22,353). 

Properties. — Colourless  liquid,  burning  with 
blue  flame.  Insol.  water,  v.  sol.  alcohol  and 
ether.  Chlorine  gives  products  of  substitution 


(Cahours,  A.  Ch.  [3]  9,  201).  Saturated  with 
HBr  and  heated  to  100°  there  are  formed  EtBr, 
C02,  and  water  (Gal,  C.  R.  59,  1049).  By  heat- 
ing with  sodium  or  NaOEt  in  sealed  tubes  it 
yields  NaEtC03,  carbonic  oxide,  and  Et.,0 
(Geuther,  Z.  [2]  4,  656).  Ammonia  at  100° 
forms  carbamic  ether ;  at  180°  ammonia  gives 
urea  (Natanson,  A.  98,  287).  PC15  gives  EtCl 
and  ClCOoEt  (Geuther,  A.  205,  247). 

Potassium  ethyl  carbonate  KEtC03.  When 
C02  is  passed  into  a  solution  of  KOH  in  absolute 
alcohol  there  is  formed  a  crystalline  deposit 
consisting  of  KEtC03,  KHC03,  and  K2CO3 ;  the 
mass  is  washed  with  ether,  the  KEtC03  is  then 
dissolved  in  alcohol  and  ppd.  by  ether  (Dumas 
a.  Peligot,  A.  Ch.  [2]  74,  6).  White  nacreous 
salt ;  split  up  by  water  into  alcohol  and  KHC03. 
NaEtC03  and  amorphous  Ba(EtC03)2  are  ob- 
tained by  passing  C02  into  alcoholic  solutions 
of  NaOEt  and  Ba(OEt)2  respectively  (Beilstein, 
A.  112,  124 ;  Destrem,  A.  Ch.  [5]  27,  10). 

Ethyl  ortho-carbonate  C(OEt) ,.  Mol.  w.  192. 
(159°).  V.D.  6-80  (calc.  6-65).  Sodium  (24  g.) 
is  added  in  small  portions  to  a  boiling  solution 
of  chloropicrin  (40  g.)  in  absolute  alcohol  (300 g.); 
as  soon  as  the  reaction  is  finished  the  excess  of 
alcohol  is  distilled  off  and  water  is  added  to  the 
residue ;  the  oil  is  then  dried  by  CaCl2  and 
rectified  (Bassett,  C.  J.  17,  198).  Oil,  with 
peculiar  aromatic  odour.  Decomposed  by  boil- 
ing alcoholic  KOH.  B203  at  100°  forms  boric 
ether  and  Et2C03.  Bromine  forms  EtBr,  Et2C03, 
bromal,  &c.  (Ladenburg  a.  Wichelhaus,  A.  152, 
166).  Ammonia  forms  guanidine. 

Reference :  TETBA-CHLOKO-DI-ETHYL  CARBONATE. 

ETHYL-CARBOPYRROL-AMIDE  v.  ETHYL- 
PYRROLE  CARBOXYLIC  ACID. 

ETHYL  -CARBOSTYRIL  v.  Ethyl  ether   of 

OXY-QUINOLINE   and   OXY-ETHYL-QUINOLINE. 

ETHYL    CARBYLAMINE    v.   ETHYL-CARB- 

AMINE. 

ETHYL  CETYL  OXIDE  (C2H5)(C16H33)0. 
[20°].  Fine  white  needles.  From  cetyl  iodide 
and  EtONa  (Becker,  A.  102,  220 ;  Walder,  B. 
20, 1754). 

ETHYL  PERCHLORATE  C2H5C104.  Obtained 
by  distilling  a  mixture  of  Ba(EtS04)2  with 
Ba(C104)2  in  quantities  of  4  g.  at  a  time  (to 
avoid  explosion)  (Clark,  Hare,  a.  Boyle,  P.  M. 
[3J  19,  370;  Koscoe,  C.  J.  15,  213).  The  distil- 
late  separates  into  two  layers,  the  upper  one 
consisting  of  water  which  may  be  removed  by 
blotting-paper.  Colourless  heavy  oil,  with 
pleasant  odour  and  sweet  taste.  Explodes  on 
the  least  provocation  with  excessive  violence. 
It  may  be  kept  under  water  or  in  alcoholic 
solution.  It  may  be  distilled  under  a  layer  of 
water,  passing  over  at  74°.  It  is  immediately 
saponified  by  alcoholic  potash. 

ETHYL  CHLORIDE  C2H5C1.  Chloro-ethane. 
Mol.  w.  64i.  (12-5°)  (Regnault,  J.  1863,  67). 
S.G.  I  -9230 ;  f  -9171  (Perkin,  C.  J.  45,  449). 
V.D.  2-22  (calc.  2-24).  H.F.p.  (gaseous)  28,000 ; 
(liquid)  34,400  (Berthelot) ;  30,710  (Thomsen, 
Th.).  H.F.v.  29,550  (Th.).  M.M.  4-039  at  5° 
(P.).  S.V.  75-8  (Eamsay). 

Formation.  —  1.  By  chlorinating  ethane 
(Schorlemmer,  C.  R.  58,  703;  A.  132,  234).— 
2.  By  the  action  of  HC1  on  alcohol  alone  or  in 
presence  of  ZnCl2  (Robiquet  a.  Colin,  A.  Ch.  [2J 
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1.  343 ;  Eegnault,  A.  Ch.  [2]  71, 355  ;  Kuhlmann, 
A.  33, 108  ;  Lowig,  P.  45,  346).— 3.  By  the  action 
of  SCI,  PC15,  A12C16,  SbCl5,  Fe2Cl6,  SnCl4,&c.,  on 
alcohol. — 4.    From  EtI   and   chlorine. — 5.    By 
treating  acetic  and  other  ethers  with  HC1. 

Preparation. — 1.  HC1  is  passed  into  a  boiling 
solution  of  ZnCL2  (2  pts.)  in  95  p.c.  alcohol 
(3  pts.)  in  a  flask  with  inverted  condenser.  The 
escaping  gas  is  washed  with  water.  The  yield 
is  nearly  the  theoretical  (Groves,  C.J.27, 637). — 

2.  By  distilling  a  mixture  of  alcohol  (5  pts.), 
H,S04  (2  pts.),  and  NaCl  (12  pts.). 

Properties. — Gas,  burning  with  green-edged 
flame.  V.  si.  sol.  water,  v.  e.  sol.  alcohol  and 
ether.  Gives  no  pp.  with  silver  nitrate  solution 
in  the  cold. 

Reactions.— -1.  Aqueous  HI  (S.G.  1-9)  at  130° 
converts  it  into  EtI.— 2.  S03  forms  ClS02.OEt 
(E.  Williamson,  C.  J.  10,  100).  By-products 
are  also  formed  (Von  Purgold,  B.  6,  502).  — 

3.  Aqueous  AgN03  at  100°  gives  a  pp.  of  AgCl 
(G.  C.  Foster). — 4.  Boiling  aqueous  KOH  slowly 
forms    alcohol ;    alcoholic    potash    acts    more 
readily,  forming  KC1,  alcohol,  and  ether  (Balard, 
A.  Ch.  [3]  12,  302).— 5.  Ammonia  forms  ethyl- 
amines  (Groves,  C.  J.  13,  331).     Equal  volumes 
of  C2H5C1  and  NH3  gas  submitted  to  a  pressure 
of  70  atmospheres  for  48  hours  at  175°  do  not 
react.     The  introduction  of  a  small  quantity  of 
alcohol  does  not  affect  the  result.    In  the  cold 
an  alcoholic  solution  of  NH,  and  C2H5C1  requires 
to  be  kept  several  days  before  any  action  com- 
mences, and  the  reaction  is  not  complete  after 
several  months  (Vincent  a.  Chappuis,  Bl.  [2]  45, 
503).— 6.  Alcoholic  K2S  and  KHS  give  Et.2S  and 
mercaptan  respectively  (Eegnault). — 7.    Passed 
over  red-hot  lime  it  forms  acetic  acid,  CH4,  and 
hydrogen  (L.  Meyer,  A.  139,  282  ;  cf.  Dumas  a. 
Stas,  A.  Ch.  [2]  73, 154). 

Derivatives. — CHLORO-ETHANES  and  CHLORO- 

BROMO-ETHANER,  ElHYLENE  CHLORIDE  and  ElHYL- 
IDENE  CHLORIDE. 

ETHYL-CHLOEO-ACETO-ACETIC      ETHEE 

v.  CHLORO-ACETO-ACETIC  ETHER. 

ETHYL  CHLOEO-ACETYLENE  CAEBOXY- 
LIC  ACID  v.  CHLORO-BUTANE  CARBOXYLIC  ACID. 

ETHYL  -  DI  -  CHLOEO  -  DI  -  ALLYL  -  AMINE 

NEt(C3H4Cl)2.  (c.  200).  From  NH(C3H4C1)2  and 
EtI  at  100°  (Engler,  Bl.  [2]  9,  134 ;  A.  142,  81). 
Oil.— B'2H2PtCl6 :  crystalline. 

Di  -  ethyl  -  chloro  -  allyl  -  amine.  Ethylo- 
chloride  C3H4Cl.NEt3Cl.  Two  compounds  of 
this  constitution  are  formed  by  heating  s-tri- 
chloro-ethane  CH2C1.CHC1.CH2C1  with  NEt3 
(Eeboul,  C.  R.  95,  993).  They  differ  in  the  so- 
lubility of  their  Pt  salts.  Two  di-chloro-propyl- 
enes  appear  to  be  intermediate  in  the  formation 
of  these  ethylo-chlorides. 

ETHYL  a-CHLOEO-ALLYL  OXIDE  C5HqC10 
i.e.  Et.O.CH0.CCl:CH,.  (110°).  S.G.  2  1-011 ; 
?L5  -995.  From  CH.,:CC1.CH2C1  and  alcoholic 
KOH  (Friedel  a.  Silva,  J.  1872,  323).  Formed 
also  from  ethyl  allyl  oxide  by  successive  treat- 
ment with  Cl  and  KOH  (Henry,  B.  5,  189). 

Ethyl  j8-chloro-allyl  oxide 
Et.O.CH2.CH:CHCl.   (120°-125°).    S.G.  e  1-Q21 ; 
"5  -994.    From   CH2C1.CH:CHC1  and  alcoholic 
W20°jT  -  S.).  Br  forms EtO.CH,.CHBr.CHClBr 


DI-ETHYL  CHLOEO-AMYL  PHOSPHATE 
Et2(C4Hfl.CHCl)P04.  From  C4H,,.CH,.PO(OH)2 
by  successive  treatment  with  PCI-  and  alcohol 
(Fossek,  M.  7,  20). 

ETH  YL-CHLOEO-  ANILINE  v.  CHLORO-ETHYL- 

ANILINE. 

TEI  -  ETHYL  -  CHLOEO  -  AUEOPHOSPHITE 

Et3PAuC103.  [C.  -10°].  S.G.  2-025.  Obtained 
by  adding  absolute  alcohol  to  a  mixture  of  AuCl 
and  dry  phosphorus  and  ppg.  by  water  (Lindet, 
C.  R.  103,  1014).  Crystalline  mass ;  decomposes 
about  100°.  Insol.  water,  sol.  alcohol,  ether, 
and  benzene.  NH3  forms  Et.,PAuC103NJI6. 
ETHYL-CHLOEO-BENZENE  v.  CHLORO- 

ETHYL-BENZENE. 

ETHYL-CHLOEO-BEOMO-PROPYL     OXIDE 

Et.CO.C3H5ClBr.  (187°).  From  epichlorhydrin 
and  EtBr  at  200°  (Eeboul  a.  Lourenco,  A.  119 
238). 

ETHYL  CHLOEO-BUTENYL  OXIDE 
C4H.C1.0Et.    (134°).    FromCH3.CH:CH.CHCl, 
and  alcoholic  KOH  (Kekule,  A.  162,  98). 

ETHYL  CHLOEO-BUTYL  OXIDE 
CH2Cl.CHEtOEt.  (141°).  S.G.  a  -974.  V.D. 
69-3  (calc.  68-3).  From  ZnEt2  and  an  ethereal 
solution  of  di-chloro-di-ethyl  oxide  (Lieben,  A. 
123,  130;  133,  287;  146,  220).  Oil,  miscible 
with  alcohol  and  ether. 

Reactions. — 1.  HI  gives  EtI  and  secondary 
butyl  iodide. — 2.  With  NaOEt  it  gives  butylene 
glycol  diethylic  ether:  CH2(OEt)CHEt.OEt, 
(147°).— 3.  PBr3  gives  CH,Cl.CHEtBr,  ethyl 
bromide,  and  CH,Br.CHEtBr. 

ETHYL-CHLOflO-ETHANE  TETEA-CAE- 
BOXYLIC  ACID  v.  CHLORO-BUTANE  TETRA-CAR- 

BOXYLIC  ACID. 

ETHYL-  CHLOEO  -  MALONIC  ETHEE  v. 
CHLORO-ETHYL-MALONIC  ETHER. 

ETHYL-DI-CHLOEO-PHOSPHINE  v.  ETHYL- 

PHOSPHINE. 

ETHYL  CHLOEO  -  ISOPEOPYL  OXIDE 
CH2Cl.CH.Me.OEt.  (118°).  S.G.  a -984.  From 
ZnMe2  and  dichloro-diethyl  ether  (Lieben,  A. 
146,  225).  PBrs  gives  MeBr,  CH-Cl.CHMeBr, 
and  CH.Br.CHMeBr. 

ETHYL-CHLOEO-QUINOLINE    v.    CHLORO- 

ETHYL-QUINOLINE. 

ETHYL-CHLOEO-SULPHATE  v.  ETHYL  SUL- 
PHATE. 

ETHYL  CHEYSOIDIN  v.  Benzene-Azo-ethyl- 
phenylene-diamine. 

ETHYL-CINCHENIC  ACID  v.  CINCHENE. 

ETHYL-CINCHON  AMINE  v.  CINCHONA  BASES. 

ETHYL-CINCHONIC  ACID  v.  ETHYL  QUIN^ 

OLINE  CARBOXYLIC  ACID. 

ETHYL-CINCHONIDINE  v.  CINCHONIDINE. 

ETHYL-CINCHONINE  v.  CINCHONINE. 

ETHYL-CITEIC  ACID  v.  CITRIC  ACID, 

ETHYL-CODEINE  v.  CODEINE. 

ETHYL-CONHYDEINE  v.  CONHNE. 

ETHYL-CONIINE  v.  CONIINE. 

ETHYL  -  COUMAZONIC     ACID     C.JL.NO, 

/CMe2.0 
i.e.  Q.H^OO.HK  |       (?).    [2020].   Small 

\N  =  CEt 

glistening  pyramids.  V.  sol.  alcohol,  insol.  water. 
Formed  by  boiling  (3:4:l)-amido-oxypropyl- 
benzoic  acid  with  propionic  anhydride. 

Salts.  — A'H.HCl:  very  soluble  white 
needles.— AH,HjS04 :  very  soluble  white  needles 
(Widmann,  B.  16,  2576). 

n2 
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ETHYL  CKESYL  ETHEE. 


ETHYL  CKESYL  ETHER  v.  Ethyl  derivative 
of  CUESOL. 

ETHYL-CBOTONIC  ACID  v.  HEXENOIC  ACID. 
ETHYL  ISOCEOTYL  ETHER  v.  Ethyl  ether 

Of   BUTENYL   ALCOHOL,  vol.  i.  p.  639. 

ETHYL-CUMENE  v.  ETHYL-PBOPYL-BENZENE. 

ETHYL-CUMIDINE  C,,HrN  i.e. 
C6H2Me3NHEt.   (220°-230°).    Formed  by  heat- 
ing cumidine  hydrochloride  (1  mol.)  with  alco- 
hol (1  mol.)  for  4  hours  at  125°  (Buttan,  B.  19, 
2383). 

ETHYL  CYANAMIDE  v.  Cyanamide  under 
CYANIC  ACID. 

ETHYL-CYANIC  ACID  v.  CYANIC  ACID. 

ETHYL  CYANIDE  v.  PKOPIONITRILE  and 
ETHYL  CABBAMINE. 

ETHYL-CYANURIC  ACID  v.  Cyanuric  acid 
under  CYANIC  ACID. 

ETHYLENE  C^  i.e.  CH2:CH2.  Mol.  w.  28. 
[-169°]  (Olszewski,  M.  8, 71) ;  ( - 103°)  (Cailletet, 
C.R.  94,  1224 ;  Wroblewsky,  M.  4,  338).  V.D. 
•9784  (Saussure;  calc.  -9702).  H.F.p.  -8,000 
(Favre  a.  Silbermann) ;  -9,400  (Berthelot,  A  Ch. 
[5]  23,  180);  -4,160  (Thomsen,  J.  pr.  [2]  23, 
158);  -2,710  (Thomsen,  Th.).  H.F.v.  -3,290 
(Th.).  Critical  temperature,  13°.  S.'25atO°;  S. 
(alcohol)  3-6  at  0°  (Carius,  A.  94,  133).  Dis- 
covered by  treating  alcohol  with  H2S04  in  1795 
by  the  four  Dutch  chemists :  Deiman,  P«ets  van 
Troostwyk,  Bondt,  and  Lauwerenburgh  (Crell. 
Ann.  1795,  ii.  195,  310  ;  Gilb.  Ann.  2,  201).  It 
is  a  product  of  the  dry  distillation  of  most 
organic  bodies,  e.g.  formates,  acetates,  butyrates, 
fats,  resins,  caoutchouc,  wood,  and  coal.  It  is 
the  most  abundant  illuminating  constituent  in 
coal  gas. 

Formation. — 1.  Formed,  as  well  as  other 
hydrocarbons,  when  a  mixture  of  CS2  and  H2S 
or  H3P  is  passed  over  red-hot  copper  ;  or,  more 
abundantly,  when  a  mixture  of  CS2,  H2S,  and 
CO  is  passed  over  red-hot  iron  (Berthelot,  C.  E. 
43,  236).— 2.  Formed  together  with  CH4  and 
butylene  by  the  dry  distillation  of  barium  for- 
mate.— 3.  By  heating  a  mixture  of  alcohol  (1  vol.) 
with  cone.  H2S04  (4  vols.)  (Mitscherlich,  A.  Ch. 
[3]  7,  12).— 4.  By  heating  alcohol  (1  pt.)  with 
fused  B203  (4  pts.)  (Ebelmen,  A.  Ch.  [3]  16,  136). 

5.  By  the  electrolysis  of  a  concentrated  solu- 
tion of  sodium  succinate  (Kekule,  A.  131,  79). — 

6.  Together  with  benzene,  by  heating  styrene 
with  hydrogen  in  sealed   tubes   (Berthelot,  J. 
1866,  544).— 7.  By  treating  ethylidene  chloride 
with  sodium  (Tollens,  A.  137,  311).— 8.  From 
ethyl    iodide    and    zinc   (E.  Frankland  a.    L. 
Dobbie,  C.  J.  33,  545). 

Preparation.  —  Alcohol  (25  g.)  and  H2S04 
(150  g.)  are  heated  in  a  flask  to  165°,  and  a  mix- 
ture of  alcohol  (1  pt.)  and  H2S04  (2  pts.)  is  run 
in  slowly.  The  gas  is  washed  with  NaOHAq 
and  H2S04  (Erlenmeyer  a.  Bunte,  A.  168,  64; 
192, 244). 

Properties. — Colourless  gas  with  faint  ethereal 
odour  (?).  V.  si.  sol.  water,  si.  sol.  alcohol,  m. 
sol.  ether.  Pure  ethylene  burnt  at  the  rate  of 
5  cubic  feet  per  hour  emits  a  light  equal  to  68*5 
standard  candles  ;  the  illuminating  power  of  a 
given  quantity  of  C2H4  is  increased  by  moderate 
admixture  with  H,  CO,  or  CH4,  although  the 
actual  amount  of  light  given  per  cubic  foot  of 
the  mixture  is  less  than  that  given  by  pure 
ethylene.  The  intrinsic  illuminating  power  is 


reduced  by  admixture  with  N,  C02,  or  water- 
vapour,  but  increased  by  0  (P.  F.  Frankland, 
C.  J.  45,  30,  227).  It  unites  directly  with 
chlorine,  bromine,  iodine,  N20,,  S2C12,  and  S0:j. 
It  is  quickly  absorbed  by  Nordhausen  sulphuric 
acid,  forming  ethionic  acid  and  its  anhydride. 
Cone.  H.,S04  absorbs  it,  forming  HEtS04 ;  the 
absorption  takes  place  rapidly  at  100°-170°,  but 
at  ordinary  temperature  much  shaking  is  re- 
quired. Ethylene  forms  with  water  under  pres- 
sure a  crystalline  hydrate  (Villard,  C.  E.  106, 
1602). 

Eeactions. — 1.  When  passed  through  a  red-hot 
tube  carbon  is  deposited  and  marsh-gas  formed. 
The  decomposition  commences  at  as  low  a 
temperature  as  355° ;  at  this  temperature  a 
condensation  change  only  takes  place,  and  is 
very  slow,  requiring  20  hours  or  more  for  its 
completion.  Heated  to  400°  for  a  sufficient 
length  of  time  it  is  entirely  decomposed  with 
formation  of  marsh-gas,  ethane,  and  liquid  pro- 
ducts (Day,  Am.  8,  153).  According  to  Berthe- 
lot (Bl.  [2]  9,  456)  these  liquid  products  contain 
benzene  and  styrene.  Norton  a.  Noyes  (Am.  8, 
362)  found  benzene,  naphthalene,  and  anthracene, 
as  well  as  methylene,  propylene,  butylene,  and 
crotonylene,  CH2:CH.CH:CH2,  with  CH4,  and 
C2H6.  When  heated  in  a  glass  tube  to  dull  red- 
ness with  an  equal  volume  of  acetylene  it  appears 
to  form  butylene  (Berthelot,  J.  1866, 519).  When 
a  mixture  of  ethylene  and  hydrogen  is  passed 
over  platinum,  even  in  the  cold,  ethane  is  formed 
(Von  Wilde,  B.  7,  352).  A  mixture  of  ethylene 
and  diphenyl  passed  through  a  red-hot  porcelain 
tube  forms  phenanthrene,  anthracene,  benzene, 
styrene,  and  naphthalene  (Barbier,  C.  E.  79, 121). 
2.  With  oxygen  (3  vols.)  it  forms  a  highly  ex- 
plosive mixture.  When  a  mixture  of  ethylene 
and  air  is  passed  over  red-hot  platinum  wire 
some  acetic  acid  is  formed  (Coquillion,  C.  E.  77, 
444).  When  ethylene  is  oxidised  by  weakly- 
ozonised  oxygen,  formic  acid  and  C02  result 
(Houzeau  a.  Kenard,  C.  E.  76,  572).— 3.  It  burns 
in  chlorine  with  a  smoky  flame : 

C2H4  +  2C12  =  2C  +  4HC1. 

In  the  dark  and  in  the  cold  it  unites  with 
chlorine,  forming  oily  '  Dutch  liquid '  C2H4C12. — 
4.  HI  at  100°  forms  EtI  (Berthelot,  A.  104, 184 ; 
115,  114 ;  J.  1867,  344).  HBr  also  unites  with 
ethylene,  but  HC1  does  not. — 5.  Dry  IC1  forms 
C2H4C12  and  iodine  (Geuther,  J".  1862, 421 ;  Thorpe, 
C.J".37,179). — 6.  Chromic  acid  solution  oxidises 
it  to  C02  (Ludwig,  A.  162,  47).  Chromic  acid 
mixture  forms  chiefly  oxalic  and  acetic  acids 
(Zeidler,  A.  197,  243) ;  Berthelot  (C.  E.  68,  334) 
found  even  aldehyde. — 7.  Potassium  perman- 
ganate solution  containing  H2S04  is  decolourised 
by  ethylene,  C02  and  formic  and  acetic  acids 
being  formed.  Neutral  and  alkaline  KMn04 
forms  chiefly  oxalic  acid  and  C02,  together  with 
a  little  formic  acid  (Zeidler ;  Truchot,  C.  E.  63, 
274 ;  Berthelot,  C.  E.  64,  35).  Neutral  KMn04 
solution  forms  also  glycol  (Wagner,  B.  21, 1230). 
8. — Fuming  HN03  absorbs  it,  forming  oxalic 
acid.— 9.  C1S03H  absorbs  dry  ethylene  with 
rise  of  temperature  ;  at  90°  isethionic  anhydride 
C2H4SOS  is  formed,  but  if  the  sulphuric  chlor- 
hydrin  be  kept  cool  and  the  product  poured  int 
water  an  oil,  C2H5S03C1 
mustard  oil,  is  obtained ; 
by  water  at  100°  into  is 
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dry  NET,  into  deliquescent  tables  of  C2H7NS03 
(Baumstark,  Z.  1867,  566).— 10.  Boron  fluoride 
at  30°  in  sunlight  forms  C2H3BF2,  an  ethereal 
liquid  (125°)  S.G.  aa  1-0478,  V.D.  2-55,  which 
fumes  in  the  air.  It  is  decomposed  by  water 
into  ethylene,  H.jBO;,,  and  HF  (Landolph,  C.  E. 
86,  671, 1267;  89,173).  This  'fluoboro-ethylene' 
acting  upon  camphor  at  200°  forms  a  hydrocar- 
bon C12H18. — 11.  Ethylene  and  HBr  passed  over 
Al2Br6  form  AlBr3C4H8,  and  ethyl  bromide. 
C,H4,  HC1,  and  A1,C16  give  A1C13C4H8  (Gustavson, 
J.  pr.  [2]  34,  161).  At  the  same  time  saturated 
hydrocarbons  are  formed — very  little  at  0°,  much 
at  70° ;  they  are  formed  by  the  simultaneous  ac- 
tion of  C,H4  and  HBr  on  AlBr3C4H8.  Ethyl 
bromide  at  60°  acts  like  C,H4  mixed  with  HBr. 
AlBr3C4H8  gives  saturated  hydrocarbons,  not 
only  with  C2H4  and  HBr,  but  also  with  EtBr, 
PrBr,  isobutyl  bromide,  and  MeBr.  In  all  these 
cases  the  AlBr3C4H8  becomes  richer  in  carbon. — 
12.  Chloride  of  sulphur  forms  S2(CH2.CH.,C1)2 
(Guthrie,  A.  119,  91  ;  121,  108  ;  Spring  a. 
Lecrenier,  BL  [2]  48,  629).— 13.  C120  forms 
chiefly  CH2C1.CO.O.CH2.CH.,C1  (chloro  -  ethyl 
chloro-acetate  (Mulder  a.  Bremer,  B.  11,1958).— 
14.  HC10  forms  CH2C1.CH,OH  (Carius,  A.  126, 
197).— 15.  A  solution  of  P~tCl2  in  cone.  HClAq 
forms  C2H4PtCl2  (Birnbaum,  A.  145,  69).  The 
same  compound  is  formed  by  boiling  PtCl4  with 
alcohol  (Zeise,  P.  21,  497,  542  ;  40,  234;  Griess 
a.  Martius,  Pr.  11,  509).  It  is  a  yellow  mass,  si. 
sol.  water ;  decomposed  by  light.  In  aqueous 
solution  it  is  unstable  unless  HC1  is  present. 
KOH  ppts.  on  warming  an  explosive  powder.  It 
forms  the  following  combinations :  NH3C2H4PtCl2 : 
yellow  pp.  — NH4ClC2H4PtCl2  aq  :  lemon-yellow 
prisms.  —  KClC.,H4PtCl2  aq.  —  KBrC2H4PtBr2aq  : 
pale-yellow  needles  (Chojnacki,  Z.  1870,  421).— 
C2H4Pt2Cl4(Et3P03)2  (Schutzenberger,  Bl.  [2]  18, 
103).  The  corresponding  NH4ClC2H4IrCl2  and 
(KClC.,H4)2IrCl2  may  also  be  prepared  (Sadtler, 
BL  [2]  17,  54).— 16.  When  ethylene  is  passed 
into  cone,  aqueous  FeBr2  in  sunlight  there 
are  formed  greenish  deliquescent  crystals  of 
C.,H4FeBr2  2aq  (Chojnacki).  The  corresponding 
<XH4FeCl2  2aq  is  got  by  heating  ether  (50  g.)  with 
Fe.,Cl6  (5  g.), P  (J  g.)  and  CS2 (I g.)  at  100°  (Kachler, 
J3.~2,  510). 

Derivatives  of  ethylene :  v.  BROMO-,  BROMO- 
NITRO-,  BROMO-IODO-,  CHLOEO-,  CHLOKO-NITBO-, 
CHLOBO-IODO-  &c.  ETHYLENE. 

ETHYLENE-ACETOACETIC  ACID  v.  ACETO- 

ACETIC   ACID. 

ETHYLENE  ALCOHOL  v.  GLYCOL. 
ETHYLENE  -  OETHALDEHYDE    v.    ALDE- 
HYDE. 

ETHYLENE -DI- ALL  YL-DI-THIO-DI- UREA 

C2H4(NH.CS.NHC:,H?)2.  From  ethylene-diamine 
and  allyl  thiocarbimide  (mustard  oil)  in  alcohol. 
Brownish  oil,  miscible  with  chloroform  and  with 
alcohol.  Has  an  unpleasant  odour  (Lellmann  a. 
Wiirthner,  A.  228,  234) 

ETHYLENE  -  DI  -  m  -  AMIDO  -  DIBENZOIC 
ACID  C2H4(NH.CtiH4.C02H)2.  [222°-225°].  From 
ethylene  bromide  and  7tt-amido-benzoic  acid  by 
boiling  24  hours  in  alcoholic  solution  (Schiff  a. 
Parenti,  A.  226,  244).  Hardly  sol.  water,  sol. 
boiling  alcohol.  Insol.  dilute  HC1,  sol.  aqueous 
NaOH.  With  KOH  (4mols.)  and  EtI  (6  mols.) 
it  forms  needles  of  0,1H32N204  [100°]. 

Salt.-CuA"aq.~ 


ETHYLENE  -DI-£-AMIDO-DI-(a)-CROTONIC 
ACID  C10HI(.N204  i.e.  C2H4(NH.CMe:CH.C02H)2. 
[168°].  Obtained  by  saponification  of  the  ether 
or  by  heating  ethylene  diamine  with  three  times 
its  weight  of  acetoacetic  ether  for  an  hour  at 
140°.  White  silky  scales.  V.  sol.  water  and 
hot  alcohol,  si.  sol.  ether,  benzene,  and  cold 
alcohol.  Gives  a  violet  colouration  with  Fe2Cl6. 

Di-ethyl  ether  A"Et2:  [127°] ;  obtained  by 
mixing  ethylene-diamine  and  acetacetic  ether  in 
aqueous  or  alcoholic  solution;  large  white 
prisms ;  sol.  hot  alcohol,  ether,  and  benzene,  si. 
sol.  these  solvents  when  cold,  insol.  water ;  cone. 
HC1  decomposes  it  into  acetacetic  ether  and 
ethylene-diamine  (Mason,  B.  20,  273). 

ETHYLENE-DIAMINE  C.,H8N2  i.e. 
NH..CH2.CH2.NH2.     Mol.   w.  80.    [8°].    (117°). 
V.  D.  2-00  (calc.  2-08).     S.G.  ^  -902. 

Formation. —  1.  From  ethylene  bromide  and 
alcoholic  ammonia  in  the  cold  (Hofmann,  Pr.  9, 
154;  10,  224  ;  cf.  Cloez,  J.  1853,  468). -2.  From 
ethylene  chloride  and  alcoholic  NH3  (20  mols.) 
(Lellmann  a.  Wiirthner,  A.  228,  226).  The 
fraction  (70°-100°)  from  the  preparation  of 
chloral  contains  ethylene  and  ethylidene 
chlorides,  and  if  it  be  heated  with  alcoholic 
NH3  at  110°  for  9  hours,  the  ethylene  chloride  is 
converted  into  the  diamine,  while  the  ethylidene 
chloride  is  not  affected  (Hofmann,  B.  4,  666). — 
3.  From  chloro-ethylene  and  NH3at  160°  (Engel, 
Bl.  [2]  48,  96).— 4.  By  reducing  cyanogen  with 
tin  and  HC1  (Fairley,  A.  Suppl.  3,  372). 

Preparation. — A  nearly  theoretical  yield  of 
the  hydrochloride  is  obtained  when  ethylene 
chloride  (42  g.)  is  heated  in  a  sealed  tube  to  115°- 
120°  with 33 p.c.  aqueous  ammonia  (510  c.c.).  The 
crystals  are  washed  with  absolute  alcohol  until 
the  washings  cease  to  colour  Nessler's  solution. 
The  alcohol  yields  a  fresh  crop  of  crystals  con- 
taining ammonium  chloride  and  di-ethylene- 
diamine  hydro-chloride.  The  hydrate  of  the  free 
base  is  obtained  by  the  addition  of  freshly  fused 
and  powdered  caustic  soda  to  the  chloride,  then 
adding  soda-lime  and  distilling.  The  anhydrous 
base  is  obtained  from  this  hydrate  by  again 
heating  with  fused  soda  in  a  sealed  tube  for 
several  hours  (Kraut,  A.  212,  254). 

Properties. — Volatile  alkaline  liquid  ;  it  is 
very  difficult  to  dry,  requiring  treatment  with 
sodium.  V.  sol.  water.  It  forms  a  hydrate 
B"aq  [10°]  (118°).  S.G.  !$  -970,  not  miscible 
with  benzene  or  ether. 

Reactions. — 1.  Nitrous  acid  forms  nitrogen 
and  ethylene  oxide.— 2.  EtI  forms  C2H4N2H4Et2I2 
whence  C2H4N2H2Et2  aq,  which  is  in  turn  con- 
verted by  EtI  into  C2H4N2H2Et4I2,  whence  moist 
Ag20  yields  a  volatile  base  whence  C2H4N2HEt5I2 
and  C2H4N2Et6I2  may  be  obtained.  The  two 
last  iodides  when  treated  with  moist  Ag.,0  leave 
fixed  bases.  C2H4N2Me6I2  has  also  been  prepared. 
The  compound  C2H4N2Et4HJBr2  may  also  be 
obtained  from  ethylene-diamine  and  di-ethyl- 
amine  (Hofmann,  Pr.  11,  423)  ;  it  gives 
C,H4N2Et4(HAuCLJ2.  C2H4N2H4Et2Br2  is  one 
of  the  products  of  the  action  of  ethyl- 
amine  on  C2H,Br,;  the  corresponding  base 
C2H4N2H2Et2aq  crystalline  ;  it  may  be  dehydrated 
by  repeated  distillation  over  baryta,  when  its 
V.D.  (H  =  l)  is  57-61  (calc.  58).  The  hydrated 
base  C2H4N2H2Et2  aq  has  a  V.D.  33-2,  showing 
dissocJof|on  (Hofmann,  Pr.  10,  597).  By  co- 
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hobating  equal  mols.  of  benzil    and    ethylene- 
diamine  hydrate  for  ^  hour,  a  base   C16H14N., 


possibly  |          |        is      formed      [161°]. 

CBH5.C  =  N.CH2 

Yellowish  prisms.  V.  sol  ether,  benzene,  and 
hot  alcohol,  sparingly  in  cold  alcohol,  insol. 
water.  By  hot  cone,  mineral  acids  it  is  split  up 
into  ethylene  diamine  and  benzil  (Mason,  B.  20, 
208).  —  4.  CS2  in  presence  of  alcohol  forms 
C.J^NgHjCSa  which  may  be  crystallised  from 
water.  Boiling  aqueous  HgCl2  converts  it  into 
ethylene  thio-urea  (Hofmann,  B.  5,  241).  —  5. 
Pyrocatechin  heated  with  ethylene-diamine 

hydrate  at   205°  forms  C6H4<^g>C2H4  [97°] 

(Merz  a.  His,  B.  20,  1190).  —  6.  Benzole  aldehyde 
at  120°  forms  di-benzylidene-ethylene-diamine 
(PhCH:N)2C2H4  [54°]  (Mason,  B.  20,  270). 
Substituted  benzoic  aldehydes  act  in  the  same 
way.  —  7.  When  ethylene  diamine  hydrochloride  is 
heated  it  is  partly  converted  into  ethylene-imine 
C.,H4NH(Ladenburg  a.  Abel,£.  21,  758).—  8.  Hexa- 
chloro-acetone  forms  C2H4N2H3C2C130  [200°]. 
Penta-chloro-acetone  forms  C2H4N2H3C2HC12O 
which  crystallises  from  ether  in  fan-shaped 
plates  (Cloez,  A.  Ch.  [6]  9,  145).—  9.  Carbonic 
ether  at  180°  forms  white  needles  of  ethylene- 

urea  C2H4<™>CO.  [131°]  (Fischer  a.  Koch, 

A.  232,227).  —  10.  Di-methyl-methylene  diketone 
CH,Ac2  forms  a  solid  C12H20N202  [1110],  which 
forms  a  violet  copper  salt  [137°],  and  a  hydro- 
chloride  B"H2C1,  (Combes,  Bl.  [2]  50,  547). 

Salts.  —  B"H.,C12  :  long  silvery  needles,  insol. 
alcohol.—  B''H,Pt"Cl6:  yellow  plates  (Griess  a. 
Martius,  A.  12~0,  327).—  B"(HSCy)2  :  [c.  145°]  ; 
prisms,  v.  e.  sol.  water,  v.  sol.  alcohol,  insol. 
ether.  Split  up  by  heat  into  ammonium  sulpho- 
cyanide  and  ethylene  thio-urea  (Hofmann,  A.  70, 
143).  —  Sulphate:  dimetric  crystals  (Von  Lang, 
C.  C.  1872,  178). 

Di-formyl  derivative  C2H4N2H,(CHO)2. 
From  ethylene-diamine  and  chloral.  Syrup 
(Hofmann,  B.  5,  240). 

Di-acetyl  derivative  C2H4(NHAc)2. 
[172°].  Colourless  needles.  SI.  sol.  ether. 
Forms  a  crystalline  aurochloride  B'HAuCl4  and 
platino-chloride  B'2H2PtCl6.  When  heated 
in  a  current  of  dry  HC1  it  forms  ethylene 

acetamidine  C2H4<^N^.^>CMe   [88°]    (223°),  of 

wliich  the  aurochloride  B'HAuCl4  and  platino- 
chloride  B',H2PtCl6  are  crystalline  (Hofmann, 

B.  21,  2332). 

Benzoyl  derivative  C2H4N2H2Bz2.  [249°] 
(Kraut  a.  Schwartz,  A.  223,  43).  S.  (alcohol) 
•076  at  22°.  Needles  (from  alcohol).  Insol. 
water.  When  heated  in  a  current  of  dry  HC1  it 

forms   ethylene-benzamidine    C.2H4<^TT^>CPh 

[101°],    of    which    the     salts     B'HAuCl,    and 
B'2H2PtCl6  are  crystalline  (Hofmann). 
"  Di-ethylene-diamine  C4H10N2  i.e. 


.   (c.  170°).    V.D.  2-7  (calc.  2-9). 

Formed,  together  with  ethylene-diamine  and  tri- 
ethylene-diamine  by  the  action  of  ethylene  chlo- 
ride on  alcoholic  ammonia  (Hofmann  ;  Natanson, 
A.  98,  291).  Alternate  treatment  with  EtI  and 
moist  silver  oxide  yields  three  bases,  one  vola- 


j  tile  and  two  fixed.  The  corresponding  iodides 
are  (C.,H4).,N.)H2Et2I2,  (C.,H4),N.,HEt,I.,,  and 
(C2H4),N2Et4I2.  Mel  forms  (C2H4)"2N2Me4I2.  By 
the  action  of  ethylene  bromide  on  ethylamine 
there  is  formed  (C2H4),N2H.,EtoBr0,  as  well  as 
C2H,N2H4Et2Br2.  On  distilling  'the"  former  with 
baryta  the  free  base  (C.,H4)2N2Et2  (185°)  is  ob- 
tained. 

Tri-ethylene-diamine  C(iH,,N2  i.e.  (C.,H4),N2. 
Mol.  w.  112.  (c.  210°).  Formed  by  the  action 
of  NH3  on  ethylene  chloride  (Hofmann,  Pr.  10, 
104). 

Di-ethylene-triamine  C4H13N3 
i.e.  NH(C2H4NH2)2.  (208°).  The  bromide 
(C2H4)2N3H8Br3  is  among  the  products  of  the  ac- 
tion of  ammonia  on  ethylene  bromide  (Hofmann). 
The  portion  of  the  bases  boiling  from  200°  to 
220°  consists  almost  wholly  of  cli-  and  tri-  ethyl- 
ene-triamine,  which  may  be  separated  by  crys- 
tallisation of  their  platinochlorides.  Strongly 
alkaline  liquid,  miscible  with  water  and  alcohol, 
almost  insol.  ether.  Neutralises  acids  completely, 
giving  beautifully  crystallised  salts,  generally 
v.  sol.  water,  si.  sol.  alcohol,  insol.  ether.  The 
aqueous  solution  is  not  ppd.  by  KOHAq,  but 
solid  KOH  causes  the  base  to  separate  as  a  liquid 
layer,  which  rapidly  absorbs  CO2  from  the  air. — 
B'"H3C13.  —  B'"H2C12.  —  B'"23H2PtCl6 :  golden 
needles ;  cannot  be  recrystallised  without  de- 
composition. —  B"'H.2PtCl6.  —  B'"2H2PtCL.  — 
B'"HClH2PtCl6.— B/"2H4Cl4H2PtCl6. 

Among  the  products  of  the  action  of  ethyl- 
amine on  ethylene  bromide  are  salts  of  the 
ethylated  di-ethylene  triamines  (C.,H4).,N:1H3Et.> 
and  (C2H4)2N3H2Et3,  which  boil  at  about  220°  to 
250°,  and  of  which  Hofmann  (Pr.  11,  420)  has 
prepared  the  following  salts  :  (C.,H4)2N3HaEt,Cl;4 : 
nacreous  leaves ;  differs  from  the  hydrochlor- 
ides  of  related  bases  in  being  insol.  alcohol. — 
(C,H4)2N3H5Et2I2.-(C2H4)2N2H(jEt2I3  :  deposited 
only  when  excess  of  hydric  iodide  is  present. — 
(C2H4)2N2H3Et.,3HN03.  —  Platinochloride 
{(C2H4)2N2H2Et3}23H2PtCl(J.  The  formation  of 
(C;,H4)2N3H3Et2  must  be  ascribed  to  the  presence 
of  NH3  in  the  ethylamine  used. 

Tri-ethylene-triamine  (C2H4)3N3H3.  (216°). 
Formed  as  above.  Its  triacid  salts  are  only 
formed  in  presence  of  a  large  excess  of  acid, 
feebly  acid  solutions  depositing  salts  with  1  or  2 
equivalents  of  acid. — B"'23H2PtCl6 :  long  golden 
needles,  more  soluble  in  water  than  the  platino- 
chlorides of  di-ethylene-triamine  and  of  the 
ethylene-diamines.  Decomposed  by  recrystalli- 
sation. — B'"3HAuCl4 :  yellow  plates,  sol.  water, 
alcohol,  and  ether  ;  may  be  recrystallised  from 
water,  but  decomposed  by  long  boiling  therewith, 
gold  being  ppd.— B^H^r.,. 

The  ethylated  derivative  (C2H,),N.tEt3  is  an 
alkaline  oil,  boiling  between  220°  and  250°, 
formed  by  the  action  of  ethylamine  on  ethylene 
bromide ;  it  forms  a  platinochloride  B'"23H2PtCl(i. 

Tetra-ethylene-triamine  (C.2H,)4N3H.  A  mix- 
ture of  the  hydrobromides  of  this  base  appears 
to  be  deposited  when  ethylene  bromide  is  mixed 
with  alcoholic  NH3  and  left  to  itself  for  several 
months  (Hofmann,  B.  3,  762).  Combines  with  1, 
2,  or  3  equivalents  of  HBr  forming  amorphous 
salts,  insol.  water,  alcohol,  and  ether.  By  pro- 
longed boiling  with  ammonia  the  corresponding 
hydroxides  are  got  in  an  amorphous  uncrystal- 
lisable  form,  insol.  water,  alcohol,  and  ether. 
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Tri-ethylene-tetramine  (C,H4)3N4H6.  Occurs 
among  the  products  of  the  action  of  ethylene 
bromide  on  ammonia,  but  is  best  obtained  pure 
by  treating  ethylene-diamine  with  C2H4Br2,  and 
separated  from  its  hydrobromide  by  moist  Ag.,0. 
Strongly  alkaline  liquid. — Biv2H2PtCl6 :  pale  yel- 
low, amorphous,  powder,  almost  insol.  water. 
By  the  action  of  diethylamine  on  ethylene  brom- 
ide at  100°  there  is  formed  (C2H,)3N4Et8H.,Br4, 
together  with  the  compound  (C2H4)N2Et4H2Br2 
already  mentioned.  If  the  mixture  be  treated 
with  Ag20  and  the  liberated  bases  distilled  with 
steam  the  volatile  diethylamine  and  tetra-ethyl- 
ethylene-diamine  pass  off,  while  the  fixed  octo- 
ethyl-tri-ethylene  tetrammonium  hydroxide 
(C2H4)3N4Et8H.,(OH)4  remains  behind.  It  forms 
the  following  salts:  (C2H4)3N4Et8H2Cl42PtCl4 : 
small  crystalline  plates,  almost  insol.  water. — 
(C2H4)3N4Et8H2Cl44AuCl3.  —  (C2H4)3N4Et8H2I4 : 
white  crystals  (from  alcohol) ;  v.  sol.  water. 
FurthertreatmentwithEtIgives(C2H4)3N4Et9HI4, 
which  forms  very  fine  crystals  ;  m.  sol.  alcohol. 

Penta-ethylene  tetramine  (C2H4)5N4H2.  When 
ethylene  bromide  is  heated  with  ethylamine  to 
100°  the  following  products  result,  besides 
NEtH3Br :  C2H4N2Et.2H4Br2— (C2H4)2N2Et2H2Br2 
-  (C2H4)2N3Et3H5Br3  -  (C.2H4)3N3Et3H3Br3  - 
(C2H,)5N4Et4H2Br4— (C2H4)6N4Et4Br4.  The  bases 
corresponding  to  the  first  four  salts  have 
already  been  mentioned  as  being  volatile.  The 
product  is  therefore  treated  with  moist  Ag20  and 
then  distilled  with  steam ;  the  residual  liquid  is 
powerfully  alkaline  and  consists  chiefly  or  alto- 
gether of  (C2H4)5N4Et4H2(OH)4.  The  salts  of  this 
base  crystallise  with  difficulty.  Hofmann  de- 
scribes (C2H4)5N4Et4H,Cl42PtCl4  and  the  auro- 
chloride  (C2H4)5N4Et4H2Cl44AuCl3  as  amorphous 
or  indistinctly  crystalline  and  si.  sol.  water.  EtI 
forms  (C2H4)5N4Et5HI4  and  (C2H4)5N4EtBI4. 

Hexa-ethylene  tetramine  (C2H4)6N4.  The 
ethylo-bromide  (C2H4)6N4Et4Br4  is  formed  as 
above,  but  is  better  prepared  by  the  action  of 
ethylene  bromide  on  C^N^t.^.,  or  (C.,H4)2N2Et2. 

ETHYLENE  DIISOAMYL  BISULPHIDE 
C2H4(SC5Hn)2.      (245°-255°).      From    ethylene 
bromide  and  sodium  isoamyl  mercaptan  (Ewer- 
lof ,  B.  4, 716).  Gives  C2H4(SOC5Hn)2  [145°-150°] 
on  oxidation. 

ETHYLENE-ANILINE  v.  DI-PHENYL-ETHYL- 

ENE-DIAMINE. 

ETHYLENE-BENZOATE  v.  Benzoyl  deriva- 
tive of  GLYCOL. 

ETHYLENE-DI-BENZOYL       CARBOXYLIC 

ACID      V.     Dl-PHENYL-ETHYLENE     DIKETONE     CAK- 
BOXYLIC  ACID. 

ETHYLENE-BENZYL-CARBOXYLIC    ACID 

V.   Dl-PHENYL-BUTANE    DI-CABBOXYMC   ACID. 

ETHYLENE  BROMIDE  C2H4Br2  i.e. 
CH2Br.CH2Br.  Di-bromo-ethane.  [9-2°].  (131|° 
cor.).  S.G.  if  2-1890 ;  |§  2-1720  (Perkin)  ;  ^ 
2-1767 ;  xf9  2-1901  (Thorpe,  C.  J.  37,  177) ;  25° 
2-1768  (Weegmann,  Z.  P.  C.  2,  218).  C.E. 
(0°-10°)  -00096  ;  (0°-100°)  -001061.  V.D.  6-49 
(calc.  6-56).  M.M.  9-700  at  15-2°  (Perkin,  C.  J. 
45,  522).  S.V.  91-65  (Schiff) ;  97'06  (Thorpe). 

Formation. — 1.  By  combination  of  bromine 
with  ethylene  (Balard,  A.  Ch.  [2]  32,  375; 
Lowig,  Das  Brom,  Heidelberg,  1829 ;  Serullas, 
A.  Ch.  [2]  39,  228;  D'Arcet,  J.  pr.  5,  28; 
Regnault,  A.  Ch.  [2]  59,  358 ;  Hofmann,  C.  J. 


13,  67). — 2.  By  bromination  of  ethyl  bromide  in 
presence   of  AL^Br,.   (TavildaroU,  B.  6,    1459; 

13,  2403;  Bl  [2]  34,  346). 

Preparation. — Ethylene  is  passed  through  a 
series  of  bottles  containing  bromine  covered  by 
water;  the  product  is  washed  with  alkali,  dried 
with  CaCl2,  and  distilled  (Erlenmeyer  a.  Bunte, 
A.  168,  64). 

Properties. — Colourless  liquid  with  pleasant 
smell ;  below  9°  it  is  a  crystalline  mass.  Insol. 
water,  sol.  alcohol  and  ether. 

Reactions. — 1.  Alcoholic  potash  on  boiling 
j  gives  vinyl  bromide  and  acetylene. — 2.  KHS 
!  forms  C2H4(SH)2.— 3.  K2S  gives  C2H4S  and 
\  C2H4S2.— 4.  AgOAc  produces  C2H4(OAc)2.— 5. 
!  Alcoholic  KOAc  forms  C2H4(OH)(OAc).— 6.  KCy 
forms  C-jH^CN),,. — 7.  Ammonia  forms  ethylene- 
diamine,  di-ethylene-diamine,  tri-ethylene-di- 
amine,  &c.— 8.  Water  at  160°  forms  aldehyde 
j  (Carius,4.131,172);  Kriwaxin  (Z.  [2]  7, 263)  ob- 
tained no  aldehyde.  But  when  excess  (26  pts.)  of 
water  is  used  at  100°  glycol  is  formed  (Niederist,  A. 
196, 354).  Water  and  PbO  at  220°  form  aldehyde 
(Eltekoff,  B.  6,  558;  Nevole,  B.  9,447).— 9.  Alco. 
hoi  at  160°  gives  water,  aldehyde,  ethyl  bromide, 
and  ether  (Carius). — 10.  Fuming  H2S04,  S03  or 
C1S03H  at  100°  form  CH^r.CH^SO.H  (Wro- 
blewsky,  Z.  [2]  4,  563  ;  5,  281).— 11.  Reduced  in 
presence  of  water  or  alcohol  by  zinc  slowly,  but 
more  quickly  by  the  copper-zinc  couple,  the  pro- 
duct being  ethylene  (Gladstone  a.  Tribe,  C.  J. 
27,  406).  Ethylene  is  also  formed  by  heating 
C,H4Br2with  aqueous  KL— 12.  Water  and  Ag,C03 
form  glycol.  Water  and  Ag20  give  aldehyde 
(Beilstein  a.  Wiegand,  B.  15, 1368).— 13.  Ag2S04 
in  benzene  forms  (CH^r.CHjLSO^  Ag2S04  in 
water  gives  (CH2Br.CH2)S04H  (B.  a.  W.).— 

14.  Ethylene  bromide  (188  g.)  boiled  with  water 
(1,000  g.)  and  KOH  (112  g.)  is  completely  con- 
verted (in  6  hours)  into  KBr  and  vinyl  bromide 
(Stempnewsky,  A.  192,  240). — 15.  Boiling  with 
dilute   Na.,CO3  forms  glycol.— 16.   Boiled  with 
aqueous  sodium  sulphite  it  probably  forms  sodic 
isethionate,       thus  :       C2H4Br.,  +  Na2SO3  +  H2O 
=  HO.C2H4.S03Na  +  NaBr  +  HBr  (James,   C.  J. 
43,  44),   as  well  as   ethane  di-sulphonic  acid 
(Strecker,     A.     148,     90).— 17.      SbCl5    forms 
CH2Cl.CH2Br  (Henry,  C.  R.  97,  1491).— 18.  Et,S 
forms    EtBr,    (C2H4)2S2,  Et3SBr,   and  perhaps 
(C2H4)2S2EtBr  (Dehn,  A.  Suppl.  4,  83  ;  B.  2, 479 ; 
Masson,   C.  J.  49,  253).— 19.    Fuming  HNOS 
forms  bromo-acetic  acid  and  CBr2(N02)2  (Kach- 

|  ler,  M.  2,  559).— 20.  Boiling  cone.  HIAq  forms 
ethylene     iodide    (Sorokin,    Z.    1870,    519).— 

21.  With    sodium-aceto-acetic    ether    it    gives 
CH3.COV     /CH2 

)>C^  |        ,      acetyl-trimethylene     car- 
C02Et/      \CH2 

boxylic    ether    and    very    small  quantities    of 
CH8.C— O.CH2 

||         |        (Perkin,  jun.,  C.  J.  51,  822). 
CO,Et.C CH2 

22.  Di-sodwm     acetone     di-carboxylic     ether 

C02Et.CH2.COv      /CH2 
forms  >C<   |        .    The  resulting 


acid  when  boiled  with  water  gives  acetyl-propyl 
alcohol  and  2C02  (Perkin).— 23.  Potassium 
phthalimide  at  200"°  forms  bromo-ethyl-phthal- 
imide  C(iH4C202N.C2H4Br  which  when  heated 
with  concentrated  hydric  bromide  at  190° 
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forms  the  hydrobromide  of  bromo-ethylamine 
CHJBr.CH2.NH3Br  [155°-160°].  Diluted  H,S04 
decomposes  bromo-ethyl-phthalimide  forming 
oxyethylamine  CH2OH.CH2NH,  (Gabriel,  B. 
21,566). 

ETHYLENE     BROMO-IODIDE     v.    BBOMO- 

IODO-ETHANE. 

ETHYLENE  CARBAMATE  C2H4(OCONH2)2. 

[149°].  Formed  by  the  action  of  chloro-formic 
amide  on  glycol,  the  later  being  in  excess  (Gatter- 
mann,  A.  244,  42).  Crystalline  flocculent  mass. 
SI.  sol.  ether,  CS2,  v.  sol.  hot  water,  alcohol, 
HOAc. 

ETHYLENE  DI-CAEBAMIC  ETHER 
C.H^NH.CO.OC.^),,.  Ethylene  diurethane. 
[112°].  Prepared  by  adding  ethylene-diamine 
to  an  ethereal  solution  of  ethyl  chloro-carbonate 
and  purified  by  distillation  under  30  mm.  Colour- 
less needles.  V.  sol.  alcohol  and  ether,  v.  si.  sol. 
water  (Fischer  a.  Koch,  A.  232,  228). 

ETHYLENE  CARBONATE  C2H4C03.  [39°]. 
(236°).  From  glycol  and  COC12  (Nemirowsky, 
J.  pr.  [2]  28,  439).  Needles  (from  ether).  V. 
sol.  water,  alcohol,  and  warm  ether. 

ETHYLENE  DI-CARBOXYLIC  ACID  v.  Fu- 

MABIC  ACID. 

Ethylene  tetra-carboxylic  acid  C6H408  i.e. 
(C02H)2C:C(C02H)2.  The  free  acid  decomposes 
very  readily. 

Salts. — K-jILjA"":  from  the  ether  by  cone. 
KOHAq.— Ca^""  7aq.— Ag4A"". 

Ethyl  ether~Et4A."".  [58°].  (325°-328°). 
Formed  by  the  action  of  NaOEt  on  chloro-ma- 
lonic  ether  (Conrad  a.  Guthzeit,  A.  214,  76). 
Formed  also  by  the  action  of  iodine  (2  mols.)  on 
di-sodio-malonic  ether  (2  mols.)  in  absolute  al- 
cohol (Bischoff  a.  Bach,  B.  17,  2781).  Monoclinic 
tables.  V.  e.  sol.  ether  or  boiling  alcohol,  insol. 
water.  Does  not  combine  with  bromine.  Pre- 
pared by  digesting  chloro-malonic  ether,  diluted 
with  anhydrous  ether,  for  20  hours  with  sodium ; 
yield  50  p.c.  of  the  theoretical.  By  heating  with 
alcohol  and  aqueous  HC1  to  190°  it  yields  fu- 
maric  acid.  By  zinc-dust  and  HC1  it  is  reduced 
to  ethane  tetra-carboxylic  acid  (Conrad  a.  Guth- 
zeit, B.  16,  2631). 

ETHYLENE    CHLORHYDRIN    v.    CHLOBO- 

ETHYL  ALCOHOL. 

ETHYLENE  CHLORIDE  C,H4C12 
i.e.  CH2C1.CH2C1.  Di-chloro-ethane.  Mol.  w.  99. 
(83-6°)  (Thorpe,  C.  J.  37, 182) ;  (83-7°  cor.)  (Per- 
kin,  C.  J.  45,  528).  V.D.  3-42  (calc.  3-42).  S.G. 
ffl  1-2808  (Th.) ;  ^8  1-2656  (Schiff,  A.  220,  96) ;  25° 
T-2521  (Briihl,  A.  203,  10);  1-2501  (Weegmann, 
Z.  P.  C.  2,218) ;  M  1-2599 ;  |l  1-2480  (P.).  C.E. 
(0°-10°)  -001162  ;  (0.°-50°)  -001218  (T.) ;  (9'8°  to 
83-3°)  -001269  (S.).  S.V.  85-34  (Thorpe) ;  87'2 
(Eamsay);  85-24  (Schiff).  M.M.  5-485  at  14-4° 
(Perkin).  ^  1-144  (W.).  ^  1-4502.  E^  34-12 
(B.).  H.F.p.  34,280  (Th.).  H.F.v.  33,120  (Th.). 

Discovered  in  1795  by  the  four  Dutch  chemists 
(v.  ETHYLENE)  and  hence  called  'Dutch  liquid.' 
Produced  by  admitting  ethylene  and  moist 
chlorine  simultaneously  into  a  large  globe.  It 

a  slightly  heated  mixture  of  MnO2  (2  pts.),  NaCl 
(3  pts.),  water  (4  pts.),  and  H2S04  (5  pts.). 
Formed  also  by  passing  ethylene  into  SbCls. 
The  product  obtained  from  any  one  of  these  re- 
actions is  washed  with  alkali,  dried  over  CaCl.,, 


and  rectified  (Liebig,  A.  1,  213 ;  9,  20 ;  Dumas, 
A.  Ch.  [2]  48, 185  ;  Wohler,  P.  13,  297  ;  Laurent, 
A.  Ch.  [2]  63,  377  ;  Eegnault,  A.  Ch.  [2]  58,  301; 
69,  251  ;  71,  371 ;  Limpricht,  A.  94,  245 ;  Ma- 
laguti,  A.  Ch.  [3]  16,  6,  14  ;  Pierre,  C.  E.  25, 
430).  It  is  formed  also  by  heating  glycol  with 
excess  of  HC1  in  sealed  tubes  at  100°  (Schorlem- 
mer,  C.  J.  39,  144).  It  is  obtained  in  large 
quantity,  together  with  some  of  its  chlorinated 
derivatives,  from  the  by-products  in  the  manu- 
facture of  chloral  (Kramer,  B.  3,  257). 

Properties. — Oil,  with  sweetish  odour ;  sol. 
alcohol  and  ether.  Dissolves  phosphorus.  Not 
affected  by  H2S04  at  100°,  but  at  130°  carbon  is 
separated  (Oppenheim,  B.  2,  212).  Burns  with 
green  flame.  Ethylene  chloride  may  be  used 
with  great  advantage  as  an  anesthetic  in  opera- 
tions on  the  eye  (Dubois  a.  Eoux,  Compt.  rend. 
Soc.  Biol.  4,  584  ;  C.  R.  108,  191). 

Reactions. — 1.  Its  vapour  passed  through  a 
red-hot  tube  forms  carbon,  naphthalene,  chloride 
of  carbon,  &c. — 2.  When  covered  with  water  and 
exposed  to  sunshine  it  is  decomposed,  yielding 
HC1  and  acetic  ether. —  3.  It  is  chlorinated  by  Cl 
in  heat  or  light.— 4.  Dry  ammonia  does  not  act 
upon  it,  but  when  dissolved  in  water  or  alcohol 
it  forms  the  various  ethylene-amines  (Eobiquet 
a.  Colin,  A.  Ch.  [2]  1,  213;  2,  206).— 5.  Potas- 
sium attacks  it  violently,  forming  hydrogen, 
vinyl  chloride,  and  other  products. — 6.  Aqueous 
potash  has  little  action,  but  alcoholic  potash 
gives  ethylene  and  vinyl  chloride  (Maumene,  C.  R. 
68,  931).— 7.  KHS,  K.S,  K2S2,  and  KCyS  give 
the  corresponding  ethers  of  ethylene. — 8.  PC15 
at  190°  yields  CHC12.CH2C1  (121°-133°)  and 
CHC12.CHC12  (133°-146°)  (Colson  a.  Gautier, 
A.  Ch.  [6]  11,  31). 

ETHYLENE  CHLORO-BROMIDE  v.  CHLOBO. 

BBOMO -ETHANE. 

ETHYLENE  CHLORO-IODIDE    v.    CHLOBO- 

IODO-ETHANE. 

ETHYLENE     CHLORO-3HIOCYANATE     v. 

CHLOBO-ETHYL  SULPHOCYANIDE. 

ETHYLENE  CYANIDE  v.Nitrile  of  SUCCINIC 

ACID. 

ETHYL-DI-ETHYL-DI-AMIDO-DI-BENZOIC 
ACID.  Ethylether.  C2H4(NEt.C6H4.C02Et).,  [98°- 
100°].  From  C2H4(NH.C6H4.C02H),  by  KOH  and 
lEt  (Schiff  a.  Parenti,  A.  226,  246)1  Doubly  re- 
fracting prisms  (from  alcohol).  Insol.  water. 

ETHYLENE-ETHYL-AMINES  v.  Ethyl  deri- 
vatives of  ETHYLENE-AMINES. 

ETHYLENE  DIETHYL  CARBONATE 
C2H4(O.C02Et)2.     (226°).     From  sodium  glycol 
C2H4(ONa)2  and  ClC02Et  in  ether  (Wallach,  A. 
226,  82).     Split  up  by  long  boiling  into  carbonic 
ether  and  ethylene  carbonate. 

ETHYLENE-ETHYL-PHOSPHINE  v.  ETHYL- 

PHOSPHINE. 

ETHYLENE-DI-ETHYL  DI-SULPHIDE 

xC2H4(SEt)2.  (212°).  Formed  by  adding  ethyleno 
bromide  to  a  boiling  solution  of  sodium  mercap- 
tide  (1  pt.)  in  ether  (3  pts.)  (Ewerlof,  B.  4,  716 
Beckmann,  J.  pr.  [2]  17,  468).  Decomposed  by 
heat.  Converted  by  EtI  at  100°  into  SEtsI  and 
C2H4S2  (Braun,  B.  20,  2967). 

ETHYLENE-DI-ETHYL  DI-SULPHONE 
C2H4(SO2.Et)2.       Ethylene     disulpliinic    ether. 
[137°].      Formed  by  oxidising  ethylene-di-ethyl 
di-sulphoxide    with    KMn04    (Ewerlof  ;    Beck- 
mann, J.  pr.  [2]  17,  468).    Also  from   sodium 
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ethane  sulphinate  and  ethylene  bromide,  and 
from  sodium  ethylene  disulphinate  and  EtBr 
(Otto  a.  Casanova,  J.  pr.  [2]  30,  172  ;  36,  433). 
Short  needles,  sol.  hot  water  and  alcohol,  si. 
sol.  ether,  benzene,  CHC13,  and  cone.  HNO.,.  Not 
affected  by  reducing  agents,  PC15,  or  KMn04. 
Nascent  hydrogen  in  alkaline  solution  converts 
it  into  sodium  ethane-sulphinate  and  alcohol. 
Successive  treatment  with  aqueous  KOH  and 
BzCl  gives  S02Et.CH2.CH2.OBz  [118°].  It  is 
uncertain  whether  ethylene  di-ethyl  di-sulphone 
has  the  constitution  C2H4{S(02).Et}2,  or  whether 
it  is  not  rather  the  ethyl  ether  of  ethane  disul- 
phinic  acid,  under  which  it  has  also  been  de- 
scribed. 

ETHYLENE-DI-ETHYL  DI-SULPHOXIDE 
C,H.,(SOEt),.  [170°].  Got  by  oxidising  ethyl- 
ene-di-ethyl  di-sulphide  with  HN03  (S.G.  1-2), 
neutralising,  evaporating,  and  extracting  with 
alcohol  (Beckmann,  J.  pr.  [2]  17,  468).  White 
scales,  sol.  water  and  alcohol,  insol.  ether.  Re- 
duced by  Zn  and  H2S04,  or  by  HI  to  the  corre- 
sponding sulphide.  Attacked  by  PCL.  Reduces 
KMn04. 

Combination.  —  With  nitric  acid  it  forms,  on 
evaporation,  an  acid  syrup  C2H4(SOEt)2,  HNO3. 

ETHYLENE     ETHYL     DI  -  THIO  -  DI  -  CAR- 
BONATE v.  ETHYL  THIO-CARBONATES. 

(a)  -ETHYLENE-DI-ETHYL-DI-URE  A 
CsHlsN4O2i.e.C2H4(NEt.CO.NH,)2.  [124°].  From 
cli-etiiyl-ethylene-diamine,  hydrobromide,  and 
silver  cyanate  (Volhard,  Pr.  11,  268;  A.  119, 
349).  Flat  needles  (from  alcohol).  V.  sol.  cold 
water,  v.  e.  sol.  alcohol,  insol.  ether.  Boiling 
KOHAq  gives  NH3,  C02,  and  C2H4(NEtH)2.— 
B'2H2PtCl6  :  orange  grains,  decomposed  by  hot 
water. 

(0)  -Ethy  lene-di-ethyl-di-urea 
C2H4(NH.CO.NHEt),.  [201°]  .  From  ethylene- 
diamine  and  cyanic  ether  (Volhard).  Small 
needles,  v.  sol.  hot,  si.  sol.  cold,  water,  v.  si. 
sol.  alcohol.  Decomposed  by  boiling  KOHAq, 
giving  ethylamine  and  ethylene  diamine.  Is  not 
basic. 

ETHYLENE  GLYCOL  v.  GLYCOL. 

ETHYLENE      HEPTYLIDENE      DIOXIDE 

C6H13.CH<Q>C2H4.      (c.  180°).      Formed  by 

heating  heptoic  aldehyde  (1  vol.)  with  glycol 
(3  vols.)  at  130°  for  8  days  (Lochert,  BL  [2]  48, 
337,  716).  Formed  also  by  heating  a  mixture 
of  heptoic  aldehyde  (rananthol)  (1  vol.),  glycol 
(2  vols.),  and  HOAc  (1  vol.).  Liquid. 

ETHYLENE-IMINE  C2H5N  i.e. 
or  C4H10N2  i.e.  <2  2 


V.D.  2-93.  Formed  by  subliming  ethylene- 
diamine  hydrochloride  (4  g.)  ;  the  sublimate  is 
dissolved  in  water  and  ppd.  by  potassio-bismuthic 
iodide,  the  pp.  being  then  decomposed  by  KOH 
(Ladenburg  a.  J.  Abel,  B.  21,  758,  2706).  Deli- 
quescent porcelain-like  mass.  Its  V.D.  corre- 
sponds to  the  formula  C4H)0N2,  but  when  first 
prepared  it  is  possibly  C.^.-.N.  Insol.  ether,  v. 
sol.  alcohol  ;  absorbs  C02  from  the  air.  The 
base  is  perhaps  identical  with  spermine. 

Salts.—  C2H.NHC1:  tables,  v.  eol.  water, 
insol.  alcohol.—  B',H2PtCl6  :  yellow  prisms.  — 
B'3H.jI3Bi.J6  :  garnet-red  plates,  insol.  cold 
water,—  B'HAuCl4  :  nacreous  leaflets,  decom- 


posed by  heating  with  water.— 
clusters  of  quill-like  groups  of  needles. 

ETHYLENE  IODIDE  C.JLL,  i.e.  CHJ.CH.,1. 
[82°]. 

Formation. — 1.  By  direct  combination  of 
iodine  and  ethylene  in  sunshine  (Faraday,  Ann. 
Phil.  18,  118),  or  by  heating  to  60°  (Regnault, 

A.  Ch.  [2]  59,  367).— 2.   One  of  the  products 
formed  when  EtI  is  passed  through  a  red-hot 
tube  (E.  Kopp,  J.  Ph.  [3]  6, 110).— 3.  From  glycol 
and  cold  HI.— 4.  By  heating  ethylene  chloride 
with  Cal,  3|aq  at  75°  (Spindler,  A.  231,  265  ; 
Van  Romburgh,  E.  T.  C.  1,  151). 

Preparation. —  A  pasty  mixture  of  iodine  and 
absolute  alcohol  is  saturated  with  ethylene  and 
agitated,  fresh  quantities  of  iodine  being  added 
from  time  to  time  (Semenoff,  Zeit.  Ch.  Pharm. 
1864,  673). 

Properties. — Colourless  needles  or  prisms ; 
may  be  readily  sublimed  in  hydrogen  or  ethylene. 
Insol.  water,  v.  sol.  ether  and  boiling  alcohol. 
Slowly  split  up,  especially  under  the  influence  of 
light,  into  ethylene  and  iodine ;  this  change  takes 
place  rapidly  at  85°. 

Reactions. — 1.  Chlorine  gives  iodine  and 
ethylene  chloride.  Bromine  acts  in  the  same 
way.— 2.  Aqueous  KOHAq  has  but  little  action ; 
but  boiling  alcoholic  potash  gives  ethylene  and 
vinyl  iodide.— 3.  Water  at  275°  gives  ethane, 
C02,  and  iodine  (Berthelot,  A.  Ch.  [4]  3,  211). 
4.  Mercuric  chloride  in  the  cold  forms  C2H4C1I. 
At  100°  it  forms  C2H4C12  (Maumene",  C.  R.  68, 
727).  —  5.  Silver  picrate  forms  the  compound 
CH2I.CH.,.O.C6H2(N02)3  [70°],  crystallising  in 
light  yellow  prisms,  insol.  water,  si.  sol.  cold 
alcohol  and  ether,  v.  sol.  chloroform  (Andrews, 

B.  13,  244). 

ETHYLENE  IODO-CHLORIDE  CH2I.CH2C1. 
Chloro-iodo-ethane.  (140°  cor.)  (Thorpe,  C.  J. 
37,  189).  S.G.  %  2-1644 ;  ]p  2-1336  (T.).  Ob- 
tained by  agitating  an  aqueous  solution  of  IC1 
containing  a  trace  of  free  iodine  with  ethylene 
iodide  or  ethylene  (Maxwell  Simpson,  Pr.  11, 
590 ;  12,  278).  Colourless  oil  with  sweet  taste, 
si.  sol.  water.  Moist  Ag20  at  180°  forms  glycol. 
Silver  at  160°  gives  Agl,  ethylene,  and  ethylene 
chloride  (Friedel  a.  Silva,  Bl.  [2]  17,  242). 

ETHYLENE  LACTIC  ACID  v.  HYDBACBYLIC 

ACID. 

ETHYLENE  MALONIC  ACID  v.  TBI-METHYL- 

ENE    DICABBOXYLIC   ACID. 

ETHYLENE  MERCAPTAN  C^SH),. 
(146°).  S.G.  2^  1-123.  Formed  by  the  action 
of  alcoholic  KHS  on  ethylene  chloride  or  brom- 
ide (Lowig  a.  Weidmann,  P.  49, 132  ;  A.  36, 322  ; 
Kekul6,  K.  1,  655).  Liquid,  v.  sol.  alcohol.  Sol. 
aqueous  alkalis.  Oxidised  by  HN03  to  the  acid 
C2H4(S03H)2.  When  HC1  is  passed  through  a 
mixture  of  ethylene  mercaptan  with  chloral  there 
is  formed  the  compound  C2H4(S.CH(OH).CC1.,)2 
[116°],  which  crystallises  from  ether  in  shining 
plates  (Fasbender,  B.  21,  1476).  In  general 
ethylene  mercaptan  combines  with  aldehydes, 
with  evolution  of  heat,  forming  additive  pro- 
ducts, which  are  decomposed  by  water  into  their 
constituents.  When  HC1  is  passed  into  equi- 
molecular  mixtures  of  ethylene  mercaptan  and 
an  aldehyde,  condensation  takes  place,  an  alkyl- 
ated  ethylene  mercaptan  being  formed. 


41)0 


ETHYLENE  MERCAPTAN. 


Salts.—  C,H4S,Pb:  light-yellow.—  C,,H4S2Cu  : 
green. 

Di-methyl  derivative  C2H4(SMe)2. 
(183°).  From  ethylene  bromide,  and  NaSMe 
(Ewerlof,  B.  4,  716). 

Di-ethyl  derivative  C2H4(SEt)2.  (c. 
211°). 

Di-isoamyl  derivative  0?H4(SCJH)1)r 
(245°-255°).  Gives  on  oxidation  C2H4(SO.C5Hn)2 


Benzylidene  derivative  C2H4S2CH.C6H5. 
[29°].  From  benzoic  aldehyde,  ethylene  mercap- 
tan,  and  HC1.  Insol.  water,  sol.  alcohol  and 
ether  (Fasbender,  B.  20,  460  ;  21,  1476). 

p-Methoxy-benzylidene  derivative 
C2H4S2CH.CdH4.OMe.     [65°].    From  anisic  alde- 
hyde and  ethylene  mercaptan  (F.). 

Acetylene  derivative 

C2H4S,.CH.CH.S,C,H4.     [133°].     From  glyoxal 
and  ethylene  mercaptan. 

•Ethylidene  derivative  C2H4S2CHMe. 
(173°).  Oxidises  to  a  disulphone  [198°]. 

Propylidene  derivative  C2H4S2CHEt. 
(192  ).  Gives  a  disulphone  [124°]. 

Iso-propylidene  derivativeC2H4S2C^le.,. 
(171°).  From  acetone,  ethylene  mercaptan,  and 
HC1  (F.).  Potassium  permanganate  gives  by 
oxidation  C2H4(S02)2CMe2  [232°]. 

Di-phenyl-methylene  derivative 
C^S.CPh,  [106°  J. 

w-Chloro-ethyl-ethyl  derivative 
EtS.C2H4.S.CH2.CH,Cl.  From  ethylated  ethyl- 
ene mercaptan,  Et.S.C2H4.SH  by  treatment  with 
KOH  and  glycolic  chlorhydrin,  the  product, 
Et.S.C2H4.S.C2H4.OH  being  then  mixed  with 
PC13  in  the  cold  (Demult  a.  V.  Meyer,  A.  240, 
312).  Needles.  Decomposed  by  distillation  into 
EtCl  and  di-ethylene-di-sulphide. 

ETHYLENE  -  METHYL-  v.  METHYL-ETHYL- 
ENE-. 

ETHYLENE-NAPHTHALENE    v.  ACENAPH- 

THENE. 

ETHYLENE-NAPHTHOIC  ACID 
C2H4:CJOH5.CO2H.     [217°].     Colourless   needles. 
Obtained  by  boiling   its   amide  with   alcoholic 
KOH  (Gattermann,  A.  244,  58). 

Amide  C2H4:C10H..CONH2.  [198°].,  Formed 
by  the  action  of  C1CONH2  on"  acenaphthene  in 
presence  of  A12C16.  Colourless  plates. 

ETHYLENE-  NAPHTHYL  BENZYL  KE- 
TONE  C2H4:C10H5.CO.CH2.CaH5.  [114°].  From 
acenaphthene,  phenyl-acetic  chloride  and  A12C16 
(Papcke,  B.  21,  1342).  Long  plates  (from  alco- 
hol). V.  sol.  hot  alcohol. 

ETHYLENE  -  NAPHTHYL  DI  -  PHENYL  - 
ETHYL  KETONE  C2H4:C10H,.CO.CHPh.CH2Ph. 
[104°].  From  the  preceding  by  treatment  with 
benzyl  chloride  and  NaOEt  (Papcke,  B.  21,  1343). 

ETHYLENE  NITRITE  C2H4(O.NO)2.  (96°). 
S.G.  a  1-2156.  Prepared  by  distilling  glyceryl 
trinitrite  with  glycol  (Bertoni,  G.  15,  351). 
Yellow  oil,  sol.  alcohol,  ether,  and  chloroform. 
Gives  a  violet  colouration  with  cone.  H.,S04. 
When  distilled  with  methyl  alcohol  it  yields 
methyl  nitrite  and  glycol.  Gradually  converted 
into  oxalic  acid  on  exposure  to  air.  When  in- 
spired it  produces  vertigo  and  paralysis  of  the 
respiratory  system. 

Isomeride  of  ethylene  nitrite  C2H4(NO2)2? 
[38°1.  Formed  by  passing  dry  ethylene  through 
liquid  nitric  peroxide,  or  by  passing  ethylene 


into  dry  ether,  to  which  N204  is  at  the  same  time 
added  by  drops  (Semenoff,  Zcit.  Ch.  Pharm. 
1864,  129).  White  four-sided  prisms  or  tables, 
insol.  water,  v.  sol.  alcohol  and  ether.  When  a 
gaseous  mixture  of  ethylene  and  N204  is  heated 
to  65°  there  is  formed,  besides  the  compound 
[38°],  a  pungent,  volatile,  and  poisonous,  heavy 
oil,  which  is  perhaps  identical  with  the  oil  de- 
scribed by  Bertoni  as  the  true  ethylene  nitrite. 

ETHYLENE  NITRITE-NITRATE 
C2H4(N02)(N03)?  S.G.  1-472.  A  pungent  oil 
formed  when  ethylene  is  passed  through  a  cooled 
mixture  of  HN03  and  H,S04  or  into  fuming 
HN03  (Kekule,  Z.  [2]  5,  601).  Decomposed  by 
distillation  with  steam,  yielding  NO,  nitrous 
fumes,  oxalic,  glycollic,  and  glyoxylic  acids. 
Bases  produce  the  same  bodies.  Sodium-amal- 
gam reduces  it  in  alkaline  solution  to  glycol, 
giving  off  NH3. 

ETHYLENE-DI-OXAMIC  ETHER 
C2H4(NH.CO.C02Et)2.    From  oxalic   ether  and 
ethylene-diamine,  remaining  in   solution  when 
the  following  body  is  ppd.  (Hofmann,  B.  5,  247). 
Scales,  sol.  water  and  alcohol. 

ETHYLENE-OXAMIDE  C202N2H,C.,H4.  From 
oxalic  ether  and  ethylene-diamine  (Hofmann,  B 
5,  247).  Amorphous,  insol.  water  and  alcohol. 

ETHYLENE   OXIDE  C2H40  i.e.   <(^^>0- 

Mol.  w.  44.  (13-5°).  S.G.  fi  -897.  V.D.2l-42 
(calc.  1-53).  H.F.p.  18,090  (Th.).  H.F.v. 
17,220  (Th.).  Formed  by  warming  glycolic  chlor- 
hydrin (chloro-ethyl-alcohol)  CH,C1.CH2OH  with 
potash  and  collecting  in  a  receiver  at  -18° 
( Wurtz,  C.  R.  48, 101 ;  49, 898 ;  50, 1195 ;  53, 378 ; 
54,277;  4.110,125;  114,  51;  116,249;  A.  Ch. 
[3]  55,  418,  427;  69,  317;  C.  J.  15,  387). 
Formed  also  by  treating  C^H4Br2  or  C2H4I2  with 
Ag20  at  high  temperatures  (Greene,  C.  R.  85, 
624).  From  CH2(OAc).CH2Cl  and  KOH  (Demole, 
A.  173,  125).  Mobile  colourless  liquid.  Miscible 
with  water  and  alcohol.  Does  not  unite  with 
NaHS03,  or  with  NH3.  Cannot  be  dried  by 
CaCl,.  Behaves  as  a  strong  base,  uniting  di- 
rectly with  HC1,  HOAc,  &c.  Ppts.  from  magne- 
sium, aluminium,  ferric,  and  cupric  salts,  the 
hydrates  of  the  metals,  e.g. 

2C2H4O  +  MgCl,  +  2H.,0 
=  Mg(OH)2  +  2C2H4C1.0H. 
Reactions. — 1.  Sodium  amalgam  reduces  it 
to  alcohol,  glycol  and  polyethylenic  glycols  being 
also  formed.  — 2.  Unites  with  HC1  forming 
CH2C1.CH,OH.  The  union  C2H40  +  HC1,  both 
being  gaseous,  evolves  3,600  units  of  heat  (Ber- 
thelot,  C.  R.  93,  185).— 3.  Unites  with  HOAc, 
giving  CH.(OH).CH.,(OAc).— 4.  Ac20  gives 
CH.,(OAc).CH,(OAc)  and  the  polyethylenic  di- 
acetates  (C2H40)nAc20.— 5.  When  heated  with 
water  in  sealed  tubes  it  forms  glycol  and  the 
polyethylenic  glycols. — 6.  Bromine  (1  mol.) 
mixed  with  ethylene  oxide  (2  mols.),  and  cooled 
by  a  freezing  mixture,  forms  (C,H,0)2Br2,  crystal- 
lising in  prisms  [65°],  insol.  water,  sol.  alcohol. — 

7.  Ammonia  forms  oxy-ethyl-amine  and  com- 
pounds of  the  formula  C2H,(OH)(OC2H4)nNH,.— 

8.  Heated  with  NaHS03  in  a  sealed  tube  at  100° 
it  gives   CH2(OH).CHjSOJNa   (Erlenmeyer,  Z. 
[2]  4,  342).— 9.  Eesinifies  aldehyde  when  heated 
with  it  in  a  sealed  tube. — 10.  PC15  gives  ethylene 
chloride. — 11.   Phosphonium  iodide  gives  PH3 
and  ethylene  iodide  (De  Girard,  C.  R.  101,  478). 
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Di-ethylene  dioxide  C2H,<;Q>C2H4.      [9°]. 

(102°).  S.G.  £  1-048.  V.D.  3-10  (calc.  3-05). 
Formed  by  treating  the  compound  (C2H,0)2Br2 
(v.  supra)  with  H2S  or,  better,  with  mercury  in 
the  cold  (Wurtz).  Liquid  with  faint  odour.  Sol. 
alcohol  and  ether,  not  attacked  by  ammonia. 

Polymeride  of  ethylene  oxide  (C2H40)r. 
[56°].  Formed  by  leaving  ethylene  oxide  for 
some  months  after  addition  of  a  very  small 
fragment  of  fused  potash  or  ZnCl2  (Wurtz,  Bl. 
[2]  29,  530 ;  C.  B,  86,  1176).  A  trace  of  HC1 
will  not  effect  the  change.  It  is  a  nodular  crys- 
talline mass ;  v.  sol.  water,  insol.  ether.  It  does 
not  reduce  Fehling's  solution. 

Chloro-ethylene  oxide  C,HSC10.  (70°-80°). 
From  CHChCHI  (1  vol.)  and  water  (45  vols.)  at 
210°  (Sabanejeff,  A.  216,  268). 

B.omo-ethylene  oxide  C,H3BrO.  (c.  91°). 
From  CHBr,.CH2OH  and  KOH  in  MeOH  (Demole, 
B.  9,  51). 

ETHYLENE  -PHEN  ANTHRAQUINOXALINE 

CeH4.C-N-CH2 
C1UH12N2    i.e.    |         ||      |       1     .      EtliyUne-di- 

CtiH4.C-N-CH2 

plicnylene-ciuinoxaline.  [181°].  Formed  by 
mixing  phenanthraquinone  and  ethylene-diamine 
in  warm  acetic  acid  solution  (Mason,  B.  19, 112). 
Distils  undecomposed  at  a  high  temperature. 
Yellowish  needles.  V.  sol.  ether,  benzene,  and 
acetic  acid,  si.  sol.  cold  alcohol,  insol.  water. 

ETHYLENE  -  DI  -  PHENYL  -  DIAMINE      v. 

Dl-PHENYL-ETHYLENE    DIAMINE. 

ETHYLEN  E-  DI-PHENYL-  DI-  CAKBAMATE 

v.  Ethylene  ether  of  PHENYL-CARBAMIC  ACID. 

ETHYLENE -PHENYLENE- DIAMINE  v. 
PHENYLENE-ETHYLENE-DIAMINE. 

Ethylene-di-phenylene-w-tetramine 
[3:l]C6H4(NH2).NH.CJE4.NH.CtiHi(NH,)[l:3]. 
Di-m-amido-di-phenyl-ethylene-diamine.   [107°]. 
Formed   by  reduction   of   di-w-nitro-di-phenyl- 
ethylene-diamine.      Silvery    needles    or   tables 
(from  hot  water).     Nearly  insol.  cold  water. 

Salts.— With  nitrous  acid  they  give  a  brown 
colouration. — B'VH4C14 :  soluble  colourless  plates. 
The  pi  crate  forms  long  brown  sparingly  soluble 
needles.  The  tin-double-chloride  is  si.  sol. 
cold  water  (Gattermann  a.  Eager,  B.  17,  779). 

Di-ethylene-di-phenylene-tetramine 
r-C6H4.NH2 

.    [221°].     Prepared  by  reduc- 


C2H4     C2H4 


tion  of  dinitroso-diphenyl-diethylene-diamine 
(Morley,  B.  12,  1796).  Silvery  leaflets.  SI.  sol. 
alcohol,  ether,  and  C6Hd.  Violet  colouration 
with  Fe  ,Cld. 

ETHYLENE-DI-PHENYLENE-NITRAMINE 

V.    Dl-NITKO-DI-PHENYL-ETHYLENE-DIAMINE. 

ETHYLENE-DI-PHENYL-DI-SULPHONE  v. 

Dl-PHEXYL-ETHYLENE-DI-SULPHONE. 

ETHYLENE-DIPHTHALIMIDE 

(CtJH1C,02N);!C.2H4.  [232°].  From  potassium 
phthalimide  flOg.)  and  ethylene  bromide  (12  g.) 
at  200°,  the  chief  product  of  the  reaction  being 
C6H4.C,02.N.C2H4Br  [83°]  (Gabriel,  B.  20,  2224). 
Long  lustrous  needles  (from  HO  Ac).  Fuming 
HC1  at  200°  splits  it  up  into  ethylene-diamine 
and  plithalic  acid. 


ETHYLENE  PROPYLIDENE  DISULPHONE 

V.  ETHYLENE  MERCAPTAN. 

ETHYLENE      DIPKOPYL       DISULPHONE 

C2H4(S02Pr)2.  [155°].  From  sodium  ethane 
disulphinate  and  propyl  bromide  (Otto,  J.pr.  [2] 
36,  446).  Iridescent  prisms. 

ETHYLENE-DI-QUINOLINE    C20H](.N2    i.e. 
/CH:CH  CH:CH.C.  N:CH 

CtiH/        |  |  ||          |     . 

\  N:  C  .  CH2.CH2.CH:CH.C.CH:CH 
[106-5°].  Prepared  by  the  action  of  HI  and 
amorphous  phosphorus  on  acetylene-di-quinoline 
[147°],  itself  prepared  from  p-&mido-(Py.  3)- 
styryl-quinoline  by  treatment  with  o-nitro- 
phenol,  glycerin,  and  H2S04  (Balach,  B.  22, 
289).  Glistening  prisms  (from  hot  water). 

ETHYLENE  SELENOCYANIDE  C,H,(SeCy)2. 
[128°].  From  potassium  selenocyanide  and 
ethylene  bromide  (Proskauer,  B.  7, 1281).  White 
needles  (from  alcohol),  insol.  cold  water  and 
ether,  si.  sol.  hot  water  and  cold  alcohol.  Boil- 
ing nitric  acid  oxidises  it  to  C2H4(SeO3H)2  which 
is  deliquescent. 

ETHYLENE  SULPHIDE  C2H4S.  This  per- 
haps constitutes  the  amorphous  pp.  obtained 
when  ethylene  bromide  is  mixed  with  alcoholic 
KHS.  It  is  nearly  insol.  alcohol,  ether,  and 
CS2.  At  160°  it  changes  to  di-ethylene-disul- 
phide  (Lowig  a.  Weidmann,  P.  49,  123).  When 
ethylene  sulphide  is  heated  with  Mel  in  a  sealed 
tube  at  65°  it  forms  a  sulphine  iodide  which 
resembles  SMe3I  rather  than  (C2H4),S2MeI  in 
crystalline  form  and  solubility  (Masson,  C.  J. 
49,  249). 

Di-ethylene     di-sulphide     C2H4<^g^>C2H ,. 

Mol.  w.  120.  [112°].  (200°).  V.D.  4-28  (calc. 
4-16).  Formed  by  heating  the  preceding  at  160° 
(Crafts,  A.  124,  110).  Obtained  also  by  heating 
ethylene  tri-thiocarbonate  C2H4CS3  or  ethylene 
mercaptide  of  mercury  C2H(S2Hg  with  CgH^B^ 
at  150°  (Husemann,  A.  126,  280). 

Properties. — Monoclinic  prisms  (from  CS.,), 
sol.  alcohol  and  ether.  Keadily  sublimed. 

Reactions. — 1.  Bromine  forms  (C2H4) 28.^8 r,, 
a  yellow  amorphous  pp.  [96°]. — 2.  Iodine  gives 
C4HSS2I2  [183°]  :  black  monoclinic  needles. — 
3.  Fuming  HN03  forms  (C.,H4)2(SO)2  below 
100°,  but  above  150°  it  gives  (C2H4)2(S02)2 
(Crafts,  A.  125,  123). 

Combinations. — C4H8S2HgCl2:  crystalline  pp. 
got  by  mixing  alcoholic  solutions  of  C4H8S2  and 
HgCl2.— C4H8S2HgI2 :  minute  trimetric  tables.— 
C4H8S2PtCl4:  amorphous  orange  powder.  — 
C4H8S22AuCl3 :  vermillion  pp.— (C4HsS,)34AgN03 : 
small  monoclinic  crystals ;  decomposing  at  140°. 

Methylo-iodide  (CH,),S,MeI.  From  di- 
ethylene  di-sulphide  and  Mel"  at  70°  (Masson, 
C.  J.  49,  238).  Opaque  white  needles,  v.  sol. 
hot,  si.  sol.  cold,  water,  v.  sol.  alcohol,  insol. 
ether.  Sublimes  above  100°,  some  (C,H4)2S2 
being  regenerated. 

Methylo-tri-iodide  (C2H4),S.,MeI3.  [89°] 
(Masson) ;  [93°]  (Mansfeld,  B.  19~  2658).  From 
the  methyl-iodide  and  iodine.  Thin  lustrous 
garnet-red  plates,  v.  sol.  hot,  si.  sol.  cold,  alco- 
hol, insol.  ether. 

Di-methylo-iodide  (C.,H4)2S,Me2I2.  [208°]. 

Methylo-nitrate  (C,HJ,S,MeN03.  [172°]. 
From  the  iodide  and  AgN03  (Masson).  Pearly 
plates  or  rhombic  crystals,  v.  e.  sol.  water, 
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m.  soluble  in  hot  alcohol,  insoluble  in  ether.  — 
(C2H4)2S,MeN03AgN03  :  colourless  barb-like 
crystals,  v.  e.  sol.  water,  m.  sol.  alcohol,  insol. 
ether  ;  blackens  in  sunlight  ;  detonates  slightly 
when  heated. 


[127°].  From  the  iodide  and  Ag2S04.  Large  deli- 
quescent prisms  (from  water)  or  small  needles 
(from  alcohol).  Decomposed  by  fusion. 

Methylo-chloride  (C2H4)2S2MeCl.  [225°] 
(Mansfeld,  B.  19,  2658).  From  the  sulphate 
and  BaCLj.  Needles  or  tables  ;  v.  sol.  water,  si. 
sol.  alcohol,  insol.  ether  (Masson,  C.  J.  49,  242). 
(C4H8S2MeCl),PtCl4  :  orange  crystalline  powder, 
got  by  adding  PtCl4  to  a  cold  solution  of  the 
chloride.  -C]0H2iS4Pt2Cl9:  formed  by  digesting 
the  preceding  compound  with  boiling  water.  — 
(C4H8S2MeCl)43PtCl4  :  formed,  together  with  the 
following,  by  adding  PtCl4  to  a  hot  solution  of 
the  methylo-chloride.  Orange  amorphous  pp., 
insol.  water,  alcohol,  ether,  and  dilute  acids,  si. 
sol.  hot  cone.  HClAq,  sol.  cone.  NH3Aq.  Cold 
H2S  does  not  affect  it,  but  it  is  decomposed  by 
H2S  at  100°.-C4H8S2MeClPtCl4  :  obtained  by 
fractionally  ppg.  a  solution  of  the  methylo- 
chloride  with  PtCl4.  Orange  amorphous  pp.  — 
C4H8S2MeClAuCl3  :  light-yellow  amorphous 
powder  ;  decomposed  by  heating  with  water.  — 
C4H8S2ClHgCl2  :  needles  and  thin  plates,  ob- 
tained by  mixing  aqueous  solutions  of  its  com- 
ponents. 

Methylo  -  hydroxide  (C2H4)2S2MeOH. 
Formed  in  solution  by  treating  a  very  dilute 
solution  of  the  iodide  with  moist  Ag,0  in  the 
cold.  It  ppts.  solutions  of  metallic  salts  and  ab- 
sorbs C02  from  the  air.  On  boiling  there  is 
formed  a  white  flocculent  pp.  and  an  oil 
C12H24S5;  S.G.jg  1-044.  This  oil  has  a  dis- 
agreeable odour,  is  insol.  water,  sol.  alcohol  and 
ether:  volatile  with  steam.  It  combines  with 
Mel.  This  oil  is  also  formed  when  an  aqueous 
solution  of  the  chloride,  iodide,  sulphate,  or 
nitrate  is  heated  with  potash  or  baryta-water. 
Mansfeld  considers  the  oil  to  be  C5Hi0S2,  and 
finds  it  can  take  up  (2  mols.  of)  bromine. 

Me  thylo-picra  te  (C.,H4)2S2MeO.C(iH2(N02)3. 
[193°].  Golden  needles  (Mansfeld). 

Benzylo-bromide  (C2H4)2S2C7H7Br.  [146°]. 
From  (C2H4).,S2  and  benzyl  bromide  at  150° 
(Mansfeld,  B.  19,  2666).  Trimetric  crystals 
(from  water).  SI.  sol.  water  and  alcohol.  Potash 
(1  mol.)  converts  it  on  warming  into  oily  CUH]4S2, 
which  is  slightly  volatile  with  steam. 

Benzylo-chloride  (C2H4)2S2C7H7C1.  [143°]. 
From  the  bromide  and  AgCl.  Colourless  silky 
needles. 

Benzylo-iodide  (C2H4)2S2C7H7I.  Fromdi- 
ethylene  di-sulphide  and  benzyl  iodide  at  100°. 
Pale-yellow  needles,  si.  sol.  water,  m.  sol.  alco- 
hol, insol.  ether. 

Benzylo-picrate 

(C2H4)2S2C7H;OCaH2(N02)3.  [112°].  Golden 
needles. 


Di-ethylene-tetra-sulphide 


CH2.S.S.CH2 

!  I     • 

CH2.S.S.CH2 
[152°]  ? 

Formation.  —  1.  By  the  action  of  bromine 
upon  a  chloroform  solution  of  ethylene  mercap- 
tan  C,H,(SH)2  or  of  ben/ylidene-ethylene-di- 


,S.CH2 

sulphide    C6H5.CH<       |      .—2. 
\S.CH2 


By    treating 


ethylene  mercaptan  with  cone.  H2S04  or  with 
S02C12.  —  3.  By  the  action  of  hydroxylamine 
hydrochloride  on  an  alkaline  solution  of  ethylene 
mercaptan. 

Properties.— Amorphous  powder.  Softens  at 
141°,  melts  at  152°.  Almost  insol.  all  sol- 
vents. Sol.  phenol.  Not  volatile  (Fasbender, 
B.  20,  462;  21,  1471).  It  forms  a  perbromide 
C4H8S4Br8  :  unstable  brownish-red  crystals. 
HN03  gives  ethylene  disulphonic  acid. 

DI-ETHYLENE  SUIPHOBKOMIDE 
(C2H4)2SBr2.     Formed  by  heating  ethyl  sulphide 
with  ethylene  bromide  and  water  (1  vol.)  at  130° 
(Dehn,  A.  Suppl.  4,  83 ;  cf.  Masson,  C.  J.  49, 
253).     It  is  said  to  give  (C2H4),SCl2PtCl4. 

ETHYLENE  SULPHOCHLORIDE.  A  name 
given  by  Guthrie  to  various  oils  got  by  the 
action  of  the  chlorides  of  sulphur  on  ethylene 
(q.v.). 

ETHYLENE  DI-STJLPHOCYANIDE 
C2H4(SCN)2.     [90°].     S.G.  i^  1-28. 

Formation.  — I.  By  heating  an  alcoholic  solu- 
tion of  ethylene  chloride  or  bromide  with  an 
equivalent  quantity  of  potassium  sulphocyanide 
at  100°  (Sonnenschein,  J.pr.  65,  257;  Buff,  A. 
96,  302 ;  100, 219  ;  Glutz,  A.  153,  313).— 2.  From 
KSCN,  C2H4C1.SCN,  and  alcohol  (James,  C.  J. 
43,  40). 

Properties. — Stellate  groups  of  small  needles 
(from  water)  or  large  trimetric  plates  (from 
alcohol).  Burning  taste ;  blisters  the  skin.  Its 
vapour  excites  sneezing.  HNO,  oxidises  it  to 
ethane  disulphonic  acid  C2H4(S03H)2.  Boiling 
aqueous  KOH  or  baryta  saponify  it,  forming 
sulphocyanides. 

Reactions. — 1.  Tin  and  hydric  chloride  give 
CyS.C2H4.SH2Cl,  which  crystallises  from  al- 
cohol in  scales,  and  forms  a  tin  double  salt 
(C3H6NS2Cl)2SnCl2  (Glutz).  The  corresponding 
compounds,  CSH6NS,I  which  melts  above  [100°], 
C3H6N.S2NO3  |aq,  and  C3H6NS2SCy  are  crystal- 
line.—2.  PEt3  forms  PEt3S  and  C2H4(PEt3CN)2 
(Hofmann,  A.  Suppl.  1,  55). — 3.  A  warm  cone, 
solution  of  Na2S03  forms  crystals  of 
CH4S3N010Na3  (?),  while  the  mother-liquor  con- 
tains C4H10S9012Na4  (Glutz). 

DI-ETHYLENE  DI-SULPHONE 

C2H4<[^>C2H4.      Formed    by    heating    di- 

ethylene  di-sulphide  with  fuming  HN03  for 
30  minutes  at  150°  (Crafts,  A.  125, 124).  Formed 
also  by  the  action  of  di-bromo-ethane  on  sodium 
ethane  disulphinate  (Otto,  J.  pr.  [2]  36,  446). 
Prisms,  insol.  ordinary  solvents,  m.  sol.  hot 
cone.  HN03. 

ETHYLENE  DISULPHONIC  ACID  v.  ETHANE 

DISULPHONIC  ACID. 

DI-ETHYLENE  DISULPHOXIDE 
C2H4<^gQ>C2H4.   From  di-ethylene  di-sulphide 

and  fuming  HN03  (Crafts,  A.  124,  113 ;  125, 
123).  Formed  also  by  treating  (C2H4)2S.,Br4  with 
water  (Husemann,  A.  126,  290).  Bhombohedra 
or  long  white  prisms;  decomposed  by  heat  with- 
out melting.  V.  sol.  water,  si.  sol.  alcohol  and 
ether.  Chlorine  passed  into  its  solution  gives 
a  crystalline  pp.  of  C4H6C12S202. 
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ETHYLENE     THIO-AMMELINE     C5H7N3S 

,C= 
i.e.  N  C-S      .       Formed    by 


heating  ethylene  bromide,  alcohol,  and  thio- 
ammeline  to  120°  (Bathke,  B.  21,  874). 

Reactions. — 1.  By  passing  chlorine  through 
a  solution  of  the  hydrochloride  in  water  an 
anhydride  of  '  tauroammeline  '  is  formed. 
This  anhydride  forms  plates,  insol.  water,  sol. 

alkalis ;  it  may  be  written  N<ffiNH2^^>C.OH. 

N.SO2.C2H4 

2.  Oxidation  with  HN03  yields  the  compound 
C,0H15N,,S.i08.  This  compound  has  been  called 
'  tauro-di-ammeline,'  and  crystallises  from 
water  in  transparent  prisms.  It  does  not  melt 
below  290°.  It  reddens  blue  litmus,  liberates 
CO2  from  carbonates,  and  forms  very  soluble 
salts  of  K,  Na,  Ca,  and  Ba.  Its  ammoniacal 
solution  gives  with  AgN03  a  pulverulent  pp. 
not  affected  by  light.  On  boiling  with  baryta 
it  changes  to  '  tauro-ammelide ' 

< 

\CO 


, 


^C.OH  [c.    267°],    which 

•N/C2H4.S03H 
forms  moderately  soluble  crystals,  and  gives 
with  ammoniacal  copper  solution  a  pp.  of  flat 
amethyst-coloured  needles. 

ETHYLENE  DI-THIO-CARBONATE 
C,H4COS2.  [31°].  From  ethylene-tri-thio-car- 
bonate  by  treatment  with  moderately  dilute 
nitric  acid  (Husemann,  A.  126,  269).  Long  thin 
rectangular  tables  (from  alcohol).  May  be  dis- 
tilled in  a  current  of  hydrogen  ;  insol.  water,  v. 
sol.  alcohol,  ether,  chloroform,  and  benzene. 

Ethylene  tri-thio-carbonate  C2H4CS3.  [37°]. 
S.G.  1-477.  From  Na2CS3  and  an  alcoholic 
solution  of  ethylene  bromide  (Husemann,  A.  123, 
83).  Large  yellow  crystals  (from  ether-alcohol), 
with  alliaceous  odour,  si.  sol.  alcohol,  v.  sol. 
benzene,  CS2,  and  chloroform.  Converted  by 
ammonia  into  ethylene  mercaptan  and  am- 
monium sulphocyanide.  KHS  gives  K2CS3 
and  ethylene  mercaptan.  Fuming  HN03  gives 
C2H4(S03H)2. 

ETHYLENE  THIO-UREA  C3H6N2S  i.e. 
CS<^NH^>C2H4.  [194°].  An  alcoholic  solution 

of  ethylene-diamine  mixed  with   CS2  deposits 
in    a    short     time    amorphous    C3H8N2S2     (or 

'MHsNc2H4  ?),  insol.  alcohol  and  ether, 


which,  when  boiled  with  water,  gives  off  H2S, 
leaving  ethylene  thio-urea  (Hofmann,  B.  5,240). 
Prisms  (from  water).  SI.  sol.  ether,  v.  sol.  alco- 
hol. Tastes  bitter.  Not  altered  by  digestion  at 
high  temperatures  with  CS2  and  PbO. 

Combinations.— (C3H6N2S)23HgCl2.— 
(C3H6N,S)2PtCl4.— (C3HtiN2S)2H2PtCl6 :  obtained 
by  heating  ethylene  thio-urea  with  cone.  H2S04, 
diluting  with  water,  and  adding  platinic  chloride. 

Ethylene -di-thio-di- urea  C4H,0N4S2  i.e. 
C,H4(NH.CS.NH2)2.  The  hydrobromide 
B"H2Br2  is  formed  by  boiling  thio-urea  with 
C,H4Br2  in  alcohol  (Andreasch,  M.  4, 142).  This 
salt  forms  long  broad  prisms,  sol.  cold  water. 
HC1  and  KC103  oxidise  it  to  urea  and 
C,H,(S03H),.  The  hydrochloride  B"H2C12 
forms  geodes  of  slender  needles. 


ETHYLENE-TOLYL-  v.  TOLYL-ETHYLENE- ; 
and  infra. 

ETHYLENE  -  DI  -p  -  TOLYLENE  -  TETBA  - 
AMINE 

CWH3(CH3)(NH2).NH.C2H4.NH.C6H3(CH3)(NH2). 
Di-m-amido-di-p-tolyl-ethylene-diamine.  [159° 
uncor.].  Formed  by  reduction  of  di-w-nitro-di- 
jp-tolyl-ethylene-diamine  (Gattermann  a.  Hager, 
B.  17,  779).  Long  colourless  needles.  Sol. 
alcohol,  si.  sol.  water. 

ETHYLENE-DI-TOLYLENE-NITRAMINE  v. 

Dl-NITKO-DI-TOLYL-ETHYLENE-DIAMINE. 

ETHYLENE-UREA  C3HaN20  i.e. 
C2H4<^*£>CO.     [131°].    Formed  by  heating 

ethylene-diamine  with  ethyl  carbonate  ai  180° 
(Fischer  a.  Koch,  A.  232,  227).  Needles  v.  sol. 
water  and  hot  alcohol,  si.  sol.  ether.  Gives  with 
HN03  a  di-nitro-derivative  without  any  evolution 
of  gas  (Franchimont,  E.  T.  C.  6,  219). 

Ethylene-di-urea  C4HION202  i.e. 
C2H4(NH.CO.NH2)2.  [192°].  From  silver  cyanate 
and  the  hydrochloride  of  ethylene-diamine  (Vol- 
hard,  Pr.  11,  268).  Prisms,  sol.  water  and  alco- 
hol. Dissolves  in  HClAq,  but  separates  unaltered 
on  evaporation.  Boiling  cone.  KOHAq  gives 
ethylene-diamine,  C02,  and  ammonia.  With  a 
solution  of  mercuric  nitrate  it  gives  a  flocculent 
pp.  It  is  immediately  attacked  by  pure  HN03, 
giving  off  C02  and  N20  in  equal  volumes 
(Franchimont,  B.  T.  C.  6,  219).— B'2H2PtCl6 : 
orange-red  prisms.— B'HAuCl4 :  golden  scales. 

ETHYLENE-DI-URETHANE    v.  ETHYLENE 

DICARBAMIC  ETHER. 

ETHYL-ETHANE    CARBOXYLIC    ACID   v. 

BUTANE-CARBOXYLIC  ACID. 

ETHYL-ETHENYL  CARBOXYLIC  ACID  v. 

BUTANE  TRI-CARBOXYLIC  ACID. 

ETHYL  ETHER  v.  ETHER. 

ETHYL-ETHYLENE  v.  BUTYLENE. 

TETRA-ETHYL  FERRO-CYANIDE  Et4FeCy6. 
[214°].  Formed  by  the  action  of  silver  ferro- 
cyanide  on  ethyl  iodide  (Freund,  B.  21,  935). 
Ehombic  crystals  (from  chloroform).  V.  sol. 
water,  alcohol,  chloroform,  insol.  ether,  petro- 
leum ether,  and  CS2.  Is  decomposed  by  cone. 
H2S04  with  evolution  of  C02.  HgCl2  gives  a 
white  pp. 

ETHYL  -  FLAVANILINE  C16H13N2(C2H5). 
Orange  colouring  matter.  —  B'HI  :  long  red 
needles.  Formed  by  heating  flavaniline  with 
ethyl-iodide  (Fischer  a.  Eudolph,  B.  15,  1502). 

ETHYL  FLUORIDE  C2H5F.  (-48°).  V.D. 
1-70.  S.  (gas)  1-98.  Produced  by  distilling  a 
mixture  of  fluor-spar,  alcohol,  and  H.,S04  or  by 
warming  KEtS04  with  KHF2  (Keinsch^  /.  pr.  19, 
514  ;  Fremy,  A.  92,  247).  Prepared  by  passing 
EtI  over  AgF  heated  to  40°  in  leaden  tubes,  and 
collected  over  mercury  in  dry  glass  vessels 
(Moissan,  C.  R.  107,  260).  Gas,  v.  sol.  EtI  and 
EtBr.  Under  8  atmospheres'  pressure  it  lique- 
fies at  19°.  Burns  with  a  blue  flame.  Heated 
to  dull  redness  in  a  glass  bulb  it  gives  a 
mixture  of  hydrocarbons  together  with  traces  of 
fluoride  of  silicon.  Subjected  to  a  weak  induc- 
tion spark  its  volume  increases,  and  it  gives  hy- 
drofluoric acid,  and  small  quantities  of  acetylene 
and  ethylene,  but  no  free  carbon.  Subjected  to 
a  strong  induction  spark  it  gives  free  carbon,  also 
acetylene,  ethylene,  propylene,  &c.  Passed 
through  a  platinum  tube  heated  to  dull  redness  it 
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yields  hydrofluoric  acid  mixed  with  hydrocarbons,  J 
partly  capable  of    being  absorbed  by  sulphuric 
acid,  and  a  little  free  carbon  is  deposited.     An- 
aesthetic.    In  large  quantities  the  excitement  is 
followed  by  death  (Moissan,  C.  R.  107,  992). 

ETHYL-FORMAMIDE  v.  Formyl  derivative 
of  ETHYLAMINE,  and  also  under  FORMIC  ACID. 

w-DI-ETHYL-FOKMAMIDINE 
HC(NEt2):NH.  Form-imid-di-etliyl-amide.  Pre- 
pared by  allowing  an  absolute  alcoholic  solution 
of  the  hydrochloride  of  formimido-ether  (1  mol.) 
and  di-ethyl-amine  (2  mols.)  to  stand  at  the 
ordinary  temperature  for  several  weeks,  and 
then  distilling  off  the  alcohol  and  excess  of  di- 
ethyl-amine  on  the  water-bath.  When  boiled 
with  alcohol  it  loses  NH.,,  giving  a  condensation 
product  C10H21N3.  The  hydrochloride 
(B'HCl)  forms  glistening  transparent  prisms, 
very  hygroscopic  and  easily  soluble  in  alcohol 
[125°].— B'^CLjPtClj :  yellowish-red  sparingly 
soluble  prisms  [209°]  (Pinner,  B.  17,  179). 

s-Di-ethyl-formamidine 

HC(NHEt):NEt.  Form-ethyl-imid-ethyl-amide. 
Formed  by  the  action  of  an  alcoholic  solution  of 
ethylamine  on  the  hydrochloride  of  formimido- 
ether. 

Salts. — B'HCl :  large  deliquescent  plates. — 
B'2H2Cl.,PtCl4 :  thick  red  prisms  [198°]  (Pinner, 
B.  16,  1649). 

ETHYL  FORMANILIDE  v.  FORMIC  ACID. 

DI-ETHYL-FUMARAMIDE  v.  Ethylamide  of 

FUMARIC   ACID. 

ETHYL-FURFURINE  v.  FURFURINE. 
TBI-ETHYL-GALLIC  ACID  v.  GALLIC  ACID. 
0-ETHYL-GLUTARIC  ACID 

CH3.CH2.CH(CH2.C02H)2.  [67°].  From  malonic 
acid,  propionic  aldehyde,  and  glacial  acetic  acid 
at  100°  (Komnenos,  A.  218,  167).  The  yield  is  | 
very  small  (4  p.c.  of  the  malonic  acid).  Small 
prisms.  V.  sol.  water,  alcohol,  ether,  or 
chloroform. 

DI- ETHYL -GLYCIDAMINE    C7HJ5NO    i.e. 

0 

A 

CH2.CH.CH2NEt2.  This  constitution  is  assigned 
by  Eeboul  (Bl.  [2]  42,  261)  to  the  substance 
[160°]  formed  by  the  action  of  di-ethylamine  on 
epichlorhydrin.  It  is  v.  sol.  water. 

Ethylo-chloride  C9H.,0NOC1  i.e. 

O 

A 

CH2.CH.CH2.NEt3Cl.  Formed  from  epichlor- 
hydrin and  NEt3  at  100°  (Keboul,  BL  [2]  42, 
261).  Syrup.  Moist  Ag20  gives  a  strongly 
alkaline  syrupy  base.  —  (C9HaoNOCl)2PtCl4 : 
orange  needles,  v.  sol.  water,  insol.  alcohol. 

ETHYL-GLYCOCOLL  v.  ETHYL-AMIDO-AGETIC 
ACID. 

ETHYL-DI-GLYCOLAMIC  ACID  v.  ETHYL- 

IMIDO-DI-ACETIC   ACID. 

ETHYL-GLYCOLLIC  ACID  v.  Ethyl  deriva- 
tive of  GLYCOLLIC  ACID. 

ETHYL-GLYOXALINE  C3H2(C2H5)N2.  (210°). 
S.G.  -999.  Formed  by  treating  tri-bromo- 
ethyl-glyoxaline  with  sodium  amalgam  (Wyss, 
B.  10,  1373).  Prepared  by  heating  glyoxaline 
with  ethyl  bromide  (Wallach,  B.  16,  534). 
Mobile  colourless  fluid.  Miscible  with  water. 

Hethylo  -iodide    B'Mel :     [75°];     large' 
prisms.— (B'MeI)2CdI2:  [152°];  plates. 

Methylo-chloride  B'MeCl :  formed  by  the 


action  of  AgCl  on  the  methylo-iodide.  — 
(B'MeCl),PtCl4:  [19o°].-(B/MeCl)2ZnCl2 :  trans- 
parent soluble  crystals  [158°]. 

E thy lo -bromide  C3H3EtN2EtBr.  Formed 
by  heating  glyoxaline  with  EtBr  (Wyss,  B.  10, 
1367).  Syrup.  —  (B'EtCl)2PtCl4  |aq  :  pearly 
plates. 

Tri  -  bromo  -  ethyl  -  glyoxaline  C3Br:i(C,H.i)N2. 
[62°].  Formed  by  bromination  of  ethyl-glyox- 
aline  dissolved  in  dilute  H2S04  (Wallach,  B.  16, 
537).  Formed  also  from  silver  tri-bromo- 
glyoxaline  and  EtI  (Wyss,  B.  10, 1372).  Colour- 
less crystals.  Insol.  cold  water. 

Para-ethyl-glyoxaline  C3H3(C0H.)N2.  [77°] 
(W.)  ;  [80°]  (E.);  (268°)  (E.).  Formed  by  isomerio 
change  from  the  tertiary  ethyl-glyoxaline  by 
passing  it  through  a  heated  tube  (Wallach,  B. 
16,  543).  Prepared  by  the  action  of  propionic 
aldehyde-ammonia  on  glyoxal  (Eadziszewski,  B. 
16,  490).  Long  prisms.  Sol.  water,  alcohol, 
ether  and  benzene,  si.  sol.  ligrom.  Secondary 
base.— B',H,Cl.,PtCl4 :  easily  soluble  prisms  or 
plates.  Heated  with  propyl  bromide  it  gives  an 
ethyl-propyl-glyoxaline  which  is  probably  iden- 
tical with  oxal-propyline  (W.). 

Para  -  di  -  ethyl  -  glyoxaline  C3H2(C2H5)2N2. 
Oxal-ethyl-propyline.  (220°).  S.G.  -9813. 
Formed  by  the  action  of  ethyl  bromide  on  ethyl- 
glyoxaline  (glyoxal -propyline)  (Eadziszewski, 
B.  16,  491).  Colourless  liquid  with  narcotic 
smell.  Sol.  water,  alcohol,  and  ether.  The 
double-zinc-chloride  forms  crystals  melting  at 
[173°]. 

ETHYL-GLYOXYLIC  ACID  C4HB03  i.e. 
Et.CO.C02H.  (74°-78°)  at  25  mm.  S.G.  1-25. 

Preparation. — Propionyl  cyanide  (5  g.)  is 
mixed  with  HC1  (2-5  g.  of  S.G.  1-23)  and  kept  for 
2  hours  at  0°.  More  HC1  (2;5  g.  of  S.G.  1-23)  is 
added,  and,  after  standing,  the  mixture  is  diluted 
with  water  and  heated  for  3  hours  on  the  water- 
bath.  The  acid  is  then  extracted  with  ether 
(L.  Claisen  a.  E.  Moritz,  C.  J.  37,  693). 

Properties.  —  Liquid  with  empyreumatic 
smell.  Miscible  with  water,  alcohol,  and  ether. 
Sodium  amalgam  reduces  it  to  a-oxy-butyric 
acid  [43°]. 

Salts. — AgA':  prisms. — BaA'2aq:  m.  sol. 
water. 

Amide  Et.CO.CO.NH2.  [117°].  Prepared 
from  propionyl  cyanide  (2  g.)  by  mixing  with 
HC1  (1  g.  of  S.G.  1-23)  and  keeping  at  0°  for  2 
hours.  The  semi-solid  product  is  left  for  a  week 
over  lime.  The  amide  is  then  separated  from 
NH,C1  by  sublimation  (C.  a.  M.).  It  may  be 
crystallised  from  ether. 

Phenyl-hydrazide  Et.C(N2HPh).CO,H 
[152°].  Obtained  by  hydrolysis  of  the  product 
of  the  action  of  diazobenzeiie  chloride  on  ethyl- 
aceto-acetic  ether  (Japp  a.  Klingemann,  C.  J.  53, 
519).  Yellow  silky  needles,  decomposed  on  melt- 
ing. Eeduced  by  sodium  amalgam  to  benzene- 
a-hydrazo-butyric  acid  Ph.NH.NH.CHEt.C02H. 

ETHYL-DIGUANIDE  C4HnN5  i.e.  C2H6EtN6. 

Formation. — By  heating  di-cyan-di-amide 
(5  pts.)  with  CuS045aq  (7  pts.),  ethylamine  (8 
pts.),  and  water  (32  pts.)  for  some  hours  at  100° 
there  is  formed  the  salt  (C4HuN5)2CuS04aq, 
whence  H2S  removes  the  copper,  and  the  re- 
sulting (C4H,,N5)2H2S04  is  then  decomposed  by 
baryta  (Ernich,  M.  4,  395). 

Preparation. — An  alcoholic   solution  of   di- 
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cyandiamide  is  heated  with  ethylamine  hydro- 
chloride  in  a  sealed  tube  for  several  hours 
(Smolka  a.  Friedreich,  M.  9,  229). 

Properties. — Deliquescent  crystalline  mass, 
v.  sol.  water  and  alcohol,  insol.  ether. 

Salts.— B"HC1:  six-sided  tables,  v.  e.  sol. 
water,  insol.  alcohol  and  ether. — B"H2C12. — 
B"2H2S04  l^aq  :  small  trimetric  crystals,  a:b:c 
=  1-04:1:1-36  ;  v.  sol.  water,  insol.  alcohol. 
[180°],  when  anhydrous.— B"H2S04  l|aq.  S.  4 
in  the  cold. — B"2CuS04aq:  minute  rose-coloured 
needles  (from  cold  aqueous  solutions).  — 
B"2CuS04 :  crimson  crystalline  grains  (from  hot 
solutions).  S.  -0214  in  the  cold.— B"2NiS04zaq.— 
Cu(C4H10N5)2 :  from  B"2CuS04  by  cautious  treat- 
ment with  aqueous  NaOH.  Bed  needles,  si.  sol. 
cold  water.— Ni(C4H10N5)2:  obtained  by  boiling 
Ni(OH)2  with  ethyl-diguanide.  —  Picrates 
B"C6H2(NO,)aOH  and  B"2C6H,(N02)3OH  may  be 
crystallised  from  hot  water. 

7/-DI-ETHYL-GUANIDINE 
NH:C(NEt2)(NH,).  From  cyanamide  and  di- 
ethyl-amine  hydrochloride  (Erlenmeyer,  jB.  14, 
1869).  Monoclinic  crystals,  a:b:c  =  -925:1:1-462. 
0  =  74°  35'— B'HCl :  monoclinic  prisms  ;  a:b:c 
=  -960:1:  -749 ;  ft  =  63°  59'.  -B'2H2PtCl6 :  orange 
triclinic  tables  ;  a:6:c  = -789:1: -564;  a  =  90°  21' ; 
0  =  92°  50' ;  7  =  82°  9'  (Haushofer,  J.  1881,  330  ; 
1882,  364;  Z.  K.  6,  130;  7,  267). 

s-Tri-ethyl-guanidine  NEt:C(NHEt)2.  Formed 
by  boiling  an  alcoholic  solution  of  di-ethyl-thio- 
urea  with  ethylamine  and  HgO  (Hofmann,  B. 
2,  601).  Strongly  alkaline  liquid ;  absorbs  C02 
from  the  air.— B'^PtClg :  crystalline  plates,  v. 
sol.  water. 

ETHYL  -  n  -  HEPTYL  -  OXIDE  Et.O.C7H15. 
(166-6°).  S.G.  g  -7949.  S.V.  220-8.  C.E.  (0°-10°) 
•001  (Dobriner,  A.  243,  5  ;  Cross,  A.  189,  5). 

Ethyl  heptyl  oxide  Et.O.C7H15.  (177°).  S.G. 
is  -791.  V.D.  5-10  (calc.  4-99).  From  EtI  and 
the  sodium  heptylate  from  castor  oil  (Wills, 
C.  J.  6,  312  ;  Petersen,  A.  118,  75). 

ETHYL-HEXYL-GLYOXALINE  CnH20N2. 

Oxalethyl-cenanthyline.  (271°).  S.G.  -- 
•921.  From  hexyl-glyoxaline  and  EtI  (Karcz, 
M.  8,  222).  Oil.— B'2H2PtCl6 :  yellow  soluble 
plates. 

ETHYL  HEXYL  OXIDE  CH2Et.CHEt.OEt. 
(132°).  S.G.  2-787.  From  di-chlorinated  ether 
and  ZnEt2  (Lieben,  A.  178,  14).  With  HI  it 
gives  EtI  and  secondary  hexyl  iodide. 

ETHYL-HYDANTOIN  C5H8N202  i.e. 

CO<^NHtCOl2^>-  Formed  bv  Beating  ethyl-gly- 
cocoll  with  urea  at  125°  (Heintz,  A.  133,  65). 
Tables,  melting  below  100°.  V.  e.  sol.  water  and 
alcohol.  May  be  sublimed. 

ETHYL-HYDRAZINE  C.,H8N2  i.e. 
C2H5.NH.NH2.  (99-5°  at  709mm.).  Prepared 
from  s-di-ethyl-urea  NHEt.CO.NHEt,  which  is 
treated  with  nitrous  acid  and  the  resulting  ni- 
trosamine  NHEt.CO.NEt.NO  then  reduced  by 
zinc-dust  and  acetic  acid  to  NHEt.CO.NEt.NH2, 
whence  hot  cone.  HC1  forms  NH2Et,  C02,  and 
NHEt.NH2.  Ethyl-hydrazine  hydrochloride 
being  less  soluble  than  ethylamine  hydrochloride 
may  be  separated  from  it  by  crystallisation 
(Fischer,  A.  199,  281 ;  jB.  9,  111). 

Properties. — Colourless  mobile  liquid  of  faint 
ammoniacal  odour ;  very  hygroscopic  ;  v.  sol. 


water,  alcohol,  ether,  and  benzene,  si.  sol.  cone. 
KOHAq.  It  attacks  cork  and  caoutchouc.  It 
fumes  in  moist  air.  It  gives  the  carbamine  re- 
action with  chloroform  and  alcoholic  potash. 
Bromine  decomposes  it,  giving  off  nitrogen.  It 
ppts.  metallic  oxides  from  their  salts. 

Reactions. — 1.  Keduces  Fehling's  solution  in 
the  cold.— 2.  Beduces  Ag20.— 3.  Beduces  HgO 
forming  HgEt2.— 4.  Beacts  with  aldehydes  with 
considerable  evolution  of  heat,  forming  ethyl- 
hydrazides  B.CH:N2HEt.— 5.  Decomposed  by 
nitrous  acid  gas.—G.  Its  hydrochloride  reacts 
when  heated  with  potassium  cyanate  in  aqueous 
solution  with  production  of  ethyl  semi-carbazide 
NH2.CO.NH.NHEt,  which  forms  very  soluble 
leaflets  [105°].— 7.  Its  hydrochloride  reacts  on 
phenyl  cyanate  in  dilute  ethereal  solution,  giving 
rise  to  leaflets  of  phenyl-ethyl-semi-carbazide 
NHPh.CO.NH.NHEt  [1110] ;  v.  sol.  alcohol,  si. 
sol.  hot  water,  decomposed  by  dilute  acids  into 
di-phenyl-urea  C02,  and  ethyl-hydrazine. — 
8.  Phenyl  thio-carbimide  gives  phenyl  ethyl  thio- 
semi-carbazide  NHPh.CS.NH.NHEt  [109°], 
which  crystallises  in  white  leaflets ;  si.  sol. 
ether,  v.  sol.  alcohol. — 9.  Oxalic  ether  gives 
grouped  needles  of  C202(NH.NHEt)2  [204°],  of 
which  the  nitrosamine  C202(N(NO).N(NO)Et)2 
[114°]  crystallises  in  prisms  and  gives  Lieber- 
mann's  reaction. — 10.  Picryl  chloride  gives 
NHEt.NH.C6H2(N02)3  [200°],  which  forms  yel- 
lowish-red needles ;  si.  sol.  alcohol,  sol.  hot 
benzene,  and  explode  on  heating. 

Salts.— B"H2C12:  needles,  v.  e.  sol.  water 
and  alcohol,  but  the  solutions  on  evaporation 
leave  B"HC1  as  a  colourless  deliquescent  mass. 
The  sulphate  forms  readily  soluble  leaflets,  the 
oxalate  is  a  crystalline  pp.  sol.  hot  alcohol. 

w-Di-ethyl-hydrazine  C4H12N2  i.e.  NEt2.NH2. 
(c.  98°).  Formed,  together  with  NH3  and  NEt2H, 
by  reduction  of  di-ethyl-nitrosamine  NEt2.NO 
with  zinc  and  glacial  HO  Ac.  The  bases  are  con- 
verted into  hydrochlorides  and,  on  evaporation, 
NH4C1  crystallises  first.  The  filtrate  is  treated 
with  potassium  cyanate  and  evaporated,  when 
di-ethyl  semicarbazide  NH2.CO.NH.NEt2  sepa- 
rates ;  and  this  is  decomposed  by  heating  with 
cone.  HC1  for  12  hours  at  100°  (Fischer,  A.  199, 
308). 

Properties. — Colourless,  mobile  liquid,  of 
faint  ammoniacal  odour,  sol.  water,  alcohol,  and 
ether  ;  nearly  insol.  cone.  KOHAq. 

Reactions. — 1.  Beduces  hot,  but  not  cold, 
Fehling's  solution,  being  for  the  most  part  con- 
verted into  diethylamine  and  nitrogen. — 2.  Mer- 
curic oxide  converts  it  in  the  cold  into  tetra- 
ethyl-tetrazone  Et2N.N:N.NEt2,  a  non-vola- 
tile oil,  sol.  alcohol,  which  is  decomposed  by 
heat,  is  volatile  with  steam,  and  reduces  ammo- 
niacal AgN03,  forming  a  mirror.  Dilute  HC1  at 
80°  splits  up  tetra-ethyl-tetrazone  into  aldehyde, 
NEtH2,  NEt2H,  and  nitrogen.  The  tetrazone 
forms  a  platinochloride  Et4N4H2PtCl6,  and  gives 
with  mercuric  chloride  a  crystalline  pp. 
Et4N4HgCl2.— 3.  Nitrous  acid  forms  N20  and 
diethylamine  (or  diethyl  nitrosamine). — 4.  Its 
hydrochloride  is  converted  by  potassium  cyanide 
into  w-di-ethyl  semicarbazide  Et2N.NH.CO.NH,, 
which  forms  long  prisms  [149°],  sol.  hot  water 
and  alcohol,  insol.  cone.  KOHAq.  It  forms  a 
crystalline  nitrosamine  Et.,N.N(NO).CO.NH2. 

Salts. — The  hydrochloride,  sulphate, 
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and  nitrate  are  exceedingly  sol.  water  and  al- 
cohol. The  picrate  and  platinochloride 
B',H2PtCl6  form  golden  needles. 

Ethylo-iodide  NH2.NEt3I.  Needles,  v. 
sol.  water  and  hot  alcohol,  insol.  cone.  KOHAq 
and  ether.  Moist  Ag2O  forms  a  strongly  alkaline 
hydroxide  which  is  decomposed  at  a  higher  tem- 
perature into  water,  ethylene,  and  di-ethyl-hy- 
drazine.  It  may  be  reduced  by  zinc  and  H2S04 
to  tri-ethylamine. 

ETHYL-HYDEAZINE  SULPHONIC  ACID 
EtN2H2.S03H. 

Salt.— KA'.  Prepared  by  heating  K2S207 
with  ethyl-hydrazine  at  90° ;  the  mass  obtained 
being  warmed  with  aqueous  KHC03  and  eva- 
porated below  70°  (Fischer,  A.  199, 300).  Leaflets, 
sol.  water,  si.  sol.  alcohol.  On  boiling  with 
strong  acids  it  is  decomposed  into  ethyl-hydra- 
zine and  KHS04.  When  its  aqueous  solution  is 
treated  with  HgO,  even  in  the  cold,  it  yields 
potassium  diazo-ethane  sulphonate  EtN2S03K 
in  the  form  of  glittering  needles  or  leaflets,  sol. 
alcohol.  Diazo-ethane  sulphonate  explodes  vio- 
lently when  heated ;  it  may  be  reduced  by  zinc- 
dust  and  acetic  acid  to  the  parent  ethyl-hydra- 
zine sulphonate. 

ETHYL-HYDEOCAEBOSTYEILv.  OXY-ETHYL- 

QUINOLINE  DIHYDBIDE. 

ETHYL-HYDEOXYLAMINE  v.    HYDBOXYL- 

AMINE. 

ETHYL   HYPOCHLOEITE  C2H5OC1.     (36°). 

Preparation.— Chlorine  is  passed  through  a 
cold  solution  of  NaOH  (1  pt.)  in  alcohol  (1  pt.) 
mixed  with  water  (9  pts.)  as  long  as  the  bubbles 
are  absorbed.  The  ether  rises  as  an  oil  to  the 
surface  and  is  washed  and  dried  over  CaCl2 
(Sandmeyer,  B.  18, 1767 ;  19,  857). 

Properties. — Yellow  mobile  liquid  with  very 
irritating  smell.  It  may  be  distilled.  It  is  very 
unstable.  On  superheating  its  vapour  in  a  tube 
it  explodes  violently.  The  explosion  is  also 
brought  about  in  the  cold  by  contact  with  pre- 
cipitated copper.  Exposed  to  diffused  daylight 
it  begins  to  decompose  after  a  few  hours'  boiling 
violently  ;  in  direct  sunshine  this  decomposition 
begins  in  a  few  minutes  and  ends  with  an  explo- 
sion. It  mixes  without  reaction  with  ether, 
chloroform,  and  benzene.  Upon  aniline,  phenol, 
&c.,it  acts  likeClOH,  oxidising  and  chlorinating. 
With  HC1,  HBr,  and  HI  it  at  once  yields  the 
halogens  with  liberation  of  alcohol. 

ETHYL  HYPOPHOSPHATE  Et4P206.  S.G. 
i^  1-117.  From  Ag4P206  and  EtI  in  the  cold 
(Sanger,  A.  232,  8).  Thick  colourless  liquid. 
Heated  alone  it  is  decomposed  into  ethyl  phos- 
phate and  ethyl  phosphite.  It  is  saponified  by 
water.— EtCaHP206  5aq.  Needles. 

ETHYLIDENE.  The  divalent  radicle 
CH3.CH.  Unlike  its  isomeride  ethylene,  it  is 
not  known  in  the  free  state.  By  heating  ethyl- 
idene  chloride  with  sodium  at  190°  Tollens  (A. 
137,  311)  obtained  ethylene,  acetylene,  ethane, 
and  0^,01. 

ETHYLIDENE  DIACETATE  y.  Di-acetyl 
derivative  of  CMTIO-ALDEHYDE,  vol.  i.  p.  106. 

ETHYLIDENE  DI-ACETIC  ACID  v.  METHYL- 

OLUTABIC  ACID. 

ETHYLIDENE-ACETO-ACETIC  ETHEE  is 
described  under  ACETO-ACETIC  ACID. 

ETHYLIDENE-DI-ACETONAMINE  v.  AOE- 

TONAUINE. 


ETHYLIDENE-DI-ACETONE-ALCAMINE  v. 

ACETONE-ALCAMINES. 

ETHYLIDENE-DI-ACETONINE    v.     ACETO- 

NINES. 

ETHYLIDENE  ALDEHYDATE  v.  ACETAL. 
ETHYLIDENE-771-AMIDO-BENZOIC      ACID 

C9H9N02  i.e.  CH3.CH:N.C6H4.CO.,H.  Formed 
by  mixing  dilute  aqueous  solutions  of  7w-amido- 
benzoic  acid  and  aldehyde  (Schiff,  A.  210,  117). 
Amorphous  mass,  v.  e.  sol.  alcohol  and  benzene  ; 
melts  under  boiling  water.  Long  boiling  with 
water  decomposes  it,  C02and  ethylidene-aniline 
being  among  the  products.  Cone.  HN03  con- 
taining K2Cr207  gives  a  transient  violet  colour. 

ETHYLIDENE-DIAMINE.  Benzoyl  deri- 
vative 016HI6N20,  i.e.  CH3.CH(NHBz)2.  [204°] 
(H.  a.  S.) ;  [188°]  (N.).  S.  (alcohol)  1-24  at  22°. 

Formation. — 1.  From  aldehyde-ammonia  and 
BzCl  (Limpricht,  A.  99,  119).— 2.  By  dissolving 
benzamide  in  aldehyde  to  which  a  few  drops  of 
HC1  have  been  added;  the  reaction  being  at- 
tended with  rise  of  temperature  (Nencki,  B.  7, 
158).  —  3.  By  gradually  adding  benzonitrile 
(2  mols.)  to  well-cooled  cone.  H2S04  containing 
paraldehyde  (1  mol.),  leaving  the  liquid  to  itself 
for  a  few  hours,  and  then  ppg.  the  product  by 
water  (Hepp.  a.  Spiess,  B.  9,  1424). 

Properties. — Long  needles  (from  alcohol),  v. 
soL  CHC13,  CS2,  ether,  and  hot  alcohol,  nearly 
insol.  water.  May  be  sublimed. 

Reactions. — 1.  With  water  at  130°  it  gives 
aldehyde  and  benzamide. — 2.  Boiled  with  dilute 
(10  p.c.)  H2S04  it  gives  aldehyde,  NH3,  and 
benzoic  acid. 

Tri-ethylidene-diamine  v.  ALDEHYDE,  Com- 
bination 4,  vol.  i.  p.  104. 

ETHYLIDENE-ANILINE  C6H5N:CH.CH3  (?). 
Aldehyde-anilide.  From  ethylidene  chloride  and 
aniline  at  160°  (Schiff,  B.  3,  415). 

Preparation. — A  mixture  of  aniline  and  al- 
dehyde is  made  at  — 18°,  then  left  to  itself  for 
some  weeks  at  15°,  and  finally  heated  to  100°. 
Aniline  is  removed  from  the  product  by  dilute 
HOAc,  and  the  ethylidene-aniline  is  separated 
from  ethylidene-di-aniline  by  alcohol,  in  which 
it  readily  dissolves  (Schiff,  A.  140,  127  ;  210, 
114).  Bed  resin .—B/2HgCl2.—B/4H2PtCl6:  orange 
crystalline  pp. 

Ethylidene  -  di  -  aniline   (C6H5.NH)2CH.CH3. 
Prepared  as  above.    Yellow  nodules. — 
B'2H2Cl2HgCl2.— B'2H2PtCl6 :   orange  crystalline 
pp. 

ETHYLIDENE-BIUEET  C4H7N302  i.e. 

Trigenic  acid.    Mol.  w. 

129.  Formed  by  passing  cyanic  acid  into  cold 
aldehyde  (Liebig  a.  Wohler,  A.  59,  296).  Small 
prisms  (from  water).  SI.  sol.  water,  almost 
insol.  alcohol.  Acid  to  test  papers.  Decom- 
posed on  dry  distillation  with  formation  of  am- 
monia, ammonium  carbamate,  and  an  oil,  which 
is  in  all  probability  a  tri-methyl-pyridine,  iden- 
tical with  that  obtained  by  Baeyer  and  Ador  (.4. 
155,  294).  When  heated  with  Mel  and  alcohol 
it  yields  ammonia  and  methylamine.  With 
NaOBr  it  evolves  only  traces  of  nitrogen.  On 
oxidation  with  HN03  it  is  converted  into  cyan- 
uric  acid  and  carbonic  anhydride,  a  reaction 
which  points  to  the  above  formula  (Herzig,  If. 
2,  398).— AgA' :  pulverulent  pp.  sol.  hot  water. 


ETHYLIDENE-METHYL-KETOLE. 
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ETHYLIDENE  BROMIDE  C.,H4Br2  i.e. 
CH3.CHBr2.  u-Di-bromo-ethane.  (113°).  S.G. 
*£?  2-089  (A.) ;  if  2-1029  ;  ff  2-0854  (Perkin, 
C.  J.  45,  523) ;  2f  2-055  (Weegmann,  Z.  P.  C.  2, 
218).  A*D  1-5128  (W.).  M.M.  9-1. 

Formation.—  1.  By  brominating  ethyl  bromide 
in  sunlight  (Staedel,  B.  11,  1741).— 2.  From 
vinyl  bromide  and  HBr  (Eeboul,  C.R.  70,  399). 

Preparation. — From  PCl.jBr.j  and  aldehyde 
in  the  cold  (Paternd  a.  Pisati,  O.  1,  596 ;  An- 
schutz,  A.  235,  301). 

Reactions. —  1.  Benzene  and  A12C16.  form 
ethyl-benzene,  ^*-di-phenyl-ethane,  and  s-(A)- 
di-methyl-anthracene  di-hydride. — 2.  Alcoholic 
KOAc  at  130°  gives  aldehyde,  EtOAc,  and  acetal 
(Tavildaroff,  A.  176, 12).— 3.  Alcoholic  KHS  has 
no  action  (difference  from  ethylene  bromide). — 
4.  Ammonia  at  130°  forms  tri-methyl-pyridine 
(collidine).— 5.  Water  and  PbO  at  130°  give  al- 
dehyde.—5.  SbCl5  forms  exclusively  CH3.CHC12 
(Henry,  C.  R.  97,  1491). 

ETHYLIDENE    BROMO-IODIDE  v.  BROMO- 

IODO -ETHANE. 

ETHYLIDENE-DI-CARBAMIC  ACID.  Ethyl 
ether  C8H16N204  i.e.  CH3.CH(NH.C02Et)2. 

Ethylidene-ur ethane.  [126°].  Formed  by  the 
action  of  aldehyde  or  acetal  on  carbamic  ether 
in  presence  of  HC1  (Nencki,  B.  7, 160  ;  Bischoff, 
B.  7,  629).  Formed  also  from  aldehyde-ammonia 
and  chloro-formic  ether  in  the  cold  (Schmid, 
J.  pr.  [2]  24,  124).  Satiny  needles ;  v.  sol.  ether, 
alcohol,  and  hot  water.  Split  up  by  hot  dilute 
acids  into  aldehyde  and  carbamic  ether. 

P ropy  I  ether  CH3.CH(NH.C02C3H7)2. 
[116°].  From  propyl  carbamate,  aldehyde,  and 
a  little  HC1  (Bischoff,  B.  7,  1082). 

ETHYLIDENE  CHLORHYDRIN  v.  OJ-CHLORO- 

ETHYL  ALCOHOL. 

ETHYLIDENE  CHLORIDE  C2H4C12  i.e. 
CH3.CHC12.  Mol.  w.  99.  (60-1°)  (Thorpe,  C.  J. 
37,  183)  ;  (56-8°)  at  749  mm.  (Schiff);  (57-3°) 
(Perkin,  C.  J.  45,  529) ;  (57-5°)  (Bruhl).  V.D. 
3-42  (for  3-42)  (S.).  S.G.  £  1-2039  (T.) ;  ^  1-1895 
(Schiff,  A.  220,  96) ;  if  1-1845 ;  ff  1-1712  (P.) ; 
24°  1-1743  (Bruhl,  A.  203, 11) ;  1-1750  (Weegmann, 
Z.  P.  C.  2,  218).  C.E.  (0°-10°)  -001304 ;  (0°-50°) 
•0013982  (Thorpe) ;  (9'8  to  56-7)  -001438  (Schiff). 
S.V.  88-96  (Thorpe) ;  88-56  (Schiff)  ;  89'5  (Earn- 
say).  M.M.  5-335  at  14-4°.  /*„  1-4168  (W.). 
/*0  =  1-4223.  E^  -  34-10  (B.).  H.F.p.  34,230 
(Th.).  H.F.v.  33,070  (Th.).  Critical  tern-  \ 
perature  255°  (Paulewsky,  B.  16,  2633).  By-  ! 
product  in  manufacture  of  chloral  (Kramer,  B.  \ 
3,  257). 

Formation. — 1.  By  chlorinating  ethyl  chloride  , 
in  daylight  (Eegnault,  A.  Ch.  [2]  71,  355),  or  in  j 
presence  of  heated  animal  charcoal  (Damoiseau, 
Bl.  [2]  27,  113).— 2.  By  heating  aldehyde  with 
PC15  (Wurtz  a.  Frapolli,  C.  R.  47,  418 ;  A.  108, 
223 ;  Beilstein,  A.  113,  110 ;  Geuther,  A.  105, 
321).     The  PCI,  is  at  first  kept  cool,  and  the  al- 
dehyde added  slowly. 

Properties. — Colourless  oil,  resembling  chloro- 
form in  taste  and  odour. 

Reactions.--!.  Alcoholic  potash  lias  no  action 
in  the  cold,  though  vinyl  chloride  is  formed  on 
heating.— 2.  Aqueous  Na.,S03  at  140°  gives 
CH,.CHCl.S03Na  (Kind,  Z'.  [2]  5, 165).  Boiling 
aqueous  K0S03  gives  CH3.CH(S03K).,  and 
CH,.CH(OH)S03K  (Staedel,  Z.  [2]  4,  272).— 3. 
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Sodium  at  190°  gives  hydrogen,  acetylene,  ethyl- 
ene, ethane,  and  vinyl  chloride  (Tollens,  A.  137, 
311).—  4.  Chlorine  gives  CH2C1.CHC12  and 
CH3.CC13  (Staedel,  B.  6,  1403).—  5.  Bromine  in 
sunlight  forms  CH3.CBrCl2  (99°),  CH2Br.CBrCl2 
(177°),  and  CHBr2.CBrCl2  (217°)  (Staedel,  B.  11, 
1739).—  6.  Toluene  and  A12C16  give  ^-ethyl- 
toluene,  w-^-di-tolyl-ethane,  and  s-tetra-methyl- 
anthracene  dihydride  (Anschiitz,  A.  235,  314). 
w-Xylene,  and  A12C16  give  (l,3,4)-ethyl-w-xylene 
and  w-di-xylyl-ethane. 

ETHYLIDENE  CHLORO  -  BROMIDE  v. 
CHLOBO  -BBOMO  -ETHANE  . 

ETHYLIDENE  CHLORO-IODIDE  v.  CHLORO- 

IODO-ETHANE. 

ETHYLIDENE  CYANTJRAMIDE  is  described 
under  Cyanuramide  v.  CYANIC  ACID. 

ETHYLIDENE  -ETHENYL   CARBOXYLIC 

ACID  V.  BUTYLENE  CARBOXYLIC  ACID. 

ETHYLIDENE    DI-ETHYL     DIOXIDE     is 

ACETAL  (q.  v.). 

ETHYLIDENE  -  DI  -  ETHYL  -  DI  -SULPHONE 

CH3CH(S02Et)2.  [75°-78°].  Prepared  by  treat- 
ing CH3.C(SEt)2.C02H  (obtained  from  pyruvic 
acid  and  mercaptan)  with  KMn04  (E  scales  a. 
Baumann,  B.  19,  2814).  Plates  ;  si.  sol.  water, 
m.  sol.  alcohol  and  ether.  Evolves  hydrogen 
when  sodium  is  added  to  its  solution  in  dry  ether 
or  benzene,  the  resulting  salt  is  too  unstable  to 
purify  (E.  Fromm,  B.  21,  187).  Its  bromo-  deri- 
vative CH3.CBr(S02Et)2  [115°]  crystallises  in 
small  sparingly  soluble  prisms  which  are  recon- 
verted by  boiling  KOHAq  into  the  original 
CH3.CH(S02Et)2. 

ETHYLIDENE  IODIDE  CH3.CHI2.  (o.!78°). 
S.G.  2  2-84. 

Formation.—  1.  From  ethylidene  chloride  and 
AUfi  in  CS,  (Gustavson,  B.  7,  731).—  2.  From 
CH3CHC12  and  CaI2  3£aq  at  100°  (Spindler,  A. 
231,  267).—  3.  From  acetylene  and  HI  (Berthelot, 
A.  132,  122). 

Properties.  —  Liquid.  Converted  by  alcoholic 
KOH  into  vinyl  iodide. 

ETHYLIDENE-LACTAMIC  ACID  v. 


DI-PROPIONIC  ACLD. 

ETHYLIDENE-LACTIC  ACID  v.  LACTIC  ACID. 
ETHYLIDENE-MALONIC  ACID 

CH3.CH:C(C02H)2.  Ethyl  ether  ^i^".  (115°- 
118°)  at  17  mm.  S.G.  ^  1-0435.  Frommalonic 
ether  (1  mol.),  aldehyde  (2  mols.),  and  Ac20  (H 
mols.)  at  100°  (Komnenos,  A.  218,  157).  (The 
yield  is  54  p.c.  of  the  malonic  ether.)  Liquid, 
smelling  something  like  camphor.  Aqueous 
baryta  forms  various  salts,  including  an  easily 
soluble  one,  which  is  possibly  a  salt  of  oxethyl- 
malonic  acid,  CH3.CH(OH).CH(C02H)2."  KOH 
and  dilute  alcohol  gives  j8-methyl-glutaric  acid. 

Ethylidene-di-malonic  ether 
CH3.CH(CH(C02Et)2)2.  (209°-212°)  at  20  mm. 
A  by-product  in  the  preparation  of  ethylidene- 
malonic  ether.  (The  yield  is  8  p.c.  of  the  ma- 
lonic ether;  Komnenos,  A.  218,  158.)  It  is  formed 
by  the  action  of  ethylidene-malonic  ether  upon 
malonic  ether  :  CH3.CH:C(C02Et)2  +  CH2(CO2Et), 
=  CH3.CH(CH(C02Et)2)o.  Dilute  alcoholic  KOH 
converts  it  into  j8-methyl-glutaric  acid. 

ETHYLIDENE-MELAMINE  described  under 
Ethylidene-cyanuramide  v.  CYANIC  ACIDS. 

ETHYLIDENE-METHYL-KETOLE     v.     Di- 

METHYL-ETHYL1DENE-DI-INDOLE. 

K  K 
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ETHYLIDENE-DI-(/3)-NAPHTHYL-OXIDE. 


ETHYLIDENE-DI  -  (0)  -  NAPHTHYL-OXIDE 
CH3.CH<^Q10^>0.    Anhydride,  of  di-oxy-di- 

naphthyl-etliane.  [173°].  Crystalline  solid. 
Insol.  alkalis.  Formed  by  heating  a  solution 
of  (£)-naphthol  and  aldehyde  in  acetic  acid  with 
HC1  or  H.2S04,  or  by  the  same  treatment  of  the 
previously  formed  di-(j8)-naphthyl  orthaldehyde 
CH3.CH(O.C10H7)2  (Claisen,  B.  19,  3318  ;  A.  237, 
270  ;  cf.  vol.  i.  p.  105). 

ETHYLIDENE-DIOXAMIDE  C6H10N404  i.e. 
(NH2.CO.CO.NH)2CH.CH3.  A  pulverulent  pp. 
formed  when  cyanogen  is  passed  into  crude  alde- 
hyde (Berthelot  a.  Pean  de  St.  Gilles,  A.  128, 
338  ;  cf.  Schiff,  A.  151,  211). 

ETHYLIDENE    OXY  -  CHLORIDE    v.    Di- 

CHLORO-DI-ETHYIi  OXIDE. 

ETHYLIDENE-DI-PHENOL    v.    DI-OXY-DI- 

PHENYL-ETHANE. 

ETHYLIDENE-METAPYBAZOLONE  v.  Di- 

OXY-ETHYLIDENE-PYJRAZOLE. 

ETHYLIDENE   SULPHIDE  v.   THIO-ACETIC 

ALDEHYDE. 

Di-ethylidene-tetra-sulphide 
CH3.CH<^g'g^>CH.CH3.    Formed  by  oxidation 

of  thialdine  by  adding  to  the  solution  strongly 
acidified  with  HC1  a  weak  solution  of  iodine  in 
KI.    Amorphous  pp.  (Fasbender,  B.  20,  463). 
ETHYLIDENE-THIO-UBEA     C3H6N2S     i.e. 

From   aldehyde    and    thio- 


urea  at  100°  (Emerson  Keynolds,  C.  N.  24,  87). 
Granules,  insol.  cold  water,  m.  sol.  hot  alcohol, 
si.  sol.  ether.  Boiling  water  splits  it  up  into 
aldehyde  and  thio-urea. 

Di-ethylidene-thio-Tirea.  Ammonia  com- 
pound (CH3.CH)2N2CSNH3.  [180°].  Formed 
by  heating  a  moderately  concentrated  solution 
of  thio-urea  with  aldehyde-ammonia  (Nencki, 
B.  7,  158).  Needles  ;  si.  sol.  boiling  water,  insol. 
cold  alcohol  and  ether.  Its  aqueous  solution, 
which  is  intensely  bitter,  is  resolved  by  prolonged 
boiling,  or  more  quickly  in  presence  of  acids, 
into  aldehyde,  thio-urea,  and  NH3. 

ETHYLIDENE-TOLUIDINE 
CH3.CH:N.C6H4Me  ?    Aldehyde-tpluide.    Yellow 
nodules,  formed  by  treating  toluidine  with  alde- 
hyde.   Its  salts  are  resinous  (Schiff,  Z.  1865, 
400). 

ETHYLIDENE-UBEA  C3H6N20  i.e. 

CO<xNH^>CHtCH3'  C154°J«  Formed  by  the  ac- 
tion of  an  alcoholic  solution  of  aldehyde  on  urea 
in  the  cold  (Schiff,  A.  151,  204).  Small  needles  ; 
v.  si.  sol.  water  and  ether,  si.  sol.  alcohol.  De- 
composed by  heat  into  NH3,  melanurenic  acid, 
and  oxy-trialdine  C6H,  ,NO.  Eapidly  decomposed 
by  pure  HN03  with  evolution  of  CO2  and  N20  in 
equal  volumes,  together  with  a  little  nitrogen 
(Franchimont,  R.  T.  C.  6,  221). 

ETHYLIDENE  UBETHANE  v.  ETHYLIDENE- 

DI-CABBAMIC   ACID. 

ETHYL-IMIDO-DI-ACETIC  ACID   C6HnN04 

i.e.  NEt(CH2.C02H)2.  Ethyl-di-glycollamic  acid. 
From  ethylamine  and  chloro-acetic  acid  (Heintz, 
A.  132,  1  ;  145,  229).  Short  trimetric  prisms, 
v.  sol.  water,  si.  sol.  alcohol.  —  CuA"  :  minute 
blue  dimetric  tables,  si.  sol.  water. 

Ethyl  ether  Et«A".    (c.  210'°).    Oil. 


ETHYLIMIDO-DI-PHENYLENE  SULPHIDE 

S(C6H4)2NEt.  Ethyl-thio-diphenylamine.  [102°]. 
From  imido-diphenylene  sulphide  and  EtBr 
(Bernthsen,  A.  230,  93).  Prisms.  FeCl3  colours 
its  alcoholic  solution  pale  brown. 

TEI-ETHYLIN  v.  Tri-ethyl  derivative  of 
GLYCERIN. 

ETHYL-INDAZINE  C9H10N  i.e. 

/CH\ 

C6H4<T  |  \NC2H3.  Formed  by  heating  indaz- 
ine with  EtI  for  four  hours  at  100°,  saturating 
with  NaOH,  and  extracting  with  ether  (Fischer 
a.  Tafel,  A.  227,  303).  Brown  liquid,  smelling 
like  indazine ;  more  sol.  water  than  indazine. 
Is  a  tertiary  base.— B'H2S04. 

Bromo-ethyl-\f/-indazine  C^N^r.  [48°]. 
Obtained  as  a  sublimate  by  heating  broino- 
ethyl-»J/-indazme  carboxylic  acid,  C02  being 
evolved  (F.  a.  T.).  V.  si.  sol.  water,  v.  sol.  alco- 
hol, ether,  and  chloroform.  It  shows  no  basic 
properties. 

ETHYL4-INDAZYL-ACETIC  ACID 


CnH12NA  i**  C6H4 


.  [131°]. 


Formed  by  atmospheric  oxidation  of  ethyl-hy- 
drazido-cinnamic  acid  which  is  obtained  from 
the  nitrosamine  of  ethyl-o-amido-cinnamic  acid 
NO.NEt.C6H4.CH:CH.C02H  by  reduction  with 
zinc-dust  and  acetic  acid  (Fischer  a.  Kuzel,  B.  16, 
654  ;  Fischer  a.  Tafel,  A.  227,  303).  Colourless 
plates,  sol.  alcohol,  ether,  and  aqueous  alkalis, 
si.  sol.  water.  At  100°  it  splits  off  C02,  forming 
methyl-ethyl-^-indazine.  It  forms  salts  both 
with  acids  and  with  bases.  It  does  not  reduce 
Fehling's  solution  or  HgO. 

Bromo-ethyl-i|/-indazyl^acetic  acid 
CnHjjNABr.  [173°].  Formed  from  the  pre- 
ceding by  treatment  with  Br  (65  pts.)  in 
HO  Ac  (Fischer  a.  Kuzel,  A.  221,  288).  Needles, 
grouped  in  fans,  v.  sol.  alcohol  and  ether,  almost 
insol.  water.  Oxidation  with  KXJrA  and  H2S04 
forms  bromo-ethyl-^-indazine  carboxylic  alde- 
hyde C10H9N2OBr  [88°]  and,  by  further  oxida- 
tion, bromo-ethyl-i|/-indazine  carboxylic  acid 
C10Hl,N202Br  [210°],  which  crystallises  in  needles 
(from  MeOH). 

Di-bromo-ethyl-i//-indazyl-acetic  acid 
CnHIOBr2NA-  [196°].  From  the  acid  (1  pt.) 
and  Br  (1-7  pts.)  in  HOAc  (5  pts.)  in  the  cold. 
Stellate  groups  of  needles  ;  almost  insol.  water, 
si.  sol.  alcohol,  ether,  and  chloroform.  Ke-con- 
verted  into  the  parent  acid  by  sodium  amalgam. 

DI-ETHYL-INDIGO  C20H1802N2  i.e. 
C6H4:C202N2Et2:C6H4.    Prepared  by  reducing  the 
di-ethyl-derivative       of      pseudo-isatin-w-oxim 

C6H4<^°t>C(NOEt)    with    alcoholic    ammo- 

nium sulphide,  and  then  passing  a  stream  of  C02 
through  the  solution  (Baeyer,  B.  16,  2201).  Blue 
felted  needles.  V.  sol.  alcohol,  forming  a  deep- 
blue  solution,  the  spectrum  of  which  closely  re- 
sembles that  of  indigo.  In  ether,  acetone, 
chloroform,  CS2,  and  aniline  it  is  less  soluble. 
It  sublimes  as  a  purple  vapour,  condensing  to 
blue  prisms.  It  dissolves  in  strong  H2S04  with 
a  greenish-blue  colour,  and  on  heating  is  sulpho- 
nated.  With  zinc-dust  and  alkalis  it  is  re- 
duced, and  the  solution  then  dyes  like  indigo.  On 
oxidation  it  gives  ethyl-pseudo-isatin.  By  weak 
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reduction  the  di-ethyl-derivative  of  pseudo-isatin- 
w-oxim  is  formed. 

ETHYL-INDOLE  C10HnN  i.e. 


^JCH      (about  247°).     Obtained  by 
^-C2H5 

heating  at  185°-190°  the  carboxylic  acid  [183°] 
which  is  formed  by  the  action  of  HC1  on  phenyl- 
ethyl-hydrazine-pyruvic  acid  (Fischer  a.  Hess, 
B.  17,  566).  Liquid.  The  HC1  solution  gives  a 
violet  colour  to  a  pine-wood  shaving.  By  a  cold 
alkaline  solution  of  chlorine,  followed  by  hot  alco- 
holic NaOH,  it  is  converted  into  ethyl-pseudo- 
isatin.  The  pier  ate  forms  red  needles. 


Ethyl-indole?       C^CH?       (283° 

cor.).  Formed  by  heating  aniline  (30  g.)  with 
ZnCl2  (50  g.),  lactic  acid  (35  g.),  and  sand  to  pre- 
vent frothing  (Pictet  a.  Duparc,  B.  20,  3415).  Yel- 
low oil  without  basic  character,  v.  si.  sol.  water, 
v.  sol.  alcohol,  ether,  benzene,  and  CHC13.  May 
be  distilled  with  steam.  Colours  pinewood 
moistened  with  HC1  red.  Bromine  added  to  its 
solution  in  chloroform  gives  an  intense  violet 
colour.  The  pier  ate  melts  at  [143°]. 
ETHYL-INDOLE-CARBOXYLIC  ACID 


i.e.  C6H4 


[183°].    Formed 


by  the  action  of  hot  aqueous  HC1  on  phenyl- 
ethyl-hydrazine-pyruvic  acid  (for  theory  of  re- 
action v.  under  INDOLE  derivatives)  (Fischer  a. 
Hess,  B.  17,  565).  Colourless  needles.  V.  sol. 
alcohol,  ether,  benzene,  and  chloroform,  less 
sol.  water.  Heated  to  its  melting-point  for  some 
time  it  loses  C02,  giving  ethyl-indole.  A  cold 
alkaline  solution  of  chlorine,  followed  by  alco- 
holic NaOH,  converts  it  into  ethyl-pseudo-isatin. 

ETHYL-INDOXYL  v.  INDOXYL. 

ETHYL-INDOXYLIC  ACID  v.  INDOXYUC  ACID. 

ETHYL-DI-IODAMINE  v.  ETHYLAMINE. 

ETHYL  IODIDE  C,H5I.  Mol.  w.  156.  (72°) 
(Schiff)  ;  (72-4°)  (Perkm,  C.  J.  45,  460).  S.G.  if 
1-9433  ;  ft  1-9243  (P.)  ;  £  1-9795  (Dobriner,  A. 
243,  24).  C.E.  (0°-10°)  -00116  (D.).  S.V.  86-12 
(S.);  85-6  (D.).  V.D.  5-48  (calc.  5-41).  M.M. 
10-075  at  18-1°  (P.).  H.F.p.  5,660  (Iodine  solid)  ; 
11,090  (I  gaseous)  (Th.)  ;  7,000  (I  gaseous,  EtI 
gaseous)  (Berthelot)  ;  12,700  (I  solid,  EtI  liquid) 
(B.).  H.F.v.  4,790  (I  solid)  ;  9,930  "(I  gaseous) 
(Th.).  Formed  by  distilling  alcohol  with  HI 
containing  free  I,  or  by  the  action  of  P  and  I  on 
alcohol  (Gay-Lussac,  A.  Ch.  91,  89  ;  Serullas, 
A.  Ch.  [2]  25,  323;  42,  119  ;  Marchand,  J.  pr. 
33,  186  ;  Frankland,  C.  J.  2,  263  ;  3,  322  ;  Laute- 
mann,  A.  113,  241  ;  Hofmann,  C.  J.  13,  69;  De 
Vrij,  J.  Ph.  [3]  31,  169  ;  Paterno,  G.  4,  149  ;  H. 
Schiff,  B.  7,  592  ;  Personne,  C.  E.  52,  468).  The 
rate  at  which  HI  etherifies  alcohol  has  been 
studied  by  Villiers  (C.  R.  90,  1563  ;  91,  62). 

Preparation.  —  1.  Amorphous  phosphorus 
(10  pts.),  alcohol  (50  pts.  of  90  p.c.),  and  iodine 
(100  pts.),  are  mixed  and  left  to  themselves  for 
24  hours  ;  the  mixture  is  then  distilled  (Rieth  a. 
Beilstein,  A.  120,  250).—  2.  An  alcoholic  solution 
of  iodine  is  slowly  run  into  a  retort  containing 
alcohol  and  clear  phosphorus  (Hofmann). 

Properties.—  Colourless  liquid.  Not  very  in- 
flammable. When  not  quite  pure  it  turns  brown 
in  light,  Cone.  HN03  liberates  iodine.  Aqueous 


KOH  has  little  action.  When  a  soluble  salt  of 
silver  is  added  to  an  alcoholic  solution  of  EtI 
silver  iodide  is  ppd. 

Reactions.  —  1.  Passage  through  a  red-hot 
tube  gives  hydrogen,  ethylene,  and  ethylene 
iodide  (E.  Kopp,  J.  Pharm.  [3]  6,  109).—  2.  Mer- 
cury forms  EtHgl.  —  3.  Heating  with  ZnEt2  in 
ethereal  solution  at  170°  gives  butane,  together 
with  a  little  ethylene  and  ethane  (Brodie,  C.  J.  3, 
405).  —  4.  Sodium  ethide  gives  ethylene  and  ethane 
in  the  cold  .—  5.  Tin  at  180°  gives  SnEt2I2 
(Frankland,  C.  J.  6,  57).—  6.  Silver  powder  at 
120°  gives  butane  (Wislicenus,  Z.  [2]  4,  681).— 
7.  By  heating  in  sealed  tubes  with  excess  of  zinc 
there  is  formed  zinc  ethide  ;  when  excess  of  EtI 
is  used  the  product  is  butane.—  8.  The  copper 
zinc  couple  at  100°  forms  IZnEt.  In  presence 
of  water  or  alcohol  ethane  is  evolved  (Gladstone 
a.  Tribe,  C.  J.  26,  445).—  9.  Alcoholic  ammonia 
forms  iodides  of  ammonium  and  of  mono-,  di-, 
tri-,  and  tetra-  ethyl-ammonium.  —  10.  When 
saturated  with  PH3  and  heated,  either  alone  or 
with  ZnO,  there  is  formed  tri-  and  tetra-  ethyl- 
phosphonium  iodide  (Hofmann,  B.  4,  372).  — 
11.  Chromic  acid  mixture  gives  iodine  and  ace- 
tic acid.  —  12.  Chlorine  gives  EtCl  and  I  (Dumas 
a.  Stas,  A.  35,  162).—  13.  Bromine  gives  EtBr 
and  I  (Friedel,  C.  R.  60,  346).—  14.  IC1  gives  EtCl 
and  I  (Geuther,  A.  123,  123).—  15.  HI  at  150° 
forms  some  ethane  (Butlerow,  A.  144,  36).  — 
16.  Heating  with  HgCl2  gives  EtCl  (Oppenheim, 
C.  R.  62,  1085).—  17.  Heating  with  K2S03  gives 
potassium  ethane  sulphonate  EtS03K  (Strecker, 
Z.  [2]  4,  213).  —  18.  Sodium  amalgam  acting  on 
a  moist  mixture  of  EtI  with  CS2  forms  Et2CS3 
(Nasini  a.  Scala,  G.  17,  236  ;  cf.  Lowig  a.  Scholz, 
J.pr.  79,  441).—  19.  Water  at  150°  gives  ether 
(Eeynoso,  A.  Ch.  [3]  48,  385). 

ETHYL-ISATIN  C10H,N02.  [137°].  Long 
red  needles  (Paucksch,  B.  17,  2805).  Formed  by 
heating  with  HClAq  the  product  of  the  action  of 
di-chloro-acetic  acid  on  j»-amido-phenyl-ethane 
C6H4Et(NH2)[l:4]. 

Ethyl-pseudo-isatin  C 


CO.    Lac- 

tam  of  ethyl  isatic  acid.     [95°]. 

Formation.  —  1.  By  the  action  of  a  cold  alka- 
line solution  of  chlorine  followed  by  hot  alcoholic 
NaOH  on  ethyl-indole-carboxylic  acid  [183°], 
which  is  obtained  by  the  action  of  HC1  on  phe- 
nyl-ethyl-hydrazine-pyruvicacid(Fischera.Hess, 
B.  17,  566).—  2.  By  reduction  of  the  di-ethyl- 
derivative  of  pseudo-isatin-w-oxim 

with  zinc-dust  and  oxida- 


tion of  the  product  with  Fe2Cl6  (Baeyer,  B.  16, 
2193). 

Properties.  —  Large  red  plates.  Soluble  in  hot 
water,  alcohol  and  ether.  With  thiophene  and 
H,S04  it  gives  a  blue  colouring-matter  soluble 
in  ether.  It  dissolves  in  alkalis  with  a  yellow 
colour  at  once  forming  a  salt  of  ethyl-isatio  acid 
r  „  /CO.CO.H 


Ethyl-pseudo-isatin-a-oxim 
C6H4<^t°H)>CO.   [162°].    Yellow  four-sided 

prisms.  Formed  by  the  action  of  hydroxylamine 
on  ethyl-pseudo-isatin.  On  reduction  with  zinc- 
dust  followed  by  oxidation  with  Fe2Cls  it  yields 
ethyl-pseudo-isatin.  It  does  not  yield  indigo  on 
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treatment  with  ammonium  sulphide  (Baeyer,  B. 
16,  2196). 

Ethyl-pseudo-isatin-a-ethyloxim  v.  Di-ethyl- 
derivative  of  ps^do-IsATiN-w-oxiM. 

ETHYL-KAIRINE  v.  Ethyl  ether  of  (B.  4)- 

OXY-(Pl/.  4)-ETHYL-QUINOLINE  TETRAHYDREDE. 

DI-ETHYL-KETINE  v.  DI-METHYL-DI-ETHYL 

PYRAZINE. 

DI-ETHYL-KETONE  C5H100  i.e.  Et.CO.Et. 
Propione.  Metacetone.  Mol.w.86.  (101°).  S.G.2 
•829;  —  -815.  S.4-2.  H.C.  735,971  (Louguinine, 
BL  [2]  41,  389).  A  product  of  the  distillation  of 
sugar,?starch,  or  mannite  with  lime  (Fremy). 

Formation. — 1.  By  the  dry  distillation  of 
barium  propionate  (E.  Morley,  A.  78,  187). — 
2.  By  the  action  of  ZnEt2  on  propionyl  chloride 
(Freund  a.  Pebal,  A.  118,  9).— 3.  From  sodium 
ethide  and  CO  (Wanklyn,  A.  140,  211).— 4.  By 
oxidising  oxy-hexoic  acid  (di-eth-oxalic  acid) 
with  K2Cr207  and  H2S04  (Chapman  a.  Smith, 
C.  J.  20,  173) ;  or  by  heating  the  ether  of  the 
same  acid  for  several  hours  with  fuming  HC1  at 
150°  (Geuther,  Z.  1867,  709).— 5.  By  oxidation 
of  di-ethyl-carbinolEt2CH(OH)  (Wagner  a.  Sayt- 
zeff,  A179, 322).— 6.  By  the  action  of  dry  FeCl3on 
propionyl  chloride  (Hamonet,  BL  [2]  50,  547). 

Properties. — Mobile  oil,  lighter  than  water, 
v.  sol.  alcohol  and  ether.  Smells  like  acetone. 
Slowly  combines  with  KHS03  on  long  agitation 
(Schramm,  B.  16,  1583).  Chromic  acid  mixture 
oxidises  it  to  propionic,  acetic,  and  carbonic 
acids.  Eeduced  by  sodium  in  presence  of  water 
todi-ethyl-carbinoland  the  pinaconeC]0H20(OH)2. 
Treated  with  di -methyl- aniline  and  ZnCl2  there 
is  formed  tetra -methyl -di-axnido- di-phenyl- 
methane  (Dobner  a.  Petschoff,  A.  242,  333). 
Treatment  with  Zn,  EtI,  and  then  with  water 
gives  tri-ethyl-carbinol  (A'.  Saytzeff,  J.  pr.  [2] 
31,  320). 

Cyanhydrin  Et,C(OH).CN.  a-Oxy-hexo- 
nitrile.  From  the  ketone  and  dilute  HCN 
(Tiemann  a.  Kohler,  B.  14,  1978).  Liquid, 
lighter  than  water. 

Oxim  Et2C:NOH.  (163°)  at  726  mm.  From 
di-ethyl-ketone  and  an  alcoholic  solution  of  hy- 
droxylamine  (Scholl,  B.  21,  509).  Oil,  insol. 
water,  sol.  alcohol  and  ether.  When  dissolved 
in  ether  and  treated  with  N204  it  gives  amyl- 
pseudo-nitrole  Et2C(NO).N02  in  the  form  of  large 
tables  [63°],  which  forms  blue  solutions  in  ether 
and  chloroform. 

DI-ETHYL-KETONE  DI-CARBOXYLIC  ACID 
C7H1005  i.e.  CO(CH2.CH2.C02H)2.  [138°]  and 
[c.  110°].  Formed  by  saponifying  its  ether. 
Thin  plates,  decomposed  on  distillation.  Not 
reduced  by  sodium-amalgam.  Does  not  combine 
with  Br.  HN03  oxidises  it  to  succinic  acid. — • 
Ag.,A" :  minute  needles. 

'Mono-ethyl  ether  fttHA.".  [68°].  From 
Et,,A"  (1  mol.)  and  alcoholic  KOH  (1  mol.). 
Needles,  insol.  ligrom,  sol.  water,  alcohol,  ether, 
and  chloroform. — AgEtA". 

Di- ethyl  ether  Et2A".  (286°).  Formed 
by  heating  furfuryl-acrylic  acid  with  alcohol 
saturated  with  HC1  (Marckwald,  B.  20,  2811 ; 
21,  1398).  Heavy  oil.  Alcoholic  NH3  forms 
C7HI002N2  [292°]. 

Oxim  of  the  di-ethyl  ether 
HO.N:C(CH2.CH2.C02Et)2.         [38°].         Slender 
needles,  si.  sol.  water. 


Pheny I  -hydra  side 

N2HPh.C(C2H4.C02H)2.  [114-5°].  Minute  pale 
yellow  crystals,  insol.  water,  benzene,  and  light 
petroleum,  sol.  alcohol  and  ether.  Heating  at 
210°  with  HIAq  (S.G.  1-7)  and  amorphous  phos- 
phorus reduces  it  to  w-pimelic  acid. 

Phenyl-hydrazide  of  the  mono-ethyl 
e^7ierN2HPh.C(C2H4.CO,H)(C,H4.C02Et).[112°]. 
Minute  pale  yellow  crystals, "insol.  water  and 
light  petroleum,  v.  sol.  hot  alcohol  and  ether. 

TETEA-ETHYL  LETJCANILINE    v.   TETEA- 

ETHYL-TRI-p-AMIDO-TEI-PHENYL-METHANE. 

ETHYL-LEUCAZONE  v.  AZAUROLIO  ACID. 

DI-ETHYL-MALEIC  ACID  C8Hr,04  i.e. 
C02H.CEt:CEt.C02H.  Xeronic  acid.  The  an- 
hydride occurs  among  the  products  of  the  dis- 
tillation of  citric  acid,  being  formed  by  boiling 
citraconic  anhydride  for  a  long  time.  This  an- 
hydride is  converted  into  the  Ca  salt  by  digestion 
with  water  and  CaC03  (Fittig,  A.  188,  59). 
Formed  also  by  treating  oa-di-bromo-butyric  acid 
with  reduced  silver  (Otto  a.  Beckurts,  A.  239, 
277).  The  free  acid,  liberated  by  adding  HC1  to 
its  salts,  changes  at  once  into  the  anhydride.  It 
does  not  combine  with  Br.  HI  reduces  it  to  di- 
ethyl-succinic  acid.  Chromic  acid  mixture  oxi- 
dises it  to  propionic  acid  (Eoser,  B.  15,  1321). 

Salts.  —  Ag^A.".  —  CuA"aq.  —  CaA"aq.  — 
BaA"|aq. 

Anhydride  C8H1003.  (242°  i.V.).  Liquid; 
volatile  with  steam.  SI.  sol.  cold  water. 

ETHYL-MALONIC  ACID  C5H804  i.e. 
CHEt(C02H)2.     Mol.  w.  132.     [112°]. 

Formation. — 1.  By  treating  o-bromo-w-buty- 
ric  acid  with  KCy  and  boiling  the  product  with 
potash  (Wislicenus,  A.  149,  220  ;  165,  93  ;  Tu- 
poleff,  A.  171,  243 ;  Markownikoff,  A.  182,  324). 
2.  By  heating  malonic  ether  (16  pts.),  and 
sodium  (2  pts.)  dissolved  in  alcohol  (25  pts.)  with 
gradual  addition  of  EtI  (20  pts.).  The  resulting 
ether  is  saponified  by  potash,  neutralised  by  HC1, 
and  converted  into  the  Ca  salt.  The  Ca  salt  is 
then  decomposed  by  HC1  and  the  acid  extracted 
with  ether  (Conrad,  A.  204,  134). 

Properties.  —  Short  four-sided  prisms  or 
feathery  groups.  V.  sol.  water,  alcohol,  and 
ether.  At  160°  it  splits -up  into  C02  and  butyric 
acid.  The  same  decomposition  occurs  when  its 
aqueous  solution  is  evaporated  at  too  high  a 
temperature,  especially  in  presence  of  mineral 
acids.  Fe2Cl6  gives  no  pp.  in  neutral  solutions. 

Salts. — KgA."  &aq:  small  crystals,  v.  sol. 
water,  insol.  alcohol. — Na2A"  zaq :  efflorescent 
granular  mass. — BaA" :  small  needles. — CaA"aq: 
prisms  ;  si.  sol.  hot,  v.  sol.  cold,  water. — 
ZnA"2|aq:  crystalline  powder  composed  of 
minute  six-sided  plates ;  S.  '22. — ZnA"  3aq. — 
CuA"  3aq  :  bluish-green  tablets.— PbA"  :  white 
pp.  becoming  granular  on  boiling. — Ag2A" :  spar- 
ingly soluble  needles. — The  aniline  salt  when 
treated  in  benzene  with  phosphorus  pentachloride 
gives  PhN:CH.O.CClEt.CONHPh  [104°],  (Py.l)- 
chloro- (Py.  3) -oxy- (Py.  2) -ethyl-quinoline  [248°] , 
and  the  anilide  of  di-chloro-butyric  acid  [200°] 
(Eugheimer  a.  Schramm,  B.  21,  304).— The  o- 
toluidinesalt  gives  with  PC13  (Py.  l)-chloro- 
(Py.  3)-oxy-(P#.  2) -ethyl- (B.  4)-methyl-quinoline 
(B.  a.  S.)  [225°]. 

Di-ethyl  ether  EtA".  (200°  uncor.); 
(210°  cor.).  S.G.  i|  1-0124  ;  |f  1-0044.  M.M. 
9-272  at  15-5°  (Perkin,  C.  J.  "45,  512).  From 
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the  silver  salt  and  EtI.  Prepared  also  by  the 
action  of  EtI  (1  mol.)  on  a  mixture  of  malonic 
ether  (1  mol.)  and  NaOEt  (1  mol.)  (Conrad,  B. 
12,  751  ;  A.  204,  134).  Formed  also  by  heating 
malonio  ether  with  EtI  and  zinc  (Schukoffsky, 
J.  R.  1887,  601).  Above  250°  it  is  partially 
decomposed  with  formation  of  butyric  ether. 
Iodine  appears  to  convert  sodium  ethyl-malonic 
ether  into  C..H5.CI(C02Et)2,  whence  alcoholic 
KOH  forms  Et.C(OEt)(C02K)2,  while  baryta- 
water  forms  barium  ethyl-tartronate  (Bischoff  a. 
Hausdorfer,  A.  239,  120). 

Amide  CHEt(CONH2)2.  [208°].  From  the 
ether  and  NH3  (Freund  a.  Goldsmith,  B.  21, 
1243). 


[182°].  Formed  by  heating  the  amide  (1  mol.) 
with  aniline  (1  mol.). 

Anilide  CHEt(CONHPh)2.  [215°]  (F.  a. 
G.)  ;  [223°]  (Eiigheimer,  B.  17,  235).  Needles 
(from  alcohol).  Formed  by  heating  the  amide 
(1  mol.),  the  acid,  or  the  ether,  with  aniline  (2 
mols.). 

Mono-anilide  CHEt(CONHPh)(C02H). 
[150°].  Formed  by  boiling  the  preceding  with 
excess  of  lime  (F.  a.  G.) 


-r 

[233°].  Obtained  by  heating  the  amide  with 
phenyl-hydrazine  (F.  a.  G.).  Needles  (from 
HOAc);  insol.  water,  si.  sol.  alcohol.  COC12 
converts  it  into  ClflH16N404  [above  300°]. 

Di-ethyl  -malonic  acid  C7H,204le. 
CEt2(C02H)2.  [121°].  S.  65  at  16°.  Formed 
by  treating  malonic  ether  with  NaOEt  (2  mols.) 
and  EtI  (2  mols.),  and  saponifying  the  product 
(Conrad,  A.  204,  138).  Prisms  ;  v.  sol.  alcohol 
and  ether.  At  170°  it  splits  up  into  C02  and 
CHEt2.CO,,H. 

Salts."—  CaA":  moderately  soluble  crystal- 
line pp.  —  AgoA''  :  crystalline  pp. 

Ethyl  ether  ELA.".  (230°  cor.).  S.G.  i| 
•9917;  |f  -9844.  M.M.  11-20  at  19°  (Perkin, 
C.  J.  45,  513).  Formed  as  above.  Formed  also 
by  treating  malonic  ether  with  ZnEt2  (Martinoff 
a.  Schukoffsky,  J.  B.  1887,  297). 

References.  —  CHLORO-  and  BEOMO-  ETHYL- 
MALONIC  ACID  and  ETHEK. 

'ETILYL-yLALO'NYL-'UREA.v.  Ethyl-derivative 
of  BARBITURIC  ACID. 

ETHYL-MELAMINE.  Described  as  Etliyl- 
cyanuramide  v.  CYANIC  ACID. 

ETHYL  MERCAPTAN  v.  MERCAPTAN. 

ETHYL-METHYL-  v.  METHYL-ETHYL-. 

ETHYL-METHYLENE-      v.       METHYLENE- 

ETHYL-. 

ETHYL  MUSTARD  OIL  v.  ETHYL  THIO-CARB- 

IMIDE. 

(a)  -  ETHYL  -  NAPHTHALENE  C12H12  i.e. 
C10H7.CoH5.  (259°  i.V.);  (100°  at  4  mm.).  V.D. 
5-35  (obs.).  S.G.g  1-0204;  25°  1-0123.  Prepared 
by  the  action  of  sodium  on  a  mixture  of  (a)- 
bromo-naphthalene  and  ethyl  bromide  (Fittig  a. 
llemsen,  2.  [2]  5,  37  ;  A.  155,  118).  Colourless 
liquid.  Partially  decomposed  on  distillation.  Br 
gives  a  tri-bromo-  derivative  [127°].  —  Picric 
acid  compound:  fine  yellow  needles  [98°] 
(Carnelutti,  B.  13,  1671  ;  G.  10,  388). 

(^-Ethyl-naphthalene  C,0H7Et.  (251°).  S.G. 
8  1-0078.  Colourless  liquid.  Solidifies  at  -  19°. 
Prepared  by  the  action  of  sodium  on  a  mixture 
of  (/3)  -  bromo  -  naphthalene  and  ethyl  bromide 


|  (Brunei,  B.  17, 1179).  It  is  also  formed  (probably 

j  together  with  the  (a) -ethyl-naphthalene)  by  the 

j  action  of  A12C1,;  on  a  mixture  of  naphthalene 

(100  pts.)  and  ethyl  bromide  or  chloride  (50  pts.) 

(Marchetti,  G.  11,  265,  439).  EtBr  gives  the  best 

yield  (Koux,  A.  Ch.  [2]  12,  289).— Picric  acid 

compound:    [69°]  (B.) ;    [71°]    (M.)  ;    yellow 

needles  or  long  plates. 

(a)  -  ETHYL  -  NAPHTHALENE  SULPHONIC 
ACID  C12HnSO3H.  Forms  an  amorphous  Ba 
salt  and  a  crystalline  copper  salt  CuA'22aq,  m. 
sol.  water. 

(0)  -Ethyl-naphthalene  sulphonic  acid 
C12HUS03H.    From  (0) -ethyl-naphthalene  and 
H2S04..    Forms  a  lead  salt  PbA'2,  crystallising 
in  scales  (Marchetti,  G.  11,  439). 

ETHYL-NAPHTHOIC  ACID.  Amide 
C10H6Et.CONH2  [1:4].  [166°].  Formed  by  act- 
ing on  (o) -ethyl  naphthaline  with  chloro-formic 
amide  in  presence  of  A12C16  (Gattermann,  A.  244, 
57).  Colourless  needles  (from  alcohol).  On 
hydrolysis  (1-4)  ethyl-naphthoic  acid  [132°]  is 
obtained. 

(0)-ETHYL-NAPHTHOL  C10HtiEt.OH.  [98°]. 
Obtained  by  fusing  ()8) -ethyl-naphthalene  sul- 
phonic acid  with  potash  (Marchetti,  G.  11,  442). 
Silvery  leaflets,  insol.  cold  water,  v.  sol.  alcohol 
and  ether. 

ETHYL-NAPHTHYL-AMINE  v.  NAPHTHYL- 

ETHYL-AMINE. 

ETHYL  -  NAPHTHYLENE  -  DIAMINE      v. 

NAPHTHYLENE-ETHYL-DIAMINE. 

ETHYL  NITRATE  C2H5N03.  Nitric  ether. 
Mol.  w.  91.  (86°)  at  728  mm.  S.G.  2  1-132  ; 
^l5  1-112  (Kopp,  A.  98, 367).  H.F.p.  40,780  (Th.) ; 
30700  (Berthelot).  H.F.v.  38,750  (Th.).  S.V. 
91*1  (Eamsay).  Formed  by  distilling  alcohol 
with  an  equal  weight  of  HN03  (S.G.  1-4)  con- 
taining 3  p.c.  of  urea ;  the  distillation  must  be 
|  stopped  when  two-thirds  of  the  liquid  has  dis- 
tilled over,  otherwise  an  explosive  reaction  will 
set  in  (Millon,  A.  Ch.  [3]  8,  239;  Carey  Lea, 
Am.  S.  [2]  32,  178).  It  may  also  be  obtained 
by  dropping  absolute  alcohol  (10  g.)  from  a  very 
fine  pipette  into  cone.  HN03  (20  g.)  cooled  with 
ice  and  salt  (Persoz,  R&p.  Chini.  pure,  5,  30). 
Alcoholic  AgN03  boiled  with  EtI  or  EtBr  does 
not  yield  ethyl  nitrate,  but  aldehyde  and  ethyl 
nitrite.  The  EtN03  may  be  supposed  to  be  re- 
duced by  the  alcohol  at  the  moment  of  formation 
thus  :  EtN03  +  C2H5.OH  =  EtN02  +  C2H40  +  H20 
(Bertrand,  Bl.  [2]  33,  566). 

Preparation. — A  mixture  of  alcohol  (300  g.), 
urea  nitrate  (100  g.),  and  HN03(400  g.  of  S.G.  1-4) 
is  distilled  to  half  its  volume,  after  which  a  mix- 
ture of  alcohol  (3  pts.)  and  nitric  acid  (4  pts.)  is 
run  in  slowly  so  as  to  keep  the  level  of  the  liquid 
constant.  The  nitric  acid  used  must  have  been 
previously  heated  to  boiling  with  1  p.c.  of  urea 
and  afterwards  cooled  (Lessen,  A.  Suppl.  6,  220  ; 
Bertoni,  G.  6,  406). 

Properties. —  Colourless  oil  with  pleasant 
odour  and  sweet  taste ;  miscible  with  alcohol 
and  ether.  It  burns  with  a  white  flame. 

Reactions. — 1.  Alcoholic  NH3  at  100°  givec 
ethylamine  nitrate  NEt.,HN03  (Juncadella,  C.  R. 
48,  342).  A  mixture  of  nitric  ether  (1  vol.),  al- 
cohol (1  vol.),  and  cone.  NH3Aq  (1  vol.)  at  100° 
forms  mono-,  di-,  and  tri-,  ethylamine  (Lea).— 
2.  Ammonium  sulphide  in  alcoholic  solution 
yields  mercaptan  (B.  Kopp,  J.  Ph.  [3J  11,  321). 
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3.  Tin  and  HC1  reduce  it  to  hydroxylamine  and 
di-ethyl-hydroxylamine  (Lessen).  — 4.  _  When 
heated  with  ferrous  acetate  nitrogen  is  given  off 
(Lea). 

ETHYL  NITEITE  C2H5N02  i.e.  Et.O.NO. 
Nitrous  ether.  Mol.  w.  75.  (18°).  S.2.  S.G.  g 
•919;  1^-900  (Brown,  Ph.  15, 400).-  H.F.p.  30,610. 
H.F.v.  28,870.  Produced  by  the  action  of  nitric 
acid  upon  alcohol.  The  reaction  is  very  violent, 
the  alcohol  being  oxidised  to  aldehyde,  &c., 
while  the  nitric  acid  is  reduced  to  nitrous  acid 
which  etherifies  the  remaining  alcohol  (Kunkel, 
A.D.  1681 ;  Dumas  a.  Boullay,  A.  Ch.  [2]  37, 15). 
'  Sweet  spirit  of  nitre  '  is  obtained  by  distilling 
an  excess  of  alcohol  with  HN03.  Alcohol  may 
be  saved  by  adding  copper,  starch,  or  sugar  to 
the  mixture ;  or  the  ether  may  be  obtained  by 
passing  nitrous  fumes  into  alcohol  (Liebig,  A. 
30, 142  ;  E.  Kopp,  J.  Ph.  [3]  9,  320 ;  Grant,  Ph. 
10,  244 ;  Feldhaus,  A.  126,  71). 

Preparation. — 34*5  g.  NaN02  dissolved  in 
120  c.c.  of  water  are  cooled  below  0°;  13-5  c.c. 
H2S04  are  added  to  32  c.c.  rectified  spirit  mixed 
with  an  equal  volume  of  water,  and  the  mixture 
diluted  to  120  c.c.  and  cooled.  The  acid  mixture 
is  added  gradually  to  the  nitrite  solution  and  the 
ether  separated  by  a  tap  funnel,  washed  with 
water,  and  dried  over  ignited  K2C03.  Glycerin 
(5  p.c.)  added  to  the  2  p.c.  alcoholic  solution 
prevents  its  decomposition  (Dunstan  a.  Dymond, 
Ph.  18,  861). 

Properties. — Liquid.with  characteristic  odour ; 
miscible  with  alcohol,  si.  sol.  water.  Decom- 
poses when  kept  in  a  wet  state,  giving  off  NO. 
Saponified  by  solid  KOH  giving  KN02  and  alco- 
hol (Liebig  a.  Strecker,  A.  77,  331).  Beduced 
by  H2S  or  ammonium  sulphide  to  alcohol  and 
NH3.  Diazotises  aromatic  amido-  compounds. 

ETHYL-NITRO-  v.  NITRO-ETHYL-. 

ETHYL-NITKOLIC  ACID  C2H4N203  i.e. 
CH3.C(N02):NOH  or  CH3.CH(N02).NO.  [82°]. 

Formation. — 1.  By  the  action  of  potassium 
nitrite  and  H2S04  on  an  alkaline  solution  of 
nitro-ethane  (V.  Meyer,  B.  6,  1494 ;  7,  425 ;  A. 
180,  170). — 2.  From  di-bromo-nitro-ethane  and 
hydroxylamine  in  the  cold. 

Preparation. — From  nitro-ethane  (6  c.c.), 
ice,  potash  (15  c.c.,  containing  6*7 g.  KOH),  and 
NaN02  (15  c.c.  containing  8  g.).  Dilute  H2S04  is 
added,  and  the  product  extracted  by  ether  (v. 
Meyer  a.  E.  J.  Constam,  A.  214,  329). 

Properties.— Light-yellow  transparent  tri- 
metric  prisms  resembling  KN03.  Tastes  sweet, 
and  has  an  acid  reaction.  V.  e.  sol.  warm,  si. 
sol.  cold,  water.  Dissolves  in  aqueous  alkalis 
and  in  baryta,  giving  a  deep  red  solution.  An 
ethereal  solution  is  not  coloured  by  dry  NH3 
until  water  is  added.  Lead  acetate  gives  a  bril- 
liant orange  pp.,  AgN03  gives  an  egg-yellow  pp. 

Reactions. — 1.  When  heated  to  82°  it  melts, 
and  is  completely  decomposed,  thus : 

2CH3.C(N02):NOH  =  2CH3.C02H  +  N3  +  N02. 
The  same  decomposition  occurs  slowly  in  the 
cold,  and  quickly  on  boiling  with  an  alkali. — 

2.  Sodium  amalgam  reduces  it  to  acetic  acid, 
nitrous  acid,  and  NH3.     Tin  and  HC1  act  in  the 
same  way.     In  the  case  of  sodium  amalgam, 
ethyl-azaurolic  acid  is  an  intermediate  product. — 

3.  Cone,  sulphuric  acid  splits  it  up  into  acetic 
acid  and  N2O. 


Isomeride  of  ethyl-nitrolic   acid  C2H4N208. 

[75°].  Formed  by  the  action  of  sodium  amalgam 
upon  nitro-ethane  (Kissel,  SI.  [2]  40,  72 ;  J.  E. 
15,  91).  Prisms  or  needles  (from  chloroform). 
Acid  in  reaction,  and  forms  salts  with  alkalis, 
but  their  solutions  are  not  red. 

ETHYL-NITEO-PHENYL-  v.  NITRO-PHENYL- 

ETHYL-. 

DI-ETHYL-NITEOSAMINE     v.     DI-ETHYL- 

AMINE. 

DI  -  ETHYL  -  ISO  -  NITROSO  -  AMYL  -  AMINE 
NEt2(C5H9NOH).  [72°].  Large  flat  crystals  ob- 
tained by  acting  on  Guthrie's  amylene  nitrite 
with  diethylamine  (Wallach,  A.  241,  304). 

ETHYL  w-OCTYL  OXIDE  Et.O.CsH)7. 
(189-2°).  S.G.  §  -8008.  S.V.  244-9.  C.E.  (0°-10°) 
•00101  (Dobriner,  A.  243,  6).  (183°).  S.G.  il 
•805  (Moslinger,  A.  185,  57). 

ETHYL-OXALIC  ACID  v.  OXALIC  ACID. 

Di-ethyl-oxalic  acid  v.  OXY-HEXOIC  ACID. 

ETHYL-OXALYL-ANTHKANILIC  ACID  v. 
CARBOXY-PHENYL-OXAMIC  ACID. 

ETHYL-OXAMIC  ACID  C4H7N03  i.e. 
NHEt.CO.C02H.  [120°].  Formed  by  heating 
the  acid  oxalate  of  ethylamine  (Wurtz",  A.  Ch. 
[3]  30,  443).  Its  ether  is  obtained  by  treating 
oxalic  ether  with  ethylamine,  and  may  be  sapo- 
nified by  boiling  water  or  by  milk  of  lime  (Wallach 
a.  West,  B.  8,  760 ;  A.  184,  58 ;  cf.  Heintz,  A. 
127,  43).  Six-sided  tables,  v.  sol.  water,  alcohol, 
and  ether.  May  be  extracted  from  its  aqueous 
solution  by  ether.  Sublimes  in  woolly  needles. 
Cold  cone.  KOHAq  decomposes  it,  giving  off 
ethylamine.  Boiling  NH3Aq  does  not  act  on  it. — 
CaA'2  2aq  :  prisms. — CaA'2  4aq  (Duvillier  a. 
Buisine,  A.  Ch.  [5]  23,  349).  S.  3-17  at  17'5°.— 
BaA'2  aq. 

Ethyl  ether  EtA'.  Ethyl-oxamethane. 
(245°).  Formed  as  above.  Liquid,  miscible  with 
water,  alcohol,  and  ether.  Saponified  by  hot 
water.  NH3  converts  it  into  ethyl-oxamide 
NHEt.CO.CO.NH2.  PC15  gives  crystalline 
C02Et.CCl2.NHEt  [above  50°],  which  is  slowly 
decomposed  at  100°,  giving  off  EtCl  and  C02. 

Di-ethyl-oxamic  acid  NEt2.CO.C02H. 
[101°].  Prepared  by  saponification  of  the  ether 
(Wallach,  B.  14,  743;  A.  214,  270).  Large 
monoclinic  prisms.  V.  sol.  water  and  alcohol. 
Split  up  by  heat  into  C02  and  di-ethyl-formamide. 
PC15  forms  NEt2.CO.COCl.— CaA'2  2aq :  v.  e.  sol. 
water  and  boiling  alcohol. 

Ethyl  ether  EtA'.  (252°).  Formed  by 
treating  oxalic  ether  with  diethylamine  (Hof- 
mann,  Pr.  11,  66 ;  B.  3,  779 ;  Heintz,  A.  127, 
52). 

Nitrile  NEt2.CO.CN.  (220°).  From  un- 
symmetrical  di-ethyl-oxamide,  NEt2CO.CONH.,, 
and  P205  (Wallach,  A.  214,  264).  Liquid.  SI. 
sol.  water.  Volatile  with  steam.  Lighter  than 
water.  Gives  with  PC15  a  little  chloro-oxal- 
ethyline. 

ETHYL-OXAMIDE  C,H8N202  i.e. 
NH2.CO.CO.NHEt.    [203°].    From  ethyloxamic 
ether  and  NH3,  or  from  oxamic  ether  and  ethyl- 
amine (Wallach,  A.  184,  65).     Flexible  needles  ; 
may  be  sublimed.     V.  sol.  hot  water. 

w-Di-ethyl-oxamide  CONH2.CONEt2.  [127°]. 
(267°  cor.).  From  diethyl-oxamic  ether  and 
cold  aqueous  NH3  (Wallach,  A.  214,  260).  Long 
prisms ;  sublimes  at  100°.  Sol.  hot  water  and 
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alcohol.  Converted  by  PC15  into  chloro-oxal- 
ethyline  C6H9C1N2.  (Yield,  bad.) 

s-Di-ethyl-oxamide  CO(NHEt).CO.NHEt. 
[175°]  (Wallach,  A.  214,  268) ;  [179°]  (Schiff,  B. 
17,  1034).  S.G.  *  1-169  (Schroder,  B.  12,  1611). 
From  oxalic  ether  and  aqueous  ethylamine 
(Wurtz,  A.  Ch.  [3]  30,  490).  Needles.  More 
soluble  in  water  and  alcohol  than  oxamide.  May 
be  sublimed  in  crystals.  Potash  converts  it  into 
ethylamine  and  oxalic  acid. 

Triethyl-oxamide  NHEt.CO.CO.NEt2.  (258°). 
Obtained  from  strong  aqueous  ethylamine  solu- 
tion and  diethyl-oxamic  ether  NEt2.CO.COOEt. 
Liquid;  miscible  with  water;  decomposed  by 
PC15  (Wallach,  A.  214,  267). 

ETHYL-OXANTHRANOL  v.  OXANTHRANOL. 

DI-ETHYL-OXETHYL-AMINE    v.    OXY-TRI- 

ETHYL-AMINE. 

DI-ETHYL  OXIDE  v.  ETHER. 

Ethyl  peroxide  (C2H5)403  (?)  Obtained  by 
passing  a  slow  current  of  dry  ozonised  oxygen 
over  dry  ether  (Berthelot,  C.  E.  92,  895 ;  A.  Ch. 
[5]  27,  229).  Syrupy  liquid ;  does  not  solidify 
at  —40°.  Explodes  when  distilled.  Decom- 
posed by  water  into  alcohol  and  H202. 

ETHYL-OXINDOLE  v.  OXINDOLE. 

ETHYL-OXY-  v.  Ethyl  derivatives  of  OXY-. 

DI-ETHYL-OXYALLYL-AMINE 
NEt2.C3H4OH.  (c.  160°).  The  most  volatile  of 
the  bases  obtained  by  the  action  of  epichlorhy- 
drin  on  di-ethyl-amine  (Keboul,  C.  R.  97,  1488, 
1556).  Thick  liquid  with  powerful  odour  resem- 
bling that  of  diethylamine.  V.  sol.  water.  HC1  fol- 
lowed by  PtCl4  gives  {NEt,C3H3Cl(OH)}2H2PtCl6 
crystallising  in  garnet-red  prisms  ;  the  corre- 
sponding base  NEt2.C3H5Cl(OH)  is  the  first  pro- 
duct of  the  action  of  NEt2H  on  epichlorhydrin. 

ETHYL-OXY-PROPYL-AMINE 
(C3H6.OH)(C2H5)NH.      (c.   160°).      Formed  by 
heating  ethyl-allyl-amine  with  H2S04  and  pour- 
ing the  product  into  water.— B'2H2Cl2PtCl4  2aq  : 
v.  sol.  water  (Liebermann,  B.  16,  531). 

Oxy-propyl-di-ethyl-amine  C-H7ON  i.e. 
CH0(OH).CH2.CH2.N(C2H5).,.  Trimethylene-di- 
ethylalkine.  (190°).  S.G.  |  = '9199.  Colourless 
liquid.  Miscible  with  water.  Formed  by  heating 
trimethylene-chlorhydrin  with  di-ethyl-amine. 
The  platino-chloride  forms  very  soluble 
orange-red  prisms;  the  aurochloride  forms 
thick  plates;  the  pier  ate  long  soluble  needles 
(Berend,  B.  17,  512). 

Di-ethyl-oxypropyl-amine  C7H,7NO.  (159°). 
Di-ethyl-propyl-alkine.  Prepared  by  the  ac- 
tion of  diethylamine  on  propylene-chlorhydrin. 
(B'HCl)2PtCl4.  V.  sol.  water  (Ladenburg,  B.  14, 
2407). 

Di-ethyl-di-oxypropyl-amine  C7H17N02  i.e. 
NEt2.CH2.CH(OH).CH,OH.  Di-ethyl-propyl- 
glycolline.  (234°).  Colourless  oil.  Soluble  in 
water,  alcohol,  and  ether.  Formed  by  heating 
di-ethyl-amine  with  glycerine-chlorhydrin. — 
B.,H,Cl2PtCl4 :  reddish-yellow  tables  (Eoth,  B. 
15,  1151). 

Benzoyl  derivative 

NEt2.CH2.CH(OH).CH2(OBz).  Thick  liquid.  Its 
pier  ate  014HMNO,CeH,(OH)(NOt)i  crystallises 
in  yellow  plates ;  v.  si.  sol.  water. 

ETHYL-OXYPROPYL-ANILINE 
C6H5.N(C,H5)  (C3H6.OH).      Ethyl-phenyl-propyl- 
alkine.   (262°).    Colourless  liquid.     Insoluble  in 
water.    Very  weak  base.    Formed  by  heating 


ethyl-aniline  with  propylene-chlorhydrin  (Laun, 

B.  17,  678). 

DI  -  ETHYL  -  OXY  -  PEOP  YLENE  -  DIAMINE 
CH2(OH).CH(NHEt).CH2(NHEt).  (c.  185°). 
From  epichlorhydrin  and  ethylamine  (Keboul, 

C.  E.  97,  1488).     Syrup,  miscible  with  water. 
Tetra-ethyl-oxy-propylene-di-amine 

N2HEt,.C3H.,OH  i.e. 
CH2(OH).CH(NEt2).CH2.NEt,. 

According  to  Behrend  (B~  17,  511)  this  base, 
obtained  from  diethylamine  and  the  dichloride 
of  allyl  alcohol,  is  a  liquid  which  cannot  be 
distilled,  but  which  forms  an  aurochloride 
B'(HAuCl4)2  that  crystallises  in  plates,  si.  sol. 
water,  and  also  a  benzoyl  derivative 
CH2(OBz).CH(NEt2).CH2NEt2,  of  which  the  pla- 
tino-chloride B"H2PtCl4  f  orms'orange-red  needles. 

Tetra-ethyl-oxy-propylene-diamine 
(C3H5.OH)(C2H5)4N2  i.e. 


alkine.  (235°).  S.G.  f  -9002.  Colourless  liquid, 
lighter  than,  and  slightly  soluble  in,  water. 
Formed  by  heating  s-dichlorhydrin  with  diethyl- 
amine, or  by  mixing  epichlorhydrin  with  diethyl- 
amine. The  platino-chloride  B"H2PtCla 
forms  long  thick  soluble  prisms;  the  auro- 
chloride forms  fine  needles  (Berend,  B.  17, 
510  ;  Keboul,  C.  R.  97,  1488). 

Benzoyl  derivative  CH(OBz)(CH2NEt2)2. 
Gives  an  orange  platino-chloride  B"H2PtCl6. 

ETHYL   OXYSULPHIDE   v.  ETHYL  SULPH- 

OXIDE. 

o-ETHYL-PHENOL[4:l]C6H4Et(OH).P/iZoroZ. 
Mol.  w.  122.  (211°)  (0.)  ;  (220°)  (C.). 

Fortnation.  —  1.  From  o-amido-phenyl-ethane 
by  the  diazo-  reaction  (Suida  a.  Plohn,  Sitz.  W. 
[2]  81,  245;  M.  1,  175).  When  the  amido- 
phenyl-ethane  used  is  obtained  by  reducing  the 
crude  product  of  the  nitration  of  ethyl-benzene 
the  o-ethyl-phenol  constitutes  three-fourths  of 
the  resulting  product.  —  2.  By  distilling  barium 
phloretate  with  lime  ;  phenol  being  also  formed 
(V.  Oliveri,  G.  13,  263).—  3.  By  fusing  ethyl- 
benzene  (j8)-sulphonic  acid  with  potash.  —  4. 
From  its  methyl  ether.  —  5.  By  distilling  gum 
ammoniac  (1  pt.)  with  zinc-dust  (10  pts.)  (Ciami- 
cian,  B.  12,  1658). 

Properties.  —  Colourless  liquid  smelling  like 
phenol.  Liquid  at  —  18°.  SI.  sol.  water,  v.  sol. 
alcohol  and  ether.  Gives  a  greenish  colouration 
with  ferric  salts.  Dissolves  in  alkalis.  Yields 
salicylic  acid  and  a  small  quantity  of  w-oxy- 
benzoic  acid  when  fused  with  potash.  Reacts 
with  cone.  HN03  with  explosive  violence. 

Salt.  —  Ba(O.C6H4Et)o  2aq  :  leaflets,  decom- 
posing at  100°. 

Methyl  ether  C6H4Et.OMe.  (185°)  (0.)  ; 
(191°)  (S.  a.  P.).  Heavy  oil  of  pleasant  ethereal 
odour.  Not  attacked  by  chromic  acid  mixture 
or  by  KMn04. 

(a)  -Ethyl-phenol  C6H4Et(OH).  [47°].  (215°). 
Formed  by  fusing  ethyl-benzene  (o)-sulphonic 
acid  with  potash  (Beilstein  a.  Kuhlberg,  A.  156, 
211  ;  Fittig  a.  Kiesoff,  A.  156,  251).  Needles. 
SI.  sol.  water,  v.  e.  sol.  alcohol  and  ether.  Its 
aqueous  solution  is  coloured  greenish-blue  by 
Fe2Cla.  When  heated  with  P205  it  gives  phenyl 
phosphate  and  ethylene  (Chrustschoff,  B.  7, 
1165).  Cone.  HN03  gives  C02  and  oxalic  acid. 

Ethyl-phenol  C6H4Et.OH.  (204°-215°)  (E.). 
S.G.  i±  1-049  (A.).  Prepared  by  heating  a  mix- 
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turc  of  phenol  and  ethyl  alcohol  with  zinc- 
chloride  (Auer,  B.  17,  669).  A  mixture  of  ethyl- 
phenols  is  formed  by  this  process  (Errera,  G.  14, 
484).  Its  aqueous  solution  is  coloured  greenish 
by  ferric  chloride. 

Ethyl  ether  C6H4Et(OEt).  (200°)  (E.). 
Oxidised  by  KMn04  to  ^-oxy-benzoic  ether. 

Acetyl  derivativeG6Hi4Ett(OA.G).  (c.225°). 

Di-ethyl-phenol  C6H3Et2(OH)  [1:3:4?].  (225°). 
From  w-di-ethyl-benzene.  Gives  a  bluish-violet 
colour  with  FeCl3. 

Reference.  —  DI-BBOMO-ETHYL-PHENOL. 

ETHYL-PHENOL  CARBOXYLIC  ACID  V.OXY- 

ETHYL-BENZOIC  ACID. 

ETHYL  -  PHENOL  -  PHTHALElN  C22H1S04. 
Formed  by  heating  ethyl-phenol  with  phthalic 
anhydride  and  Zn012  (Auer,  B.  17,  671).  Grey 
crystalline  powder  (containing  aq).  V.  sol. 
alcohol  and  ether,  insol.  water.  Dissolves  in 
alkalis  forming  a  violet  solution. 

o-  ETHYL  -PHENOL  SULPHONIC  ACID 
C6H3Et(OH)S03H.  From  o-ethyl-phenol  and 
cone.  H,S04  (Suida  a.  Plohn,  Sitz.  W.  [2]  81, 
245;  M.  1,  179).  Very  deliquescent  minute 
needles.  —  BaA'2  #aq  :  pearly  plates.  Its  solution 
gives  a  white  pp.  with  lead  salts  and  a  dirty- 
green  pp.  with  copper  salts. 

(a)  -Ethyl-phenol  sulphonic  acid 
C6H3Et(OH).S03H.    From  (o)-ethyl-phenol  and 
cone.  H.,S04  (Fittig  a.  Kiesoff,  A.  156,  254).— 
BaA'2  :  prisms.     S.  4-7  at  17°  (Baumann,  H.  4, 
313).—  BaC8Hs04  :  insol.  water. 

ETHYL-DIPHENYL  C6H5.C6H4(C2H5).  [1:3]. 
(284°).  S.G.^  1-043.  Formed  by  treating  melted 
diphenyl  and  A1C13  with  C2H5C1,  CJEE-Br,  or 
with  C2H4.  The  C2H5Br  gives  the  best  yield 
(Adam,  A.  Ch.  [6]  15,  251  ;  Bl  [2]  47,  689). 
Colourless,  mobile  liquid.  Oxidised  with  chro- 
mic acid  it  gives  C6H5.C6H4.C02H  [1:3]  [161°]. 
Traces  of  C?H5.C6H4.C6CH,  can  be  obtained  as 
an  intermediate  product.  Bromine  at  180°  easily 
produces  a  dibromide  CHH12Br2.  [103°].  Insol. 
alcohol  and  ether. 

Di-ethyl-diphenyl  CyH^H^CJI.),,.  S.G.  s 
•999.  (c.  307°).  Formed  by  treating  melted  di- 
phenyl and  A1C13  with  C2H4,  C2H5C1,  or  C2H5Br, 
the 
less 
(1,3,5)  diphenyl-di-carboxylic  acid  is  obtained. 

Reference.  —  DI-AMIDO-DI-ETHYL-DIPHENYL. 

ETHYL-PHENYL-  v.  PHENYL-ETHYL-. 

ETHYL-PHENYL-ACETIC  ALDEHYDE 
C6H4Et.CH2.CHO.  From  di-ethyl-benzene  by 
successive  treatment  with  Cr02012  and  water 
(Etard,  A.  Ch.  [5]  22,  255).  Liquid.  Volatile 
with  steam.  Decomposed  by  heating  to  220°. 
Combines  with  NaHSO3. 

ETHYL  -  PHEN  YL  -  AMIDO  -  NAPHTHOQUI- 
NONE  v.  NAPHTHOQUINONE-ETHYL-ANILIDE. 

ETHYL-PHENYL-AMINE  v.  AMIDO-PHENYL- 

ETHANE. 

TRI-  ETHYL  -PHENYL  -AMMONIUM  HY- 
DROXIDE v.  Ethylo-hijdroxide  of  DI-ETHYL- 

ANILINE. 

TRI  -  ETHYL  -  PHENYL  -  ARSONIUM  com- 
pounds v.  ARSKNIC,  Organic  compounds  of. 

ETHYL-PHENYL  BENZYL  KETONE  v. 
BENZYL  ETHYL-PHENYL  KETONE. 

p-ETHYL-PHENYL-jp-ISOBUTYL-PHENYL- 
THIO-UREA  C4Hy.CaH4.NH.SCNH.C6H4(C2H5). 


latter  giving  the  best  yield  (Adam).  A  colour- 
liquid.    When  oxidised  with  chromic  acid 


from  jp-ethyl-phenyl  thiocarbimide  and  #-butyl- 
phenyl-amine  (Mainzer,  B.  16,  2025).  Small 
white  prisms.  Sol.  hot  alcohol.  By  phosphoric 
acid  it  is  split  up  into  p-isobutyl-phenyl  thio- 
carbimide £>-ethyl-phenyl  thiocarbimide,  p-iso- 
butyl-phenyl-amine,  and  p-ethyl-phenyl-amine. 
ETHYL-PHENYLENE-DIAMINE  v.  PHENYL- 

ENE  -ETHYL-DIAMINE . 

ETHYL-DI-PHENYL-ETHANE   v.   PHENYL- 

ETHYLPHENYL-ETHANE. 

ETHYL-DI-PHENYL-ETHYLENE 

CliH.vCH:CH.CsH4Et.  [90°].  Formed  from 
Ph.CH,.CH(OH).C6H4Et  and  boiling  dilute 
H,S04  (Sollscher,  B.  15,  1681).  Plates,  v.  e.  sol. 
ether. 

Di-ethyl-di-phenyl-ethylene 
C(;H4Et.CH:CH.C6H4Et.  Di-cihyl-stilbene.  [135°]. 
Obtained  by  distilling  the  product  of  the  action 
of  H.,S04  on  a  mixture  of  ethyl-benzene  and 
Et.O.CHCLCH2Cl  (Hepp,  B.  7,  1414).  Pearly 
plates  (from  alcohol) ;  si.  sol.  cold  alcohol,  v. 
sol.  ether.  Boiling  dilute  HN03  oxidises  it  to 
terephthalic  acid.  It  combines  with  Br. 

DI-p-ETHYL-PHENYL-GUANIDINE 
HN:C(NH.CtiH4Et)2.  Di-p-phenethyl-guanidine. 
[138°].  Formed  by  the  action  of  alcoholic  NH3 
and  lead  oxide  upon  di-p-ethyl-phenyl-thio-urea 
(Paucksch,  B.  17,  2804).  Large  transparent 
tables.  V.  sol.  alcohol,  ether,  and  CS2. 
— B"H.>Cl.,PtCl4 :  glistening  plates. 

ETHYL-DI-PHENYL-KETONE    v.   PHENYL- 

ETHYL-PHENYL-KETONE. 

DI-ETHYL-PHENYL-METHANE    v.   AMYL- 

BENZENE. 

p-  ETHYL  -PHENYL-(a)-NAPHTHYL-THIO- 
UREA  C10H7NH.CS.NH.C6H4Et.  Phenethyl-(a)- 
naphthyl-thiourea.  [148°].  Prepared  by  mixing 
(a)-naphthyl  thiocarbimide  and  ethyl -phenyl- 
amine  in  alcoholic  solution  (Mainzer,  B.  16, 
2022).  Small  white  needles.  Sol.  hot  alcohol 
and  ether.  By  phosphoric  acid  it  is  split  up 
into  p-ethyl-phenyl-thiocarbimide,  (a)-naphthyl- 
thiocarbimide,  p-ethyl-phenyl-amine,  and  (o). 
naphthylamine. 

p-Ethyl-phenyl-(/3)-naphthyl-thio-urea 
C10H7NH.CS.NHC(iH4Et.  [159°].  Prepared  as 
above,  using  (^)-naphthyl-thiocarbimide  ( (8)- 
naphthyl  mustard-oil)  (M.).  Small  plates  (from 
alcohol).  M.  sol.  hot  alcohol  and  ether.  Split 
up  like  the  (a)-isomeride  by  phosphoric  acid. 

D  I-a-ETH  YL-DI-PHENYL-PROPIONIC  ACID 
C10H2A,  i.e.  (C6H4.C2H5).2:C(CH3).C02H.  [116°]. 
Prepared  by  dissolving  ethyl-benzene  and  pyr- 
uvic  acid  in  H2S04  (Bottinger,  B.  14,  1597). 
Transparent  tables.  Sol.  ether,  chloroform,  and 
ligroin. 

ETHYL  -  PHENYL  -  PROPYL  -  ALKINE  v. 
ETHYL-OXYPROPYL-ANILINE. 

ETHYL  PHENYL  ST7LPHONE    v.    PHENYL 

ETHYL  SULPHONE. 

ETHYL-PHENYL  DI-SULPHOXIDE  v.  BEN- 
ZENE THIOSULPHONIC  ACID. 

ETHYL-PHENYL-THIOBIURET  v.  Ethyl- 
derivative  of  PHENYL-THIOBIURET. 

o-ETHYL-PHENYL  THIOCARBIMIDE 

C,jH4(C2H5).NCS.  (240°-245°).  o-Phencthyl-mus- 
tard  oil.  Colourless  mobile  liquid.  Formed  by 
heating  the  thio-urea  with  phosphoric  acid 
(Paucksch,  B.  17,  2802). 

^-Ethyl-phenyl  thiocarbimide 
SCN.C;E4(C2H5)rP/&e^/i?/Z  mustard  oil.  (256°). 
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Liquid.  Formed  by  distilling  di-p-ethyl-phenyl- 
thiourea  with  phosphoric  acid  (Mainzer,  B.  16, 
2020). 

DI-o-ETHYLPHENYL-THIO-TJREA 
C17H20N2S   i.e.  SC(NH.C(iH4Et)2.   [142°].   White 
needles.      Obtained   by  heating   o-amido-ethyl- 
benzene  with  CS2  and  a  little  NaOH  (Paucksch, 
£.17,767). 

Di-p-ethylphenyl-thio-urea 
C17HMN2Si.e.SC/NH.CBH4Et)2.  [145°].  Obtained 
by  heating  ^-amido-ethyl-benzene  with  CS.,  and 
a  little  NaOH  (Paucksch,  _B.  17,  768 ;  cf.  Main- 
zer, B.  16,  2019).  Pearly  plates.  Soluble  in 
hot,  sparingly  in  cold,  alcohol. 

ETHYL-  PHENYL-TOLUENE      v.     BENZYL- 

ETHYL-BENZENE. 

DI-^-ETHYL-PHENYL-UREA 

OC(NH.C6H4Et)2.  Di-p-phen-ethyl-urea.  [217°]. 
Long  transparent  needles.  Formed  by  the  action 
of  carbonyl  chloride  (COC12)  upon^-ethyl-phenyl- 
amine  (Paucksch,  B.  17,  2804). 

PENTA-ETHYL-PHLOEO  aLUCIN 
CuEt503H  i.e.  C6EtO,(Et2yOH).     [92°]  ? 

Preparation. — Phloroglucin  (1  mol.)  is 
warmed  with  KHO  (3  mols.)  and  EtI  (3  mols.) 
in  alcoholic  solution.  The  alcohol  is  finally 
distilled  off  and  the  residue  dissolved  with  water 
and  extracted  with  ether. 

Properties. — Yellow  indifferent  body;  when 
repeatedly  crystallised  from  weak  alcohol,  it 
forms  white  plates.  It  is  not  acted  on  by  boil- 
ing HIAq.  It  reacts  with  more  EtI  and  KHO, 
showing  that  it  still  contains  a  HO  group,  form- 
ing an  oil  Ci8H3003  or  hexa-ethyl-phloroglucin 
C0OsEta  (Herzig  a.  Zeisel,  M.  9,  217). 

ETHYL  PHOSPHATES 

Mono-ethylortho-pliosphateC2H5O.PO(OH)2. 
Ethyl-phosphoric  acid.  Formed  by  the  action 
of  phosphoric  acid  on  alcohol  or  ether  (Lassaigne, 
A.  Ch.  [2]  13,  294 ;  Pelouze,  A.  Ch.  [2]  52,  37 ; 
Liebig,  A.  6,  149;  13,  32;  Church,  Pr.  13,  520; 
Vogeli,  P.  74,  282).  A  mixture  of  alcohol  (1 
pt.  of  95  p.c.)  with  syrupy  ortho-  or  pyro-phos- 
phoric  acid  (1  pt.)  is  heated  for  some  minutes  to 
70°,  left  to  stand  for  24  hours,  and  then  diluted 
with  water  and  neutralised  with  BaC03.  The 
Ba  salt  is  crystallised  and  decomposed  by 
H2S04. 

Properties. — Colourless  viscid  liquid  miscible 
with  water,  alcohol,  and  ether.  It  reddens  litmus 
and  tastes  sour.  It  gives  off  ether,  alcohol,  and 
ethylene  when  heated.  Distilled  with  KOAc  it 
yields  acetic  ether. 

Salts. — Soluble  in  water  and  crystalline. 
Most  of  them  have  a  maximum  degree  of  solu- 
bility at  40°  to  60°.  The  lead  salt  is  the  least 
soluble:  As2A"3:  feathery  crystals  (Church). — 
BaA"  6aq :  prisms  or  tables.  S.  3-4  at  0° ;  6-72 
at  20°  ;  9-36  at  40°  ;  2-80  at  100°.— BaA'aq  (C.). 
— BaA"7aq  (C.).— Ca A"  2aq  :  micaceous  scales. 
— Fe0A"33aq:  straw-yellow  films  (C.). — 
Fe3Al~A"6  6aq  (Church).— FeAlA",  3aq  (C.).— 
FeAlsA"8  6aq  (Church).— Fe5A"66aq  (Church). 
— PbA"aq.— Hg2A"2aq  (?)  (Church).— Ur02A': 
lemon  -  yellow  mass. — AgA'aq  :  crystalline. — 
Tetra-ethyl-ammonium  salt  (NEtJ.A" : 
deliquescent  mass  of  crystals  ;  split  up  by  heat 
into  triethylamine  and  tri-ethyl  phosphate. 

ChlorideftiO.OPCL.  (167°).  Formed  by 
the  action  of  alcohol  (1  mol.)  on  POC13  (1  mol.) 
or  bypassing  chlorine  into  a  mixture  of  alcohol 


(2  mols.)  and  PC13  (1  mol.)  (Wichelhaus,  A. 
Suppl.  6,  265).  Formed  also  by  heating  Et,P04 
with  POC13  at  110°  (Chambon,  J.  1876,  205). 
Oil ;  split  up  at  160°  into  EtCl,  POC13  and  P2O5, 
but  may  be  distilled  in  a  current  of  hydrogen. 
Decomposed  by  water  intoHCl  and  EtO.OP(OH)2. 
PBr,  gives  EtBr,  POBr3,  and  POBrCl2. 

Di-ethyl  phosphate  (EtO)2PO.OH.  Di-ethyl- 
phosphoric  acid.  Prepared  by  placing  P205  in  a 
dish  over  dry  ether,  or,  better,  alcohol  under  a  bell- 
jar.  In  a  fortnight  the  acid  will  have  deliquesced, 
and  the  syrup  may  then  be  treated  with  PbCO3. 
The  resulting  lead  salt  is  decomposed  by  H2S 
(Vogeli,  A.  69,  180).  Syrup;  decomposed  by 
heat. — CaA'2 :  silky  groups  of  crystals  (from 
water)  ;  v.  sol.  water,  si.  sol.  alcohol ;'  gives  off 
Et3PO4  when  heated.— PbA'2 :  [180°] ;  groups  of 
crystals  resembling  caffeine  (from  water) ;  v.  sol. 
cold  water  and  hot  alcohol.  At  190°  it  gives  off 
Et,P04  leaving  PbEtP04.~The  barium  salt 
forms  needles  or  laminae,  v.  sol.  water. 

Chloride  (EtO).OPCl.  From  POOL,  (1  mol.) 
and  alcohol  (2  mols.)  also  from  Et,PO<  and  Cl 
(W.). 

Bromide  (EtO)2OPBr.  From  Et3P04  and 
Br  (W.).  Cannot  be  distilled. 

Tri-ethyl  phosphate  Et3P04  i.e.  OP(OEt)3. 
Phosphoric  ether.  (215°).  S.G.  ^  1-072. 

Formation.— 1.  By  heating  Pb(Et,P04)2  to 
190°  (v.  supra). — 2.  In  small  quantity  in  the 
preparation  of  di-ethyl  phosphate  (V.). — 3.  By 
heating  Ag3P04  with  Aglat  100°,  exhausting  the 
mass  with  ether,  and  distilling  in  vacuo  (De 
Clermont,  A.  91,  376).  — 4.  From  POC1,  and 
NaOEt  (Limpricht,A134,347).— 5.  By  treating 
dry  alcohol  with  POC13  or  P205  (Schiff ;  Carius, 
A.  137, 121). 

Properties. — Limpid  liquid  with  peculiar 
odour.  In  a  current  of  hydrogen  it  boils  at 
203°.  Sol.  water,  alcohol  and  ether.  Slowly 
decomposed  by  contact  with  water  forming 
HEt2P04.  POC13  at  110°  forms  EtO.POCl2. 
When  PC13  (1  pt.)  mixed  with  pure  ether  is 
dropped  upon  dry  NaOEt  (6  pts.)  suspended  in 
ether  and  the  product  distilled  in  a  current  of 
hydrogen  there  is  obtained  a  compound  (158° 
cor.).  S.G.  i*  -960  which  may  be  C14H3P208  or 
(Et3P0.1)(Et3P03)(EtOH) ;  it  is  slowly  split  up  by 
distillation  into  its  components  (Geuther,  A. 
224,  275). 

Ethyl  metaphosphate  EtP03  ?  (below  100°). 
From  lead  metaphosphate  and  EtI  (Carius,  J. 
1861,  586).  Water  converts  it  into  EtH2PO4. 

Tetra-ethyl  pyrophosphate  Et,P207.  S.G. 
-1 1-172.  From  silver  pyrophosphate  by  heating 
at  100°  with  EtI  (De  Clermont,  A.  91,  375). 
Viscid  liquid  with  peculiar  odour  and  burn- 
ing taste.  Decomposed  by  heat.  Burns  with 
whitish  flame.  Sol.  water,  alcohol,  and  ether. 
It  turns  acid  when  exposed  to  the  air.  Potash 
forms  KEtJPO,. 

ETHYL-PHOSPHINE  C2H7P  i.e.  PH,Et. 
Mol.  w.  62.  (25°).  When  EtI  and  PH4I  are  heated 
together  with  ZnO  at  150°  there  is  formed 
PEtH3I  and  PEt,H.,I.  On  treating  the  product 
with  water  PEtH.J  is  decomposed  into  HI  and 
gaseous  PEtH2  while  PEt2H2I  is  not  affected.  If 
after  expelling  PEtH,  aqueous  NaOH  be  now 
added  it  will  liberate  PEt2H  (Hofmaun,  B.  4, 432). 
PH2Et  is  also  formed  when  ethylene  bromide, 
PH4I,  and  ZnO  are  heated  together  (Hofmann, 
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B.  6,  302).  Very  volatile  liquid.  It  has  no 
action  on  litmus.  Has  an  overpowering  odour  ; 
its  vapour  produces  an  intensely  bitter  taste  in 
the  throat.  It  bleaches  cork.  Takes  fire  with 
Cl,  Br,  or  fuming  HN03.  Combines  with  S  and 
CS2  forming  liquid  bodies. 

Salt.— PEtH3I:  four-sided  tables,  decom- 
posed by  water,  partially  decomposed  by  alcohol ; 
insol.  ether.  It  is  ppd.  in  crystalline  form  by 
adding  ether  to  its  solution  in  cone.  HIAq. 

Ethyl-di-chloro-phosphine  EtPCl2.  Ethyl- 
phosphorous  chloride.  (110°).  Formed  by  heat- 
ing PC13  (4  pts.)  with  mercuric  ethide  HgEt2 
(1  pt.)  (Michaelis,  B.  13,  2174).  Liquid  smelling 
like  apples.  Fumes  in  the  air.  Is  readily  de- 
composed by  water.  With  Cl  it  gives  EtPCl4  a 
solid  which  decomposes  at  100°-150°  and  is  con- 
verted by  water  into  EtPOCl2,  a  liquid  boiling 
about  175°,  which  is  decomposed  by  further 
treatment  with  water. 

Di-ethyl-phosphine  Et,PH.  Mol.  w.  90. 
(85°).  Is  prepared  as  above  (Hofmann,  B.  4, 
433).  Oil  with  powerful  odour ;  lighter  than 
water.  Absorbs  oxygen  from  the  air,  sometimes 
taking  fire.  Combines  directly  with  sulphur  and 
with  CS2  forming  liquid  compounds.  Its  salts 
crystallise  with  difficulty. 

Tri-ethyl-phosphine  PEt3.  Mol.  w.  118. 
(128°).  S.G.  ^  -812. 

Formation.— 1.  By  the  action  of  PC13  on 
ZnEt2  (Hofmann  a.  Cahours,  C.  J.  11,  56 ;  A. 
104,  1 ;  Suppl.  1,  2).  The  tri-ethyl-phosphine 
remains  combined  with  ZnCl2  but  may  be 
liberated  by  distillation  with  aqueous  potash. — 
2.  By  the  action  of  phosphide  of  sodium  on  EtI 
(Eerie",  J.  pr.  66,  78).— 3.  When  a  mixture  of 
zinc,  phosphorus,  and  dry  EtI  is  heated  at  155° 
there  is  produced,  together  with  ZnEt2,  a  mix- 
ture of  (PEt3HI),ZnI2  with  (PEt4I)2ZnI2  and 
(PEt30)2ZnI2.  These  compounds  may  be 
separated  by  water,  the  first  being  the  least  and 
the  second  the  most  soluble.  The  first  yields  PEt3 
when  treated  with  cold  potash,  the  third  yields 
it  when  heated  with  solid  KOH  (Hofmann,  C.  J. 
13,  291). — 4.  When  zinc  phosphide  obtained  by 
passing  dry  PH3  into  a  well-cooled  ethereal  solu- 


tion of  ZnEt2  is  heated  with  (5  pts.  of)  EtI  at 
150°  it  forms  (Et 
stein,  B.  4,  352). 


i  witn  (b  pts. 
,ZnI2  (Drechsel 


a.  Finkel- 


Preparation. — 1.  PC13  is  allowed  to  drop 
slowly  into  an  ethereal  solution  of  ZnEt,  placed 
in  a  retort  filled  with  C02  connected  with  a 
tubulated  receiver.  The  reaction  is  violent,  and, 
to  avoid  loss,  the  other  tubulure  of  the  receiver 
is  connected  with  a  V  tube  containing  PC13  com- 
municating with  a  vessel  full  of  C02.  The  liquid 
separates  into  two  layers,  the  lower  being  the 
zinc  double  salt  of  PEt3 ;  this  salt  is  distilled 
with  aqueous  KOH  in  a  current  of  hydrogen.  It 
is  dried  with  solid  KOH  and  rectified  in  hydro- 
gen (Hofmann,  C.  J.  13,  290).— 2.  PH4I  (1  mol.) 
is  heated  with  alcohol  (3  mols.)  for  8  hours  at 
180°.  The  product  containing  PEt3HI  and 
PEt4I  is  distilled  with  potash  (Hofmann,  B.  4, 
207). 

Properties.— Colourless,  mobile,  liquid.  Its 
odour  is  very  penetrating  but  not  disagreeable  ; 
when  diluted  it  smells  like  hyacinths.  When 
freshly  prepared  it  has  no  action  on  litmus,  but 
if  exposed  for  a  few  seconds  to  the  air  it  becomes 
acid.  It  is  insol.  water,  miscible  with  alcohol 


and  ether.     It  unites  with  acids  forming  very 
deliquescent  salts. 

Reactions. — 1.  Eapidly  absorbs  oxygen  from 
the  air,  becoming  PEt30.  It  often  takes  fire  in 
pure  oxygen,  forming  P205.  Its  vapour  mixed 
with  oxygen  explodes  when  heated. — 2.  Sulphur 
combines  with  it  forming  PEt3S.— 3.  Selenium 
gives  PEt3Se. — 4.  Sulphide  of  carbon  unites 
with  it  forming  red  monoclinic  crystals  of 
PEt3CS3  [95°].  Hence  CS2  and  PEt3  may  be 
used  to  detect  one  another ;  thus,  when  the 
vapour  of  CS2  is  poured  over  a  watch  glass  in 
which  there  is  a  liquid  containing  free  PEt3,  a 
beautiful  net-work  of  the  red  crystals  will  appear. 
The  crystals  are  insol.  water,  si.  sol.  ether,  m.  sol. 
warm  alcohol  and  CS2.  They  dissolve  in  cone. 
HClAq,  forming  a  colourless  solution  from  which 
they  are  re-ppd.  by  KOH  unaltered.  Water  at 
100°  gives  PEt3S,  PEt30,  and  PMeEt3OH.  Boil- 
ing with  alcohol  and  Ag20  forms  PEt3S  and  C02. 
H2S  also  gives  PEt3S  and  yellow  crystals  of 
C8H17PS3,  which  are  converted  by  hot  water 
into  CS2  and  C7H,9PSO,  whence  C7H18PSI  may  be 
prepared.  Platinic  chloride  forms  the  compound 
(PEt3CS2)2H.,PtCl6  an  amorphous  light  yellow 
salt.— 5.  When  PEt3  is  poured  into  a  flask  con- 
taining chlorine  every  drop  takes  fire,  PC15,  HC1, 
and  carbon  being  formed.  If  the  reaction  be 
moderated  a  crystalline  compound  PEt3Cl2  is 
formed.  This  melts  near  100°,  but  has  a  very 
high  boiling-point.  Bromine  and  iodine  act  in 
the  same  way.— 6.  Ethylene  bromide  forms 
CH2Br.CH2.PEt3Br  and  C2H4(PEt3Br)2.  Ethyl- 
idene  bromide,  ethylidene  chloride,  and  EtCl  act 
in  like  manner.  Ethylene  iodide,  however,  acts 
with  explosive  violence,  forming  PEt3I2  and 
ethylene.  —  7.  Chloro  -  acetic  ether  forms 
PEt3Cl.CH2.C02Et  (Hofmann,  Pr.  11,  525).— 8. 
Ally  I  thiocarbimide  (oil  of  mustard)  forms 
C3H5NCSPEt3  possibly  C3H5NEt.CS.PEt2.  It 
forms  large  crystals  (from  ether)  [68 °J  and  gives 
with  H2PtCl6  the  salt  B'2H2PtCl6  (Hofmann,  2V. 
1860,  440). — 9.  Phenyl-thio-carbimide  forms  in 
like  manner  '  phenyl-tri-  ethyl  -phospho-thio- 
urea'  CS(NPhEt)(PEt2)  [58°]  (Hofmann,  Tr. 
1860,  432).  It  forms  monoclinic  crystals  (from 
ether), isomorphous with CS(NC3H.Et)(PEt2)  and 
with  allyl  thio-urea.  It  decomposes  at  100°.  It 
is  insol.  water,  sol.  alcohol  and  boiling  ether.  It 
is  very  soluble  in  dilute  acids,  forms  easily  crys- 
tallisable  salts.  HN03  forms  phenyl  thiocarb- 
imide and  PEt30.  Boiling  aqueous  NH3  forms 
phenyl-thio-urea  and  PEt3.  KOH  gives  PEt3, 
di-phenyl-thio-urea7  K.,S,  and  K2C03.  CS2 forms 
the  redPEt3CS2.  Phenyl-tri-ethyl-phospho-thio- 
urea  forms  the  following  combinations  :  B'HCl : 
cadmium  yellow  crystals,  decomposed  by  boiling 
water.  —  B'2H2PtCl6.  —  B'Mel :  golden  needles 
(from  boiling  water).  —  (B'MeCl)2PtCl4.  - 
B'MeOH :  decomposed  on  boiling  into  PhNCS 
and  PEt3MeOH.— 10.  Ethyl  sulphocyanide  forms 
PEt3S  and  PEt4Cy.  — 11.  Tri-ethyl-phosphine 
merely  polymerises  cyanic  acid  and  its  ethers. — 
12.  Mercaptan  even  at  100°  has  no  action  unless 
air  be  present.— 13.  lodoform  reacts  with  rise  of 
temperature,  producing  CH(PEt3)3I3  which  crys- 
tallises from  alcohol.  It  is  v.  sol.  water,  si.  sol. 
alcohol,  insol.  ether.  Aqueous  ZnI2  gives  in  its 
solution  a  pp.  of  {CH(PEt3)3I3}23ZnI,.  Platinic 
chloride  gives  {CH(PEt3)3Cl3}2PtCl4,  which  crys- 
tallises from  alcohol  in  rectangular  lamina*. 
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Moist  Ag.20  forms  PEt3Me(OH)  and  PEt30  (Hof- 
mann,  Pr.  10,  189;  11,  290).— 14.  Chloroform 
or  GC14  give  CH(PEt3)aCl3.— 15.  By  dropping 
PEt3  upon  cooled  chloro- acetic  acid  in  a  vessel 
full  of  hydrogen  there  is  formed  Et3PCl.CH2.C02H 
'  the  hydrochloride  of  phosphorus  betame '  (Letts, 
Tr,  E.  30,  285  ;  Pr.  E.  11,  40).  This  compound 
crystallises  from  ether  in  colourless  needles,  it 
has  an  acid  reaction,  and  its  platinochloride 
forms  thick  light  orange  needles.  The  com- 
pound EtsPCl.CH2.C02H  splits  up  at  145°  into 
CO2  and  PEt3MeCl.  Solid  KOH  gives  PEt.O 
and  potassium  acetate.  Moist  Ag20  forms 
Et3P(OH).CH2.C02H  which,  when  dried  over 

P205  in  vacua,  becomes  Et3P<^CI^>CO,  a  very 

deliquescent  neutral  substance.  HBr  converts 
it  into  Et3PBr.CH2.C02H,  which  forms  dimetric 
plates  (from  alcohol  and  ether).  It  is  split  up 
by  heat  into  C02  and  PEt3MeBr.  HI  converts 
Et3P(OH).CH2.C02H  into  very  deliquescent 
granular  crystals  of  the  acid  Et3PI.CH2.C02H. 
PEt3Cl.CH2.CO2H  is  converted  by  Ag2S04  into  a 
very  deliquescent  sulphate  which  is  split  up  by 
heat  into  C02  and  (PEt3Me)2S04.— 16.  PEt3 
mixed  with  an  equimolecular  quantity  of  cooled 
chloro  -  acetic  ether  forms  very  deliquescent 
PEt3Cl.CH2.C02Et  which  melts  below  100°,  and 
at  a  higher  temperature  is  split  up  into  PEt3MeCl, 
C02,  and  ethylene.  It  forms  a  crystalline  platino- 
chloride, and  is  converted  by  moist  Ag20  into 

Et3P<^2j^>0,  alcohol,  PEt30,  and  acetic  ether. 

Solid  KOH  forms  PEt30,  acetic  ether,  and  KC1 
(Letts,  Tr.  E.  30,  285). — 17.  Bromo -acetic  ether 
forms  in  like  manner  an  extremely  deliquescent 
compound  which  melts  below  100°,  and  is  split 
up  by  heat  into  PEt3MeBr,  C02,  and  ethylene 
(Letts). — 18.  Bromo-acetic  acid  forms  a  colour- 
less liquid  which  if  heated  to  100°  and  allowed 
to  cool  solidifies.  The  product  consists  of  at 
least  two  substances :  one  of  these  substances, 
(PEt3Br.O.CO.CH3?),  when  treated  with  potash 
yields  PEt30  and  KOAc ;  the  other,  which  is  per- 
haps PEtgH.O.CO.CHjjBr,  yields  PEt3  with  KOH. 
The  first  compound  is  also  formed  when  PEt30  is 
treated  with  acetyl  bromide  (Letts,  Tr.  E.  30, 
285). 

Salts.  —  The  hydrochloride,  hydro- 
bromide,  hydroiodide,  sulphate,  and  ni- 
trate are  crystalline  but  extremely  deliquescent. 
— (PEt3HI)2ZnI2:  tablets.— (PEt3)2H2PtCl6 :  crys- 
talline, si.  sol.  cold  water,  insol.  alcohol  and  ether. 
By  boiling  PEt3  with  aqueous  platinic  chloride 
there  are  formed  two  isomeric  compounds  of  the 
formula  (PEt3)2PtCl2,  a  white  substance  insol. 
ether,  and  a  yellow  substance  crystallising  from 
ether  in  prisms  [150°].  The  yellow  substance  is 
insol.  water,  and  is  converted  into  its  isomeride 
by  heating  with  alcohol  at  100°.  When  boiled 
with  water  and  PEt3  it  forms  (PEt3)4PtCl2  (Ca- 
hours  a.  Gal,  Z.  1870,  350,  437).— (PEt3)2PdCl2. 
— (PEt3)4Pt,Cl6.— (PEts^PtCljjAiLjCL,.— 
(PEt3)2AuCl". 

Tri-ethyl-phosphine  oxide  PEt30.  Mol.  w. 
134.  [44°]  (H.);  [53°]  (P.).  ,(243°  uncor.). 
V.D.  4-60  (calc.  4-66). 

Formation. — 1.  From  PEt3  by  atmospheric 
oxidation  or  by  gently  heating  it  with  HgO  or 
Ag2O  (Cahours  a.  Hofmann,  A.  104,  18).- 2.  By 
distilling  PEt4OH,  the  other  product  being 


ethane.— 3.  By  decomposing  (PEt4Cl)2ZnCl2  with 
solid  KOH  and  a  little  water  (Pebal,  A.  120, 
194).— 4.  From  EtOPCl2  and  ZnEt2  (Wichelhaus, 
B.  1,  80). — 5.  By  heating  clear  phosphorus  (Ipt.) 
with  EtI  (13  pts.)  for  24  hours  at  180°,  and  boil- 
ing the  product  with  alcohol.  The  residue  is 
evaporated  and  distilled  with  KOH  (4  pts.)  (Crafts 
a.  Silva,  Z.  1871,  359  ;  cf.  Carius,  A.  136,  137). 
When  PI3  (1  mol.)  is  heated  with  EtI  (3  mols.) 
iodine  is  given  off,  and  a  body  is  left  which  when 
treated  with  solid  KOH  yields  PEt30  on  distilla- 
tion (Emmerton,  Am.  4,  9). 

Properties.  —  Slender  white  deliquescent 
needles.  Dissolves  in  all  proportions  in  water 
and  alcohol,  less  sol.  ether.  Very  slightly  vola- 
tile with  steam.  Separates  as  a  liquid  when 
solid  KOH  is  added  to  its  aqueous  solution,  or 
when  ether  is  added  to  its  alcoholic  solution. 
Converted  by  HBr  into  PEt3Br2,  and  by  HI  into 
PEt3I2.  It  is  not  affected  by  H2S  or  by  halogens. 
It  forms  crystalline  compounds  with  some  me- 
tallic salts  :  (PEt30)3CuS04 :  deliquescent,  four- 
sided,  green  prisms  (Pebal).— (PE£30)2ZnI2 : 
[99°] ;  crystalline  pp.  which,  when  crystallised 
from  alcohol,  forms  monoclinic  crystals ;  a:b:c 
=  •905:1: -331;  0  =  83°  13'. 

Tri-ethyl-phosphine  oxy-chloride  (PEt3)2OCl2. 
By  passing  dry  HC1  over  fused  PEt30  shining 
crystals  are  formed,  which  are  dissolved  in  HClAq 
and  the  solution  is  then  evaporated  (Hofmann). 
Very  deliquescent  crystalline  mass,  sol.  water 
and  alcohol,  insol.  ether.  The  solution  treated 
with  platinic  chloride  in  saturated  alcoholic  solu- 
tion yields  (P2Et602Cl4)3PtCl4,  which  crystallises 
from  alcohol  in  large  orange  monoclinic  prisms ; 
a:b:c  =  -631:1:1-578;  0  =  73°  42'  (Hofmann,  Tr. 
1860,  419).— (PEt3)2OCl2ZnCl2:  transparent  octa- 
hedra,  sol.  water  and  alcohol.  By  the  action  of 
HC1  on  PEt30  Crafts  a.  Silva  obtained  a  com- 
pound PEt3(OH)Cl  [128°]. 

Tri-ethyl-phosphine  sulphide  PEt3S.     [94°]. 

Formation. — 1.  By  adding  flowers  of  sulphur 
to  an  ethereal  solution  of  PEt3 ;  after  evapora- 
ting the  ether  the  residue  is  heated  with  boiling 
water  which  dissolves  PEt3S  only,  depositing  it 
in  crystals  on  cooling. — 2.  By  distilling  PEt3 
with  cinnabar. — 4.  By  decomposing  PEt3CS2 
with  water  or  Ag20. — 5.  By  the  action  of  mer- 
captan  on  PEt3  in  presence  of  air. 

Properties.— Long  hexagonal  needles  (from 
water);  a:c  =  l:*821.  Sol.  water,  v.  sol.  alcohol 
and  ether,  v.  e.  sol.  CS2.  Volatile  with  steam. 
Decomposed  by  sodium  giving  Na2S  and  PEt3. 
It  may  be  separated  from  its  aqueous  solution  by 
KOH.  Its  aqueous  solution  is  neutral  to  litmus, 
but  it  dissolves  more  readily  in  HClAq  than  in 
water,  and  the  solution  gives  an  unstable  yellow 
pp.  with  platinic  chloride.  The  aqueous  solution 
is  not  affected  by  boiling  aqueous  lead  acetate  or 
AgNO3  or  by  HgO,  but  these  substances  become 
sulphides  when  added  to  its  alcoholic  solution. 

Tri-ethyl-phosphine  selenide  PEt.Se.  [112°]. 
From  PEt3  and  selenium.  Crystallises  from 
water,  but  turns  red  in  air. 

Tetra-ethyl-phosphonium  compounds. 
PEt4(OH).  When  PEt4I  is  digested  with  water 
and  Ag20  there  is  formed  a  strongly  alkaline 
bitter  solution,  which  dries  up  over  H2S04  to  an 
extremely  deliquescent  crystalline  mass.  This 
solid  hydroxide  absorbs  C02  with  avidity.  Its  so- 
lution behaves  like  KOH  towards  solutions  of  me- 
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tallic  salts ;  alumina  and  zino  hydrate,  however, 
dissolve  less  readily  in  excess  of  PEt4OHthanin 
KOHAq.  PEt4OH  is  split  up  by  heat  into  PEt30 
and  ethane. — (PEt4)2S04 :  split  up  by  heat  into 
PEtsS,  PEt30,  and  charred  products.  Chlorine 
at  130°  forms  (PEt4)2S04Cl4,  a  yellow  body 
(Masson  a.  Kirkland,  0.  J.  55,  133).  Bromine 
vapour  at  110°  gives  (PEt4)2S04Br]2  and 
(PEt4).,S04Br2.-  (PEt4).,C08:  resolved  by  heat 
into  PEt3,  PEt30,  di-ethyl-ketone,  C4H10,  and 
C02.— PEt4Cl:  deliquescent.  Eesolved  by  heat 
into  C2H4  and  PEt3HCl  (Letts  a.  Collie,  C.  J". 
Proc.  2,  164).— PEt4Cl3 :  deliquescent ;  decom- 
posed by  water,  forming  PEt3Cl  (Masson  a.  Kirk- 
land,  C.  J.  55, 132).— PEt4AuCl4 :  yellow  needles 
(from  water).— (PEt4Cl)2PtCl4 :  regular  octahedra 
(from  water) ;  si.  sol.  boiling  water,  insol.  alcohol 
and  ether.— (PEt4Cl)32BiCl3:  six-sided  tables 
(Jorgensen,  J.  pr.  [2]  3,  345).— (PEt4Cl)2ZnCl2 : 
from  ZnEt2  by  gradual  addition  of  POC13  fol- 
lowed by  water  (Pebal,  A.  120,  198) ;  colourless 
dimetric  crystals,  permanent  in  the  air  and  v. 
sol.  water.  —  (PEt4Br)32BiBr3  (J.).  — PEt4Br3 : 
formed  by  evaporating  an  alcoholic  solution  of 
the  following  salt.  Eed  crystals. — PEt4Br7 :  from 
PEt4Br  and  bromine  vapour  at  110°.  Violet 
crystals  (M.  a.  K.).— PEtJCl,.— PEt4IBr4. — 
PEt4IBr2.— PEt4I :  formed  with  great  violence 
when  PEt3  and  EtI  are  mixed.  Ehombo- 
hedra,  isomorphous  with  Agl.  V.  sol.  water, 
m.  sol.  alcohol,  insol.  ether.  The  aqueous  solu- 
tion crystallises  on  addition  of  KOHAq  in  which 
it  is  but  slightly  soluble.  It  is  not  decomposed 
by  KOHAq.— (PEt4I)2ZnI2 :  crystals  ;  formed  by 
heating  crystallised  phosphide  of  zinc  with  EtI 
at  175°  (Cahours,  A.  112,  228;  122,  192).— 
PEt4I3:  [67°]  ;  brown  plates  (Jorgensen,  #.1871, 
770).— PEt4ITlI3  (Jorgensen,  /.  pr.  [2]  6,  82).— 
(PEt4I)32BiCl3.— (PEt4I)32BiI3 :  brick-red  crystals 
(J.).  The  acetate  is  resolved  by  heat  into 
PEt30,  methyl  ethyl  ketone,  C2H4,  CH4,  and  C02. 
The  benzoate  is  resolved  by  heat  into  PEt30, 
phenyl  ethyl  ketone,  and  benzene  (Letts  a. 
Collie). 

Tri-ethyl-phosphine  methylo-iodide 
PEt3MeI.    From  PEt3  and  Mel.     Gives  rise  to 
PEt3MeOH,   to   (PEt3MeCl)2PtCl4,  and  also  to 
PEt3MeCl  which   decomposes  above  300°  into 
ethylene  and  PEt2MeHCl  (Collie,  C.  J.  53,  714). 

Tri-ethyl-pho  phine  chloro-methylo-chloride 
Et3P(CH2Cl)Cl.  Formed  by  treating  PEt3  (1 
mol.)  with  methylene  chloride  (1  mol.).  Further 
treatment  with  PEt3  gives  CH2(PEt3Cl)2,  which 
is  decomposed  by  water  into  PEt3MeCl  and 
PEt30  (Hofmann,  Pr.  11,  290). 

Tri-ethyl-phosphine  iodo-methylo-iodide 
Et3P(CH2I)I.  Formed  in  like  manner  from 
PEt3  and  methylene  iodide  (Hofmann,  Pr.  10, 
613).  Moist  Ag.,0  gives  Et3P(CH2I)OH  whence 
(Et3P(CH2I)Cl)2PtCl4. 

Tri-ethyl-phosphine  allylo-iodide  PEt803H,I. 
From  PEt3  and  allyl  iodide  (Hofmann,'  Tr. 
1860,  442).  Splendid  needles.  Successive  treat- 
ment with  moist  Ag20  and  hydrogen  sulpho- 
cyanide  gives  PEt3C3H5SCy  which  crystallises 
with  difficulty. 

Tri-ethyl-phospMne    propylo-chloride 
PEt3PrCl.     Split  up   by  heat  into  Et2PrPHCl 
and  ethylene  (Collie,  C.  J.  53,  714). 

Tri-ethyl-phosphine  isoamylo -iodide 
PEt3C5H,,I.     From   PEt,  and  isoamyl  iodide 


in  ethereal  solution.  Purified  by  solution  in 
alcohol  and  ppn.  by  ether.  Gives  with  moist 
Ag2O  a  hydroxide  which  on  distillation  appears 
to  give  ethane  and  di-ethyl-amyl-phosphine 
oxide.  With  HC1  and  PtCl4  the  hydroxide  gives 
prisms  of  (PEt3C5HnCl)2PtCl4,  si.  sol.  water, 
insol.  alcohol,  and  ether. 

Benzylo-chloride  PEt3C7H7Cl.  [178°]. 
Needles.  Formed  by  heating  PEt3  with  benzyl 
chloride  at  130°  in  presence  of  alcohol.  Above 
300°  it  splits  up  into  C7H7PEt2HCl  and  C2H4 
(Collie,  C.  J.  53,  714).  The  benzyl-di-ethyl- 
phosphine  C7H7PEt2  so  obtained  boils  about 
253°  and  forms  a  crystalline  oxide  C7H7PEt.,0 
[330°]  and  sulphide  C7H7PEt2S  [95°]  (300°-310°). 
By  treatment  of  PEt3C7H7Cl  with  Ag20,  a  strongly 
alkaline  solution  of  PEt3C7H7(OH)  is  obtained. 
This  base  gives  a  very  deliquescent  crystalline 
iodide  and  a  sparingly  soluble  platinochloride 
(PEt3C7H?Cl)2PtCl4.  The  base  PEt3C7H7(OH)  is 
split  up  by  heat  into  toluene  and  PEt3O  (Collie, 
P.  M.  24,  27).  The  hydroxide  does  not  form  a 
normal  carbonate,  but  it  forms  an  acid  car- 
bonate which  is  split  up  by  heat  into  toluene 
C02  and  PEt30.  The  sulphate  on  distillation 
gives  PEt30,  S02,  and  PhCH2.CH2Ph.  The 
bromide  gives  on  distillation ~HBr,  PEt3HBr, 
PEt2C7H7HBr,  acetylene,  &c.  The  acetate 
gives  PEt30,  methyl  benzyl  ketone,  PEt3,  and 
benzyl  acetate.  The  oxalate  gives  PEt30, 
toluene,  C02  and  CO. 

Tri-ethyl-phosphine  bromo-ethylo-bromide 
EtaPfCH^CEyBrJBr.  [235°].  Produced,  together 
with  C2H4(PEt3Br)2,  by  adding  ethylene  bromide 
to  PEt3  mixed  with  twice  its  volume  of  ether 
until  the  liquid  no  longer  gives  with  CS2  the  red 
crystals  of  PEt3CS2.  The  two  products  are 
separated  by  crystallisation  from  alcohol  in 
which  C2H4(PEt3Br)2  is  much  the  more  soluble. 
White  unctuous  elongated  rhombic  doclecahedra ; 
v.  sol.  water,  m.  sol.  alcohol.  It  gives  off  HBr 
when  heated. 

Reactions. — 1.  Silver  salts  added  to  its  cold 
solution  throw  down  only  half  the  bromine  as 
AgBr ;  on  continued  boiling  the  whole  of  the 
bromine  is  ppd.  with  formation  of  salts  of  vinyl- 
tri-ethyl-phosphonium.  —  2.  Moist  Ag2O  forms  a 
solution  of  Et3P(C2H4OH)(OH).-3.  Potash  has 
no  action  in  the  cold. — 4.  Zinc  and  dilute 
H2S04  form  PEt4Br.— 5.  It  unites  with  PMe, 
forming  C2H4(PEt3Br)(PMe3Br).— 6.  PEt3  gives 
C2H4(PEt3Br)2.  —  7.  Ammonia  gives  rise  to 
C2H4(PEt3Br)(NH3Br) ;  ethylamine,diethylamine, 
and  trimethylamine  act  in  like  manner. — 
8.  Trietliylamine  when  pure  has  no  action  at 
100°  ;  but  in  presence  of  moist  alcohol  it  forms 
PEt3(C2H4OH)Br  and  NEt3HBr. 

Tri-ethyl-phosphine  bromo-ethylo-chloride 
Et3P(CH2.CH2Br)Cl.  From  the  preceding  and 
AgCl.  Crystallises  with  difficulty,  v.  sol.  water 
and  alcohol.  Et3P(C2H4Br)ClAuCl3 :  light  yellow 
needles  (from  boiling  water ;  si.  sol.  cold  water).— 
(Et3P(C2H4Br)Cl}2PtCl4:  longmonoclinic  orange- 
yellow  prisms;  a:&:c  =  '969:l:'658.  May  be  re- 
crystallised  from  boiling  water. 

Tri-ethyl-phosphine  bromo-ethylo-iodide 
Et3P(CH2.CH2Br)I.  Scales,  si.  sol.  cold  water. 
Obtained  by  decomposing  the  sulphate  by  BaI2. 
The  sulphate  obtained  from  the  bromide 
by  Ag2S04  forms  long  white  needles.  The 
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hydroxide  Et:iP(CH,.CH2Br)OH  obtained  by 
treating  the  sulphate  with  baryta  is  unstable. 

Tri-ethyl-phosphine  chloro-ethylo-chloride 
PEt3(CH2CH2Cl)Cl.  From  PEt3  and  ethylene 
chloride  in  the  cold.— (PEt3(C2H1Cl)Cl)2PtCl4 : 
orange-yellow  crystals. 

Tri-ethyl-phosphine  oxy-ethylo-hydroxide 
PEt3(CH2.CH2OH)OH.  From  PEt3(C2H4Br)Br 
and  moist  Ag20.  Very  deliquescent  syrup.  When 
strongly  heated  it  is  resolved  into  ethylene, 
PEt3,  and  water.  It  forms  the  following  salts  : — 
PEt3(C2H4OH)Cl :  indistinctly  crystalline  ;  con- 
verted by  PC15  into  PEt3(C2H4Cl)Cl,  and  by  PBr5 
into  PEt3(C2H4Br)Cl.— PEt3(C2H4OH)AuCl4 : 
golden  needles,  si.  sol.  boiling  water. — 
{PEt3(C,H4OH)Cl}2PtCl4:  orange-yellow  octa- 
hedra,  v"  sol.  hot  water.— PEt3(C2H4OH)I :  long 
needles  which  decompose  at  100°." 

Tri-ethyl-phosphine  vinylo -compounds. 

These  are  formed  by  prolonged  boiling  of  tri- 
ethyl-phosphine  bromo-ethylo  compounds  with 
silver  salts.  Thus  silver  acetate  gives  rise  to 
PEt3(CH:CH2)OAc  whence  platinic  chloride  gives 
octahedra  of  {PEt3(CH:CH2)Cl}2PtCl4.  The 
hydroxide  PEt3(C2H3)OH  is  formed  when 
HO.PEt3.C2H4.NH3.OH  is  heated. 

Hexa-ethyl-di-phosphine  ethyleno-dibromide 
(Et3P)2C2H4Br2.  Prepared  by  treating  ethylene 
bromide  (1  vol.)  with  PEt3  (3  vols.).  Also  from 
Et3P(C2H4Br)Br  and  ethylene  bromide  in  alco- 
holic solution  at  100°.  White  needles,  v.  sol. 
water  and  alcohol,  insol.  ether;  permanent  in 
the  air.  A  boiling  alcoholic  solution  dissolves 
Ag2O  and  on  cooling  deposits  crystals  of 
(Et3P)2C.,H4Br2AgBr  which  is  resolved  by  water 
into  AgB'r  and  (Et3P)2C2H4Br2. 

Hexa-ethyl-di-phosphine  ethyleno-dihy- 
droxide  (Et3POH)2C2H4.  Prepared  by  adding 
excess  of  Ag20  and  a  little  water  to  a  solution 
of  the  preceding  dibromide  or  of  the  correspond- 
ing di-iodide.  Highly  caustic  deliquescent  syrup 
which  absorbs  C02  from  the  air  forming  a  crys- 
talline carbonate.  Its  solution  begins  to  de- 
compose at  160°  ;  at  190°  some  of  it  forms  an 
isomeric  base,  and  at  250°  it  is  completely  de- 
composed into  PEt3,  ethylene,  PEt30,  and  water. 
Its  solution  reacts  with  metallic  salts  in  the 
same  way  as  KOH,  excepting  that  the  pp.  of 
zinc  hydrate  is  not  soluble  in  excess  and  that 
stannous  and  antimonious  salts  give  double- 
salts  crystallising  in  interlacing  needles.  It  ex- 
pels NH3,  amines,  and  PEt3  from  their  salts. 
It  dissolves  sulphur  forming  a  yellow  liquid 
which  gives  off  H2S  when  acidified.  Its  solution 
also  dissolves  iodine  forming  a  colourless  solution 
apparently  containing  its  iodide  and  iodate. 

Salts.— (Et3P)2(C,H4)Cl2:  from  the  hydrox- 
ide and  HC1,  from  the  dibromide  and  AgCl,  or 
from  PEt3  and  ethylene  chloride.  Deliquescent 
pearly  flat  laminae;  v.  sol.  water  and  alcohol, 
insol.  ether.  KOH  ppts.  it  unaltered  from  its 
solutions.— (Et3P)2(C2H4)2Au2Cl8:  golden  needles, 
si.  sol.  cold  water,  v.  sol.  boiling  alcohol. — 
{(Et3P)2C2H4Cl2}23HgCl2:  crystals,  si.  sol.  water 
and  alcohol. — (Et3P)2(C2H4)2PtCl6 :  monoclinic 
prisms  (from  boiling  HClAq) ;  nearly  insol. 
boiling  water.— (Et3P)2(C2H4)2Cl,(SnCl.,).,  ?  large 
prisms.— (Et3P)2(C2H4)I2 :  [231°]  ;  trimetrio 
needles.  ^  S.  458  at  100° ;  3-08  at  12°.  SI.  sol. 
alcohol,  insol.  ether.  Potash  ppts.  it  in  the  crys- 
talline state  even  from  very  dilute  solutions. — 


(Et3PUC2H4)I2ZnI2 :  long  needles  (from  hot 
water).— (Et3P)2(C2H4)(C104)2:  very  long  needles, 
detonates  above  100°. 

Ethylene-tri-  ethyl-phosphammonium  com- 
pounds.—Et3PBr.CH2.CH2.NH3Br.  Formed  from 
Et3P(CH2.CH2Br)Br  and  alcoholic  NH3  at  100°. 
Deliquescent.  —  Et3PCl.CH2.CH2.NH3Cl(AuCl3)2 : 
slender  golden  needles,  si."  sol.  water. — 
Et3PCl.CH2.CH2.NH3ClPtCl4 :  pale-yellow  tri- 
metric prisms,  si.  soluble  in  boiling  water. — 
Et3P(OH).C2H4.NH3OH.  From  the  bromide  and 
moist  Ag20.  Separated  by  KOH  as  oily  drops. 
Split  up  by  heat  into  NH3,  water,  and 
Et3P(C2H3).OH. 

Ethylene-tetra-ethyl  phosphammonium  com- 
pounds Et3PBr.C2H4.NEtH2Br.  Formed  from 
Et3PBr(C2H4Br)  and  ethylamine.  The  corre- 
sponding hydroxide  is  oily.  The  iodide 
Et3PI.C2H4.NEtH2l  forms  needles,  v.  sol.  water, 
slightly  soluble  in  alcohol,  insol.  ether.  — 
Et8PCl.C2Hj.NEtH2Cl(AuCl,)2 :  golden  sparingly 
soluble  needles.  —  Et3PCl.C,H4.NEtH2ClPtCl4 : 
orange  monoclinic  tables. 

Ethylene-penta-ethyl  phosphammonium  bro- 
mide Et3PBr.C2H4.NEt2HBr.  From  diethylamine 
and  Et3PBr(C2H4Br).— May  be  converted  into 
Et3PCl.C2H4.NEt2HClPtCl4 :  rectangular  plates. 

Ethylene-metnyl-tri-ethyl-phosphammonium 
bromide  Et3PBr.C2H4.NMeH2Br.  Prepared  from 
Et3PBr(C2H4Br)  and  methylamine.  Gives 
Et3PCl.C2H4.NMeH2ClPtCl4 :  long  needles;  v.  si. 
sol.  water. 

Ethylene-tri-methyl-tri-ethyl  -  phosphammo  - 
nium  bromide  Et3PBr.C2H4.NMe3Br.  Formed 
in  like  manner,  using  trimethylarnine.  — 
Et3PCl.C2H4.NMe3ClPtCl4 :  needles. 

Ethylene-hexa-ethy  1  -phospharsonium  brom- 
ide Et3PBr.C2H4.AsEt3Br.  Prepared  from 
Et3PBr(C2H4Br)  and  AsEt3.  Cold  moist  Ag.,O 
gives  Et3P(OH).C2H4.AsEt3(OH)  which  on  boil- 
ing splits  up  into  Et3P(OH).C2H4.OHand  AsEt3.— 
Et3PCl.C2H4.AsEt3ClPtCl4 :  orange-red  triclinic 
prisms  (from  boiling  HClAq) ;  nearly  insol. 
water. 

ETHYL  -  PHOSPHINIC    ACID    v.    ETHANE 

PHOSPHONIO  ACID. 

ETHYL  PHOSPHITES 

Mono-ethyl  phosphite  P(OEt)(OH)2.  Ethyl- 
phosphorous  acid.  Formed  by  adding  PC13 
drop  by  drop  to  dilute  alcohol  in  the  cold.  The 
product  is  evaporated  in  vacua  and  saturated 
with  BaC03  (Wurtz,  A.  Ch.  [3]  16,  218).  The 
free  acid  is  very  unstable,  splitting  up  in  solution 
into  alcohol  and  phosphorous  acid. — BaH2A"2 : 
amorphous  deliquescent  mass.  In  solution  it  is 
resolved  gradually  by  atmospheric  oxidation  into 
alcohol  and  barium  metaphosphate.  It  is  v.  sol. 
water  and  alcohol,  but  ppd.  from  its  alcoholic 
solution  by  ether.— BaA".  Obtained  by  treating 
Et3P03  (1  mol.)  with  hot  aqueous  Ba02H2  (1  mol.). 
Amorphous.  Eesolved  by  boiling  water  into 
BaHP03  and  alcohol  (Eailton,  C.  J.  7,  219).— 
PbH2A"2  :  unctuous  scales,  permanent  in  the 
air ;  sol.  water  and  alcohol,  insol.  ether. 

Di- chloride  EtO.PCL,.  (118°  cor.).  S.G.  2 
1-3053  (Thorpe,  C.  J.  37, 346).  Formed  by  treat- 
ing Et3P03  with  PC13,  avoiding  excess  of  Et3P03 
(Chambon,  Jena.  Zeit.  [2]  3  ;  2nd  Suppl.  97). 
Formed  also  when  dry  alcohol  is  treated  with 
PCL,  (Menschutkin,  A.  139,  343). 

Reactions.—  1.  Water  forms  HC1,  alcohol,  and 
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E[3P03.—  2.  Bromine  gives  EtBr  and  POCl2Br.— 
3.  Et3P03  reacts  forming  Et3PO4,  phosphorus, 
and  EtCl.—  4.  Heated  to  165°  in  a  sealed  tube 
it  is  resolved  into  EtCl,  free  phosphorus,  PC13 
andP205.—  5.  Heated  with  H3P03  there  is  evolved 
EtCl  and  HC1,  while  free  phosphorus  and  H3P04 
remain.—  6.  PC13  does  not  act  on  it.—  7.  PC15  at 
100°  forms  POC13,  PC13,  and  EtCl  (Geuther,  J. 
1876,  206).—  8.  PBr5  gives  POBrCl2,  PBr3,  and 
EtBr. 

Di-ethyl  phosphite  (EtO)2POH.  The  barium 
salt  BaA'2  is  formed  by  adding  a  hot  solution  of 
baryta  (1  mol.)  to  Et3P03.  It  forms  a  very  de- 
liquescent crystalline  mass  ;  extremely  sol.  water, 
si.  sol.  alcohol.  It  does  not  decompose  at  108°. 
Aqueous  K2S04  converts  it  into  the  deliquescent 
salt  KA'.  The  free  acid  has  not  been  isolated. 

Chloride  (EtO)2PCl.  From  alcohol  (2  mols.) 
and  PC13  (1  mol.)  (Wichelhaus,  A.  Suppl.  6,  264). 
May  be  distilled.  Chlorine  converts  it  into  EtCl 
and  (EtO)PO:Cl2. 

Tri-ethyl  phosphite  (EtO)3P.  Phosphorous 
ether.  (191°).  S.G.  ii'*  1-075.  V.D.  (in  hydrogen) 
6-84  (calc.  5-76).  PC13  (1  mol.)  diluted  with  five 
times  its  bulk  of  ether  is  added  by  small  portions 
to  NaOEt  (3  mols.).  The  ether  is  distilled  off, 
and  the  residue  distilled  from  an  oil-bath  at 
200°.  It  is  rectified  in  a  current  of  hydrogen 
(Eailton,  C.  J.  7,  216).  At  the  same  time  another 
body  P209C14H36  is  formed  (157'5°  cor.).  S.G. 
i±  '960.  This  is  best  formed  from  dry  NaOEt 
(4  mol.)  and  PC13  (1  mol.),  both  in  ether  (Geuther, 
A.  224,  277).  It  has  a  pleasant  smell,  and  when 
distilled  it  slowly  splits  up  thus  : 

P208C14H36  =  P03Et3  +  P04Et3  +  HOEt. 
It  is  not  decomposed  by  water  at  100°. 

Properties.  —  Phosphorous  ether  has  a 
pleasant  odour  (G.).  It  is  sol.  water,  alcohol, 
and  ether,  and  burns  with  a  bluish  flame. 

Reactions.  —  1.  Heated  with  baryta-water  it 
gives  Ba(Et2P03)2  and  BaEtP03.—  2.  Caustic 
potash  gives  phosphorous  acid  and  alcohol.  — 
3.  Gradual  oxidation  by  nitric  acid  gives  phos- 
phoric and  oxalic  acids.—  4.  It  absorbs  oxygen, 
especially  on  warming,  forming  Et3P04.  —  5.  On 
distillation  it  gives  PH3,  phosphoric  acid,  and 
probably  ethylene.—  6.  PC13  gives  EtOPCl2;  a 
smaller  quantity  of  PC13  gives  Et3P04,  phos- 
phorus, and  EtCl.—  7.  PC13  gives  (EtO)POCl2, 
EtCl,  and  PC13  (Chambon).—  8.  Bromine  forms 
EtBr  and  (EtO^OBr. 

Combination.—  Et3P03PtCl2.  [83°].  Formed 
from  PC13,  alcohol,  and  PtCl2  (Schiitzenberger, 
Bl.  [2]  18,  101).  YeUow  prisms.  Its  ethereal 
solution  absorbs  ethylene  forming  oily 
(Et3P03PtCl2)2C2H4.  CO  forms  in  like  manner 
(Et3P03PtCl2)2CO.  Ammonia  passed  into  the 
ethereal  solution  of  Et3P03PtCl2  ppts.  colourless 
crystals  of  Et3P03PtCl2N2H6.  The  following  com- 
pounds of  ethyl  phosphite  have  also  been  described 
(Et3P03)2PtCl2  :  prisms.—  Et3P03.PtCl2PCl3.— 
(Et3P03)2PtCl2N2H6.  —  Et3P03PtCl2Br2.  — 
(Et3P03)2PtCl2Br2.  —  Et3P03Pt2Cl4  (Cochin,  Bl. 
[2]  31,  499).—  Et3P03PtCl4  (Pomey,  Bl.  [2]  35, 

TRI-  ETHYL  -PHOSPHOBETAINE    <z).    TRI- 

ETHYL-PHOSPHINE,  Reactions  12  to  15. 

ETHYL-PHOSPHOR-DICHLORIDE  is  ETHYL- 


ETHYL  -  PHOSPHOBIC    ACID    v.    ETHYL 


ETHYL  -  PHOSPHOROUS    ACID    v.    ETHYL 

PHOSPHITES. 

DI  -  ETHYL  -  PHTHALIDE      O^^^*^ 

[52°].  Formed  by  adding  ZnEt2  to  phthalyl 
chloride  mixed  with  benzene  (Wischin,  A.  143, 
260  ;  Friedlander,  Z.  K.  6,  590  ;  V.  Meyer,  B.  17, 
818).  Large  dimetric  crystals  (from  ether). 
Insol.  water,  v.  e.  sol.  alcohol  and  ether.  Does 
not  react  with  KHS03  or  hydroxylamine. 

ETHYL-PHTHALIMIDE  v.  Ethylimide  of 
PHTHALIC  ACID. 

ETHYL-PHTHALIMIDYL-BENZYL  is  de- 
scribed as  BENZYLrDENE-PHTHALETHYLIMIDINE. 

a  -ETHYL-  HOMO  -  o  -  PHTHALONITRILE  v. 

O-CYANO-PHENYL-BUTYRONITRILE. 

ETHYL-PICRAMIDE     v.    TRI-NITRO-ETHYL- 

ANILINE. 

ETHYL-PIPERIDINE     v.     ETHYL-PYRIDINE 

HEXAHYDRIDE. 

ETHYL  PROPARGYL  OXIDE  v.  PROPABGYL 

ALCOHOL. 

ETHYL-ISO-PROPENYL-OXIDE  C5H100  i.e. 
Et.O.C3H5.  (63°).  S.G.  fi  -79  ;  22  .769.  Formed 
by  heating  propylene  bromide  and  alcoholic 
potash  in  sealed  tubes  to  170°  or  by  treating 
propinene  Me.CEECH  in  the  same  way  (Faworsky, 
J.  pr.  [2]  37,  533).  Colourless  mobile  liquid. 
Yields  on  decomposition  with  dil.  H2S04  ethyl 
alcohol  and  acetone. 

ETHYL-PROPIONYL-PROPIONIC  ACID. 
Methyl  ether  C9H1603  i.e. 

CH3.CH2.CO.CMeEt.C02Me. 
(208°).      From     methyl  -  propionyl  -  propionate, 
EtI,  and  NaOEt  at  100°  (Pingel,  A.  245,  84). 

ETHYL-PROPION  YL-UREA  v.  Propionyl  de- 
rivative of  ETHYL-UREA. 

ETHYL-PROPYL  ACETAL.  Described  under 
ALDEHYDE. 

ETHYL-PROPYL-ACETIC  ACID  v.  HEPTOIC 

ACID. 

ETHYL  -  PROPYL  -  ACETYLENE    v.    HEP- 

TINENE. 

DIETHYL-PROPYL-ALKINE    v.   DI-ETHYL- 

OXYPROPYL-AMINE. 

TRI-ETH?L-PROPYL-AMMONIUM  IODIDE 
CgH^NI  i.e.  NEt8PrI.  From  NEt3  and  PrI 
(Mendius,  A.  121,  136).  Needles.— B'2H2PtCl6 : 
octahedra. 

ETHYL  -  PROPYL .  ANILINE  C6H5.NEtPr. 
[216°  uncor.]  Liquid.  Formed  by  the  action  of 
ethyl  bromide  upon  propyl-aniline,  or  of  propyl 
bromide  upon  ethyl-aniline. — B'HCl :  crystals, 
[131°  uncor.]  (Glaus  a.  Hirzel,  B.  19,  2787). 

Methylo  -  iodide  v.  Propylo- iodide  of 
METHYL-ETHYL-ANTT  TNE. 

ETHYL-PROPY^-BENZENE 
[3:l]C6H4(C3H7)Et.  (194°).  S.G.  i§  -8588.  V.D. 
5-37.  Occurs  in  resin  oil  (Kenard,  C.  R.  97, 
328).  Gives  isophthalic  acid  on  oxidation. 
H2S04  gives  a  sulphonic  acid  of  which  the  Ba 
salt  (C,,H15S03)2Ba  aq  crystallises  in  plates. 

ETHYL  -  PROPYL  -  CARBINOL  v.  HEXYL 

ALCOHOL. 

Ethyl-di-propyl-carbinol  v.  ENNYL  ALCOHOL. 
ETHYL-PROPYL-CARBONATE 

(C2H50).CO.(OC3H7).    (146°  cor.).    S.G.  25°  -9516. 
Colourless  liquid.      Formed  by  adding  A1C13  to 
a  mixture  of  propyl  alcohol  and  ethyl  chloro- 
formate  (Pawlewski,  B.  17,  1606). 
ETHYL-PROPYLENE  v.  AMYLENE. 


ETHYL-PYKIDINE. 
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ETHYL  PKOPYL  ETHER  v.  ETHYL  PKOPYL 

OXIDE. 

DI-ETHYL-PROPYL-GLYCOLLINE     v.    Di- 

ETHYL-DI-OXYPKOPYL-AMINE. 

ETHYL-PROPYL-GLYOXALINE 

C3H2(C2H5)(C3H7)N2.  Oxal-propyline.  (231°). 
S.G.  il  -952.  V.D.  4-8  (obs.). 

Formation. — 1.  From  di-propyl-oxamide  by 
the  action  of  PC15,  the  resulting  chloro-ethyl- 
propyl-glyoxaline  (v.  p.  66)  being  reduced  by  HI 
and  phosphorus  (Wallach,  A.  214,  314 ;  B.  14, 
423). — 2.  By  the  action  of  propyl  bromide  on 
secondary  (para)-ethyl-glyoxaline  B'2H2Cl2PtCl4 
(Wallach,  B.  16,  543  ;  Eadziszewski,  B.  16,  491). 

Properties. — Liquid,  with  narcotic  smell ; 
miscible  with  water.  Its  zinc  double  salt  dis- 
tilled with  lime  yields  NH3,  an  olefine,  pyrrol, 
and  a  basic  liquid  (c.  253°). 

Salts.  —  B'2H2PtCl4 :  orange  laminae.  — 
B'2H2ZnCl4 :  [92°]  ;  prisms. 

Methylo-compounds  B'Mel:  needles,  sol. 
water.— B'2Me2PtCl6 :  plates. 

Ethyl-isopropyl-glyoxaline  C6H9(C3H7)N2. 
Oxal- ethyl -butyline.  (220°).  S.G.  ^  .959 
(Eieger,  M.  9,  607). 

DI-ETHYL  PROPYLIDENE  DISULPHONE 
CMe2(S02Et)2.  Sulfonal.  Di  -  ethyl  -  sulphone- 
di-methyl-methane.  Propane  disulphinic  ether. 
[126°].  (c.  300°).  S.  1  in  the  cold ;  5  at  100°. 

Preparation. — 1.  By  action  of  sodium  on  a 
benzene  solution  of  ethylidene-di-ethyl-sulphone 
previously  mixed  with  methyl  iodide. — 2.  By 
boiling  an  alcoholic  solution  of  ethylidene-di- 
ethyl-sulphone  with  methyl  iodide  and  alcoholic 
potash.— 3.  By  treating  EtS.S02.OH  with  ace- 
tone and  HC1,  the  product  CMe2(SEt)2  being  oxi- 
dised by  KMn04  (Baumann,  B.  19,  2808). 

Properties. — Thick  prisms ;  si.  sol.  cold  water 
and  alcohol ;  m.  sol.  hot  water.  Used  as  a  sopo- 
rific, being  said  to  have  no  concomitant  effects. 
Does  not  evolve  hydrogen  when  sodium  is  added 
to  its  benzene  solution  (E.  Fromm,  B.  21,  187). 

ETHYL  71-PROPYL  KETONE  C6H120  i.e. 
Et.CO.Pr.  Mol.  w.  100.  (c.  123°).  S.G.  1Z2 
•818. 

Formation.— I.  Occurs  among  the  products 
of  the  distillation  of  calcium  butyrate  (Friedel, 
A.  108,  125).— 2.  From  butyryl  chloride  and 
ZnEt2  followed  by  water  (Butlerow,  Bl.  [2]  5, 17). 
3.  By  distilling  a  mixture  of  calcium  propionate 
and  calcium  butyrate  (Volker,  B.  8,  1019). 

Properties. — Liquid.  Does  not  unite  with 
NaHS03  in  the  cold,  but  on  heating  the  mixture 
and  allowing  it  to  cool  a  crystalline  compound 
is  formed,  which  is  resolved  by  water  into  its 
constituents.  Chromic  acid  mixture  gives  only 
propionic  acid  according  to  Popoff  (A.  161,  285), 
but  Wagner  (J.  B.  16,  660)  obtained  acetic  and 
butyric  acids  also.  Sodium  amalgam  reduces  it 
to  a  secondary  hexyl  alcohol  and  a  pinacone 
C12H0602.  Zinc  and  Mel  forms  CMeEtPrOH 
(140°)  (Sokoloff,  J.  E.  1887,  587). 

Ethyl  isopropyl  ketone  Et.CO.Pr.  (118°) 
(P.) ;  (114°)  at  745  mm.  (W.).  S.G.  g  -830 ; 
\f  -814  (W.).  From  isobutyryl  chloride  and 
ZnEt2  (Butlerow,  A.  189,  44  ;  Pawloff,  J.  E.  8, 
242  ;  Wagner,  J.  E.  16,  697).  Liquid.  Does 
not  combine  with  NaHS03.  Gives,  on  oxidation 
by  chromic  acid,  propionic,  acetic,  and  isobutyric 
acids  (W.). 


ETHYL  PROPYL  OXIDE  C5H,20  i.e.  Et.O.Pr. 
(63-6°).  S.G.  §  -7545  (Dobriner,  A.  243,  4); 
2?°  -7386  (Briihl,  A.  200,  177).  S.V.  127-1.  C.E. 
(0'-10°)  -00134  (D.).  iu  1-3740  (B.).  E^  42-86 
(B.).  Critical  temperature  233°  (Pawlewsky,  B. 
16,  2634).  Formed  by  distilling  a  mixture  of 
ethyl  alcohol  and  propyl  alcohol  with  H2S04  ; 
Et20  being  also  formed  (Norton  a.  Prescott,  Am. 
6,  245).  Also  fromn-propyl  bromide  andNaOEt 
in  alcohol,  much  propylene  being  given  off. 

Ethyl  isopropyl  oxide  Et.O.Pr.  (54°)  (Mar- 
kownikoff,  A.  138,  374)  ;  (48°)  (B.).  S.G.  a  -745 
(M.).  Formed  by  heating  isopropyl  iodide 
(1  vol.),  triethylamine  (2  vols.),  and  alcohol 
(4  vols.)  at  150°  (Eeboul,  J.  1881,  409).  Dilute 
H2S04  at  150°  splits  it  up  into  EtOH  and  iso- 
propyl alcohol  (Eltekoff,  Bn.  1,  298). 

DI-ETHYL-PROPYL-PHOSPHINE  PEt2Pr. 
(146°-  149°).  From  PEt3PrCl,  by  distilling  and 
treating  the  product  with  NaOHAq  (Collie,  C.  J. 
53,  721). 

ETHYL  -  PKOPYL  -  PINACONE    v.    DI-OXY- 

DODECANE. 

(Py.  2:3)  -  ETHYL  -  PROPYL  -  QUINOLINE 

/CH:C(C2H5) 
C6H4<  .     (291°  at  720  mm.).     Pre- 

XN  :  C(C3H7) 

pared  by  slowly  adding  w-butyric  aldehyde 
(100  g.)  to  a  cooled  mixture  of  aniline  (60  g.)  and 
fuming  HC1  (120  g.).  Colourless  liquid.  Vola- 
tile with  steam.  V.  sol.  alcohol,  ether,  &c., 
nearly  insol.  water.  On  oxidation  with  Cr03  it 
gives  (Py.  2)-ethyl-quinoline-(P2/.  3)-carboxylic 
acid. 

Salts.—  B'HC12aq:  flat  triclinic  tables.— 
B'HN03aq:  long  white  needles.  —  B'H2S04  : 
easily  soluble  concentric  needles.  —  'B'JB..2Cl2PtCli: 
yellow  needles,  sol.  hot,  insol.  cold,  water.  — 
B'2H2Cr207:  long  orange-yellow  needles.  — 
B'C6H2(N02)3OH  :  [163°];  glistening  yellow 
plates  or  needles,  sol.  hot  water  and  hot  alcohol, 
very  sparingly  sol.  cold  alcohol,  insol.  cold 
water. 

Methylo-iodide  BMelaq:  [172°];  yellow 
needles  ;  v.  sol.  water  and  alcohol,  insol.  ether. 
—  (B'MeCl)2PtCl4  :  orange-yellow  needles  (Kahn, 
B.  18,  3361). 

ETHYL-PROPYL-DI-THIO-CARBONATE  v. 
ETHYL  CAEBONATES. 

(7).  or  (Py.  1)-ETHYL-PYRIDINE 
,CH=CH 

C^  >N.  (166°).  S.G.  a  -9522;  sa-9358. 

—  CH 


Formation.  —  By  heating  pyridine  ethylo- 
iodide  in  sealed  tubes  to  320°  and  separating  the 
(Py.  3)-  and  (Py.  1)-  isomerides  by  means  of  the 
platino-chlorides  or  ferrocyanides.  The  salts  of 
the  Py.  1  base  are  least  soluble  (Ladenburg,  A. 
247,  18  ;  cf.  B.  16,  2059). 

Properties.  —  Unpleasant  smelling  liquid,  si. 
sol.  water.  Yields  on  oxidation  with  perman- 
ganate isonicotinic  acid  [303°]. 

Salts.—  (C7H9NHCl)2PtCl4  :  [208°];  plates, 
si.  sol.  water.—  B'HAuCl,  :  [138°]  ;  golden-yel- 
low prisms.  —  Picrate:  [163°];  thin  yellow 
needles.—  Mercuric  chloride  double  salt 
[150°].  According  to  0.  de  Coninck  this  base 
(or  the  mixture  of  isomerides)  occurs  in  coal-tar 
lutidine  (C.  B.  98,  235). 
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ETHYL-PYRIDtNE. 


(a)-  or  (Py.  3)-Ethyl-pyridine 
/CH=CH 

CH<f  >N.  (148-5°  cor.)  at  752  mm. 

-C—  Et 


S.G. 


2  -9498. 

Preparation.—  3  g.  of  pyridine  are  heated  for 
an  hour  with  6  g.  EtI  to  320°.  Some  ethyl- 
benzene  is  formed.  The  acid  contents  of  the 
tube  are  distilled  from  a  copper  retort  with 
steam.  The  residue  is  then  supersaturated  with 
NaOHAq  and  distilled  until  the  distillate  is  no 
longer  alkaline.  The  base  is  then  separated  by 
means  of  solid  KOH  and  fractionated.  Purified 
by  means  of  gold  salt,  which  is  decomposed  by 
SH2  (Ladenburg,  A.  247,  14).  (Py.  1)-  and  (Py.3)- 
ethyl  pyridines  cannot  be  separated  by  fraction- 
ation. 

Properties.—  Colourless  liquid,  si.  sol.  water, 
miscible  with  alcohol.  It  gives  picolinic  acid 
on  oxidation. 

Salts.—  (C7H,NHCl)oPtCl4  :  [164°];  orange- 
yellow  plates.—  C;H9N.HClAuCl3:  [121°]  ;  yellow 
plates,  v.  sol.  water.—  Pier  ate: 
B'.C6H2(N02)3OH.     [110°]. 

(Py.  l:3)-Di-ethyl-pyridine 

XCH=C—  Et 
Et.C<  >N.       (188°).      S.G.  $  -9338.      Is 

\CH-CH 

formed,  together  with  (Py.  1)-  and  (Py.  3)-  ethyl 
pyridine  by  the  action  of  EtI  on  pyridine  (Laden- 
burg,  A.  247,  48).  Colourless  liquid  with  a 
very  unpleasant  odour,  si.  sol.  water.  It  yields 
lutidinic  acid  [235°]  on  oxidation. 

Salts.—  (C9H13NHCl)2PtCl4:  [171°]  ;  orange- 
yellow  prisms,  si.  sol.  water.  —  Picrate: 
C9H13N.C6H2(N02)3OH  :  [100°];  prisms  (from 
water),  plates  (from  alcohol). 

(a)-  or   (Py.  3)-ETHYL-PYRIDINE  HEXA- 
CH,—  CH.Et 


HYDRIDE  CH2 


<      > 

CH,-CH9 


Ethyl-piperi- 


>NH. 

[2-CH2 

dine.  (145°).  S.G.  -8674.  Formed  by  reducing 
(Py.  3)  -ethyl  pyridine  with  sodium  and  alcohol 
(Ladenburg,  A.  247,  70;  B.  18,  2963).  Liquid 
smelling  of  pyridine  hexahydride. 

Reactions.  —  1.  Forms  with  Mel  a  y-methyl 
derivative.  —  2.  Br  and  NaOHAq  convert  it  into 
a  base  containing  2H  less  (cf.  B.  20,  1645). 

Salts.—  (C7H15N.HCl)2PtCl4:  [178°];  plates 
m.  sol.  water. 

(7)-  or  (Py.  l)-Ethyl-pyridine  hexahydride. 
CH2—  CH2 

Et.CH<^  \NH. 

CH2-CH2 

(158°).  S.G.  2  -8759.  Formed  by  reducing 
(Py.  1)  -ethyl  pyridine  with  sodium  and  absolute 
alcohol  (Ladenburg,  A.  247,  72  ;  cf.  G.  E.  98, 
516).  Liquid  with  an  unpleasant  odour.  More 
soluble  in  cold  than  in  hot  water.  Its  hydro- 
chloride  acts  physiologically  like  conime 
(Filehne,  B.  16,  739). 

Salts.-(C7H15NHCl)2PtCl4:  [174°]  ;  orange- 
coloured  plates,  m.  sol.  water.—  B'.HCl.AuCL,  : 
[105°];  golden-yellow  plates,  si.  sol.  cold,  v. 
sol.  hot  water. 

Methyleno-di-iodide  C8H17NI2.  Formed 
by  heating  ethyl-piperidine  with  methylene- 
iodide.  It  forms  sparingly  soluble  yellow  plates. 


(y)-Ethyl-piperidine. 


Only  one  I  atom  can  be  removed  by  Ag20,  or 
replaced  by  Cl  by  means  of  AgCl. 

The  chloro-iodide  C8H17NIC1  is  formed 
from  the  di-iodide  by  AgCl.— (C8H17NICl)2PtCl4 : 
orange  crystals.— (C8H17NICl)AuCl3 :  small 
yellow  crystals  (Ladenburg,  B.  14,  1343). 

(Py.  l,3)-Di-etliyl-pyridine  hexahydride 

>NH.  (c.  176°).  S.G.  2  -8722. 

Formed  by  reducing  (Py.  l,3)-di-ethyl-pyridine 
with  sodium  and  alcohol  (Ladenburg,  A.  247, 
97).— B'iJLPtCle.  [174°]. 


CH=CH 


ETHYL-PYRROLE  C6H9Nie.  | 


\ 


NEt. 


(131°).  S.G.  is  -888.  Prepared  by  the  action 
of  ethyl  iodide  on  pyrrole  potassium.  Formed 
also  by  distilling  neutral  ethyl-ammonium 
mucate  or  saccharate  (C.  A.  Bell,  B.  9,  935  ; 
Bell  a.  Lapper,  B.  10,  1962  ;  cf.  Lubavin,  Z.  [2] 
5,  399).  Formed  also  by  distilling  ethyl-suc- 
cinimide  with  zinc-dust  (Bell,  B.  13,  878). 
Colourless  liquid;  insol.  water,  miscible  with 
alcohol  and  ether.  Its  vapour  turns  acidified 
pine-wood  red.  By  long  boiling  with  HC1  it 
gives  a  red  powder  of  the  constitution  C16H24N2O2 
[165°-170°j.  Potassium  does  not  attack  it.  Its 
alcoholic  solution  gives  a  pp.  with  HgCl2. 

Fetra-bromo-  derivative 
CBr=CBrv 

|  >NEt.      [90°].     Colourless  needles. 

CBr=CBr/ 

Insol.  water,  sol.  alcohol.  Prepared  by  the 
action  of  Br  on  ethyl-pyrrole  (Bell,  B.  11,  1810). 
Ethyl-pyrrole  C4H4EtN?  (164°).  Formed 
by  adding  ZnCl2  (12  g.)  to  a  mixture  of  pyrrole 
(50  g.)  and  paraldehyde  (50  g.),  the  reaction 
beginning  at  once  with  evolution  of  heat 
(Dennstedt  a.  Zimmermann,  B.  19,  2189). 
Colourless,  but  turns  brown  in  air.  Cone.  HC1 

at  130°  appears  to  give  CHMe<^'^>NH. 

Acetyl  derivative  C4H3Et.NAc.  (225°). 
Formed  by  boiling  ethyl-pyrrole  with  Ac2O  and 
NaOAc.  An  isomeric  acetyl  derivative  [47°] 
(250°)  is  formed  at  the  same  time.  Benzoic 
aldehyde  and  potash  converts  the  acetyl  deriva- 
tive into  C4H3Et.N.CO.CH:CHPh  [150°].— 
C4H2AgEtNAc. 

ETHYL-PYRROLE-AZO-  v.  Azo-  COMPOUNDS. 

ETHYL-PYRROLE  CARBOXYLIC  ACID 
C4H3EtN.C02H.  [78°].  Formed  by  heating  its 
ethylamide  with  alcoholic  potash  at  120°  (Bell, 
B.  10,  1864).  Slender  silky  needles  (from  hot 
water).  Volatile  with  steam.  Above  100°  it 
splits  up  into  C02  and  ethyl-pyrrole.  Boiling 
dilute  HC1  decomposes  it  in  like  manner.  Fe2Cltf 
gives  a  red  colour. — AgA':  needles  (from  hot 
water). 

Ethylamide  C9H14N20  i.e. 
C4H3EtN.CONHEt.  Di-ethyl-carbopyrrolamide. 
[44°].  (270°);  Formed,  together  with  ethyl- 
pyrrole  and  the  diethylamide  of  ethyl -pyrrole  di- 
carboxylic  acid  by  heating  ethylamine  mucate 
in  a  paraffin-bath  (Bell).  Prisms  (from  water). 
Soluble  in  cone.  HClAq  without  change ;  even 
boiling  aqueous  alkalis  have  little  action,  but  it 
is  saponified  by  alcoholic  KOH  at  125°.  Bromine 
water  gives  a  pp.  of  the  tri-bromo-  derivative 


ETHYL  SELENATE. 
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CO.NHEt 


C9HnBr3N20 


[121°]   while 


C9H,.,Br2N203  [197°]  remains  dissolved  (Bell,  B. 
li,  1813). 

Ethyl-pyrrole  dicarboxylic  acid 
C4H2EtN(CO,H),.  Obtained  by  heating  its 
ethylamide  with"  alcoholic  potash  at  130°  (Bell). 
Needles  (from  dilute  alcohol).  Sublimes  without 
melting  at  250°,  being  partly  split  up  into  ethyl- 
pyrrole  and  C02.  Slowly  split  up  in  like  manner 
by  strong  acids  in  the  cold.— AgjA":  insol. 
water. 

Di-ethyl-di-amide  C4H2EtN(CONHEt)2. 
Tri-ethyl-dicarbopyrrolamide.  [230°].  Formed 
in  small  quantity  by  distilling  ethylamine  mucate 
(Bell).  Needles.  Insol.  water,  sol.  cone.  HClAq. 
May  be  sublimed.  Saponified  by  alcoholic,  but 
not  by  aqueous,  potash. 

ETHYL-QUINALDINIC  ACID  v.  ETHYL- 
QUINOLINE  -(Py.  3)-CARBOXYLIO  ACID. 

(7)-  or  (Py.  2) -ETHYL-QUINOLINE 

yCH:CEt 
CnH-iN  i.e.  CBH4<         |      .  (273°  cor.)  (Beher, 

N  N:CH 

B.  20,  2734).  Colourless  refractive  liquid. 
Formed  by  distillation  of  its  (Py.  3)-carboxylic 
acid,  C02  being  evolved  (Kahn,  B.  18,  3370). 
Obtained"  also  by  reducing  (Py.  3,  2)-chloro- 
ethyl-quinoline  with  HI  in  acetic  acid  (Baeyer  a. 
Jackson,  B.  13,  121);  and,  together  with  the 
following  isomeride,  by  heating  quinoline  ethylo- 
iodide  at  280°  (Beher,  B.  19,  2995).  Gives 
cinchonic  acid  on  oxidation.  On  reduction  it 
yields  a  base  boiling  at  (271°-275°). 

Salts. — The  hydrochloride  is  v.  sol. 
water  and  deliquescent.— B'HN03:  [116°]  ;  white 
needles.— B'HHgCl3 :  [154°] ;  white  needles,  v. 
sol.  dilute  HClAq.— B'HAuCl4 :  slender  yellow 
needles.  —  Chromate:  red  needles.  — 
B'2H2Cl2PtCl4 :  [203°] ;  orange-yellow  needles.— 
Picrate:  [163°]  (K.);  [178°-186°]  (B.) ;  fine 
yellow  needles. — Zinc  double  chloride: 
[195°]  ;  concentric  needles  (B.). 

Methylo-iodideWMel.  [149°]. 

(a)-  or  (Py.  3)-Ethyl-quinoline  C9H6NEt  i.e. 

/ITT. /"ITT 

C6H/        |      .  (258°  cor.).    Formed  by  distil- 

\  N.CEt 

ling  (Py.  3) -ethyl  quinoline  (Py.  l)-carboxylic 
acid  with  5  times  its  weight  of  soda-lime 
(Dobner,  A.  242,  272  ;  Beher,  B.  19,  2995 ;  20, 
2734).  Formed  also  by  heating  quinoline  ethyl- 
iodide  (v.  supra). 

Properties.— Colourless  hygroscopic  oil.  SI. 
sol.  water,  v.  sol.  alcohol  and  ether.  Gives 
quinoline  (Py.  3)-carboxylic  (quinaldinic)  acid 
on  oxidation.  May  be  reduced  by  tin  and  HC1 
to  a  tetrahydride  (c.  261°),  which  forms  a 
crystalline  hydrochloride. 

Salts. — The  chloride,  nitrate,  and 
sulphate  are  v.  sol.  water.  The  chloride  and 
nitrate  are  efflorescent.  The  chr ornate  crys- 
tallises in  red  needles.— (B'HCl)2PtCl4  2aq : 
[189°]  ;  orange-red  needles  or  tables,  si.  sol. 
water.— B'HHgCl3 :  [118°] ;  slender  needles.— 
B'HAuCl, :  [142°] ;  canary -yellow  needles.— 
B'-jELjSnCl,,  2aq  :  crystalline.  —  Picrate 
B'.C6H3N3O7 :  [148°];  lemon-yellow  needles 


(from  alcohol) 
VOL.  II. 


Methylo-iodideB'Mel:  [180°]  ;  greenish- 
yellow  needles  (from  alcohol). 

Ethyl(?)-isoquinoline       CnHnN      probably 

/C(C2H5):CH 
CfiH^  |     .     [65°].    (275°  at  264  mm.). 

Crystalline  solid.  Formed  by  complete  de- 
chlorination  of  di-chloro-ethyl(?)-isoquinoline  by 
heating  with  HI  and  P  at  200°. 

Salt  s.—  B'2H2Cl2PtCl4  2aq  :  orange-yellow 
flat  needles.—  B'2H2Cr207  :  orange-red  glistening 
needles  (Gabriel,  B.  20,  1207). 

Di-ethyl-quinoline  C9H?Et2N.  (284°  cor.). 
Obtained  as  a  by-product  in  the  ethylation  of 
quinoline  by  heating  its  ethylo-iodide  at  285° 
(Beher,  B.  19,  2995).  Liquid,  smelling  like 
quinoline.  On  oxidation  with  chromic  mixture 
it  gives  an  acid  [190°].—  B'^PtCl,,  :  [217°]; 
orange-red  needles,  blackens  before  melting.  — 
B'HHgCL,  :  [116°]  ;  needles. 

References.  —  BROMO-,    CHLORO,     and     OXY- 

ETH  YL-  QUINOLINE  . 

(Py.  2)-ETHYL-QUINOLINE-(Py.  3)-CARB- 

/CH:CEt 

OXYLIC  ACID  C6H4<  .       (Py.  2)- 

N  N:C(C02H) 

Ethyl-quinaldinic  acid.  [148°].  Glistening 
needles  (containing  £aq).  Sol.  alcohol  and  hot 
water,  si.  sol.  ether.  Formed  by  oxidation  of 
(Py.  2:3)-ethyl-propyl-quinoline  with  Cr03  and 
H2S04.  On  distillation  it  evolves  C02  and  gives 
(Py.  2)-ethyl-quinoline. 

Salts.—  (A'H,HCl)2PtCl4  :  fine  needles.— 
Picrate:  [153°];  fine  yellow  needles,  si.  sol. 
water  and  cold  alcohol.—  A'  Ag  :  amorphous 
white  pp.,  or  very  fine  microscopic  needles.  — 
A'2Cu  :  bluish-green  microcrystalline  pp.  (Kahn, 
B.  18,  3368). 

(Py.  3:l)-Ethyl-quinoline  carboxylic  acid 
C9H5NEtC02H.     (Py.  3)-Ethyl-cinclionic  acid. 
[173°]. 

Preparation.  —  Pyruvic  acid  (70  g.)  and  pro- 
pionic  aldehyde  (50  g.)  are  dissolved  in  alcohol, 
and  anilin  (80  g.)  is  gradually  added,  and  the 
mixture  heated  on  the  water-bath  with  an  in- 
verted condenser  (Dobner,  A.  242,  270). 

Properties.  —  Needles  or  plates.  V.  sol.  alco- 
hol, ether  and  hot  water.  Yields  on  heating 
with  soda-lime  (Py.  3)-ethyl-quinoline. 

Salts.  —  Chloride,  nitrate,  and  sulphate 
are  v.  sol.  water.  —  (B'HClJ-jPtC^aq:  orange-yel- 
low needles,  v.  sol.  water,  si.  sol.  alcohol,  insol. 
ether.—  Ag  A'  :  pp.  v.  si.  sol.  water. 

ETHYL-QUINOLINE  TETRAHYDRIDE 


<2 
|       v.  QUINOLINE.    An  isomeride  is 
NEt:CH2 

obtained  by   reducing    (Py.  3)-ethyl-quinoline 
(q.  v.). 

(Py.  1)  -ETHYL-QUINOLINE  SULPHONIC 
ACID  C9H5EtN.S03H.  [above  315°].  Obtained 
by  heating  (7)-  or  (Py.  1)-  ethyl-quinoline  with 
fuming  H2S04  (10  pts.)  at  260°  (Beher,  B.  19, 
2995).  Slender  needles,  insol.  alcohol,  v.  sol. 
hot  water. 

TRI-ETHYL-ROSANILINE  v.  TRI-ETHYL-TRI- 

AMIDO-DI-PHENYL-TOLYL-CARBINOL. 

MONO-ETHYL  SELENATE  EtHSe04  i.e. 
S02(OH)(OEt).  An  unstable  acid  obtained  by 
treating  selenic  acid  with  alcohol  (Fabian,  A. 
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Suppl.    1,    244).— SrA'2:    tables.  -  CuA'2  4aq  : 
plates. 

ETHYL  SELENHYDRATE  EtSeH.  (above 
100  °) .  A  liquid  formed  according  to  Wohler  and 
Siemens  (A.  61,  360)  when  KSeH  is  distilled  with 
alcohol.  It  has  a  very  disgusting  odour,  and  its 
alcoholic  solution  gives  a  yellow  pp.  with  HgCl2. 

ETHYL  SELENIDE  C4H10Se  i.e.  Et.Se.  (108°). 
Prepared  by  digesting  equivalent  quantities  of 
P2Se5  and  KEtS04  with  a  small  quantity  of  water 
at  50°,  the  product  being  fractionally  distilled 
(Von  Pieverling,  A.  185,  331).  Colourless  mobile 
liquid,  smelling  like  a  hydrocarbon.  Insol. 
water,  miscible  with  alcohol  and  ether.  Its  solu- 
tion in  dilute  HN03  gives  with  HC1  oily  Et2SeCl2 
whence  aqueous  ammonia  forms  crystalline 
(Et2Se)2OCl2  (Joy,  A.  86,  35). 

Ethylo-iodide  SeEt3I.  Tri-ethyl-selonium 
iodide.  Slowly  formed  by  combination  of  SeEt2 
with  EtI  in  the  cold  (P.).  White  crystals,  stable 
in  the  air,  v.  e.  sol.  water  and  alcohol,  si.  sol. 
ether.  Sublimes  between  80°  and  120°,  being 
split  up  into  SeEt2  and  EtI,  which  slowly  recom- 
bine  in  the  cold. 

Ethylo.-hydroxide  SeEt3OH.  Formed  by 
treating  the  ethylo-iodide  with  moist  Ag20. 
Powerful  base,  forming  a  syrupy  solution  which 
absorbs  CO2  with  avidity.  Its  salts  smell  like 
leeks  and,  with  exception  of  the  tartrate,  are  very 
deliquescent. 

Acid  tartrate  SeEt3C4H506  2aq  :  pale  rose- 
red  needles,  v.  e.  sol.  water,  forming  an  acid  so- 
lution.—Platinochloride  (SeEt3Cl)2PtCl4 : 
red  rhombohedra.  Monoclinic  according  to 
Sehimper  (#..£:.  1,218) .—Zinc  double  chlor- 
ide (SeEt3Cl)2ZnCl2 :  from  SeCl4  and  ZnEt2 
(Bathke,  A.  152,  210). 

Di-ethyl  di-selenide  Et2Se2.  (186°).  From 
KEtS04  and  K2Se2  (Rathke).  Keddish-yellow 
liquid  with  highly  disgusting  smell.  Its  solution 
in  dilute  HN03  gives  with  HC1  crystals  of 
EtSeO-jHaCl  (?) ;  these  are  v.  sol.  water,  and  are 
reduced  by  S02  to  Et2Se2. 

ETHYL  DI-SELENO-PHOSPHATE 
C6H,5P02Se  i.e.  Et3PO2Se2.    An  oil  obtained  by 
treating  P2Se5  with  alcohol  (Carius,  A.  124,  57). 
Slowly  decomposed  by  water. 

ETHYL  SILICATE  Et2Si03.  (350°).  S.G. 
2±  1-079.  Formed,  according  to  Ebelmen  (A.  57, 
331),  together  with  Et2Si20M  by  treating  SiCl4 
with  wet  alcohol.  Slowly  saponified  by  water. 
Friedel  and  Crafts  (A.  Ch.  [4]  9,  5)  could  not  ob- 
tain this  ether,  but  found  instead  EtBSi2O7  (125°- 
130°  in  vacuo).  V.D.  12-03  (calc.  11-86).  S.G.  2 
1-0196  ;  12  1-0119.  The  ether  Et6Si2O7  is  also 
formed  by  treating  SiOCl6  with  alcohol  (Friedel 
a.  Ladenburg,  A.  147,  362) ;  it  is  converted  by 
gaseous  NH3  into  Et5Si206(NH2)  (280°  in  vacuo} 
and  Et4Si2Oa(NH2)2(Troosta.Hautefeuille,  A  Ch. 
[5]  7,  472). 

Ethyl  ortho-silicate  C8H20Si04  i.e.  Et4Si04. 
Silicic  ether.  (166°).  S.G.  22  -933  (E.) ;  -968 
(Friedel  a.  Crafts,  A.  Ch.  [4]  9,  5).  V.D.  7-32 
.(calc.  7-21).  Formed  by  pouring  absolute  al- 
cohol upon  SiCl4  and  distilling  the  product 
(Ebelmen,  Ji.  57,  331).  Also  from  alcohol  and 
SiF4  (Knop  a.  Wolf,  C.  C.  1861, 899).  Colourless 
liquid,  with  ethereal  odour.  Burns  with  dazzling 
llame.  Insol.  water,  but  slowly  decomposed  by 
it  with  separation  of  silica.  Ammonia  and  aque- 


ous alkalis  dissolve  it.  Ac20  at  180°  gives 
(EtO),SiOAc  (c.  190°). 

Chloride  ClSi(OEt)3.  (157°).  2  1-0483. 
V.D.  7-05  (calc.  6-81).  Formed  by  heating  SiCl4 
(1  mol.)  with  Et4Si04  (3  mols.)  at  150°  ;  by  heat- 
ing Et4Si04  (1  mol.)  with  AcCl  (1  mol.)  at  175°  ; 
or  by  distilling  Et4Si04  with  PC15.  Limpid 
liquid ;  does  not  fume  in  the  air,  but  is  quickly 
decomposed  by  moist  air  or  water  yielding  HC1 
and  silica. 

DichlorideGl£i(QEt)r  (137°).  S.G. 2 1-144. 
V.D.  6;76  (calc.  6-55).  From  Et4Si04  (1  mol.) 
and  SiCl4  (1  mol.).  Formed  also  by  heating 
ClSi(OEt)8  (1  mol.)  with  SiCl4  (2  mols.)  and  dis- 
tilling. Liquid  resembling  the  preceding. 

Trichloride  Cl,Si(OEt).  (104°).  S.G.  * 
1-291.  V.D.  6-38  (calc.  6-22).  Formed  by  heat- 
ing Et4Si04  or  either  of  the  preceding  chlorides 
with  excess  of  SiCl4  for  a  long  time.  Liquid. 

Octo-ethyl  tetra-silicate  Et8Si4012.  (270°- 
290°).  S.G.  *  1-071.  V.D.  19-54.  From  Si404Cl8 
and  absolute  alcohol  (T.  a.  H.).  Liquid.  NH3 
converts  it  into  Et6Si40,0(NH2)2. 

ETHYL-STIBINE  v.  Organic  compounds  of 
ANTIMONY. 

ETHYL-STILBENE     v.     ETHYL-DI-PHENYL- 

ETHYLENE. 

Di- ethyl -stilbene  v.  DI-ETHYL-DI-PHENYL- 

ETHYLENE. 

ETHYL-SUCCINIC  ACID 

COjjH.CH^CHEt.COzH.  Butane  di-carboxylic 
acid.  [98°].  (243°). 

Formation. — 1.  By  boiling  a-acetyl-o-ethyl- 
succinic  ether  with  cone,  alcoholic  KOH  (Hug- 
genberg,  A.  192,  148).— 2.  By  oxidation  of  j8-ace- 
tyl-propionic  acid  (Thorne). — 3.  By  distilling 
butane  tri-carboxylic  acid  (derived  from  malonic 
and  a-bromo-butyric  ethers)  (Polko,  A.  242, 121). 

Preparation.—  a- Acetyl-jS-ethyl-succinic  ether 
is  heated  with  very  strong  potash  (2:1)  at  100°. 
Excess  of  the  ether  removed  by  shaking  with 
ether,  the  acids  are  then  liberated  by  H2S04  and 
extracted  with  ether  (L.  T.  Thorne,  C.  J.  39, 
338). 

Properties. — Prisms  (from  chloroform  and 
petroleum  ether) ;  v.  e.  sol.  water,  alcohol,  ether, 
and  chloroform,  insol.  petroleum-ether. 

Salts. — KHA":  v.  e.  sol.  water,  insol.  alco- 
hol.— K2A"  faq :  very  hygroscopic.— CaA"  2aq : 
prisms,  v.  si.  sol.  water. — CaH-jA.'^  3aq  :  si.  sol. 
water,  insol.  alcohol. — BaA"l|aq  :  v.  sol.  water, 
insol.  alcohol. — SrA".— CuA"  :  blue  insoluble  pp. 
— ZnA"2aq:  v.  e.  sol.  water,  insol.  alcohol. — 
Ag.A"  :  powder;  decomposes  at  110°. 

Methyl  etherUe^".  (204°).  S.G. |£  1-051. 
Does  not  solidify  at  - 19°. 

E  thy  I  ether  Et^".    (225°).    S.G.  fi  1-030. 

Anhydride  C6H803-     S.G.  ff  1-165. 

Amide  :  [214°J ;  insol.  cold  water. 

Di-ethyl-succinic  acid 

C02H.CEtH.CEtH.C02H.  [190°].  S.  '61  at  23°; 
6-7  at  95°.  Formed,  together  with  an  isomeride 
[140°],  from  xeronic  acid  C(XH.CEt:CEt.CO,H 
and  HI  (Otto,  A.  239,  280).  Monoclinic  plates, 
si.  sol.  water,  v.  sol.  alcohol  and  ether.  Converted 
by  heating  with  HClAqinto  the  isomeride  [129°]. 
—  Na2A".  -  CaA"  2aq.— CuA"  aq.— ZnA''  2aq. 

Ethyl  ether  ~&t?A".  (234°).  S.G.  1*  -991. 
Formed,  together  with  the  isomeric  ether,  by 
heating  a-bromo-  (or  iodo-  )  butyric  ether  with 
finely-divided  silver  at  120°  to  130°  (Hell,  B.  6, 
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28  ;  13,  475,  479 ;  22,  67  ;  Hjelt,  B.  20,  3078). 
It  is  well  to  add  some  Mel. 

Anhydride  (c.  240°). 

Di-ethyl-succinic  acid 

C02H.CEtH.CEtH.C02H.  [129°].  S.  2-4  at  23°. 
This  acid  is  obtained,  together  with  the  preceding, 
by  heating  hexane  tri-carboxylic  acid  obtained 
from  o-bromo-butyric  and  ethyl-malonio  ethers 
by  treatment  with  NaOEt  (Hjelt ;  Hjelt  a.  Bis- 
choff,  B.  21,  2098 ;  Zelinsky  a.  Bitschichni,  B. 
21,  3398).  It  is  also  formed  by  dissolving  the 
anhydride  of  the  preceding  in  water.  Trimetric 
plates,  y.  sol.  alcohol  and  ether.  By  heating 
quickly  it  is  converted  into  the  anhydride  (246°). 
By  heating  for  8  hours  at  220°  it  is  converted 
into  the  isomeric  acid  [190°].  On  heating  with 
resorcin  and  H2S04  it  gives  a  fluorescein. — 
Na^".— CaA"  aq.— CuA"aq.— ZnA"  6aq. 

ETHYL  SUCCINIMIDE  v.  Ethylimide  of  Suc- 

CINIC  ACID. 

ETHYL-SUCCINURIC  ACID  C7H12N204  i.e. 
NHEtCO.NH.CO.C2H4.C0.2H.  [167°].  Formed 
by  the  action  in  the  cold  of  dilute  H2S04  on  suc- 
cinyl-ethyl-urea  (the  compound  of  succinimide 
with  cyanic  ether)  (Menschutkin,  B.  7,  128). 
Long  needles  (from  alcohol).  Decomposed  at 
190°  into  succinimide,  water,  and  cyanic  ether. 
SI.  sol.  water  and  cold  alcohol. — AgA' :  plates  or 
needles  (from  hot  water). 

Amide  NHEt.CO.NH.CO.CH2.CH2.CONH2. 
[196°].  From  succinyl-ethyl-urea  and  alcoholic 
NH3  at  100°.  Needles  (from  alcohol).  Decom- 
posed by  heating  with  aqueous  ammonia. 

DI-ETHYL-SUCCINYL-SUCCINIC  ACID  v. 
Di-ethyl  derivative  of  the  dihydride  of  DI-OXY- 

TEBEPHTHALIC  ACID. 

ETHYL-SULPHAMIC  ACID  HO.S02.NHEt. 
Prepared  by  the  action  of  S03  on  ethyl-amine 
(Beilstein  a.  Wiegand,  B.  16,  1265).  Needles. 
Sol.  water,  alcohol,  and  ether.  Not  decomposed 
by  boiling  with  water. 

Salts. — A'2Ca2aq:  large  prisms,  sol.  water, 
alcohol,  and  ether. — A'JBa  l^aq :  silvery  scales. 
S.  (90  p.c.  alcohol  at  18°)  =  1-33,  v.  sol.  water. — 
A'2Pb  :  needles,  sol.  water  and  alcohol. 

Di  -  ethyl  -  sulphamic  acid  HO.S02.NEt2. 
Formed  by  the  action  of  S03  on  di-ethyl-amine. 
A'.2Ba2aq:  sol.  water  and  alcohol,  insol.  ether 
(Beilstein  a.  Wiegand,  B.  16,  1266). 

CAIortrf«NBtrSO1OL  (208°).  Formed  by 
the  action  of  sulphuryl  chloride  on  di-ethyl- 
amine  hydrochloride  (Behrend,  B.  15, 1612  ;  A. 
222,  134).  Yellow  oil,  v.  sol.  alcohol,  ether, 
benzene,  and  CHC13.  Heavier  than  water. 

TETRA-ETHYL-SULPHAMIDE  S02(NEt2),. 
(250°).  Formed  by  the  action  of  di-ethyl-amine 
on  di-ethyl-sulphamic  chloride  at  60°  (Behrend, 
B.  15,  1612  ;  A.  222,  135).  Heavy  yellow  oil, 
v.  sol.  alcohol,  ether,  benzene,  and  CHC13. 

ETHYL  SULPHATES. 

Mono-ethyl  sulphate  C2H6S04  i.e. 
S02(OH)(OEt).    S.G.  ^  1-316. 

Formation. — 1.  From  alcohol  and  H2S04 
(Dabit,  Ann.  Chem.  34,  300;  43, 101;  Sertiirner, 
Gilb.  Ann.  60,  53  ;  64,  6,  7  ;  A.  Vogel,  Qilb.  Ann. 
63,  81 ;  Gay-Lussac,  A.  Ch.  [2]  13,  76 ;  Dumas 
a.  Boullay,  A.  Ch.  [2]  36,  300;  Serullas,  A.  Ch. 
[2]  39,  153  ;  Liebig  a.  Wohler,  A.  1,  37  ;  Liebig, 
A.  13,  27 ;  Magnus,  A.  6,  152 ;  Marchand,  P. 
28,  454 ;  32,  345 ;  41,  595  ;  Miiller,  A.  Ch.  [3] 
19,  22).— 2.  From  ethylene  and  H.,S04  (Hennell, 


Tr.  1826,  240;  1828,365;  Berthelot,  A.  Ch  [3] 
43,  385 ;  C.  R.  36,  1098).— 3.  By  heating  ether 
with  H2SO4  (Hennell  a.  Magnus,  P.  27,  386).— 
4.  From  S2C12  and  alcohol  (Heusser,  A.  151, 
249). 

Preparation.— A.  mixture  of  equal  parts  of 
strong  sulphuric  acid  and  strong  alcohol  is 
heated  to  about  100°,  and,  after  standing  in  a 
warm  place  for  24  hours,  diluted  with  water, 
and  saturated  with  carbonate  of  barium  or  car- 
bonate of  lead ;  the  solution  is  then  filtered  from 
the  precipitated  sulphate  of  barium  or  lead,  and 
the  filtrate  carefully  evaporated  to  the  crystal- 
lising point.  The  crystals  of  baric  or  plumbic 
ethylsulphate  are  then  redissolved  in  water,  the 
solution  is  decomposed  with  an  exactly  equiva- 
lent quantity  of  sulphuric  acid — or  better,  in  the 
case  of  the  lead-salt,  with  H2S— and  the  filtrate 
is  concentrated  in  a  vacuum  over  oil  of  vitriol 
or  chloride  of  calcium.  Claesson  (J.  pr.  [2]  19, 
246)  recommends  taking  3  pts.  of  alcohol  to 
2  pts.  of  H2S04;  the  yield  is  then  77  p.c.  If  the 
mixture  be  kept  at  100°  for  more  than  an  hour 
a  notable  amount  of  ether  is  formed,  and  the 
yield  of  acid  is  diminished  (Villiers,  C.  E.  91, 
124). 

Properties.— Colourless  syrup,  miscible  with 
water  and  alcohol,  insol.  ether.  When  heated 
it  gives  off  ether,  leaving  H2S04.  At  a  higher 
temperature  it  gives  off  ethylene  and  S02. 

Reactions. — 1.  The  aqueous  solution  decom- 
poses slowly  in  the  cold,  quickly  on  boiling,  the 
products  being  alcohol  and  H2S04.— 2.  Alcohol 
at  130°-140°  yields  ether  and  H2S04.— 3.  MnO, 
or  K2Cr04  give  aldehyde  (Jacquemin  a.  Lies 
Bodard.J".  1857, 345).— 4.  On  electrolysis  it  yields 
formic  and  acetic  acids  besides  H  and  0  (Kenard, 

A.  Ch.  [5]  17,  301).— 5.  The  K  and  Ba  salts  are 
decomposed  by  dry  HC1  at  about  80°  completely 
into  EtCl  and  the  corresponding  sulphate  (Kohler, 

B.  11,  1929).— 6.  Eeacts  with  salts  of  organic 
acids  forming  the  corresponding  ethyl  ethers. 

S  alt  s. — All  the  salts  are  v.  sol.  water.  Their 
aqueous  solution  is  decomposed  by  boiling,  but 
this  is  prevented  by  the  addition  of  a  few  drops 
of  aqueous  KOH.  When  heated  with  cone. 
H_S04  they  give  off.  ether,  boiling  dilute  H.,SOt 
liberates  alcohol.  When  heated  with  KOH  they 
give  off  alcohol.  When  distilled  with  other  salts 
they  form  ethyl  ethers  of  those  salts. — NH4A' : 
[62°] ;  very  deliquescent  crystals,  v.  sol.  water, 
alcohol,  and  ether. — KA'.  S.  125  at  17°.  Large 
monoclinic  tables  or  lammas;  a:&:c  =  '573:'615:l; 
P  =  80° 27'  (Schabus,  J.  1854,  560).  Deliquescent, 
insol.  alcohol  and  ether.— NaA'aq.  [86°].  S.  164 
at  17°.  Very  deliquescent  hexagonal  plates  ; 
efflorescent  in  warm  air.— LiA'  aq  :  deliquescent 
crystals.  —  BaA'2  2aq  :  S.  109  at  17°;  S.G.  '^1 
2-080  ;  monoclinic  prisms ;  a:b:c  =  -823:  -979:1 ;  . 
ft  =  84°  39'  (Schabus).  The  aqueous  solution 
becomes  turbid  on  boiling,  BaS04  being  ppd. — 
CaA'22aq :  S.  100  at  8°  ;  125  at  17°  ;  157  at -30°. 
Monoclinic  scales  ;  permanent  in  the  air.  SI. 
sol.  alcohol,  insol.  ether. —  SrA'2 :  v.  sol.  water. — 
CdA'2  2aq :  long  prisms,  v.  sol.  water  and  alco- 
hol, insol.  ether. — CoA'2  2aq :  dark-red  crystals, 
permanent  in  the  air,  v.  sol.  water  and  alcohol, 
insol.  ether. — CuA'2  4aq  :  rectangular  prisms,  v. 
sol.  water  and  alcohol,  insol.  ether. — PbA'2  2aq  : 
tables,  v.  sol.  water  and  alcohol,  having  an  acid 
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reaction.— PbA'2PbO.  S.  185  at  17°.  Amorphous, 
sol.  water  and  alcohol. — MgA'2  4aq :  crystals,  v. 
sol.  water,  insol.  alcohol  and  ether. — MnA'2  4aq : 
roseate  tables,  v.  sol.  water  and  alcohol,  insol. 
ether.— NiA'22aq:  very  soluble  green  crystals.— 
ZnA'22aq :  large  tables,  v.  sol.  water  and  alcohol, 
insol.  ether.— SmA's  9aq.  S.G.  1-880.  Large 
crystals,  sol.  water  (Cleve,  Bl.  [2]  43,  171).— 
DiA'39aq.  S.G.  1-863  (C.).— AgA'aq :  scales,  sol. 
water  and  alcohol. 

Chloride  EtS08Cl.  Sulphuric  ethoxy- 
chloride.  (153°  cor.). 

Forniation. — 1.  From  alcohol  and  C1S03H, 
along  with  ethyl-sulphuric  acid. — 2.  By  dropping 
S02C12  into  alcohol.— 3.  From  EtCl  and  S03  (B. 
Williamson,  C.  J.  2,  529 ;  5,  576  ;  Kuhlmann,  A. 
33,  108).— 4.  From  KEtS04  and  PC15.— 5.  From 
ClCOjjEt  and  fuming  H2S04  (Wihn,  B.  6,  505). 

Preparation.  —  Ethylene  is  passed  into 
C1S03H,  and  the  product  distilled  in  vacua. 
The  yield  is  50  p.c.  (M.  MuUer,  B.  6,  227). 

Properties. — Slightly  decomposed  by  distil- 
ling. Insol.  water.  When  heated  with  water 
in  sealed  tubes  it  gives  Et2O,  EtCl,  HC1,  and 
H2S04  (Purgold,  Z.  [2]  4,  669). 

Reactions. — 1.  With  alcohol  it  reacts  chiefly 
thus  :  EtO.S02Cl  +  EtOH  =  EtO.S02OH  +  EtCl, 
but  also  according  to  the  two  equations 
(a)  EtO.S02Cl  +  HOEt  =  (EtO)2SO2  +  HC1, 
(6)  (EtO)2S02+HOEt  =  (EtO)(HO)S02  +  Et20, 
the  last  equation  taking  place  when  there  is  an 
excess  of  alcohol.— 2.  With  methyl  alcohol  the 
reaction  is 

EtO.S02Cl  +  HOMe  =  MeCl  +  EtO.S02.OH. 

3.  With    amyl    alcohol    EtO.S02Cl  +  C5HnOH 
=  C5HnS02OH+EtCl.   It  thus  appears  that  the 
chloride  of  the  smaller  alcohol  radicle  is  formed 
(Claesson,  J.pr.  [2]  19,  248). 

Di-ethyl  sulphate  C4H10S04  i.e.  S02(OEt)2. 
Mol.  w.  154.  [c.  -24°].  (118°)  at  40  mm. 
S.G.  12  1-1837.  Occurs  in  'heavy  oil  of  wine,' 
an  oily  mixture  sometimes  obtained  in  the  pre- 
paration of  ether  (Marchand,  J.  pr.  15, 1 ;  Serul- 
las,  A.  Ch.  [2]  39, 152). 

Formation. — 1.  By  passing  vapour  of  S03 
into  a  flask  containing  ether  surrounded  by  a 
freezing  mixture.  The  product  is  washed  with 
lime-water  and  rectified  (Wetherill,  A.  66, 117). — 
2.  From  dry  alcohol  and  S03.— 3.  From  Ag2S04 
and  EtI  (Stempnewsky,  J.R.  1882, 95). — 4.  From 
ClS03Et  and  alcohol  (Claesson,  J.  pr.  [2]  19, 
257). 

Preparation. — Absolute  alcohol  (200  g.)  mixed 
with  cone.  H-jSO^  (450  g.)  is  distilled  very  slowly 
until  the  mixture  begins  to  froth.  The  distillate 
separates  into  two  layers,  the  lower  being  pure 
Et2S04  (28  g.)  (ViUiers,  C.  R.  90, 1291). 

Properties.  —  Oil,  smelling  of  peppermint. 
Solidifies  at  about  -  25°.  It  forms  double  com- 
pounds with  sulpho-acetates,  sulpho-benzoates, 
and  isethionates,but  not  with  acetates,  benzoates, 
or  methane  sulphonates  (Geuther,  A.  218,  288). 

Reactions.— 1.  Warm  baryta-water  converts 
it  into  Ba(S04Et)2.— 2.  When  heated  with  water 
it  gives  alcohol,  H2S04,  and  EtHS04.— 3.  When 
heated  with  alcohol  it  forms  ether  and  EtHS04.— 

4.  S03  gives  ethionic  ether  and  methionic  ether 
(R.  Hiibner,  A.  223,  208).— 5.  KHS  gives  mer- 
captan  and  K^O,.— 6.  NH3  gives  NEt4S04Et 
and  NEtH,S04Et. 

Reference.  —  DI-BKOMO-UI-ETHYL  SULPHATE. 


ETHYL  SULPHIDE  C4H10S  i.e.  Et2S.  Mol. 
w.  90.  (93°  cor.).  S.G.  af  -8368.  V.D.  3-00 
(calc.  3-12).  H.F.p.  28,550  (Th.).  H.F.v.  26,230 
(Th.).  BO,  27-64  (Nasini,  G.  13,  301). 

Formation. —  1.  By  the  action  of  K2S  on 
KEtS04,  on  EtCl,  or  on  other  ethyl  ethers 
(Dobereiner,  Schw.  J.  61,  377  ;  Begnault,  A.  Ch. 
[2]  71,  387  ;  Loir,  C.  R.  26,  195  ;  Biche,  A.  Ch. 
[3]  43,  297).— 2.  By  passing  the  vapour  of 
S02C12  in  a  current  of  C02  over  zinc  ethide,  and 
distilling  the  product  with  water  (F.  Gauhe,  A. 
143,  266).— 3.  By  distilling  mercury  mercaptide : 
Hg(SEt)2  =  HgS  +  Et2S. 

Preparation. — An  alcoholic  solution  of  potash 
is  divided  into  two  equal  parts:  one  part  is 
saturated  with  H2S,  and  then  mixed  with  the 
other ;  the  liquid  is  introduced  into  a  tubulated 
retort ;  vapour  of  hydrochloric  ether  is  passed 
through  it  to  saturation;  and  heat  is  then  gradu- 
ally applied,  the  stream  of  hydrochloric  ether 
vapour  being  still  kept  up.  From  the  distillate, 
which  contains  alcohol  and  ether  as  well  as 
sulphide  of  ethyl,  the  sulphide  of  ethyl  is  pre- 
cipitated by  water  ;  it  is  then  purified  by  washing 
with  water,  dehydrated  by  chloride  of  calcium, 
and  rectified  (Begnault). 

Properties. — Oil,  with  alliaceous  odour.  Sol. 
alcohol.  Burns  readily  with  blue  flame.  Takes 
fire  when  poured  into  chlorine.  HgO  has  no 
action  on  it,  but  lead  acetate  gives  a  yellow  pp. 

Reactions. — 1.  Nitric  acid  (S.G.  1'2)  forms 
di-ethyl  sulphoxide  Et2SO.  Fuming  HN03  forms 
di-ethyl  sulphone  (Oefele,  A.  127,  370).— 2.  Boil- 
ing aqueous  KOH  has  no  action,  but  on  distilling 
over  solid  KOH  there  is  formed  KHS  and  alco- 
hol.—3.  Heated  with  sulphur  at  180°  it  is  partly 
converted  into  Et2S2,  Et2S3,  Et2S4,  and  Et2S5 
(Bottger,  A.  223,  351).— 4.  S2C12  acts  energeti- 
cally, forming  HC1,  carbon,  and  sulphur  (B.).— 
5.  SOC12  forms  similarly  HC1,  carbon,  S,  and 
S02.— 6.  C1.S03H  forms  HC1,  carbon,  S,  H2SO4, 
and  H20.— 7.  S02C12  forms  HC1,  carbon,  S,  and 
SO.,. — 8.  On  passing  through  a  red-hot  tube  it 
yields  thiophene. — 9.  Chlorine  forms  chlorinated 
products  by  substitution  (Biche,  A.  92,  358). — 
10.  Bromine  forms  crystalline  Et2SBr2,  whence 
KI  gives  oily  Et2SI2,  which  is  reconverted  by 
ZnEt2  into  Et2S  (Bathke,  A.  152,  214). 

Reference. — DI-CHLOBO-DI-ETHYL  SULPHIDE. 

Combinations.— Et2SHgCl2.  [90°].  Formed 
as  a  crystalline  pp.  by  shaking  aqueous  HgCl2 
with  Et2S  or  its  alcoholic  solution.  Monoclinic 
prisms  (from  ether  or  MeOH)  (Loir,  A  87, 369).— 
(Et2S)2PtCl4.  [108°].  Yellow  needles  (Loir,  A.Ch. 
[3]  39,  441).— (Et2S)2PtCl2.  [81°].  Formed  by 
shaking  Et2S  (1  mol.)  with  potassium  platinous 
chloride  (2  mols.).  Short,  bright-yellow  prisms. 
Almost  insol.  water,  m.  sol.  alcohol,  si.  sol.  ether, 
v.  e.  sol.  CHC13.  Changed  by  shaking  with  water 
and  Et2S  into  an  isomeride  [100°]  crystallising 
in  thin  tables  (Blonistrand,  J.pr.  [2]  27, 190).— 
Et2SPbS047aq :  large  crystals ;  v.  e.  sol.  water. — 
Et2SHgI2.  [110°]  (Loir,  A.  107, 234).— Et2STiCl4. 
— (Et2S)2TiCl4  (Demarcay,  Bl.  [2]  20, 132). 

Methylo-  compounds  Et2SMeI.  Methyl- 
di-ethyl-sulphine  iodide.  Formed  as  a  syrup 
when  Et2S  and  Mel  are  heated  together  with 
a  little  water  (Kriiger,  J.  pr.  [2]  14,  195). 
Moist  AgCl  gives  syrupy  Et2SMeCl.  The 
hydroxide  is  a  powerful  base.  The  nitrate 
and  sulphate  crystallise  in  long  deliquescent 
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needles.  —  (Et2SMeCl)2PtCl4  :  [214°]  ;  pale-red 
monoclinic  crystals  ;  si.  sol.  cold  water,  insol. 
alcohol  and  ether.  Crystallises  from  water  in 
cubes,  octahedra,  and  tetrahedra.— Et2SMeAuCl4 : 
[192°]  ;  long  pale-yellow  needles ;  v.  sol.  alcohol, 
ether,  and  hot  water.  —  Et2SMeCl(HgCl2)6  : 
[198°];  transparent  prisms  (from  hot  water).— 
Et2SMeCyHgI2:  [115°];  formed  by  mixing  cold 
solutions  of  EtJVteSI,  HI,  and  HgCy2.  H^S  in 
presence  of  water  gives  black  HgS  ;  on  continu- 
ing the  action  of  the  gas  it  changes  to  red  HgS 
(difference  from  SEt3Cl(HgCl2)4). 

Isomerides  of  theMethylo-  compounds 
EtMeSEtl.  From  EtSMe  and  EtI  (Kriiger,  J.pr. 
[2]  14,  207).  Very  deliquescent  needles.  The  j 
chloride  is  a  syrup,  the  nitrate  and  sul-  ' 
phate  are  deliquescent.— (EtMeSEtCl)2PtCl4:  ! 
[186°]  (K.) ;  [205°]  (N.  a.  S.) ;  prisms  of  cubic 
system  (from  water) ;  insol.  ether  and  alcohol 
(Nasini  a.  Scala,  Q.  18,  62).  By  repeated  re- 
crystallisation  it  is  changed  into  its  isomeride. — 
EtMeSEtAuCl4  :  [178°] ;  pale-yellow  crystalline 
powder;  v.  sol.  hot  water,  alcohol,  and  ether. — 
EtMeSEtCl(HgCl2)2:  [112°] ;  white  crystalline  pp. 
Crystallises  from  water  in  trimetric  plates. — 
EtMeSEtCyHgL,:  [98°];  amber-yellow  pp. ;  insol. 
water,  alcohol,  and  ether.  When  strongly  heated 
it  yields  HgI2,  a  carbamine  and  a  sulphide. 
Both  Et2SMeI  and  its  isomeride  EtMeSEtl  give 
with  AgOBz  syrupy  benzoates,  which,  when 
heated  to  115°,  yield  methyl  benzoate  (Crum 
Brown  a.  Blaikie,  Pr.  E.  10,  254). 

Ethylo -iodide  Et3SI.  Tri-ethyl-sulphine 
iodide.  From  Et2S  and  EtI  (Oefele,  A.  132,  82  ; 
C.  J.  17,  106;  Lukaschewicz,  Z.  [2]  4,  643). 
Formed  also  by  the  action  of  HI  on  Et.2S  or 
EtSH ;  and  by  treating  mercaptan  with  EtI 
(Cahours,  A.  135,  352 ;  136,  151).  Trimetric  ! 
plates;  y.  e.  sol.  water.  Decomposed  on  dis-  j 
tillation  into  Et2S  and  EtI.  Moist  Ag20  con- 
verts it  into  a  deliquescent  hydroxide  Et3SOH. 
This  hydroxide  is  strongly  alkaline  ;  it  absorbs 
C02  from  the  air,  ppts.  metallic  salts,  expels 
NH3  from  its  salts,  and  turns  red  litmus  blue. 
It  forms  the  following  salts:— Et3SCl :  deli- 
quescent needles  (from  water)  volatile  with 
steam.  —  (Et3SCl)2PtCl4 :  monoclinic  prisms, 
a:6:c  = -675:1:1-107  ;  0  =  55°  6'  (Dehn,  A.  Suppl 
4,  92).  S.  3-3  at  20-7°.— Et3SCl(HgCl2)4.  S.  1-5 
at  20°.— SEt3AuCl4 :  long  golden  needles  ;  si.  sol. 
cold  water.— Et3SN03AgN03.—(Et3S)2S04  :  in- 
distinct  crystalline  aggregates.—  SEt3Br:  needles ; 
v.  e.  sol.  water,  si.  sol.  alcohol,  insol.  ether  (cf. 
Otto  a.  Bossing,  B.  19, 1839).  The  ethylo-iodide 
also  forms  the  following  combinations  with 
metallic  salt :  SEt3IHgI2.— SEt3ITlI3  (Jorgensen, 
J.  pr.  [2]  6,  82).— (SEt3I)3(BiI3)2  (Kraut,  A.  210, 
321).— SEt3IBiI3._(SEt3I)2(BiI3)s9aq. 

Ethylo  •  cyanide  SEt3Cy.  Formed  by 
digesting  SEt3I  with  KCy  at  100°  (Gauhe,  Z. 
[2]  4,  622).  Deliquescent  needles.  Besolved  by 
heating  with  acids  or  alkalis  into  Et2S,  pro- 
pionic  acid,  and  NH3.  A  crystalline  compound 
SEt3CyAgCy  is  obtained  by  digesting  Et3SI  with 
alcohol  and  AgCy  at  90°.  It  is  decomposed  by 
heat  into  SEt3Cy  and  AgCy  (Patein,  C.  B.  106, 
861). 

Di-ethyl  di-sulphide  Et,S2.  Mol.  w.  122. 
(153°  cor.).  S.G.  \°  -9927.  V.D.4-27  (calc.  4-23). 

Formation.— 1.  By  distilling  KEtS04  with  a 
concentrated  aqueous  solution  of  K2S2  (Zeise, 


P.  31,  371 ;  Pyr.  Morin,  P.  48,  483  ;  A.  32,  267 ; 
Lowig,  P.  27,  550 ;  49,  326 ;  Cahours,  A.  Ch. 
[3]  18,  268  ;  A.  61,  98  ;  Muspratt,  C.  J.  3,  19).— 
2.  By  distilling  oxalic  ether  with  K2S2.— 3.  By 
treating  an  aqueous  solution  of  sodium  mercap- 
tide  with  iodine  (Kekul6  a.  Linnemann,  A.  123, 
279). — 4.  By  treating  mercaptan  with  cone. 
H2S04,  sulphurous  acid  being  given  off  (Erlen- 
meyer  a.  Lisenko,  Z.  1861,  660).— 5.  By  heating 
mercaptan  with  sulphur  for  six  hours  at  150° 
(M.  Miiller,  J.  pr.  [2]  4,  39).-  6.  By  heating 
NaSEt  (8  g.)  with  alcohol  (10  g.)  and  sulphur 
(1-5  g.)  at  100°  (Bottger,  A.  223,  348): 
2NaSEt -f  S2  =  Et2S2  +  Na2S2.— 7.  From  mercap- 
tan and  S02C12  (Courant  a.  Bichter,  B.  18, 
3178). 

Properties. — Colourless  oil ;  sol.  alcohol  and 
ether.  It  first  floats  upon  water,  but  after  a 
while  it  sinks,  probably  from  absorption  of  water. 
Neutral  to  test  papers.  It  has  an  alliaceous 
odour,  and  is  poisonous.  It  is  very  inflammable, 
and  burns  with  a  blue  flame.  It  is  attacked  by 
Cl  and  Br.  With  HgO  it  slowly  forms  a  yellow 
mass.  Its  alcoholic  solutions  are  ppd.  by  HgCl2 
and  by  Pb(OAc)2. 

Eeactions. — 1.  Dilute  nitric  acid  oxidises  it 
to  ethane  thiosulphonic  ether  C.jH5.S02SEt. — 
2.  Cold  H2S04  does  not  dissolve  it ;  on  warming 
it  gives  off  S02. — 3.  Heated  in  a  sealed  tube  with 
EtI  it  gives  SEt3I  and  iodine  (Saytzeff,  Z.  [2]  6, 
109).— 4.  Carbonised  by  S2C12,  SOC12,  C1S03H, 
and  S02C12. 

Di-ethyl  trisulphide  Et2Sr  Obtained,  to- 
gether with  Et2S2,  by  distilling  KEtS04  with  P?S5 
(Cahours).  Formed  also  by  heating  Et2S2  with 
sulphur.  Heavy  yellow  oil,  volatile  with  steam. 
It  cannot  be  distilled  undecomposed.  Mercury 
removes  one-third  of  its  sulphur.  Copper  turn- 
ings at  150°  do  so  also.  When  suspended  in  water, 
and  oxidised  by  fuming  HN03  there  is  formed 
H2SO4  and  EtS03H.  Moist  Ag20  gives  EtSOaH 
and  Ag2S  (Miiller). 

Di-ethyl  tetrasulphide  Et2S4.  Formed  by 
treating  mercaptan  with  S2C12  in  CS2  solution 
(Claesson,  J.  pr.  [2]  15,  214).  Oil  with  disgust- 
ing smell.  Split  up  by  distillation  in  steam  into 
Et2S3  and  sulphur. 

Di-ethyl  pentasulphide  Et2S5.  A  semi-solid 
mass  got  by  heating  the  preceding  with  sulphur 
at  150°. 

TRI-ETHYL-SULPHINE  COMPOUNDS  v. 
supra. 

ETHYL- SULPHINIC   ACID  v.  ETHANE  SUL- 

PHINIC  ACID. 

ETHYL  SULPHITES. 

Mono-ethyl  sulphite.  The  potassium  salt 
KO.SO.OEt  is  formed  when  di-ethyl  sulphite  is 
treated  with  cold  aqueous  KOH  (Warlitz,4. 143, 
75).  Scales  (from  alcohol) ;  very  unstable. 

Chloride  EtO.SO.Cl.  (122°).  From 
(EtO)2SO  and  PC15  (Michaelis  a.  Wagner,  B.  7, 
1073).  Formed  in  small  quantity  by  passing 
HC1  into  alcohol  saturated  with  S02  and  heating 
the  product  in  a  sealed  tube  at  100°.  Slightly 
fuming  liquid.  Keadily  decomposed  by  water 
into  HC1,  alcohol,  and  S02.  Not  attacked  by 
PC15  at  120°,  but  at  180°  it  yields  SOCL,  POC13 
and  EtCl. 

Di-ethyl  sulphite  C4HIOS03  i.e.  (EtO).,SO. 
(161°).  S.G.  151-085.  V.D.  4-78. 

Formation. — 1.  By  the  action  of  absolute 
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alcohol  on  S.,C1 
place  thus: 


The  reaction  perhaps  takes 
+  HOEt  =  SOCl2  +  HSEt  ;  and 


=  SO(OEt)2 


but     EtCl, 


HC1,  and  sulphur  are  also  formed  (Carius,  A. 
106,  291  ;  110,  221  ;  111,  93  ;  J.  pr.  [2]  2,  279  ; 
Ebelmen  a.  Bouquet,  A.  Ch.  [3]  17,  66  ;  War- 
litz,  A.  143,  74).-  -2.  By  adding  alcohol  drop  by 
drop  to  SOC12  (Carius). 

Properties.  —  Colourless  liquid,  smelling  some- 
what like  mint.  Miscible  with  alcohol  and  ether, 
but  insol.  water.  Slowly  decomposed  by  water. 
Aqueous  alkalis  and  Na,C03  quickly  decompose  it 
into  alkaline  sulphite  and  alcohol.  Alcoholic 
KHO  gives  a  pp.  of  EtO.SO.OK.  Alcoholic  NH3 
at  130°  gives  ethylamine  and  (NH4).,SOS.  Ethyl- 
amine  gives  NHEt2  and  (NH3Et)2S03.  PC15 
forms  EtO.SOCl,  which,  however,  on  keeping, 
or  on  distilling,  rapidly  splits  up  into  EtCl  and 
S02  (Geuther,  A.  224,  223).  Chlorine  attacks  it 
strongly,  and  in  bright  sunshine  forms  C2C16, 
CC13.COC1,  and  S02C12.  SOC12  at  120°  gives  S02 
and  EtCl.  Diethyl  sulphite  is  split  up  at  200° 
into  S02  and  ether  (Prinz,  A.  223,  374). 

Isomeride  v.  Ethyl  ether  of  ETHANE  SULPHONIC 
ACID. 

ETHYL  STTLPHOCYANIDE  C3H5NS  i.e. 
EtS.Cy.  (146°  cor.).  S.G.  s.  1-033  ;  *s  1-002 
(Buff,  Z.  [2]  4,  730)  ;  f  1-071  (Nasini  a.  Scala,  G. 
17,  66)  ;  ^  1-020.  V.D.  3-02.  B^  41-4 
(N.  a.  S.). 

Formation  (Cahours,  A.  Ch.  [3]  18,  264  ; 
Lowig,  P.  67,  101  ;  Muspratt,  A.  65,  253).—!. 
By  saturating  a  concentrated  solution  of  potas- 
sium sulphocyanide  with  EtCl  ;  the  product  is 
diluted  with  an  equal  bulk  of  water  and  distilled, 
the  distillate  mixed  with  ether,  diluted  with 
water,  and  the  ethereal  solution  dried  over  CaCl2 
and  rectified.  —  2.  From  EtI  and  silver  sulpho- 
cyanide (Meyer  a.  Wurster,  B.  6,  965).—  3.  By 
distilling  equal  parts  of  calcium  ethyl  sulphate 
with  potassium  sulphocyanide,  both  in  concen- 
trated solution. 

Properties.  —  Mobile  colourless  oil,  having  a 
taste  of  anise  and  a  pungent  odour  resembling 
mercaptan.  Insol.  water,  miscible  with  alcohol 
and  ether.  Its  alcoholic  solution  does  not  ppt. 
solutions  of  metallic  salts. 

Reactions.  —  1.  Nitric  acid  oxidises  it  to 
ethane  sulphonic  acid.  —  2.  KC103  and  HC1  at- 
tack it  with  great  violence  forming  ethane  sul- 
phonic acid.  —  3.  Chlorine  forms  chloride  of 
cyanogen  Cy3Cl3,  and  a  liquid  C2H3SC13  (135°) 
(James,  J.  pr.  [2]  30,  316).—  4.  Aqueous  KOHat 
100°  gives  Et2S2,  potassium  cyanate,  and  KCy 
(Briining,  A.  10~4,  193).—  5.  Boiling  alcoholic 
KOH  gives  off  NH3  and  Et2S2.—  6.  Alcoholic 
K.S  forms  Et2S  and  potassium  sulphocyanide.  — 
7.  Dry  ammonia,  appears  to  form  a  little  ethyl- 
thio-urea.  Aqueous  ammonia  (S.G.  -880)  forms 
black  uncrystallisable  products.  Dilute  aqueous 
NH3  forms  NH4Cy,  urea,  and  Et2S2  (Jeanjean,  G. 
R.  55,  330  ;  Kremer,  J.  pr.  73,  365).—  8.  PEt3  at 
100°  forms  Et3PS  and  Et4PCy  (Hofmann,  B.  4, 
611  ;  A.  Suppl.  1,  53).—  9.  Dry  H2S  gives  di- 
thio-carbamic  ether  NH2.CS2Et.—  10.  Thio-acetic 
acid  gives  NHAc.CS.Et.—  11.  Mel  at  105°  gives 
Me.,SI  and  other  products  (Dehn,  A.  Suppl.  4, 
107).—  12.  HBr  forms  a  compound  EtSCyH2Br2 
(Henry,  J.  1868,  652). 

Reference.—  CHLORO-ETHYL  SULPHOCYANIDE. 


DI-ETHYL-SULPHONE  C4H10S02  i.e.  Et2S02. 
Ethane  sulphinic  ether.  Mol.  w.  122.  [70°]. 
(248°).  S.  16  at  16°.  B^  46-60  (in  a  4-24  p.c. 
aqueous  solution)  (Kanonnikoff). 

Formation. — 1.  By  oxidising  di-ethyl  sulphide 
with  HN03  in  sealed  tubes  at  100°.— 2.  By  oxi- 
dising di-ethyl  sulphide  with  a  solution  (1:30)  of 
KMn04. — 3.  From  sodium  ethane  sulphinate  and 
EtBr  (Otto,  B.  13,  1278).— 4.  By  heating  its  a- 
carboxylic  acid  to  200°  (Otto,  B.  21,  994). — 5. 
From  lead  ethide  and  S02  (Frankland  a.  Law- 
ranee,  C.  J.  35,  245).— 6.  By  the  dry  distillation 
of  its  dicarboxylic  acid  S02(CHMe.C02H),  (Loven, 
B.  17,  2823). 

Properties. — Trimetric  tables  (from  hot  water 
or  alcohol).  Does  not  reduce  KMn04 ;  is  not 
reduced  by  Zn  and  H2S04  (differences  from  di- 
ethyl  sulphoxide,  Beckmann,  J.  pr.  [2]  17, 
452).  Not  attacked  by  PC15,  chlorine,  or  ZnEt2. 
IC13  at  150 3  gives  C4H9ClS02and  other  products 
(Spring  a.  Winssinger,  B.  15,  446). 

ETHYL- SULPHONO- ACETIC  ACID  v.  ME- 
THYL-ETHYL SULPHONE  CARBOXYLIC  ACID. 

DI  -  ETHYL  -  SULPHONE  a  -  CARBOXYLIC 
ACID  EtS02CHMe.C02H.  a-Ethyl-sulpliono- 
propionic  acid.  The  ethyl  ether  is  obtained  by 
boiling  the  ethyl  ether  of  o-chloropropionic  acid 
with  sodium  ethane  sulphinate  (Otto,  B.  21, 994). 
The  free  acid  is  a  yellowish  oil,  miscible  with 
alcohol  and  water.  Decomposed  on  heating  into 
di-ethyl-sulphone  and  C02.  The  Na  salt  is  a 
gum. 

Di-ethyl-sulphone  ^-carboxylic  acid 
Et.S02.CH2.CH2.C02H.  &-Ethyl-sulphono-pro- 
pionic  acid.  [112°].  The  ethyl  ether  is  obtained 
by  the  action  of  £-iodopropionic  acid  on  sodium 
ethane  sulphinate  in  an  alcoholic  solution  (Otto, 
21,  995).  The  free  acid  forms  plates,  v.  e.  sol. 
alcohol  and  ether.  At  200°  it  gives  S02  and  pro- 
pionic  acid.  The  Na  salt  crystallises  from  alco- 
hol in  plates,  and  is  v.  e.  sol.  water. 

Di-ethyl-sulphone  di-carboxylic  acid 
02S(C2H4.C02H)2.        Sulpho-di-propionic     acid. 
[156°]. 

Formation.— I.  By  oxidation  of  thio-di-ct- 
lactic  acid  S(C2H4.C02H)2  with  KMn04.— 2.  By 
the  action  of  methyl  iodide  and  sodium  ethylate 
upon  di-methyl-sulphone  di-carboxylic  ether 
(Loven,  B.  17,  2822). 

Properties. — Four-sided  tables.  V.  sol.  water, 
alcohol,  and  ether.  On  heating  it  loses  CO,, 
forming  di-ethyl-sulphone. 

ETHYL-SULPHONE-ETH  YLAMIDE  v.  Ethyl- 
amide  of  ETHANE  SULPHONIC  ACID. 

DI  -  ETHYL  -  SULPHONE  -  DI  -  METHYL  - 
METHANE  v.  DI  -  ETHYL  PROPYLIDENE  DI- 
SULPHONE. 

ETHYL-SULPHONO-PROPIONIC  ACID  v. 
DI-ETHYL-SULPHONE  CARBOXYLIC  ACID. 

ETHYL     SULPHO-UREA     v.     ETHYL-THIO- 

UREA. 

DI-ETHYL  SULPHOXIDE  Et,SO.  Ethyl 
oxy sulphide.  Formed  by  heating  Et"2S  with  dilute 
nitric  acid  (S.G.  1-2).  Thick  syrup,  v.  sol.  water, 
Cannot  be  distilled.  Beduced  by  zinc  and  H2S04 
to  Et,S  (Saytzeff,  A.  144,  153).  Chlorine  gives 
EtCl  and  chlorinated  derivatives  of  ethane  sul- 
phonic acid.  Chlorine  passed  into  its  aqueous 
solution  forms  HC1,  EtCl,  and  EtS02Cl  (Spring 
a.  Winssinger,  B.  15,  447). 


ETHYL-THIO-CARBAMINE-METHYL  CYAMIDE. 
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Di-ethyl-di-sulphoxide    v.    Ethyl    ether    of 

ETHANE  THIOSULPHONIC  ACID. 

ETHYL  SULPHYDRATE  v.  MERCAPTAN. 
ETHYL  TARTRONIC   ACID   v.  OXY-ETHYL- 

MALONIO  ACID. 

ETHYL-TAURINE    v.    ETHYL-AMIDO-ETHANE 

SULPHONIC  ACID. 

ETHYL-TELLUEIDE  Et,Te.  (98°)  (W.  ; 
H.)  ;  (138°)  (M.  a.  M.).  From  K,Te  and  KEtS04 
(Wohler,  A.  35,  111  ;  84,  69  ;  Heeren,  C.  C.  1861, 
916).  Beddish-yellow  liquid  with  disgusting 
odour,  v.  si.  sol.  water.  Oxidised  by  air. 

Chloride  Et2TeCl2.  Prepared  by  treating 
Et./Te  with  HNO3,  dissolving  the  resulting  crys- 
talline nitrate  in  water,  and  ppg.  by  HC1.  Oil. 
Reactions.—  1.  Aqueous  NH3  gives  (Et./Te),Cl2O, 
crystallising  in  six-sided  prisms,  whence  Ag.,SO4 
gives  crystalline  (Et2Te).,H2S04.—  2.  Ag20  forms 
an  unstable  alkaline  oxide,  which  is  reduced  by 
S02  to  Et2Te. 

Ethylo-chlorideEt3TeCl.  [174°].  From 
ZnEt2  and  TeCl4  in  ether  (Marquardt  a.  Michaelis, 
B.  21,  2042).  Deliquescent.  Excess  of  ZnEt2 
at  105°  forms  TeEta  and  butane. 

E  thy  lo  -iodide  Et3TeI.  [92°].  FromEt.Te 
and  EtI  at  50°  (Becker,  A.  180,  263  ;  Cahours, 
A.  Ch.  [5]  10,  50).  Monoclinic  crystals.  Gives 
with  Ag20  an  unstable  alkaline  base. 

DI-ETHYL-THETINE  XC6H14S03  i.e. 
Et2S(OH).CH2.C02H.    Obtained  by  adding  Ag2O 
to  an  aqueous  solution  of  its  hydrobromide  (Letts, 
Tr.  E.  28,  584).    Thick  syrup. 

Salts.  —  Et2SBr.CH2.C02H.  Formed  by 
shaking  Et2S  with  bromo-acetic  acid,  and  allow- 
ing to  stand  for  a  few  days.  Colourless  prisms, 
sol.  water  and  alcohol,  insol.  ether.  It  forms  a 
lead  salt  Et-jSBr.CH^CO^bBrPbBr,  which  crys- 
tallises either  in  narrow  plates  or  in  needles,  si. 
sol.  cold,  v.  sol.  hot,  water.  Strong  nitric  acid 
oxidises  di-ethyl-thetine  to  ethane  sulphonic 
acid.  —  xEt2SCl.CH2.C02H:  syrupy  liquid.— 
(Et2SCl.CH2.C02H)2PtCl4  :  large  dark  -  orange 
crystals.—  x(SEt2.CH2.CO2H)2S04  :  syrup. 

ETHYL  -  THIENYL       HEXYL       KETONE 

CH—  CH 
CjjHaoSO  i.e.    ||          ||  .     (330°    cor.). 

CEt.S.C.CO.C6H13 

From  ethyl-thiophene,  heptoyl  chloride,  and 
A1C13  (Schleicher,  B.  19,  660).  Yellow  oil  of 
aromatic  odour.  Yields  on  oxidation  hexoic 
acid  and  thiophene  oo-dicarboxylic  acid.  By 
heating  with  H2S04  it  gives  heptoic  and  ethyl- 
thiophene  sulphonic  and  disulphonic  acids. 

Oxim.  —  C4SH2Et.C(NOH).C6H13.  [39°]. 
Crystalline. 

(jS)-ETHYL  -  THIENYL  METHYL  KETONE 
C4SH2Et.CO.CH3.  Aceto-ethyl-thienone.  (249° 
cor.).  S.G.  22  -096.  Formed  by  the  action  of 
acetyl  chloride  upon  (a)  -ethyl-thiophene  in  pre- 
sence of  A12C16  (Schleicher,  B.  18,  3020  ;  19,  660). 
Liquid.  By  alkaline  KMn04  it  is  oxidised  to 
thiophene  di-carboxylic  acid. 

Oxim  C4SH2Et.C(NOH).CH3  :  [110°]  ;  white 
crystals. 

Phenyl-hydrazide.    [68°.    Needles. 


[71°];  white  needles. 

Di-ethyl-thienyl  methyl  ketone 
C4SHEt2.CO.CH3.   Acetodiethylthienone.   (250°). 
A   mixture    of   di-ethyl-thiophene   (1  g.),  AcCl 
(•6  g.),  petroleum-ether  (5  g.)  is  slowly  dropped 


into  petroleum-ether  (30  g.),  in  which  A1C13  (2g.) 
is  suspended.  The  product  is  treated  with  cold 
water  and  distilled  (Muhlert,  B.  19,  635).  Oil. 

Oxim  C4SHEt2.C(NOH).CH3.     Oil. 

ETHYL-(a)-THIOCARBAMIC  ACID.  Ethyl 
HEt.CO.SEt.  (204°-208°).  Frommer- 
captan  and  cyanic  ether  (Hofmann,  B.  2,  118). 
Heavy  oil.  Decomposed  by  acids  or  alkalis  into 
mercaptan,  C02,  and  ethylamine. 

Benzoyl  derivative  ?  NBzEt.CO.SH. 
[74°].  From  BzCl  and  potassium  sulphocyanide 
in  alcoholic  solution  (Lossner,  J.pr.  [2]  10,  235). 
On  pouring  the  product  into  water  the  acid  sepa- 
rates as  hard  sulphur-yellow  prisms,  v.  si.  sol. 
water,  v.  sol.  alcohol  and  ether.  Eesolved  by 
heat  into  mercaptan,  benzonitrile,  and  C02.  Hot 
aqueous  KOH  gives  KOBz,  potassium  sulphide, 
potassium  carbonate,  and  potassium  sulphocyan- 
ide  NBzEt.CO.SK :  small  needles  (from  alco- 
hol), v.  sol.  water,  si.  sol.  alcohol  and  ether. — 
AgA':  flocculent  pp.  turns  black  on  heating. — Et  A'. 
From  the  K  salt  and  EtBr.  Heavy  non- volatile 
oil.  At  105°  it  forms  crystals  [129°].— C5HnA'? 
small  prisms,  sol.  water  and  alcohol ;  formed 
from  isoamyl  alcohol  and  benzoyl  sulphocyanide 
(Miquel,  A.  Ch.  [5]  11,  330).— C6H,A' :  [93°] ; 
minute  needles  (from  dilute  alcohol) ;  insol.  water, 
v.  sol.  alcohol  and  ether. 

Ethyl-(/8)-tliiocarbamic  acid.  Ethyl  ether 
NHEt.CS.OEt.  Ethyl-urethane.  (204°-208°). 
From  ethyl  thiocarbimide  and  alcohol  by  heating 
for  several  hours  at  110°  (Hofmann,  B.  2,  117). 
Formed  also  by  treating  ethyl  thio-carbimide 
with  alcoholic  NaOH.  Oil,  smelling  of  garlic. 
Split  up  by  alkalis  or  dilute  acids  into  ethyl- 
amine, H2S,  alcohol,  and  C02.  Cone.  H2S04  gives 
off  COS. 

Ethyl-di-tMo-carbamic  acid  NHEt.CS.SH. 
The  ethylamine  salt  is  formed  by  adding  CS2 
slowly  to  an  ethereal  solution  of  ethylamine  at 
-18°  (Hofmann,  B.  1,  25;  Eudneff,  J.  R.  10, 
188;  B.  11,  987 ;  Bn.  1,  998) ;  the  free  acid  is 
ppd.  on  adding  the  calculated  quantity  of  HC1  to 
a  solution  of  this  salt.  It  is  crystalline.  It  is 
decomposed  by  excess  of  HC1  into  CS2  and  ethyl- 
amine. 

Salts. — The  silver  salt  is  a  white  pp.  de- 
composed by  boiling  water  into  silver  sulphide 
and  ethyl  thiocarbimide. — Ethylamine  salu 
NHEt.CS.SNHgEt.  [103°].  Six-sided  tables 
(from  alcohol),  v.  sol.  water  and  alcohol,  m.  sol. 
ether.  On  boiling  the  alcoholic  solution  di-ethyl- 
thio-urea  is  formed.  Iodine  attacks  its  alcoholic 
solution  forming  di-ethyl-thio-urea,  CS2,  ethyl 
thiocarbimide,  NH2Et,  and  sulphur. 

Ethyl  ether  EtA'.  Di-ethyl-xanthamide. 
Prepared  by  digesting  mercaptan  with  ethyl-thio- 
carbimide  at  120°  for  several  hours  (Hofmann, 
Z.  [2]  5,  268).  Heavy  oil.  Decomposed  by  dis- 
tillation. 

Di-ethyl-di-thio-carbamic  acid.  Diethyl- 
amine  salt  NEVOS.S.NHjEt,.  From  CS2  and 
diethylamine  (Grodzki,  B.  14,  2754).  Not  de- 
composed at  110°.  Split  up  by  iodine  into  di- 
ethylamine and  C10H,0N2S4  or  (NEt2.CS)2S2  [70°] 
which  may  be  crystallised  from  alcohol. 

ETHYL  -THIO-CARBAMINE-  CYAMIDE  v. 
CABBIMIDO-ETHYL-THIO-UBEA. 

ETHYL-THIO-CARBAMINE-METHYL  CY- 
AMIDE v.  METHYL-CARBIMIDO-ETHYL-THIO-UREA. 
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ETHYL-THIOOARBIMIDE. 


ETHYL -THIOCARBIMIDE  C3H5NS  i.e. 
EtN.CS.  Ethyl  mustard  oil.  Mol.  w.  87.  (133°). 
V.D.  3-03  (calc.  3-02).  S.G.  *  1-019  ;  &  '997 
(Buff,  Z.  [2]  4,  730) ;  f  -995  (Nasini  a.  Scala,  G. 
17, 66).  EOO  43-35. 

Formation. — 1.  By  heating  cyanic  ether  with 
P2Ss  (Michael  a.  Palmer,  Am.  6,  260).— 2.  By 
adding  an  aqueous  solution  of  ethylamine  to 
CSC12  (Eathke,  A.  167,  218).— 3.  By  distilling 
di-ethyl-thio-urea  with  P205  °T  dry  HC1  (Hof- 
mann,  B.  1,  26).— 4.  By  distilling  ethylamine 
ethyl-di-thio-carbamate  (from  CS2  and  NH2Et) 
with  aqueous  silver  nitrate,  or,  better,  Hgd2.  An 
excess  of  AgN03  must  be  avoided,  or  some  of  the 
EtNCS  will  be  changed  into  EtNCO.  It  is  un- 
necessary to  use  pure  ethylamine,  the  crude 
product  of  the  action  of  alcoholic  NH3  on  EtI 
answers  just  as  well. — 5.  Formed  in  small  quan- 
tity, together  with  ethyl  sulphocyanide  and 
other  products,  by  heating  mercuric  sulpho- 
cyanide with  EtI  at  180°  (Michael,  Am.  1,  417). 

Properties.— Pungent  liquid,  inflames  the 
tongue. 

Reactions. — 1.  It  unites  directly  with  ammo- 
nia and  primary  amines  forming  ethyl-  and 
ethyl-alkyl-  thio-ureas. — 2.  Digested  for  some 
hours  at  110°  with  alcohol  it  forms  ethyl- (£)- 
thio-carbamic  ether. — 3.  Mercaptanat  120°  gives 
ethyl-di-thio-carbamic  ether. — 4.  When  chlorine 
is  passed  through  a  cooled  mixture  of  equal 
volumes  of  ethyl  thiocarbimide  and  dry  ether 
there  is  formed  a  powder  which  by  treatment 
with  aqueous  NaOH  is  converted  into  (EtNCS)20 
[42°].  This  oxide  of  ethyl  thiocarbimide  crys- 
tallises from  alcohol  in  splendid  colourless 
tablets  and  prisms,  insol.  water.  On  treatment 
with  ammonium  sulphide  sulphur  separates  and 
the  filtrate  deposits  crystals  [c.  60°]  (Sell,  B.  6, 
322).— 5.  Ethyl  thiocarbimide  (1  mol.)  warmed 
with  aldehyde-ammonia  (2  mols.)  and  alcohol 
at  100°  forms  silvery  needles  of  Ci4H31N5S202 
[119°],  v.  sol.  alcohol,  ether,  and  hot  water. 
Alkalis  and  dilute  acids  give  off  aldehyde,  NH3, 
ethylamine,  &c. 

ETHYL  THIOCARBONATES.  Sulphocarbo- 
nic  ethers. 

Mono-ethyl-(o) -thiocarbonate.  Salts.  — 
EtO.CO.SK.  Formed  by  the  action  of  alcoholic 
KOH  or  KSH  on  CS(OEt)2,  or  of  KOH  on 
EtO.CS.SEt  (Debus,  A.  75,  130,  136,  142 ;  82, 
253).  Formed  also  bypassing  C02  into  an  alco- 
holic solution  of  KSEt  (Chancel,  G.  R.  32,  642). 
Also  from  COS  and  alcoholic  KOH  (Bender,  A. 
148,  137).  Long  needles  or  prisms ;  v.  sol.  water 
and  alcohol,  insol.  ether,  not  deliquescent.  The 
aqueous  solution  decomposes  on  boiling  into 
Et^C03,  mercaptan,  Et.,S,  and  alcohol.  The  dry 
salt  decomposes  at  170°  into  COS,  Et2S,  and 
K2C03.  On  adding  acids  to  its  aqueous  solution 
COS  and  alcohol  are  formed.  By  adding  iodine 
to  its  alcoholic  solution  there  is  formed 
EtO.CO.S.S.CO.OEt,  a  heavy  oil,  which  is  de- 
composed by  alcoholic  KOH  giving  EtO.CO.SK, 
sulphur,  and  K2S.  When  NH3  is  passed  into  its 
alcoholic  solution  sulphur  is  deposited,  while 
Et2S  and  allophanic  ether  remain  in  solution 
(Chancel,  C.  R.  32,  644;  Debus,  A.  75,  142).— 
(EtO.CO.S)2Zn  :  m.  sol.  water  and  alcohol.— 
(EtO.CO.SJJPb :  crystalline  powder,  insol.  water, 
si.  sol.  alcohol.  ~EtO.CO.SAg:  unstable  sticky 
mass,  insol.  water.— (EtO.CO.S)2Cu^Cu2S.  Ob- 


tained by  adding  cupric  sulphate  to  a  solution 
of  the  K  salt  until  the  milky  pp.  first  formed 
becomes  yellow.  This  is  washed  with  ether.  It 
is  a  yellow  amorphous  powder. 

Di- ethyl  (o) -'thiocarbonate  EtO.CO.SEt. 
(156°).  S.G.  is  1-0285.  E^  34-09  (Nasini,  G. 
13,  302).  From  the  K  salt  and  EtBr  in  alcohol 
(Salomon,  J.  pr.  [2]  6,  438).  Also  from  NaSEt 
and  ClCOJEt.  Liquid  with  characteristic  smell. 
Split  up  by  water  at  160°  into  mercaptan,  CO2, 
and  alcohol.  Alcoholic  NH3  gives  mercaptan  and 
EtO.CO.NHj.  Alcoholic  KOH  gives  mercaptan, 
alcohol,  and  potassium  carbonate. 

Amide  EtS.CO.NH2.  Isothiocarbamic  ether. 
Isothiourethane.  [102°]  (P.) ;  [108°]  (F.). 

Formation. — 1.  By  passing  gaseous  HC1  into 
an  alcoholic  solution  of  ethyl  sulphocyanide 
(Pinner,  B.  14,  1082).— 2.  From  HC1  and  alco- 
holic potassium  sulphocyanide  (Blankenhorn, 
J.pr.  [2]  16,  375).— 3.  From  CICO.SEt  and  NH3 
(Salomon,  J.  pr.  [2]  7,  256).  —  4.  From 
NH,.CO.SNH4and  EtBr  (Fleischer,  B.  9,  991).— 
5.  In  small  quantity  from  CO(SEt)2  and  NH3 
(Salomon  a.  Conrad,  J.pr.  [2]  10,  32). 

Properties. — Plates,  may  be  sublimed ;  si.  sol. 
water,  v.  sol.  alcohol.  In  a  sealed  tube  at  150° 
it  splits  up  into  mercaptan  and  cyanuric  acid. 
Alcoholic  NH3  gives  urea  and  mercaptan.  Alco- 
holic KOH  gives  C02,  ammonia,  and  mercaptan. 
P205  gives  ethyl  sulphocyanide.  HgCl2,  CuS04, 
and  AgN03  give  pps. 

Di-ethyl  ethylene  (a)-di-tliio-di-carbonate 
(EtO.CO.S)2C2H4.  From  EtO.CO.SK  and  alco- 
holic ethylene  bromide  (Welde,  J.  pr.  [2]  15,  52). 
Thick  oil  with  unpleasant  odour.  Cannot  be  dis- 
tilled. Alcoholic  NH3  gives  in  the  coldC2H4(SH)2 
and  carbamic  ether.  Alcoholic  KOH  gives  in  the 
cold  EtO.CO.OK  and  C.^SH),. 

Ethyl  isobutyl  (a) -thiocarbonate 
EtO.CO.SC4H9.  (192°).  S.G.  12  -994.  From 
CICO.Et  and  NaSC4H9  (Mylius,  B.  6,  313). 
Alcoholic  NH3  converts  it  into  HSC4H9  and 
EtO.CO.NH2.  Alcoholic  KOH  or  KSH  forms 
C4H9SH,  alcohol,  and  C02. 

Isobutyl  ethyl  (a) -thiocarbonate 
C4H9O.CO.SEt.  (193°).  S.G.  12  -994.  From 
C1.C02C4H9  and  NaSEt  (M.).  Liquid,  smelling 
like  mercaptan.  Alcoholic  NH3  gives  mercaptan 
and  C4H9O.CO.NH2.  Warm  alcoholic  KOH  gives 
EtSH,  isobutyl  alcohol,  and  C02. 

Ethyl  -  isoamyl   thiocarbonate 
CO(OEt)(SC5Hn).      From     Cl.CO.S.C6Hn    and 
NaOEt.     A  liquid  (Schone,  J.  pr.  [2]  32,  245). 

Reactions. — 1.  Alcoholic  NH3  reacts  accord- 
ing   to    the    equation    CO(S.C5H11)(OEt)  +  NH3 
=  HSC5Hn  +  CO(NH2)(OEt).— 2.  Alcoholic  KOH 
reacts  thus:  CO(SC5Hn)(OEt)  +  2KOH 
=  HSC5Hn  +  HOEt  +  K2C03. 

Ethyl  (j8)-thio-carbonic  acid. 

Chloride  EtO.CSCl.  (136°).  Colourless 
pungent  oil ;  formed  in  small  quantity  by  the 
action  of  alcohol  on  CSC12.  Converted  by  NH3 
into  the  amide  (Klason,  B.  20, 2385). 

Amide  EtO.CS.NH2.  Xanthogenamide. 
[38°]  (Salomon,  J.pr.  [2]"  8,  115).  Formed  by 
the  action  of  alcoholic  NH3  on  EtO.CS.SEt 
(Debus,  A.  75,  128),  on  EtO.CS.Cl  (Klason),  on 
EtO.CS.SMe  (Chancel,  /.  1851,  513),  or  on 
(EtO.CS)2S2.  Monoclinic  pyramids.  M.  sol. 
water,  v.  e.  sol.  alcohol  and  ether.  Split  up  by 
dry  distillation  into  mercaptan,  cyanic  acid,  and 


ETHYL  THIOOARBONATES. 


521 


cyanuric  acid.  Alcoholic  KOH  or  baryta  form 
alcohol  and  a  sulphocyanide.  P205  gives  ethyl 
sulphocyanide  (Salomon  a.  Conrad,  J".  or.  [2]  10, 
34). 

Combinations.— (C3H7NSO)2Cu2Cl2.  Formed 
by  adding  CuS04  to  the  aqueous  solution  and 
decomposing  the  pp.  with  HC1.  Small  rhom- 
bohedra  (from  alcohol)  ;  v.  si.  sol.  water.  — 
(C3H7NSO)4Cu2Cl2.  —  (C3H7NSO)6Cu2Cl2.  — 
(C3H7NSO)8Cu2Cl2.  (C3H7NSO)2CuI.  — 

(C3H7NSO);<CuI.  -  -  (C3H7NSO)2Cu2(SCy)2.  - 
(C3H7NSO)43Cu.,(SCy),.— C3H7NS05Cu2(SCy)2.— 
(C3H7NSO)4Pt2CX  (Debus). 

Di  -  ethyl  (£)-tb.iocarbonate  EtO.CS.OEt. 
(162°).  S.G.  i  1-032.  BOO  34-51  (Nasini,  G.  13, 
303). 

Formation. — 1.  By  the  dry  distillation  of 
EtO.CS.S.S.CS.OEt,  the  other  products  being 
CS2  and  EtO.CS.SEt  (Debus,  A.  75,  136).— 2. 
From  CSC12  and  KOEt  (Salomon,  J.  pr.  [2]  6, 
441). 

Properties. — Liquid  with  pleasant  odour.  In- 
sol.  water,  v.  sol.  alcohol  and  ether. 

Reactions.— 1.  Alcoholic  KHS  gives  mercap- 
tan  and  EtO.CO.SK.— 2.  Alcoholic  KOH  gives 
alcohol,  EtO.CO.SK,  and  EtO.CO.OK.— 3.  Cold 
alcoholic  NH3  gives  NH4SCy  and  alcohol. 

Mono-ethyl    (a/3) -di-thio- carbonate 
EtO.CS.SH.    Xanthogenic  acid.    Xanthic  acid. 

Formation. — KOH  (2  pts.)  is  dissolved  in 
alcohol  (1  pt.),  and  CS2  is  slowly  added  until 
the  liquid  is  no  longer  alkaline.  On  cooling  to 
0°  the  potassium  xanthate  separates  in  colour- 
less needles  from  which  the  acid  may  be  obtained 
by  treatment  with  dilute  H2S04  (Zeise,  Sell.  J.  36, 
1 ;  43,  160  ;  P.  35,  457  ;  Couerbe,  A.  Ch.  [2]  61, 
225  ;  Sacc,  A.  51,  345  ;  Debus,  A.  72, 1 ;  75,  121 ; 
82,  253  ;  Desains,  A.  Ch.  [3]  20,  496  ;  Hlasiwetz, 

A.  122,  87).    Potassium  xanthate  is  also  formed 
by  treating  xanthic  ether  with  KHS. 

Properties. — Colourless  heavy  oil,  with  strong 
odour.  It  first  reddens  litmus,  then  bleaches  it. 
It  is  very  inflammable.  At  24°  it  seems  to  boil, 
being  split  up  into  CS2  and  alcohol.  It  expels 
C02  from  its  salts. 

Salts.— The  soluble  xanthates  form  a  white 
pp.  with  lead  salts,  a  yellow  pp.  with  cupric  salts 
(hence  the  name),  and  a  light-yellow  pp.  with 
silver  and  mercurous  salts ;  the  last-mentioned 
pp.  turning  black.— KA'.  S.G.  2il5  1-5576  (Clarke, 

B.  11, 1505).    S.  (alcohol)  20.  Prepared  as  above. 
Colourless  prisms  which  turn  slightly  yellow  on 
exposure  to  air.    V.  sol.  water  and  alcohol,  insol. 
ether.    Its  aqueous  solution  decomposes  above 
50°  into  K2CS3,  alcohol,  H2S,  and  CO2.     In  the 
dry  state  it  may  be  heated  to  200°  without  altera- 
tion ;  at  a  higher  temperature  it  decomposes, 
leaving  a  residue  of  K.,S  mixed  with  charcoal. 
Hot  KOHAq  forms  EtO.CO.SK.     Iodine  added 
to  its  alcoholic  solution  gives  EtO.CS.S.S.CS.OEt, 
which  is  also  formed  by  the  action  of  iodine  on 
lead  xanthate   (Desains,   A.  Ch.   [3]   20,  469 ; 
Debus,  A.  72,  1).     This   substance   [28°]  S.G. 
1-260  (N.  a.  S.)  forms  prisms,  v.  e.  sol.  alcohol 
and  ether,  insol.  water.     (EtO.CS)2S2  is  split  up 
on  distillation  into  EtO.CS.SEt,  (EtO)2CS,  CO, 
sulphur,     and    CS2.      Potassium    unites    with 
(EtO.CS).,S.,,  forming  potassium  xanthate  (Drech- 
sel,   Z.   1865,   583).     Alcoholic    NH3  converts 
(EtO.CS)nS2  into  xanthamide   and  ammonium 
xanthate.      Alcoholic    KOH    gives    potassium 


xanthate,  C02,  and  sulphur.  Alcoholic  KSH  also 
converts  (EtO.CS)2S2  into  potassium  xanthate, 
H2S  and  S  being  set  free.  Aniline  converts 
(EtO.CS)2S2  into  NHPh.CS.OEt  and  CS(NHPh)2 
(Hofmann,  B.  S,  773).  Potassium  xanthate  is 
converted  by  ClCO-JEt  into  S(CS.OEt)2  [55°]. 
This  body  crystallises  from  alcohol  in  golden 
needles,  split  up  by  alcoholic  NH3  into 
EtO.CS.NH2  and  H2S,  and  by  alcoholic  KOH 
into  EtO.CO.SK  and  EtO.CS.SK  (Welde,  J.  pr. 
[2]  15,  45).— NaA'  :  yellow  needles.— NH4A' : 
colourless  needles,  resembling  urea.  V.  e.  sol. 
water  and  alcohol.— BaA'22aq  :  from  alcohol, 
BaO,  and  CS2.  Very  unstable  lamina?  ;  sol. 
water.— *CaA'2  :  gummy  mass. — AsA'3.  Pre- 
pared by  dropping  a  solution  of  AsCl3  in  CS2 
into  alcoholic  NaOEt,  with  cooling.  The  liquid 
is  filtered  from  NaCl,  and  allowed  to  evaporate 
spontaneously  (Hlasiwetz).  Colourless  mono- 
clinic  tables  (from  CS2).  V.  e.  sol.  CS2.  De- 
composed by  heat,  leaving  As2S3.  Decomposed 
by  warm  aqueous  HC1. — SbA'3.  Prepared  in 
the  same  way  as  the  preceding  xanthate,  using 
SbCl5.  Large  lemon-yellow  triclinic  crystals. — 
BiA'3 :  golden-yellow  laminae  and  tables. — CrA'3 : 
shining  dark-blue  crystals ;  m.  sol.  CS2,  form- 
ing a  violet-blue  solution.— CoA'2 :  large  black 
crystals,  m.  sol.  CS2  forming  a  dark  grass- 
green  solution  (H.).  Insol.  NH3  (Phipson,  C. 
R.  84,  1459).-NiA'2  :  large  black  monoclinic 
tables,  m.  sol.  CS2  forming  a  yellowish-green 
solution  (H.).  Sol.  NH3Aq.— HgA'2.  From 
NaOEt  and  HgCl2  in  CS2  (H.).  Satiny  scales, 
m.  sol.  CS2.— SnA'2.  From  NaOEt,  SnCl4,  and 
CS2  in  the  same  manner  as  AsA'3  (H.).  Golden 
laminae  and  tables. — FeA'3 :  black  monoclinic 
crystals ;  its  solution  in  CS2  is  brownish-black 
(H.). — Cu2A'2.  Potassium  xanthate  added  to  a 
solution  of  a  cupric  salt  forms  at  first  a  brownish - 
black  pp.  of  cupric  xanthate,  but  this  quickly 
changes  to  beautiful  yellow  flocculi  of  cuprous 
xanthate.  This  salt  is  not  sensibly  attacked  by 
H2S,  but  ammonium  sulphide  decomposes  it  im- 
mediately. It  is  decomposed  by  hot  acids.  It 
is  insol.  water  and  NH3,  sol.  CS2.— PbA'2.  Pre- 
pared by  adding  CS2  and  lead  hydroxide  to 
alcoholic  KOH.  Colourless  silky  needles;  insol. 
water  and  ether,  m.  sol.  boiling  alcohol.  Slowly 
decomposed  by  H2S,  immediately  by  ammonium 
sulphide.  When  boiled  with  aqueous  KOH  a 
pp.  of  PbS  is  formed.  Cupric  sulphate  solution 
poured  on  the  crystals  immediately  changes 
them  to  cuprous  xanthate  (Debus). — ZnA'2 : 
granular  pp.  ;  si.  sol.  water,  m.  sol.  alcohol, 
v.  sol.  NH3Aq  (P.). 

Chloride  and  Amide  v.  supra. 

Methyl  ethyl  (a/3)-dithiocarbonate 
EtO.CS.SMe.  Methyl  xanthate.  (179°)  (S.)  ; 
(184°)  (C.).  S.G.  |  1-119  (Nasini  a.  Scala,  G.  17, 
66) ;  i1-  1-123  (C.) ;  is  1-129  (S.).  B  ^  65-67. 
V.D.  4-65.  Obtained  by  distilling  KMeSO4  with 
potassium  xanthate  (Chancel,  A.  Ch.  [3] 35,468). 
Also  from  potassium  xanthate  and  Mel  (Salomon, 
J.  pr.  [2]  8,  116).  Pale-yellow  oil ;  sol.  alcohol 
and  ether.  Alcoholic  KOH  gives  MeSH  and 
xanthamide  EtO.CS.NH2. 

Di-ethyl  (o/3)-di-tliio-carbonate  EtO.CS.SEt. 
Xanthic  ether.  Mol.w.150.  (200°).  S.G.  f  1-074 
(N.  a.  S.).  BOO  70-95. 

Formation.— 1.  From  EtO.CS.SK  and  EtCl 
(Debus),  or  EtBr  (Salomon,  J.  pr.  [2]  6,  445).— 
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2.    By    the    dry    distillation    of    (EtO.CS)2S2 
(Zeise). 

Properties. — Pale-yellow  oil,  smelling  like 
garlic  ;  miscible  with  alcohol  and  ether.  It 
dissolves  iodine.  It  is  but  slightly  attacked  by 
potassium.  It  is  not  attacked  by  HC1.  Its 
alcoholic  solution  gives  a  white  pp.  with  HgCl2. 
HgO,  PbO,  and  Pb02  do  not  act  on  it. 

Reactions.— Alcoholic  KSH  gives  mercaptan 
and  EtO.CS.SK.  Alcoholic  KOH  acts  in  like 
manner.  NH3  passed  into  its  alcoholic  solution 
forms  Et2S,  H2S,  and  EtO.CS.NH2.  Aqueous 
NH3  at  135°  forms  alcohol,  mercaptan,  and 
NH4SCy.  Water  at  160°  gives  mercaptan,  alco- 
hol, C02  and  H2S  (Schmitt  a.  Glutz,  B.  1,  168). 

Chloride  EtS.CSCl.  (100°  in  vacuo).  S.G. 
l£  1-1408.  From  mercaptan  and  CSCL  (Klason, 
B.  20,  2385). 

Amide  EtS.CS.NH2.  [42°].  Formed  by 
passing  H2S  into  ethyl  sulphocyanide  at  100° 
under  extra  pressure  (Jeanjean,  J.  1866,  501 ; 
Salomon  a.  Conrad,  J.  pr.  [2]  10, 29).  Trimetric 
crystals  (from  ether)  with  unpleasant  odour. 
Insol.  water,  v.  e.  sol.  alcohol  and  ether.  Alco- 
holic NH3  or  KOH  gives  mercaptan  and  sulpho- 
cyanide. EtI  forms  crystalline  EtS.CS.NILJEtl. 
HgCLj,  AgN03,  and  CuS04  give  pps. 

Acetvl  derivative  of  the  Amide 
EtS.CS.NHAc.  [123°].  Yellow  needles;  sol.  al- 
cohol, ether,  and  hot  water.  Boiled  with  baryta- 
water  it  gives  mercaptan,  barium  sulphocyanide, 
and  barium  acetate.  Formed  by  the  combina- 
tion of  thio-acetic  acid  with  ethyl-sulphocyanide. 
On  dry  distillation  it  is  decomposed  into  these 
constituents  (Chanlaroft,  B.  15,  1987). 

Ethylene  ethyl  (a/3)-di-thiocarbonate 
(EtO.CS.S)2C^H4.  [42°].  From  potassium  xan- 
thate  and  alcoholic  ethylene  bromide  (Welde, 
J.  pr.  [2]  15,  55).  Long  needles  or  tables  (from 
ether).  Alcoholic  NH,  gives  EtO.CS.NH,  and 
C^SH), 

Ethyl  propyl  (ajS)-di-thiocarbonate 
EtO.CS.SPr.   S.G.  1 1-050.    B  &  78-55  (Nasini  a. 
Scala,  G.  17,  66). 

Ethyl  isobutyl  (a/3)-di-thio-carbonate 
C4H9O.CS.SEt.     (228°).     S.G.  i*  1-003.     From 
C4H,,O.CS.SK  and  EtI  (Mylius,  B.  5,  975). 

Di  -  ethyl  -  (aa)  -  di  -  thiocarbonate  CO(SEt)2. 
(197°).  S.G.  ^1-084. 

Formation. —  1.  By  warming  ethyl  sulpho- 
cyanide with  cone.  H2S04  (Schmitt  a.  Glutz,  B. 
1,  166).— 2.  From  NaSEt  and  COC12  (Salomon, 
J.  pr.  [2]  7,  255).— 3.  From  di-phenyl  carbonate 
and  NaSEt  (Seifert,  J.  pr.  [2]  31,  464). 

Properties. —  Oil,  smelling  like  garlic.  Alco- 
holic NH3  splits  it  up  into  urea  and  mercaptan. 
Alcoholic  KOH  gives  KEtCO3  and  mercaptan. 
Water  at  160°  forms  C02  and  mercaptan. 

Mono-ethyl  tri-thio-carbonate  EtS.CS.SH. 
Salt.— KA'.  Formed  by  direct  union  of  CS2 
with  KSEt  (Chancel,  C.  R.  32,  642).  Sol.  water 
and  alcohol.  Its  solution  gives  yellow  pps.  with 
salts  of  Ag,  Pb,  and  Hg;  and  with  CuS04a  scarlet 
pp.  of  the  cuprous  salt.  These  pps.  decompose 
when  heated,  leaving  metallic  sulphides.  The 
K  salt  decomposes  at  100°  into  P2S5  and  an  oil 
C6H10S? 

Di- ethyl  tri-thio-carbonate  EtS.CS.SEt. 
(240°). 

Formation. — 1.  From  K2CSS  or  Na2CS3  and 
EtI  or  EtCl  (Schweitzer,  J.  pr.  32,  254 ;  Debus, 


A.  75,  147;  Hiisemann,  A.  123,  67).— 2.  By 
acting  on  EtI  and  CS2  with  sodium  amalgam 
(Nasini  a.  Scala,  O.  17,  236;  c/.L6wig  a.  Scholz, 
J.  pr.  79,  441).— 3.  From  CSC12  and  NaSEt 
(Klason,  B.  20,  2385). 

Properties. — Heavy  yellow  oil,  v.  sol.  alcohol 
and  ether.  Has  a  slightly  alliaceous  odour. 
Burns  with  blue  flame.  When  heated  slowly  it 
partially  decomposes  into  Et2S  and  CS2.  Alco- 
holic KOH  gives  K2CS3,  mercaptan,  &c.  Alco- 
holic NH3  at  100°  gives  mercaptan  and  ammonium 
sulphocyanide.  Unites  with  bromine,  forming 
Et2CS3Br2,  which  crystallises  from  ether  in  large 
six-sided  prisms,  decomposed  by  water  with 
liberation  of  HBr,  and  by  potash  with  liberation 
of  the  original  ether  (Behrend,  A.  128, 
Oxidised  by  HN03  to  ethane  sulphonic  acid. 

Ethyl-ortho-tbio-carbonate  C(SEt)4.  S.G. 
1-01.  Formed  by  treating  CC14  with  NaSEt 
(Claesson,  /.  pr.  [2]  15,  212).  Oil,  with  un- 
pleasant odour.  Gives  off  Et2S2  when  heated. 
Volatile  with  steam.  Oxidised  by  HN03  to 
ethane  sulphonic  acid. 

ETHYL  THIOCYANATE  v.  ETHYL  SULPHO- 
CYANIDE. 

/C6H3 — NHEt 

DI-ETHYL-THIONINE     N<          >S 

1   X3KH9 — NEt 


Obtained  by  the  action  of  Fe2Cl6  upon  a  dilute 
solution  of  ethyl-p-phenylene  diamine  in  pre- 
sence of  H2S  and  HC1.  In  its  properties  and 
reactions  it  closely  resembles  the  di-methyl- 
thionine  (q.  v.)  (Bernthsen  a.  Goske,  B.  20,  933). 

(a)-ETHYL-THIOPHENE  CtiH8S  i.e. 
CH-CH 

||  ||  .  (133°  cor.).  S.G.  ^-990.  Formed 
CEtS.CH 

by  the  action  of  sodium  upon  a  mixture  of  (£)- 
bromo-thiophene  and  EtBr  (Schleicher,  B.  18, 
3015 ;  19, 671) ;  or  upon  EtI  or  EtBr  and  (£)-iodo- 
thiophene  (Meyer  a.  Kreis,  B.  17,  1560 ;  Egli, 
B.  18,  544).  Colourless  oil.  Gives  Lauben- 
heimer's  reaction.  By  alkaline  KMn04  it  is 
oxidised  to  thienyl  methyl  ketone,  thiophene- 
(o)-carboxylic  acid  [127°],  and  thienyl- (a) -gly- 
oxylic  acid.  Gives  a  tri-bromo-  derivative 
C4SEtBr3 :  [108°] ;  colourless  plates. 
CEt  .  CH 

()8)-Etliyl-tliiophene  ||         ||    .    Obtained  by 

CH.S.CH 

heating  ethyl-succinic  acid  with  P2S5  (Damsky, 
B.  19,  3284).  Oil.  KMn04  gives  thiophene  (0)- 
carboxylic  acid  [136°]. 

Di-ethyl-thiophene  C4SH4Et2.  (181°  cor.). 
S.G.  if  -962.  From  iodo-ethyl-thiophene,  EtI, 
and  sodium  (Muhlert,  B.  19,  633). 

References.  —  BBOMO-,   CHLORO-,  IODO-,   and 

NlTRO-ETHYL-THIOPHENE. 

(a)-ETHYL-THIOPHENE  CAEBOXYLIC  ACID 
C4SH,Et.C02H.  Ethyl-thiophenic  acid.  [71°]. 
Obtained  by  the  action  of  sodium  amalgam  upon 
a  mixture  of  iodo- (a) -thiophene  and  chloro- 
forinic  ether,  and  saponitication  of  the  product. 
Glistening  colourless  crystals.  V.  sol.  alcohol, 
ether,  and  hot  water,  si.  sol.  cold  water.  By 
alkaline  KMnO4  it  is  oxidised  to  thiophene  di- 
carboxylic  acid. 

Salts. — AgA' :  curdy  pp.,  sol.  hot  water. — 
CaA'2  2£aq  :  colourless  silky  needles  (Schleicher, 
B.  18,  3018). 
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ETHYL  THIOPHOSPHATES. 

Mono -ethyl  thiophosphate  (EtO)PS(OH)2. 
Ethyl-thiophosphoric  acid.  Oil  formed  by  the 
action  of  alcohol  on  PSC13.  The  K  and  Na  salts 
are  formed  by  treating  PSC13  with  alcoholic  KOH 
or  NaOH.  They  are  v.  sol.  water  and  alcohol. 
The  salts  of  Ba,  Sr,  and  Ca  are  crystallisable. — 
BaA"  (Cloez,  C.  E.  24,  388  ;  Chevrier,  Z.  1869, 
413). 

Di-ethyl-thiophosphate  (EtO)2PS(OH).  Di- 
ethyl-thiophosphoric  acid.  Formed,  together 
with  Et3PS202,  by  the  action  of  P2S5  on  alcohol 
(Carius,  A.  112,  190).  Viscid  oil,  having  an 
acid  and  bitter  taste.  It  may  be  boiled  in 
aqueous  or  alcoholic  solution  without  decompo- 
sition, but  when  heated  per  se  it  gives  off  mer- 
captan  and  leaves  phosphoric  acid.  It  forms 
very  stable  salts,  those  of  the  alkalis,  alkaline 
earths,  and  of  lead  being  v.  sol.  water,  sol. 
absolute  alcohol  and  ether.  The  silver  salt  is 
v.  si.  sol.  water,  but  v.  sol.  alcohol  and  ether. 

Tri-ethyl  thiophosphate  (EtO)3PS.  Formed  by 
the  action  of  alcohol  on  PSC13  or  PSBr3 ;  and  of 
PSC13  on  NaOEt  (Carius,  A.  119,  291 ;  Chevrier, 
Z.  1869,  413  ;  Michaelis.S.  5,  4).  Oil,  smelling 
like  turpentine,  volatile  with  steam.  Cone. 
H2S04  appears  to  form  EtPS02  and  Et4P2S205. 

Di-ethyldi-thiophosphateEt2HP02S2.  Formed, 
together  with  Et2S,  by  heating  Et3P02S2  with 
mercaptan  in  a  sealed  tube  (Carius).  The  K  salt 
is  formed  by  the  action  of  alcoholic  KSEt  on 
Et3P02S2.  Colourless  amorphous  mass. 

Tri  -  ethyl  di  -  thio  -  phosphate  Et3PO2S2. 
Formed,  as  above,  by  treating  alcohol  with  P2S5. 
Colourless  oil,  with  aromatic  and  somewhat 
alliaceous  odour.  Volatile  with  steam. 

Di-ethyl  tetra-thio-phosphate  Et,HPS4.  The 
K  salt  is  formed  by  the  action  of  alcoholic  KSH 
on  EtsPS4.  Et.,HPS4  crystallises  in  prisms 
(Carius,  J.  1861,  583). 

Tri-ethyl  tetra-thio-phosphate  Et3PS4.  Pro- 
duced by  the  action  of  P2S5  on  mercaptan,  or, 
better,  on  mercury  mercaptide  (Carius,  A.  112, 
199).  Light  yellow  oil.  KOH  forms,  apparently, 
KEtPOS3. 

fetra-ethyl  di-thio-pyrophosphate  Et4P2S205. 
Appears  to  be  produced  by  treating  Et3PS03 
with  cone.  H2S04  (Carius,  Z.  1861,  305).  Liquid, 
m.  sol.  water.  Alcoholic  KOH  gives  Et3KP2S205. 

Tetra-ethyl  tri-thio-pyrophosphate 
Et4P2S3O4.    From  P2S3Br4  and  alcohol  (Michaelis, 
B.  5,  8). 

Tetra-ethyl  penta-thio-pyrophosphate 
Et4P2Sd02.     [71°]  (Carius,  J.  1861,  586). 

ETHYL   THIOSINAMINE   v.   ETHYL-ALLYL- 

THIO-UKEA. 

MONO-ETHYL  THIO  SULPHATE 

EtS.SO_,.OH.     Ethyl-thiosulphuric  acid. 

Formation.— \.  By  treating  Et2S  with  an 
equal  volume  of  cone.  H2S04  (E.  H.  Smith,  C.  J. 
22,  302).— 2.  By  heating  EtBr  (1  mol.)  with 
Na.,S,O3  (1  mol.)  with  an  inverted  condenser 
(Bunte,  B.  7,  646). — 3.  By  the  action  of  iodine 
on  a  mixture  of  mercaptan  and  Na.,S03  (Spring, 
B.  7,  1162). 

Salts. — NaA':  silky  six-sided  needles  (from 
alcohol).  Its  aqueous  solution  is  scarcely  de- 
composed at  100°,  but  on  adding  a  small  quantity 
of  HC1  it  rapidly  splits  up  into  mercaptan  and 
NaHS04.  The  dry  salt  is  slowly  converted  at 
100°  into  dithionate  and  Et2S2.  Its  aqueous 


solution  gives  sparingly  soluble  pps.  with  AgN03, 
Pb(N03)2,  and  HgCl2;  the  last  pp.  is  quickly 
converted  on  heating  into  EtSHgCl,  while  sul- 
phuric acid  remains  in  solution.  HN03  oxidises 
the  sodium  salt  to  sulphuric  and  ethane  sulphonic 
acids.  Sodium  forms  mercaptan  and  Na2S03.— 
BaA'22aq:  colourless  rectangular  tables,  v.  sol. 
water,  si.  sol.  alcohol.  The  copper  salt  forms 
small  dimetric  tables,  v.  sol.  water.  The  silver 
salt  crystallises  in  small  shining  laminae. 

Chloride  EtS.S02Cl.  From  the  Na  salt 
and  PC15.  Split  up  by  heat,  giving  Et2S.,  (cf. 
Kamsay,  B.  8,  764). 

ETHYL-  THIO  -  URAMIDO  -  BENZOIC  ACID 
NHEt.CS.NH.C6H4.C02H.  Phenyl-ethyl-thio- 
urea  m-carboxylic  acid.  [195°  uncor.].  Formed 
by  boiling  w-amido-benzoic  acid  with  ethyl- 
mustard-oil  in  alcoholic  solution  (Aschan,  B. 
17,  430).  Small  transparent  prisms. 

ETHYL-THIO-UBEA  C3H8N2S  i.e. 
NH2.CS.NHEt.  Mol.  w.  104.  [113°]  (Hofmann, 
B.  18,  2788).  From  ethyl  thio-carbimide  by 
direct  addition  of  NH3  in  alcoholic  solution 
(Hofmann,  Z.  1868,  686  ;  1870,  157 ;  B.  1,  26). 
Needles  (from  hot  water).  Sol.  water  and  alco- 
hol. Its  solution  in  aqueous  HC1  gives  a  yellow 
pp.  with  PtCl4.  In  aqueous  or  alcoholic  solution 
it  is  easily  desulphurised  by  PbO  or  HgO,  the 
ultimate  product  being  tri  -  ethyl  -  melamine 
C3N3(NHEt)3. 

Benzoyl  derivative  NHBz.CS.NHEt. 
[134°].  Obtained  by  treating  benzoyl  sulpho- 
cyanide  with  ethylamine  (Miquel,  A.  Ch.  [5]  11, 
313).  Slender  prisms,  insol.  water,  m.  sol.  boil- 
ing alcohol.  Split  up  by  boiling  with  aqueous 
HC1,  giving  ethylamine  and  benzamide.  HgO 
gives  NHBz.CO.NHEt. 

Di-ethyl-thio-urea  CS(NHEt),.  Mol.  w.  132. 
Formed  by  the  addition  of  ethylamine  to  ethyl 
thiocarbimide ;  also,  with  evolution  of  H2S,  by 
heating  ethylamine  ethyl-thio-carbamate  with 
alcohol  at  115°  (Hofmann).  Crystals,  sol.  alco- 
hol, m.  sol.  water.  Its  solution  in  aqueous  HC1 
gives  a  yellow  crystalline  pp.  with  PtCl4.  By 
P205  or  dry  HC1  it  is  resolved  into  ethylamine 
and  ethyl  thiocarbimide.  It  is  not  decomposed 
in  aqueous  or  alcoholic  solution  by  PbO,  but 
recently  ppd.  HgO  converts  it  into  CO(NHEt)2 
[107°].  HgO  in  presence  of  ethylamine  forms 
tri-ethyl-guanidine. 

Tri-ethyl-thiourea  NHEt.CS.NEt2.  [26°]. 
(205°  uncor.).  Prepared  by  the  action  of  ethyl- 
thiocarbimide  on  diethylamine  (Grodzki,  B.  14, 
2755).  Colourless  crystals.  Sol.  alcohol  and 
ether,  nearly  insol.  water.  Alkaline  reaction. 
Potash-fusion  gives  NH2Et  and  NHEt,.  P205 
gives  ethyl  thio-carbimide. 

Tetra-ethyl-thiourea  CS(NEt2)2.  (216°  un- 
cor.). S.G-.  ^  -9345  (Grodzki,  B.  14,  2757). 
Colourless  liquid.  Sol.  alcohol  and  ether,  insol. 
water.  Strong  base  of  alkaline  reaction.  Very 
stable.  Prepared  by  ethylation  of  tri-ethyl- 
thiourea. 

ETHYL  TITANATE  Et4Ti04.  By  the  action 
of  TiCl4  (1  mol.)  on  alcohol  (4  mols.)  there  is 
formed  TiCl2(OEt).,EtOH  [1057-110°]  whence 
NaOEt  gives  Ti(OEt)4  (Demarcay,  C.  R.  80,  51). 

Trichloride  EtOTiCl3.  [78°].  (187° cor.). 
From  TiCl4  and  ether  (Bedson,  A.  180,  235). 

o-ETHYL-TOLUENE  C9H,,  i.e. 
C6H4(CH3)(C,H5)    [1:2].     Methyl-ethyl-benzene 
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ETHYL-TOLUENE. 


Mol.  w.  120.  (158°  uncor.).  S.G.  -^  -8731. 
Liquid  at  -17°.  Obtained  by  the  action  of 
sodium  upon  a  mixture  of  o-bromo-toluene  and 
ethyl  bromide.  By  dilute  HN03  it  is  oxidised 
to  o-toluic  acid,  and  by  KMn04  to  terephthalic 
acid  (?)  (Glaus  a.  Mann,  B.  18,  1121). 

w-Ethyl-toluene  CtiH4MeEt  [1:3].  (159°). 
S.G.  22  -869.  Formed  by  boiling  an  ethereal 
solution  of  EtBr  and  w-bromo-toluene  with 
sodium  for  two  days  (Wroblewsky,  A.  192,  198). 
Formed  also  by  distilling  abietic  acid  with  zinc- 
dust  (Ciamician,  B.  11,  270).  By  oxidation  with 
Cr03  it  yields  isophthalic  acid.  H2S04  forms 
two  sulphonic  acids  ;  the  Ba  salt  of  one  of  these 
BaA'26aq  forms  large  crystals,  si.  sol.  water; 
that  of  the  other  forms  small  prisms,  v.  sol. 
water 

Dihydride?  C9H14.  (154°).  Occurs  in 
animal  oil  (Weidel  a.  Ciamician,  JB.  13,  72). 
Gives  isophthalic  acid  on  oxidation. 

Sulphonic  acids  C6H3MeEtS03H.  — 
BaA',,  6aq.— BaA'2  3aq. 

^-Ethyl-toluene  C6H4MeEt  [1:4].  (161-9°- 
162-1°)  at  756-3  mm.  S.G.  ]-^  -8694  (Schiff) ; 
2?°  -864  (A.).  V.D.  4-11  (calc.  4-14).  S.V.  161-9 
(Schiff,  A.  220,  93).  Formed  by  treating 
^j-bromo-toluene  with  ethyl  bromide  and  sodium 
(Glinzer  a.  Fittig,  A.  136,  303;  Jannasch  a. 
Dieckmann,  B.  7,  1513).  Formed  also  from 
ethylidene  chloride,  toluene,  and  A12C16 
(Anschiitz,  A.  235,  314).  Converted  by  K2Cr207 
and  H2S04  into  ^-toluic  ar  terephthalic  acids. 

Eeferences. — BBOMO-,   CHLOBO-,   and  NITBO- 

ETHYL-TOLUENE. 

Di-ethyl-toluene  C6H3MeEt2  [1:3:5].  (199°). 
S.G.  ss.  -879.  From  acetone,  methyl  ethyl 
ketone,  and  H2S04  (Jacobsen,  B.  7,  1434).  HN03 
oxidises  it  to  uvitic  acid. 

Isomeride  v.  AMYL-BENZENE. 

ETHYL-o-TOLTTIDINE  C9H13N  i.e. 
C6H4(CH3).NHEt.  (214°)  (B.  a.  S.) ;  (206°)  (N.). 
S.G.  |f£  -9534.  Prepared  by  heating  o-toluidine 
hydrobromide  (or  hydroiodide)  with  1  mol. 
( +  5  p.c.  excess)  of  ethyl  alcohol  at  150°  for 
8  hours ;  the  yield  is  54  p.c.  of  the  theoretical. 

Acetyl  derivative  C6H4(CH3).NAcEt. 
(255°)  (Keinhardt  a.  Staedel,  B.  16,  29 ;  Norton, 
Am.  7, 118). 

Nitrosamine  C6H4Me.NEt.NO.  Oil; 
volatile  with  steam. 

Ethyl-p-toluidine  C6H4Me.NHEt[l:4].  (217°). 
S.G.  H5  .9391.  prom  _p-toluidine  and  EtI  by 
heating  for  2  days  at  100°  (Morley  a.  Abel,  C.  J. 
7,68).  Oil.  Its  sulphate  and  oxalate  are 
crystalline.— B'2H,PtCl6 :  pale-yellow  crystals, 
sol.  water  and  alcohol,  si.  sol.  ether ;  decomposed 
at  100°. 

Di-ethyl-o-toluidine  CKH4(CH3).NEt2.  (208°) 
at  755  mm. ;  (210°  i.  V.)  (B.).  Formed  by  heat- 
ing ethyl-o-toluidine  with  excess  of  EtI  at  100°  ; 
the  yield  being  70  p.c.  (Norton,  Am.  7,  119). 
Prepared  by  heating  o-toluidine  hydrobromide 
(or  hydroiodide)  with  2  mols.  ( +  5  p.c.  excess) 
of  ethyl  alcohol  at  150°  for  8  hours  ;  the  yield  is 
90  p.c.  of  the  theoretical  (Beinhardt  a.  Staedel, 
B.  16,  29).  Oil.  Fuming  nitric  acid  yields 
C6H2Me(N02)2N(N02)Et  [72°]  (Van  Bomburgh, 
B.  T.  C.  3,  402). 

Salt.-B'HIaq:  [73°];  prisms. 


Di-ethyl-p-tolnidine  C6H4(CH3).NEt2  [1:4]. 
(228°).  S.G.  !515  -9242.  Formed  by  heating 
ethyl-p-toluidine  with  EtI  (Morley  a.  Abel). 
Prepared  by  heating  ^-toluidine  hydrobromide 
(or  hydroiodide)  with  2  mols.  ( +  5  p.c.  excess) 
of  ethyl  alcohol  at  150°  for  8  hours ;  the  yield 
is  95  p.c.  of  the  theoretical  (Beinhardt  a.  Staedel, 
B.  16,  29).  Oil.  Nitric  acid  (S.G.  1-5)  yields 
C6H2Me(N02).NEt(N02)  (Van  Bomburgh,  E.  T.  0. 
3,  408).  Diazo-benzene  chloride  gives 
C6H5.N2.NEt.C6H4Me  [38°] ;  diazo-m-nitro-benz- 
ene  chloride  reacts  with  formation  of 
[3:1]  C6H4(N02).N2.NEtC6H4Me  [55°]  ;  while 
diazo-^-nitro-benzene  chloride  gives  rise  to 
[4:1]  C6H4(N02).N2.NEt.CtiH4Me  [114°]  (Noelting 
a.  Binder,  Bl.  [2]  49,  81).— B'2H2PtCl6 :  rhombo- 
hedra  (Soffing,  P.  B.  8,  190).— B'HClHgCl2iaq : 
triclinic  crystals. — B'HBr  :  monoclinic  crystals. 
— B'HI :  crystalline. — B'HN03 :  monoclinic 
crystals. 

Ethylo-iodide  C6H4Me.NEt3I.  Heavy 
oil.  Decomposed  by  moist  Ag20  it  gives  the 
strongly  alkaline  C6H4Me.NEt3OH,  whence 
(C6H4MeNEt3Cl)2PtCl4  which  crystallises  from 
hot  water  in  slender  needles  (Morley  a.  Abel). 

ETHYL-DI-TOLYL-AMINE      v.     DI-TOLYL- 

ETHYL-AMINE. 

ETHYL-TOLYLENE-DIAMINE  v.  TOLYLENE- 

ETHYL-DIAMINE. 

ETHYL-TOLYL-  v.  TOLYL-ETHYL-. 
ETHYL-TEOPIC  ACID  v.  TROPIC  ACID  under 

a-OxY-O-PHENYL-PBOP  IONIC   ACID. 

ETHYL-ULTRAMARINE.  Prepared  by  heat- 
ing in  sealed  tubes  silver  ultramarine  and  ethyl 
iodide,  to  the  solid  residue  a  further  quantity  of 
the  iodide  is  added  and  the  process  repeated  until 
all  the  silver  is  removed.  A  grey  substance, 
evolving  ethyl  sulphide  when  heated  to  100°. 
With  sodium  chloride  it  forms  ordinary  sodium 
ultramarine  and  ethyl  chloride  (De  Forcrand, 
A.  Ch.  [5]  17,  564  ;  C.  E.  88,  30). 

DI-ETHYL-TJMBELLIC    ACID   v.   UMBELLIG 

ACID. 

ETHYL.TTRAMIDO-BENZOIC  ACID 

C10Hj2N2O3  i.e.  NHEt.C9.NH.C6H4.C02Et.  From 
cyanic  ether  and  ra-amido-benzoic  acid  in  alco- 
holic solution  (Griess,  J.pr.  [2]  5,  454).  Slender 
needles.  V.  si.  sol.  boiling  water,  v.  e.  sol.  boil- 
ing alcohol.  Acid  in  reaction. — BaA'23aq: 
minute  needles. — AgA' :  laminae. 

Reference.  —  AMIDO-ETHYL-UBAMIDO-BENZOIC 
ACID. 

ETHYL-TJREA  C3H8N20  i.e.  CO(NH2)(NHEt). 
Mol.  w.  88.  [92°].  S.G.  is  1-213. 

Formation. — 1.  By  the  union  of  cyanic  ether 
with  ammonia  (Wurtz,  C.  R.  32,  414).— 2.  By 
the  union  of  ethylamine  with  cyanic  acid 
(Leuckart,  J.pr.  [2]  21,  10). 

Properties.  —Large  deliquescent  prisms  (from 
alcohol) ;  excessively  sol.  water,  alcohol,  chloro- 
form, CS2,  and  boiling  benzene.  Insol.  ether. 
At  200°  it  decomposes  with  evolution  of  NH3  and 
a  little  NH2Et,  leaving  a  residue  containing  di- 
ethyl  cyanurate  (Wurtz,  R6p.  Chim.  Pure,  1862, 
199). 

Reactions. — 1.  Nitrous  acid  forms  alcohol,  ni- 
trogen, and  C02.  NaOH  acts  in  like  manner. — 
2.  A  boiling  aqueous  solution  dissolves  mercuric 
oxide,  and  on  cooling  deposits  crystals  containing 
53-5  p.c.  of  mercury  (L.). —  3.  Evaporation  with 
AgN03  forms  silver  cyanate. — 4.  Aniline  at  150° 
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forms  di-phenyl-urea,  NH2Et,  and  NH3  (L.).— 
5.  Alcoholic  KOH  at  100°  gives  potassium 
cyanate  and  ethylamine  (Haller,  Bl.  [2]  45, 
705). 

Salts.— B'HN03:  rosettes  of  thick  prisms. 
Melts  below  60°  and  then  decomposes.  V.  sol. 
cold  water  and  alcohol. — B'HCl.  Got  by  passing 
HC1  over  the  base  at  100°.  At  160°  it  gives  off 
ethylamine.— B'2H,C204 :  [c.  60°];  rectangular 
plates,  v.  sol.  water  and  alcohol. 

Acetyl  derivative  CON2H2EtAc.  [c.1200]. 
From  ethyl-urea  and  ClAc.  Stout  prisms  (from 
ether).  Eeadily  sol.  water,  alcohol,  and  ether. 
Sublimes  in  long  needles.  Boiled  with  KOH 
it  forms  potassic  carbonate  and  acetate,  NH3,  and 
NEtH2. 

Propionyl  derivative 
CO(NHEt)(NH.COEt).     [100°].     Fine  needles. 
Sol.  water,  alcohol,   and  ether.    Formed  from 
propionamide,  Br,  and  NaOHAq  (Hofmann,  B. 
15,  754). 

s-Benzoyl  derivative  CO(NHEt)(NHBz). 
[168°J  (L.) ;  [192°]  (M.).  From  ethyl-urea  and 
BzCl  at  130°  (Leuckart,  J.  pr.  [2]  21,  33).  Also 
from  the  benzoyl  derivative  of  ethyl-thio-urea  by 
treatment  with  ppd.  HgO  (Miquel,  A.  Ch.  [5] 
11,  318).  Needles  (from  water).  V.  sol.  alcohol, 
ether,  and  hot  water. 

u-Benzoyl  derivative  NH2.CO.NEtBz. 
From  EtS.CO.NEtBz  and  cold  alcoholic  NH3 
(Lossner,  J.  pr.  [2]  10,  251).  Ehombohedra 
(from  dilute  alcohol).  V.  e.  sol.  absolute  alco- 
hol, m.  sol.  ether,  v.  si.  sol.  water. 

s-Di-ethyl-urea  CO(NHEt)2.  Mol.  w.  116. 
[106°]  (L.  a.  H.) ;  [109°-112-5°]  (W.).  (263° 
cor.). 

Formation.— 1.  From  ethylamine  and  cyanic 
ether.  Hence  formed  also  by  the  action  of  water  on 
cyanic  ether  (Wurtz,  C.  E.  32,  414) — 2.  Formed, 
together  with  cyanic  ether,  by  the  distillation 
of  tri-ethyl-biuret  (Limpricht  a.  Habich,  A.  109, 
105). 

Properties. — Silky  flexible  needles  (from  alco- 
hol). V.  sol.  water,  alcohol,  and  ether. 

Reactions. — 1.  Gives  off  ethylamine  when 
boiled  with  potash.—  2.  Heated  in  sealed  tubes 
at  100°  with  alcoholic  KOH  it  gives  potassium 
cyanate  and  diethylamine  (Haller,  Bl.  [2]  45, 
706). 

Salts.  —  B'HN03:  very  acid  deliquescent 
prisms. 

Nitrosamine  NHEt.CO.NEt.NO.  [5°]. 
Formed  by  heating  di-ethyl-urea  with  nitrous 
acid  (Von  Zotta,  A.  179,  102 ;  E.  Fischer,  A. 
199,  284;  B.  9,  111).  Tables;  si.  sol.  water. 
Decomposed  by  heat,  even  below  100 3,  into  nitro- 
gen, ethylene,  and  cyanic  ether.  Gives  Lieber- 
mann's  reaction  with  phenol  and  H2S04.  Ee- 
duced  by  zinc  and  acetic  acid  to  di-ethyl-semi- 
carbazide. 

^-Di-ethyl-urea  CO(NH2)(NEt.,).  [70°].  From 
diethylamine  and  cyanic  acid  (Volhard,  A.  119, 
360;  A.  P.  N.  Franchimont,  R.  T.  C.  2,  122). 
Crystals,  very  sweet  taste.  V.  sol.  ether  and 
alcohol.  Sol.  HN03  with  absorption  of  heat, 
but  afterwards  a  strong  reaction  sets  in,  and 
heat  is  given  out ;  C02  and  a  little  N20  being 
evolved,  the  liquid  then  yielding  crystals  of 
nitro  -  di  -  methyl  -  amine  (di-methyl-nitro-amide) 
(CH3),:N.N02  [57°]. 


Tri-ethyl-urea  CO(NHEt)(NEt2).  [63°]. 
(c.  235°).  From  cyanic  ether  and  diethylamine ; 
formed  also  by  treating  triethylamine  with  vapour 
of  cyanic  acid  (Wurtz ;  Hofmann,  Pr.  11,  273). 
Soft  crystals,  sol.  water,  alcohol,  and  ether.  It 
does  not  appear  to  combine  with  acids.  Alkalis 
convert  it  into  ethylamine,  diethylamine,  and 
C02. 

Tetra-ethyl-nrea  CO(NEt2)2.  (205°)  (M.) ; 
(210°-215°)  (W.). 

Formation. — 1.  By  passing  COC12  into  a  solu- 
tion of  diethylamine  in  ligrom  (Michler,  B.  8, 
1664).— 2.  From  Cl.CO.NEt2  and  diethylamine 
(Wallach,  A.  214,  275). 

Properties.— Oil.  Dissolves  in  acids,  but  is 
reppd.  by  alkalis. 

ETHYL-UBETHANE  v.  ETHYL  THIOCAEBAMIC 
ACID. 

ETHYL-VINYL  v.  BUTINENB. 

ETHYL-VINYL    OXIDE    v.    VINYL    ETHYL 

OXIDE. 

DI-ETHYL-XANTHAMIDE     v.      ETHYL-DI- 

THIO-CAKBAMIC   ACID. 

ETHYL-o-XYLENE  C^Me^t  [1:2:4].  Di- 
methyl-ethyl-benzene. (189°).  From  camphor 
and  ZnCl2  or  iodine  (Armstrong  a.  Miller,  C.  J. 
45,  148;  B.  16,  2258).  Also  from  bromo-o- 
xylene,  EtBr,  and  sodium  (Jacobsen,  B.  19, 2516). 
Gives  on  oxidation  C6H3Me2C02H. 

Sulphonic  acid  C,jH2Me2EtS03H.  Tables. 
-BaA'24aq. 

Amide  C6H2Me2EtS02NH2.  [126°].  Needles 
or  prisms  (from  alcohol). 

Ethyl-?n-xylene  C6H3Me2Et  [1:3:5].  (187°). 
S.G.  25°  -869.  From  ethylidene  chloride,  A12C16, 
and  xylene  (Anschiitz,  A.  235,  323).  Formed 
also  by  treating  a  mixture  of  acetone  and 
methyl  ethyl  ketone  with  H2S04  (Jacobsen,  B. 
7,  1432) ;  and  by  treating  (l,3,5)-bromo-xylene 
with  EtBr  and  sodium  (Wroblewsky,  A.  192, 
217).  Bromine  forms  a  tribromo-  derivative 
[91°].  On  oxidation  it  gives  uvitic  acid 
C6H3Me(C02H)2  [290°]. 

Ethyl-m-xylene  C6H3Me2Et  [1:3:4].  (184°). 
S.G.  ^  -878.  From  bromo-w-xylene,  EtBr,  and 
sodium  (Fittig  a.  Ernst,  A.  139, 184 ;  Z.  [2]  1, 
572).  Liquid.  Gives  a  tri-nitro-  derivative 
[119°]. 

Sulphonic  acid  C6H2Me2Et.S03H.  Crys- 
talline mass  (J.). — BaA'2  2aq :  trimetric  laminae, 
m.  sol.  cold  water. — NaA'  2aq :  minute  flat 
prisms,  v.  e.  sol.  cold  water. 

Amide  CtiH,Me2Et.S02NH2.  [148°].  Needles 
or  prisms  (from  alcohol). 

Ethyl-2?-xylene  C6H3Me2Et  [1:4:3].  (185°). 
From  (3,1,4)  -brorno-p-xylene,  EtBr,  and  sodium 
(Jacobsen,  B.  19,  2516).  It  gives  a  tri-nitro- 
derivative  [120°]. 

Sulphonic  acid  C6H2Me2Et.S03H.  Large 
trimetric  plates  (from  dilute  H.,S04).— NaA'  aq  : 
tables;  m.  sol.  cold  water. — BaA'2:  six-sided 
plates,  m.  sol.  boiling  water. 

Amide  C6H2Me2EtS02NH2.  [117°].  Pearly 
plates  (from  very  dilute  alcohol) ;  m.  sol.  cold 
alcohol. 

Reference. — TRI-BKOMO-ETHYL-XYLENE. 

ETHYL-XYLYL  v.  XYLYL-ETHYL. 

ETTIDINE.  A  name  given  by  Greville 
Williams  (Laboratory,  109)  to  a  base  C15H19N 
obtained  by  distilling  quinoline  with  KOH. 
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EUCALYN  C6H1206  aq.  [a]  =  about  50°.  A 
sweet,  syrupy  substance  produced,  together  with 
glucose,  by  boiling  melitose  C|2H22On  (the  sugar 
of  the  eucalyptus)  with  dilute  sulphuric  acid,  and 
obtained,  together  with  alcohol,  by  fermenting 
melitose  with  yeast  (Berthelot,  A.  Ch.  [3]  46, 72). 
Dextro  -rotatory,  and  non-fermentable.  It  becomes 
coloured  at  100°,  and  at  200°  it  forms  a  black 
insoluble  substance.  Dilute  H2S04  does  not 
affect  it.  Boiling  baryta-water  colours  it  strongly. 
It  reduces  Fehling's  solution. 

EUCALYPTENE.  This  name  was  applied 
by  Cloez  (A.  154,  372)  to  a  hydrocarbon  C10H16  ? 
(165°) ;  S.G.  3J  -836 ;  V.D.  5-3,  obtained  by  dis- 
tilling eucalyptol  with  P205.  The  same  name 
was  applied  by  Faust  a.  Homeyer  (B.  7,  63, 
1429),  and  by  Oppenheim  a.  Pfaff,  (B.  7,  625)  to 
a  terpene  (172°-175°),  V.D.  68-4,  said  to  occur 
in  oil  of  eucalyptus. 

EUCALYPTOL  C10H180.  [1°].  (172°)  (V.)  ; 
(176°  i.V.)  (J.).  S.G.  i^  -923  (J.) ;  ^  -940.  Oc- 
curs in  the  oil  of  Eucalyptus  Globulus  and  is 
isolated  from  the  fraction  170°-180°  by  conver- 
sion into  the  hydrochloride  (Jahns,  B.  17,  2941). 
Optically  inactive.  Probably  identical  with 
cineol.  Camphor-like  smell.  Colourless  liquid. 
Dry  HC1  forms  the  compound  (C10H180)2HC1 
(Voiry,  C.  R.  106,  1419).  KMn04  oxidises  it  to 
cineolic  acid  C10H1605  [196°]  (WaUach,  A.  246, 
265). 

EUCALYPTUS  MANNA  v.  MELITOSE. 

EUCALYPTUS  OIL.  The  essential  oil  of 
Eucalyptus  Globulus  is  a  pale-yellow,  slightly 
dextrorotatory  liquid.  S.G.  -932.  At  -  50°  it 
solidifies,  and  the  crystals  thus  formed  melt  at 
-10°.  On  distillation  the  first  fractions  contain 
water,  formic  and  acetic  acids,  and  butyric  and 
valeric  anhydrides.  At  159°  there  passes  over  a 
terpene  S.G.  -88;  [a]D= +40°,  which  forms  a 
hydrochloride  C10H16HC1  [127°];  [a]D  =  27^°.  The 
fraction  170°- 175°  contains  eucalyptol  which 
constitutes  two-thirds  of  the  oil  of  eucalyptus 
(Voiry,  C.  B.  106,  1419  ;  cf.  Cloez,  A.  154,  372). 
According  to  Faust  a.  Homeyer  (B.  7,  63,  1429) 
oil  of  eucalyptus  contains  two  terpenes  (151°)  and 
(c.  174°),  together  with  cymene  and  a  camphor- 
like  body  C10H160.  Oppenheim  a.  Pfaff  found  in 
Australian  eucalyptus  oil  a  terpene  (173°)  whence 
iodine  produces  cymene.  Wallach  found  in  the 
Australian  oil  (from  E.  amygdalina)  cineol  and 
a  Ifevorotatory  phellandrene  (165°-180°).  S.G. 
15  -855  (Wallach,  A.  246,  265). 

EUCHEOIC  ACID  v.  Di-imide  of  MELLITIC 
ACID. 

EUCHLOBINE.  This  name  was  given  by 
Davy  to  a  gas  obtained  by  the  reaction  between 
HClAq  and  KC103 ;  it  has  been  proved  to  be  a 
mixture  of  C1O2  and  Cl  (cf.  p.  12).  M.  M.  P.  M. 

EUDIOMETER.  A  graduated  glass  vessel  used 
in  analysis  of  gases,  and  in  titrimetric  analysis 
(v.  vol.  i.  pp.  237  and  248).  M.  M.  P.  M. 

EUGENOL  C10H,.,0 ,  i.e. 

[l:3:4]C6H3(OH)(OMe).CH2.CH:CH2.  Mol.w.164. 
V.D.6-4  (calc.  5-7).  (242°)  (S.) ;  (251°)  (Williams) ; 
(252°)  (Gladstone) ;  (252°  cor.)  (Church).  S.G. 
^  1-068  (W.) ;  22  1-066  (G.)  ;  iS  1-066  (Church, 
C.  J.  28, 113) ;  ^  1-079  (Wassermann) ;  ws  1-Q63 
(Wa.) ;  i±  1-070  (Tiemann  a.  Kraaz,  B.  15,  2066). 
/*D  1-540.  MF  1-554. 

Occurrence.— In  oil  of  cloves;  in  oil  of  bay 
(Lauiua  nobilia) ;  in  the  oil  of  cinnamon  leaves  ; 


in  oil  of  pimento  ;  in  oil  of  Canetta  alba  * 
and  in  oil  of  Ilicium  religiosum  (Bon&stre,  A.  Ch. 
[1827]  35,  274  ;  Dumas,  A.  Ch.  53,  164  ;  A.  9, 
65 ;  27,  151 ;  Ettling,  A.  9,  68 ;  Bockmann,  A. 
27,  155;  Greville  Williams,  Chem.  Gaz.  1858, 
170  ;  Cahours,  A.  Ch.  [3]  52,  201 ;  Stenhouse,  A. 
95, 103 ;  Wohler,  A.  47,  236 ;  Baeyer,  A.  114, 163  ; 
Gladstone,  C.  J.  17,  6  ;  Oeser,  A.  131,  277 ; 
Eykman,  E.  T.  C.  4,  33  ;  Erlenmeyer,  Z.  1866, 
430  ;  Wassermann,  A.  179,  366). 

Formation. — By  reducing  coniferin  in  weak 
alkaline  solution  with  sodium-amalgam  ;  coni- 
feryl  alcohol  being  an  intermediate  product 
(Tiemann,  B.  9,  418 ;  Chiozza,  C.  C.  1888,  443). 

Preparation. — Oil  of  cloves,  obtained  by  dis- 
tilling cloves  with  water,  contains  eugenol  and 
a  terpene.  Aqueous  KOH  dissolves  the  eugenol, 
and,  on  again  distilling,  only  the  terpene  passes 
over.  On  acidifying  the  residue  the  eugenol  is 
liberated. 

Properties. — Colourless  oil,  with  spicy  odour. 
Keddens  litmus.  Quickly  resinifies  when  ex- 
posed to  air.  V.  si.  sol.  water,  v.  sol.  alcohol, 
ether,  and  HOAc.  Has  a  burning  taste.  Does 
not  reduce  Fehling's  solution.  Eeduces  am- 
moniacal  silver  nitrate.  FeCl3  colours  its  alco- 
holic solution  blue. 

Reactions. — 1.  Distillation  over  BaO  gives  an 
oil  (142°)  (Calvi,  A.  99,  242 ;  Church,  P.  M.  [4] 
9,  256).— 2.  Distilled  with  HI  it  forms  Mel  and 
a  resinous  mass  having  nearly  the  composition 
C9H1002  (Erlenmeyer,  Z.  [2]  2,  430).— 3.  Potash- 
fusion  gives  acetic  and  protocatechuic  acids 
(Hlasiwetz  a.  Grabowski,  A.  139,  95).— 4.  P205 
forms  a  resin,  intermediate  in  composition  be- 
tween C]0H1202  and  CIOHI2O3,  which  on  distilla- 
tion yields  a  phenol  which  is  coloured  green  by 
FeCl3  (Hlasiwetz  a.  Barth,  Z.  [2]  2,  83).— 5. 
PC13  forms  HC1,  MeCl,  an  oily  anhydride  (?) 
(C10HU0)20,  and  an  amorphous  yellow  compound 
C10H13P04 ;  insol.  ether  (Oeser,  A.  131,  277).— 
6.  Bromine,  forms  di-bromo-eugenol  di-bromide 
(q. v.) .  Acetyl-di-bromo  -eugenol  crystallises  from 
ether  in  hexagonal  prisms  [66°]  (Boyen,  B.  21, 
1393).  The  acetyl  and  benzoyl  derivatives  of 
di-bromo-eugenol  dibromide  melt  at  [91°]  and 
[113°]  respectively.— 7.  KMn04  oxidises  it  to 
vanillin,  the  methyl  derivative  of  protocatechuic 
aldehyde.  —  8.  Vapour  of  cyanic  acid  passed 
into  eugenol  forms  the  crystalline  allophanate 
C6H3(OMe)(C3H5).O.CO.NH.CO.NH2  (Baeyer,  A. 
114,  163).— 9.  Phenyl  cyanate  at  100°  forms 
C6H3(C3H5)(OMe).O.CO.NHPh  [96°]  (Snape,  B. 
18,2432;  C.  J.  47,  777). -10.  Chloro -acetic  acid 
acting  on  sodium-eugenol  forms  the  acid 
C6H3(OMe)(C3H5).O.CH2.C02H  [81°],  which 
crystallises  from  hot  water  in  long  needles,  sol. 
aqueous  Na2COr  Its  sodium  salt  NaA'l|  aq  is 
v.  sol.  cold  water  (Saarbach,  J.pr.  [2]  21,  151).— 
ll.Acetochlorhydrose  con  verts  potassium  eugenol 
into  the  glucoside  C6H3(O.C6HH05)(OMe)C3H5 
[132°].  This  crystallises  in  needles,  sol.  hot  al- 
cohol, hot  benzene,  and  hot  water  (Michael,  Am. 
6,  340). 

Metallic  derivatives  NaC,0Hn02. — 
HK(C10HH02)2  aq.— Ba(C10H,,02)2  :  laminae,  si. 
sol.  cold  water. 

Acetyl  derivative  C^OAcXOMeJ.CgH,. 
[31°].  (270°).  Prepared  by  boiling  eugenol  with 
Ac20  for  three  hours.  Crystals  ;  v.  sol.  alcohol 
and  ether,  insol.  water  and  cold  dilute  alkalis. 
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Cone.  H2S04  dissolves  it  with  deep-red  colour. 
KMn04  oxidises  it  to  acetyl  vanillic  acid  C1()H1005 
and  its  homologue  CnH,205  (Tiemann  a.  Nagai, 

B.  10,  202). 

Carbonyl  derivative 

(C6H3(OMe)(C3H5).0)2CO.  [93°].  From  sodium 
eugenol  and  COC12  (Lowenberg,  C.  C.  1886,  390 ; 

C.  J.  50,  789). 
Benzoyl   derivative 

C6H3(OBz)(OMe)(C3H5) :  [70°];  monosymmetri- 
cal  crystals ;  si.  sol.  cold  alcohol,  insol.  water 
(Tiemann  a.  Kraaz,  B.  15,  2067). 

p-Methoxy-benzoyl    derivative 
C6H3(O.CO.C6H4OMe)(OMe)C3H,.    From  eugenol 
and  anisyl  chloride  (Cahours,  A.  Ch.  [3]  52,189). 
Crystalline. 

Methyl  ether  CnH1402  i.e. 
C6H3(OMe)2.C3H5.  (245°).  Obtained  from 
C6H3(ONa)(OMe).C3H5  and  Mel  (Graebe  a.Borg- 
mann,  A.  158,  282;  Matsmoto,  B.  11,  123). 
Oxidised  by  K2Cr207  in  HO  Ac  to  C6H3(OMe)2C02H. 
KMn04  gives  an  acid  C12H12O5  [163°].  Bromine 
gives  C6H2Br(OMe)2.CH2.CHBr.CH2Br  [78°], 
which,  in  alcoholic  solution,  is  converted  by  zinc- 
dust  into  liquid  C6H2Br(OMe)2.C3H5.  A  mercury 
salt  Hg(CnH13O2)2  [140°]  is  formed  as  a  by-pro- 
duct in  the  formation  of  C6H2(OMe)2(C3H5)C02H 
by  treating  C(iH2Br(OMe)2C02H  with  ClC02Etand 
sodium-amalgam  (Wassermann,  C.  R.  88, 1206). 

Ethyl  ether  C,2H160,  i.e. 
C6H3(OEt)(OMe).C3H5  (254°).  S.G.  *  1-026; 
121s  1-012.  From  eugenol  (50pts.),  KOH  (17pts.), 
water  (40  pts.),  and  EtBr  (33  pts.)  by  heating  at 
100°  with  inverted  condenser  (Wassermann, 
A.  179,  366).  Oil.  Gives  on  oxidation 
C6H3(OEt)(OMe).C02H.  When  distilled  it  partly 
polymerises,  forming  crystalline  laminae  (from 
alcohol)  [125°].  Bromine  forms  C12H,5Br302 
[80°],  whence  zinc  and  alcohol  remove  bromine, 
leaving  C,,H)5Br02  [48°],  a  product  which  is  not 
acted  on  by  AgOAc. 

Propyl-ether  C6H3(OPr)(OMe)C3H5. 

(264°).  S.G.  is  1-002.  From  eugenol  (100  pts.), 
propyl  iodide  (100  pts.),  and  KOH  (35  pts.)  dis- 
solved in  alcohol.  Liquid,  smelling  like  cloves. 
Hot  dilute  KMn04  gives  C6H3(OPr)(OMe).C02H. 

Isopropyl-ether  C6H3(OPr)(OMe).C3H5. 
(253°).  S.G.  11  -999. 

Isobutyl  ether  C6H3(OCH25r)(OMe).C3H5. 
(273°).  S.G.  i£  -985.  Oxidised  by  KMn04  to 
CtiH,(OCH,Pr)(OMe).C02H. 

Isoamyl  ether  C6H3(OC5Hn)(OMe).C3H5. 
(284°).  S.G.  i*  -976.  KMn04  at  80°  forms 
C6H3(OC6Hn)(OMe).C02H. 

Hexyl  ether  C6H3(OC6H13)(OMe).C3H5. 
(c.  298°). 

Allyl  ether  C6H3(OC3H5)(OMe).C3H.. 
(o.269°).  S.G.  i5  1-018.  From  allyl  iodide  and 
potassium  eugenol.  A  polymeride  (284°-290°) 
is  formed  at  the  same  time. 

Benzyl  ether  C6H3(OC7H7)(OMe).C3H5. 
Partially  decomposed  on  distillation. 

Ethylene  ether C2H4(O.C6H3(OMe).CsH5)2. 
[89°].  Formed  by  heating  eugenol,  ethylene 
bromide,  and  alcoholic  KOH  in  a  sealed  tube 
(Cahours,  C.  R.  84, 157, 1195).  Micaceous  plates ; 
insol.  water  and  cold  alcohol,  sol.  hot  alcohol  and 
ether.  KMn04  oxidises  it  to 

C2H4(O.C6H3(OMe).C02H)2. 

Trimethylene    ether 
C,H6(O.CBH,(OMe).CaH5)2.         [83°].  From 


CH2Br.CH2.CH2Br,  potassium-eugenol,  and  a 
little  alcohol  at  100°.  Satiny  crystals  (from 
ether)  or  prisms  (from  alcohol).  KMn04  gives 
C3Htj(O.C6H3(OMe).C02H)2. 

Propylene    ether 
C3HB(O.CaH8(OMe).C,H5)2.     [c.   58°]. 
Prepared    as    above,    using  propylene  bromide 
CH3.CHBr.CH2Br    (Cahours).       Needles    (from 
ether). 

References.  —  BBOMO-EUQENOL  and  NITBO- 
EUGENOL. 

Iso-eugenol  C6H3(OH)(OMe)(CH:CH.CH3) 
[4:3:1].  (c.  260°).  V.D.  (H=l)  82-66  (obs.). 
S.G.  is  1-08.  Formed  by  splitting  off  CO2  from 
homoferulic  acid  by  heating  to  c.  250°  or  300° 
(Tiemann  a.  Kraaz,  B.  15,  2064).  Oil.  Dis- 
solves in  H2SO4  to  a  red  solution.  Fe2Cl6  pro- 
duces a  light-green  colouration,  turned  violet  by 
NH3. 

Benzoyl    derivative 

C6H3(OBz)(OMe)(C3H5).    (160°). 

EUGETIC  ACID  CnH1204  i.e. 
CtiH,(OMe)(OH)(C3H5)(C02H)  [3:4:1:5].  [124°]. 
Formed  by  dissolving  sodium  in  eugenol  and 
passing  C02  over  the  resulting  sodium  eugenol 
(Scheuch,  A.  125,  14).  Long  colourless  prisms 
(from  hot  water) ;  si.  sol.  cold  water,  v.  sol.  alco- 
hol and  ether.  Its  aqueous  solution  is  coloured 
blue  by  FeCl3.  The  acid  is  resolved  by  heat  into 
C02  and  eugenol. 

Methyl  derivative 

C6H2(9Me)2(C3H5).C02H.  [180°].  Formed  by 
saponifying  its  ether,  which  is  produced  by  treat- 
ing the  methyl  derivative  of  bromo-eugenol  with 
ClC02Et  and  sodium-amalgam  (Wassermann, 
C.  R.  88,  1206).  Flat  yellow  needles ;  si.  sol. 
water,  v.  sol.  alcohol  and  ether.  Gives  on  oxi- 
dation by  KMn04  an  acid  [163°]. 

EULYSIN  C24H3603.  A  substance  which  may 
be  extracted  along  with  cerisin  and  decacrylic 
acid  from  cork  by  boiling  with  alcohol.  It  is  v. 
sol.  alcohol,  but  insol.  water  (Siewert,  Z.  1868, 
383). 

ETJLYTE  C6H6N407.  [99-5°  cor.].  S.  -01  at 
10°.  Formed,  together  with  dyslyte,  by  treating 
citraconic  acid  with  strong  nitric  acid  (Baup,  A. 
81,  96 ;  Bassett,  C.  J.  25,  98).  Eulyte  is  the 
more  soluble,  it  crystallises  from  chloroform  in 
large  dimetric  crystals.  Heated  with  alcoholic 
KOH  it  forms  KN02  and  a  brown  resin  soluble 
in  alkalis.  Tin  and  HC1  give  NH3  and  a  volatile 
base  smelling  like  picoline. 

EUONYMIN.  A  bitter  resin  obtained  from 
the  oil  of  the  spindle-tree,  Euonymus  europceus 
(Eiederer,  Buch.  Rep.  14,  1 ;  Grundner,  Buch. 
Rep.  97,  315).  Insol.  water,  sol.  alcohol  and 
ether,  separating  from  the  latter  in  warty  crys- 
tals. 

The  same  name  is  given  by  Komm  (C.  C. 
1885,  442;  C.  J.  50,  72)  to  a  g'ucoside  which 
may  be  extracted  by  dilute  ale  ho'  (70p.c.)  from 
the  rinds  of  Euonymus  atropurpureus.  It  may 
be  crystallised  from  ether. 

EUPHORBIUM.  A  resin  consisting  of  the 
concrete  juice  of  several  species  of  Euphorbia 
growing  in  hot  climates.  Cold  alcohol  extracts, 
according  to  Johnston  (J.pr.  26,  145),  a  brown- 
ish-red resin  C20H3003,  insol.  alkalis,  but  dis- 
solving with  red  colour  in  conc.H2S04.  Boiling 
alcohol  extracts  from  the  residue  another  resin 
C20H3202,  which  separates  in  indistinct  crystals 
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(H.  Rose,  P.  33,  33;  53,  365;  Fliickiger,  J. 
1868,  809).  According  to  Henke  (Ar.  Ph.  [3]  24, 
729)  euphorbium  contains,  besides  euphorbone, 
two  resins,  one  soluble  in  ether,  the  other  not. 

EUPHORBONE  C-JH^O.  [68°].  [a]D  =  15-9°. 
S.  '01  (hot).  Extracted  from  euphorbium  by 
light  petroleum  at  70°  and  crystallised  from  al- 
cohol-ether (Henke,  Ar.  Ph.  [3]  24,  729;  c/. 
Fliickiger,  Z.  [2]  4,  221).  Brilliant  crystals, 
persistent  in  the  air,  tasteless,  and  neutral  in 
solution.  V.  sol.  light  petroleum,  chloroform, 
ether,  alcohol,  benzene,  and  acetone.  Not  af- 
fected by  dilute  acids,  alkalis,  or  Ac20.  Heating 
with  P205  gives  heptane,  octane,  and  xylene. 
According  to  Hesse  (A.  192,  193)  euphorbone  is 
C)5H240  [114°],  [a]D  =  18-8°  at  15°  (in  chloro- 
form); or  11-7°  (in  ether). 

EUPITTONIC  ACID  C25H2609.  [about  200°]. 
Occurs  amongst  the  products  of  oxidation  of 
wood-tar  oil  (Liebermann,  B.  9,  334  ;  Gratzel, 
B.  11,  2085).  Prepared  by  heating  the  dimethyl 
ether  of  pyrogallol  with  C2C16  and  alcoholic  KOH 
(Hofmann,  B.  11,  1455).  Formed  also  by  heating 
a  mixture  of  the  di-methyl  ethers  of  pyrogallol 
(C6H3(OMe)2OH)  and  of  methyl-pyrogallol 
(Me.C6H2(OMe)2OH)  with  NaOH  at  210°,  hy- 
drogen being  liberated  (Hofmann,  B.  12,  1377). 
Long  fine  orange  needles.  Difficultly  soluble  in 
boiling  alcohol,  easily  in  acetic  acid.  Alkaline 
solutions  are  deep  blue.  By  an  excess  of  alkali 
blue  salts  are  precipitated.  HC1  at  100°  gives 
pyrogallol  and  MeCl.  Alcoholic  NH3  at  170° 
gives  crystalline  C25H3,N307.  Water  (2  pts.)  at 
265°  gives  C6H3(OMe)2OH  and  a  crystalline  body. 

Salts.  —  Na2C25H2409  x&q  :  prisms.  - 
BaC25H2409  o;aq  :  needles. 

Di-acetyl  derivative  C^H^O^OAc^  : 
[265°]  ;  yellow  needles. 

Di-benzoyl  derivative  C25H2407(OBz)2: 
[232°]  ;  small  yellow  needles.  Insol.  alcohol, 
sol.  chloroform. 

Methyl  ether  C25H2407(OMe)2  :  [242°]; 
yellow  needles. 

Ethyl  e^erC25H2407(OEt)2:  [242°]  ;  yellow 
needles. 

Periodide  C^H^Ogl,:  brown  glistening 
prisms  (Hofmann,  B.  12,  2216). 

ETJRHODINES  is  the  name  given  by  Witt  to  a 
class  of  red  colouring  matters  which  have  the 
constitution  of  amido-quinoxalines.  These  bodies 
are  produced  :  (1)  By  the  action  of  a  tri-amine 
amido-o-diamine)  upon  a  quinone  or  di-ketone. 
2)  By  heating  an  o-amido-azp-  compound  with 
o)  -naphthylamine  hydrochloride.  Quite  recently 
B.  21,  2418)  Witt  has  proposed  to  extend  the 
meaning  of  the  term  eurhodine  so  as  to  include 
all  poly-amido-derivatives  of  azines. 

The  eurhodine  from  o-amido-azo-toluene  and 
(a)  -naphthylamine  has  the  constitution  : 
NH.):CH 


,C( 
/ 
\n 


C6H3(CH3) 


almost  insol.  alcohol  and  ether.    It  may  be  sub' 
limed.      Its  hydrochloride    C17H18N8HC1  aq 


forms  garnet-coloured  needles.  Cone.  H2S04 
dissolves  it  with  intense  red  colour  turned  green 
and  then  scarlet  on  gradual  dilution.  It  dyes 
silk  scarlet  in  an  acid  bath.  The  tartrate  dyes 
cotton  mordanted  with  Turkey-red  oil  a  colour 
similar  to  Turkey-red  (Witt,  C.  J.  49,  391 ;  B. 
18,1119;  19,914);  ethyl  nitrite  decomposes  the 
eurhodine  in  alcoholic  solution,  one  product 
being  lemon-yellow  needles  C19H16N20  i.e. 
C17HHEtN20  [175°]. 

The  eurhodine  from  (£) -naphthylamine  is 
formed  on  adding  quinone  dichlorimide  to  (£)- 
naphthylamine  dissolved  in  alcohol  the  solution 
becoming  red  and,  on  adding  water,  a  eurhodine 
C10H6.N2.C6H3NH2  (or,  more  probably, 
C10H5(NH2).N2.C6H4)  separates.  This  crystallises 
from  benzene  in  dark  yellow  needles,  m.  sol. 
alcohol  and  benzene,  v.  sol.  aniline.  Its  alcoholic 
solution  is  converted  by  nitrous  acid  into  naphtho- 
phenazine  (Nietzki  a.  Otto,  B.  21, 1598). 

A  di-methylated  eurhodine 
C10H6.N2.C6H3NMe2  [*  4]   [205°]   is  formed  by 
heating  nitroso-di-methyl-aniline  hydrochloride 
(3  mols.)  with  a  solution  of  (#) -naphthylamine 
(2  mols.)  in  HOAc  (Witt,  B.  21,  719). 

EUXANTHIC  ACID  C19H16010.  Purreic  acid. 
The  magnesium  salt  constitutes  the  essential 
part  of  Purree  or  Indian  yellow,  said  to  be  ob- 
tained by  evaporating  the  urine  of  cows  fed  on 
mangoes  (Stenhouse,  A.  51,  423;  Erdmann, 
J.  pr.  33,  190 ;  37,  385 ;  Baeyer,  A.  155,  257). 
Purree  is  boiled  with  water  and  the  residue  ex- 
tracted with  dilute  HC1 ;  on  cooling  the  euxanthic 
acid  separates  in  stellate  groups  of  needles. 
Euxanthic  acid  is  also  excreted  in  small  quan- 
tity by  a  rabbit  after  taking  euxanthone  (Kos- 
tanecki,  B.  19,  2919). 

Properties. — Pale-yellow  needles,  containing 
aq  when  crystallised  from  alcohol,  but  3aq  when 
ppd.  by  HC1  from  its  arnmoniacal  solution.  It 
has  a  sweet  taste  and  a  bitter  aftertaste.  It  is 
si.  sol.  cold  water,  v.  sol.  boiling  alcohol,  m.  sol. 
ether.  Alkalis  colour  its  solution  deep-yellow. 
When  cautiously  heated  at  170°  it  gives  off  water 
and  C02,  leaving  a  yellow  sublimate  of  euxan- 
thone. Alcohol  and  HC1  also  give  euxanthone. 
HN03  gives  tri-nitro-euxanthone  and  tri-nitro- 
resorcin.  By  heating  with  dilute  H2S04  (2  p.c.) 
at  140°  it  is  split  up  into  euxanthone  and  glycu- 
ronic  acid  (Spiegel,  B.  15,  1965). 

Salts. — The  euxanthates  of  the  alkalis  are 
y.  e.  sol.  water,  but  are  ppd.  by  excess  of  alka- 
line carbonate.  The  euxanthates  of  Ba,  Ca,  and 
Mg  are  si.  sol.  cold,  v.  sol.  hot,  water.  The  basic 
Mg  salt  which  occurs  in  purree  is  insol.  water. — 
NH4HA"  aq :  light-yellow  needles.— KHA"  aq.— 
MgA"  9aq? :  occurs  in  purree.— PbH2A"2.— PbA". 

Di-bromo-euxanthic  acid  C,9H14Br2010.  Minute 
golden-yellow  needles  (containing  aq). 

Di-chloro-euxanthic  acid  ClsH.ltCl,Olo. 
Formed  by  passing  Cl  into  water  in  which 
euxanthic  acid  is  suspended.  Golden  scales  ; 
insol.  water,  v.  sol.  boiling  alcohol.  Its  salts  are 
mostly  gelatinous. 

Nitro-euxanthic  acid  C19H15(N02)0,0.  From 
the  acid  and  cold  HN03  (S.G.  1-31).  Straw- 
coloured  laminae  (from  alcohol). 

EUXANTHONE  C13H804  i.e. 

or  more  probably 
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C6H3(OH)-0 

|   .    [232°].    V.D.8-0(calc.  7-9).    A 
C6H,(OH)-CO 

product  of  the  decomposition  of  euxanthic  acid 
(Stenhouse,  A.  51,425;  Erdmann,  A.  52,365; 
60,  239;  Schmidt,  A.  93,  88;  Graebe,  B.  16, 
864).  It  is  produced  by  heating  the  acid  or  its 
Ba  or  Pb  salt  ;  by  treating  the  dry  acid  with  cone. 
H2S04  ;  or  by  treating  its  alcoholic  solution  with 
HC1.  Pale-yellow  needles  or  lamina  (from 
alcohol)  ;  v.  si.  sol.  water,  v.  sol.  ether,  si.  sol. 
alcohol  (Kiilz,  Z.  B.  23,  475).  It  may  be  sub- 
limed. It  is  neutral  in  reaction,  dissolves  in 
alkalis,  but  not  in  dilute  acids.  The  alcoholic 
solution  is  ppd.  by  lead  subacetate,  but  not  by  lead 
acetate,  baryta,  or  lime.  FeCls  gives  a  green 
colour.  Does  not  react  with  hydroxylamine  or 
with  phenyl-hydrazine  (Spiegler,  B.  17,  808). 

Reactions.  —  1.   Nitric  acid  forms  tri-nitro- 
euxanthone  and  tri-nitro-iesorcin.  —  2.   Passing 


ever  heated  zinc-dust  forms  C 


and 


other  products.  —  3.  Potash-fusion  gives  hydro- 
quinone  and  euxanthonic  acid  (Baeyer,  Z.  [2]  5, 
569).  —  4.  Sodium-amalgam  gives  a  colourless 
compound  which  turns  violet-black  in  the  air 
(Wichelhaus  a.  Salzmann,  B.  10,  1398). 

Salts.  —  A"Mg:  insol.  water,  nearly  insol. 
alcohol. 

Methyl  ether  A"Me2:  [130°];  yellow  needles 
or  prisms,  sol.  alcohol  and  ether  (Graebe  a. 
Ebrard,  B.  15,  1675). 

Ethyl  ether  A"Et2  :  [126°]  ;  long  colourless 
or  yellow  prisms,  sol.  alcohol  and  ether. 

Acetyl  derivative  C,sH6Ac204:  [185°]; 
yellowish  prisms  (from  benzene);  sol.  alcohol, 
si.  sol.  ether. 

Benzoyl  derivative:  [214°]  ;  yellow  crys- 
stals,  sol.  aniline,  insol.  alcohol,  ether,  benzene, 
&c. 

Constitution.  —  Euxanthone  is  clearly  a 
di-oxy-  derivative  of  the  so-called  di-phenylene 
ketone  oxide,  but  as  this  substance  does  not 
react  with  hydroxylamine,  Spiegler  suggests  that 

C6H4.0 
it  should  be  represented  by  the  formula  I 

C6H4.CO 

rather  than 


Di-chloro-euxanthone  Ci3H6Cl204.  From  di- 
chloro-euxanthio  acid  by  dissolving  in  cone. 
HjSC^  and  ppg.  by  water  (Erdmann,  J.  pr.  37, 
397).  Yellow  powder. 

Tri-nitro-euxanthone  C,3H5(N02)304.  From 
euxanthone  and  HN03.  Minute  yellow  needles. 
Further  treatment  with  HN03  gives  tri-nitro- 
resorcin.  NH3  forms  reddish-black  grains  of 
C13H4(NH4)(N02)304. 

C8H3(OH).CO 

Iso-euxanthone    I  I     .    Lactone  of 

C6H,(OH).0 

tri-oxy-diphenic  acid.  [243°].  Obtained  by 
heating  di-oxy-benzoic  acid  (j8-resorcylic  acid) 
with  acetic  anhydride  ;  the  yield  is  about  4  p.c. 
(Bistrzycki  a.  Kostanecki,  B.  18,  1986).  Small 
needles.  V.  sol.  alcohol,  ether,  and  aqueous  al- 
kalis forming  yellow  solutions,  insol.  water.  Sub- 
limes in  long  yellow  needles.  Fe2Cl6  gives  a 
greyish-green  colour.  The  alcoholic  solution 
gives  a  yellow  pp.  with  MgS04.  Treated  with 

VOL.  II. 


sodium-amalgam  and  water  it  dissolves  with  a 
blood-red  colour. 

EUXANTHONIC  ACID  C13H1005  i.e. 
J  i]C6H8(OH)2.CO.C6H3(OH)2[i  {].  Tetra-oxy- 
benzophenone  (?).  Formed  from  euxanthone  by 
potash-fusion  (Baeyer,  A.  155,  259).  Yellow 
needles  (from  water).  Forms  a  reddish-yellow 
pp.  C,3H6Pb2O5  with  basic  lead  acetate.  Its  so- 
lution in  potash  rapidly  oxidises  in  the  air,  be- 
coming dark.  FeCl3  colours  it  red.  Eesolved  by 
heat  into  water  and  euxanthone,  which  sublimes. 
Boiling  aqueous  NH^  also  forms  euxanthone. 
Potash-fusion  converts  it  into  hydroquinone 
(Graebe  a.  Feer,  B.  19,  2607). 

EVERNIC  ACID  C17H1607.  [164°].  Obtained, 
together  with  usnic  acid,  by  macerating  the 
lichen  Evernia  prunastri  with  milk  of  lime  and 
ppg.  the  nitrate  with  HC1 ;  it  is  extracted  from 
the  dried  pp.  with  boiling  alcohol  and  ppd.  by 
water  (Stenhouse,  A.  68,  83;  Pr.  18,  222). 
Groups  of  small  needles  (from  alcohol).  Insol. 
cold  water,  v.  sol.  cold  alcohol  and  ether.  It 
does  not  decompose  solutions  of  NaHC03  in  the 
cold;  its  Ca  salt  is  decomposed  by  C02.  De- 
composed by  boiling  with  water  or  baryta-water 
into  CO2,  orcin,  and  everninic  acid. 

Salts. — BaA'2aq;  small  prisms,  si.  sol.  cold 
water,  v.  sol.  dilute  alcohol. — KA' :  silky  crystals, 
si.  sol.  cold  water,  v.  sol.  dilute  alcohol  and 
aqueous  KOH. 

Tetra-bromo-evernic  acid  C17HJ2Br407.  [161°]. 
From  dry  evernic  acid  and  dry  Br.  Colourless 
prisms  (from  alcohol) ;  insol.  water  and  CS2,  si. 
sol.  hot  benzene,  v.  sol.  ether. 

EVEENIIN  C6H1407  (Stiide,  A.  131,  241).  A 
substance  extracted  from  Evernia  prunastri  and 
related  to  the  sugars.  The  plant  is  macerated 
with  cold  dilute  soda-ley  till  the  liquid  acquires 
a  dark-green  colour ;  the  nitrate  is  mixed  with 
alcohol ;  and  the  brown  flocks  thereby  precipi- 
tated are  redissolved  in  water  and  purified  by 
repeated  precipitation  and  boiling  with  animal 
charcoal. 

Everniin  is  an  amorphous,  yellowish,  taste- 
less powder,  which  swells  up  in  cold  water  and 
dissolves  easily  in  hot  water.  Its  aqueous  solu- 
tion gives  with  lead  acetate  and  ammonia  a  pp. 
soluble  in  acetic  acid.  It  is  ppd.  by  a  large  ex- 
cess of  glacial  acetic  acid.  It  prevents  the  ppn. 
of  lead  by  H2S  or  sulphuric  acid,  a  property 
likewise  possessed  by  glycogen,  inulin,  lichenin, 
and  gum.  Everniin  is  not  coloured  by  iodine. 
Dilute  acids  easily  convert  it  into  glucose. 

A  substance  closely  related  to,  or  perhaps 
identical  with,  everniin  is  obtained  from  Borrera 
ciliaris. 

EVERNINIC  ACID  C9H1004.  [157°].  Formed 
by  decomposing  evernic  acid  with  caustic  alkalis 
(Stenhouse,^.  68, 86 ; Hesse, A 117, 299).  Bestpre- 
pared  by  boiling  evernic  acid  with  baryta  water ; 
BaC03  is  ppd.,  and  the  nitrate,  treated  with  HC1, 
gives  a  pp.  of  everninic  acid.  Laminae,  si.  sol. 
cold,  m.  sol.  boiling,  water,  v.  e.  sol.  alcohol  and 
ether.  FeCl3  colours  its  solution  violet.  Cone. 
HN03  forms  evernitic  acid  C9H8(N02)204  or 
C9H9(N02)302  ?  which  forms  pale  yellow  prisms, 
si.  sol.  cold,  m.  sol.  boiling  water,  and  forms  a 
crystalline  potassium  salt  C9H7K2(N02)302^aq? 
(Hesse).  Evernitic  acid  is  perhaps  di-nitro- 
everninic  acid.  Everninic  acid  differs  from  ever- 
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nic  acid  in  not  yielding  orcin  when  boiled  with 
potash. 

Salts.— Ba(C9H904)22aq:  long  four-sided 
prisms,  nearly  insol.  alcohol.— AgA'  :  white  pp. 

Ethyl  ether  EtA'.  [56°].  From  evernic 
acid  by  boiling  for  9  hours  with  strong  alcohol, 
or  with  alcohol  containing  KOH.  Long  colour- 
less crystals  (from  alcohol),  insol.  cold,  nearly 
insol.  boiling,  water,  v.  sol.  alcohol  and  ether. 
Dissolves  in  aqueous  KOH  but  not  in  aqueous 
NHa  or  K2C03. 

EXCREMENT.  Berzelius  (Lehrbuch,  [4]  9, 
340)  found  in  human  faeces :  water,  75'3  p.c. ; 
bile,  '9  p.c. ;  albumen,  '9  p.c. ;  soluble  organic 
matter,  2-7  p.c.;  salts,  1-2  p.c. ;  insoluble  residue 
of  digested  food,  7'9  p.c. ;  insoluble  organic  mat- 
ter (mucus,  bile-resins,  and  fat),  12  p.c.  Human 
excrement,  acidified  by  H2S04,  yields  on  distil- 
lation acetic,  n-  and  iso-butyric,  valeric  and 
caproic  acids,  phenol,  indole,  and  skatole  (from 
cncaT<5s  =  faeces)  (Brieger,  J.  pr.  [2]  17,  124).  V. 
also  Wehsarg,  Untersuchung.  der  Faces,  Giessen, 
1853;  Porter,  A.  71,  109;  Fleitmann,  P.  75, 
356 ;  Marcet,  T.  1854,  265 ;  1857,  403 ;  C.  J. 
10,  162  ;  Harley,  Pr.  7,  122. 

Thenard  (C.  R.  44,  980)  found  in  fermented 
manure  an  acid  C30H30N2O,0,  which  may  be  ppd. 
from  an  aqueous  extract  by  HC1.  It  is  a  black 
mass,  insol.  water,  v.  si.  sol.  alcohol  and  ether. 

EXCKETIN  C20H360  (Hinterberger,  A.  166, 
213  ;  cf.  Marcet,  Pr.  9,  308).  Obtained  by  ex- 
hausting fresh  excrements  with  boiling  alcohol 
and  leaving  the  solution  to  stand  for  a  week.  A 
black  pp.  then  separates  out,  containing  excretin 
and  the  salt  GgJ3.luMgKOn.  The  nitrate  is  ppd. 
with  milk  of  lime,  and  the  dried  pp.  treated  with 
a  hot  mixture  of  ether  and  alcohol.  On  expos- 
ing the  solution  during  a  week  to  a  temperature 
below  0°,  crude  excretin  crystallises  out  in  semi- 
globular  masses  consisting  of  yellow  needles.  It 
is  purified  by  crystallising  it  repeatedly  from  al- 
cohol, with  addition  of  blood-charcoal,  the  tem- 
perature being  kept  below  0°.  Bromine  converts 
it  into  di-bromo -excretin,  C20H34Br20,  which  sepa- 
rates from  a  mixture  of  ether  and  alcohol  in  hard 
brittle  crystals  grouped  in  globular  masses.  A 
crystalline  chlorine-compound  could  not  be  ob- 
tained. 100  pounds  of  fresh  excrements  yielded 
8  grams  of  pure  excretin. 

EXPLOSION.  If  a  system  is  in  such  a  condi- 
tion of  physical  or  chemical  equilibrium  that  a 
variation  of  that  condition  involving  a  transfor- 
mation of  energy,  and  initiated  at  any  one  point, 
will  spread  rapidly  through  the  system  of  its 
own  unaided  action  and  without  the  supply  of 
energy  from  without,  then  the  system  itself  is 
said  to  undergo  explosive  change,  and  the 
change  itself  is  called  explosion.  If  the  velocity 
of  change  is  small  the  explosion  becomes  a  com- 
bustion ;  if  large,  a  detonation. 
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Von  Oettingen  a.  Von  Gernet,  W.  4,  1888. 

From  considerations  of  economy  of  space  the 
following  account  of  the  vast  mass  of  work  which 
has  been  done  in  connexion  with  the  theory  of 
explosions  has  been  compressed  as  much  as 
possible. 

EXPLOSION  OP  GASES.  —  First  really  studied 
by  Davy,  and  leading  to  the  invention  of  the 
safety  lamp ;  afterwards  by  Bunsen,  Horstmann, 
Berthelot,  Vieille,  Sarrau,  Mallard  and  Le  Cha- 
telier, Dixon,  Clerk  (Gas  Engine,  Longmans, 
1887),  and  Von  Oettingen  and  Von  Gernet.  The 
latter  found  (TF.4, 1888)  that  when  a  eudiometer 
tube  is  filled  with  water-gas  (Hj  +  O)  and  explosion 
is  induced  by  an  electric  spark,  the  luminosity  is 
sufficient  to  enable  a  photograph  to  be  obtained 
when  the  dust  of  some  copper  salt  is  distributed 
in  the  tube.  By  an  ingenious  combination  of 
apparatus  the  flash  can  be  reflected  from  a  rota- 
ting plane  mirror,  and  a  real  image  of  the  ana- 
lysed phenomena  thrown  on  a  sensitised  plate 
(Eastman's  negative)  contained  in  a  camera.  It 
appears  from  a  study  of  the  picture  obtained  that 
the  explosion  is  really  very  complex.  The  photo- 
graphically active  illumination  does  not  occur 
till  '001  sec.  after  the  passage  of  the  spark,  this 
represents  the  time  required  for  the  copper  salt 
dust  to  become  luminous.  The  explosion,  how- 
ever, is  shown  to  be  .practically  over  by  this 
time.  The  photographs  show  waves  of  compres- 
sion (indicated  by  excessive  luminosity)  to  be 
travelling  up  and  down  the  tube.  There  is  also 
some  indication  (not  convincing)  of  successive 
partial  explosions  taking  place  at  periods  of 
about  -0001"  to  -0002".  Bunsen  has  suggested 
(P.  1867)  that  the  temperature  at  first  attained 
is  so  high  as  to  prevent  complete  combination, 
or  in  other  words  to  cause  dissociation  of  steam, 
and  that  as  cooling  takes  place  a  number  of 
secondary  explosions  occur  until  the  combina- 
tion becomes  complete.  These  supposed  sue- 


EXPLOSION. 


631 


cessive  explosions  are  indicated  by  secondary 
wave-markings  in  the  photograph.  The  explo- 
sive velocity  appears  to  be  about  2,800  metres 
per  second,  and  the  velocity  of  the  pressure 
waves  about  600  metres  per  second.  If  the  tem- 
perature reaches  3000°C.,  as  indicated  by  Berthe- 
lot,  sound  would  travel  through  the  gas  with  a 
velocity  of  1,150  metres  per  second ;  the  result 
therefore  shows  (assuming  the  reasons  given  for 
identifying  the  observed  wave  with  waves  of  com- 
pression to  be  valid)  either  that  3000°C.is  far  too 
high  a  temperature,  or  that  the  displacements  in 
the  wave  motion  are  such  that  the  velocity  is 
less  than  the  velocity  of  sound,  which  is  unlikely. 
Probably  the  conditions  are  such  as  to  preclude 
any  comparison  with  the  velocity  of  sound  under 
ordinary  conditions  ;  even  supposing  the  adiaba- 
tic  condition  to  be  really  fulfilled  (but  from  the 
mere  fact  of  the  possibility  of  photographing  we 
know  this  cannot  be  the  case)  there  is  room  for 
great  speculation  as  to  the  value  of  y.  Again, 
Kundt  finds  that  powder  in  the  tube  has  con- 
siderable effect  even  with  small  disturbances,  and 
that  in  narrow  tubes  the  velocity  diminishes 
both  with  the  diameter  of  the  tube  and  with  the 
wave  length  of  sound  (v.  Eayleigh's  Sound, 
vol.  2,  pp.  26-54).  Besides  all  this,  the  displace- 
ments are  probably  so  large  as  to  render  the  or- 
dinary equations  unavailable.  The  whole  of  the 
photographically  luminous  phenomena  are  over 
in  *004  seconds.  These  researches,  however,  ' 
require  confirmation. 

The  further  stages  have  been  investigated  by  | 
other  philosophers.  In  1867  Bunsen  published 
an  account  of  some  experiments  he  had  made 
to  determine  the  maximum  pressure  due  to 
an  explosion  as  well  as  the  velocity  with  which 
explosion  proceeds  in  gases.  By  estimating  the 
heat  produced  during  any  explosion — which  may 
be  done  from  thermo-chemical  data — and  as- 
suming that  the  specific  heat  of  the  products  of 
combustion  is  either  constant,  or  varies  in  some 
assumed  way,  it  is  clear  that  the  maximum  j 
pressure  produced  may  be  calculated  by  assum-  ! 
ing  Boyle's  Law  or  any  modification  of  it— of  j 
course  on  the  further  assumption  that  no  heat  ! 
is  lost  from  the  exploding  mixture  before  the  j 
maximum  pressure  is  attained.  Bunsen  found 
that  in  certain  explosive  mixtures  tested  by 
him  the  theoretical  pressure  was  never  even 
approximately  attained.  The  pressure  gauge  in 
Bunsen' s  experiments  consisted  of  a  sort  of 
safety  valve  loaded  to  a  known  extent.  Now  it 
is  clear,  from  the  study  of  the  equation  of  motion 
of  such  a  valve,  that  much  will  depend  on  the 
period  during  which  it  is  subjected  to  the  high 
pressure  ;  in  fact  to  get  a  satisfactory  result  we 
ought  to  take  into  account  the  period  of  time 
during  which  the  gases  are  rising  to  their  real 
maximum  of  pressure.  This  period  was  an  un- 
known quantity  till  Sarrau  a.  Vieille  and  Ber- 
thelot  determined  it  about  twelve  years  later. 
However,  Bunsen  concludes  from  his  experiments 
that  the  reason  for  the  calculated  maximum 
pressure  not  being  attained  in  his  apparatus  is 
to  be  sought  in  the  dissociation  or  rather  post- 
poned combination  of  the  explosive  gases.  Bun- 
sen  also  attempted  to  measure  the  velocity  of 
combination  by  allowing  the  mixed  gases  to 
stream  out  by  a  narrow  hole,  and  finding  the 
least  possible  velocity  which  would  prevent  ex- 


plosion  running  back  into  the  reservoir.  The 
assumption  made  is  that  when  the  velocity  of 
efflux  equals  or  exceeds  the  velocity  of  explosive 
propagation  the  flame  will  not  run  back.  This 
we  know  cannot  be  true  because  of  the  conduc- 
tivity of  the  material  through  which  the  jet 
passes  ;  and  besides  this  there  is  the  cooling  of 
the  jet  by  expansion  to  be  considered,  tending 
to  cause  the  rate  of  combination  thus  obtained 
to  refer  to  gases  at  an  undiscovered  temperature. 
For  water-gas  Bunsen  got  a  velocity  of  34  metres 
per  second,  and  for  a  mixture  of  equal  volumes 
of  carbon  monoxide  and  oxygen  he  obtained  the 
rate  of  one  metre  per  second  at  atmospheric 
pressure.  Mallard  and  Le  Chatelier  (A.  M.  8, 
[1871])  show  that  for  different  mixtures  the  ve- 
locity becomes  much  smaller  if  an  excess  of  one 
component  is  employed,  or  if  an  inert  gas  be 
present ;  they  also  show  that  much  depends  on 
the  mode  of  inflammation.  With  the  chemical 
ideas  we  shall  have  to  deal  later  on.  The  real 
measure  of  the  velocity,  as  well  as  of  the  later 
phenomena  of  combination,  we  owe  to  Dixon  (T. 
1884,  «  On  Conditions  of  Chemical  Change  in 
Gases  '),  to  Sarrau  and  Vieille,  and  to  Berth elot 
(Berthelot,  Traite  sur  la  force  des  matieres  ex- 
plosives). The  works  in  question  are  happily 
easily  accessible,  and  therefore  a  mere  summary 
will  suffice  here : — 

1.  The  initial  velocity  of  explosion  depends 
on  the  diameter  of  the  tube,  on  the  pressure  of 
the  gases,  on  the  initial  mode  of  inflammation, 
and  on  the  temperature  of  the  mixture. 

2.  If  the  pressure  is  not  too  low  and  the 
diameter  of  the  tube  not  too  small,  the  reaction 
velocity  will  be  accelerated,  and  will  finally  rise 
to  a  certain  value  which  is  henceforth  pretty 
constant. 

3.  This  velocity  is  independent  of  the  nature 
of  the  material  of  the  tube,  and  of  its  length, 
provided  this  is  above  the  '  critical  value  '  re- 
quired to  enable  the  so-called  explosive  wave  to 
get  established.    The  same  remark  applies  to 
the  diameter  of  the  tube. 

4.  The  velocity  of  the  explosive  wave  does 
not  depend  on  the  pressure  between  the  limits 
investigated,  nearly  to  an  atmosphere. 

5.  The  influence  of  the  chemical  nature  of  the 
mixture  is  difficult  to  estimate,  because  in  vary- 
ing the  composition,  the  disengagement  of  heat, 
and  consequently  the  maximum  temperature, 
varies.     In  fact  the  velocity  approaches  the 
velocity  of  molecular  motion  (of  translation) 
calculated  by  Clausius  and  given  by  his  formula 


V  =  29-354 


where  T  is  absolute  temperature  on  the  thermo- 
dynamic  scale,  and  p  is  the  density  of  the  gas 
referred  to  air  (it  is  the  density  of  the  products 
of  combustion  that  should  be  taken,  but  as  un- 
known dissociation  intervenes  this  is  often 
difficult  to  estimate).  The  approximate  agree- 
ment of  this  formula  with  the  observed  velocity 
suggests  that  very  possibly  it  may  afford  a  better 
means  of  measuring  the  real  absolute  tempera- 
ture in  the  explosive  wave  than  the  thermo- 
chemical  data  actually  employed.  For  although 
the  same  uncertainty  exists  as  to  the  value  of 
p  we  need  make  no  assumption  as  to  the  specific 
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heat  of   the  gases  at  the    high   temperature 
attained. 

6.  The  explosive  wave  may  be  initiated  at 
once  by  using  a  suitable  detonator  of  mercury 
fulminate.  Berthelot  used  fulminating  electric 
interrupters  to  obtain  registration  on  his  chrono- 
graph. Dixon  used  similar  interrupters  without 
the  f ulminate,  and  found  that  Clausius'  formula 
gave  good  results  when  the  gases  were  wet.  In 
fact  the  dryness  or  wetness  of  the  gases  is  im- 
portant for  most  mixtures,  but  not  for  water-gas. 
Berthelot  and  Vieille  used  a  falling  rod  chrono- 
graph, Dixon  a  myograph.  Dixon  finds  that  in 
mixtures  of  carbon  monoxide  and  oxygen  the 
reaction  products  depend  on  the  velocity  of 
explosion,  i.e.  on  the  temperature  obtained; 
carbon  may  even  be  deposited  at  high  velocity. 
Similarly  Berthelot  and  Vieille  succeeded  in 
completely  decomposing  acetylene  into  carbon 
and  hydrogen  by  starting  the  wave  with  mercury 
fulminate.  Finally  Sarrau  and  Vieille  (G.  E. 
105, 1222-4)  find  that  the  final  equilibrium  in 
many  exploded  gaseous  mixtures  depends  on  the 
pressure  obtained;  which  in  turn  depends  on 
the  density  of  charge.  Density  of  charge  is 
defined  as 

charge  in  grams 


vol.  available  for  explosion  in  cubic  centimetres. 

The  following  table  will  give  an  idea  of  the 
results  obtained  by  Messrs.  Berthelot  and  Vieille ; 
the  remarks  are  from  Dixon's  paper : — 


Mixture 

Sp.  Grav. 
of  products 

Theoretical 
temperature 
absolute 

Velocity 
calculated 

««H 

Remarks 

Ha+0 
CO+0 

CaHa+50 
CaH4+309 
C,N,+20a 

•622 
1-529 

1-227 
1-075 
1-343 

5780° 
6700° 

1007° 
7880° 
9650° 

2831 
1941 

2660 
2517 
2490 

2810 
1089 

2482 
2209 
2195 

Wet  or  dry. 
Dry;  when  wet 
agrees  better. 

Does  not  explode 
dry  at  ordinary 
pressures. 

Mach  and  Wentzel  (W.  [1885]  26,  628)  have 
investigated  the  velocity  of  decomposition  of 
silver  fulminate  piled  in  a  heap  in  free  air. 
This  they  did  by  an  ingenious  method  of  firing 
two  linear  parallel  heaps  of  fulminate  on,  or  at 
the  edges  of,  a  plate  of  smoked  glass.  The  heaps 
of  fulminate  were  of  equal  length  and  were 
ignited  simultaneously  at  opposite  ends  by  the 
discharge  of  a  Ley  den  jar.  On  examination,  the 
smoked  glass  showed  markings  due  to  the 
motion  of  the  air  caused  by  the  explosion.  The 
authors  note  particularly  a  line  which  appears 
to  be  straight  and  inclined  at  an  angle  to  the 
parallel  heaps.  This  is  supposed  to  be  the 
line  representing  the  locus  of  points  of  equal 
time  with  respect  to  the  detonating  heaps.  If 
the  velocity  of  the  considerable  aerial  disturb- 
ance be  taken  at  400  metres  per  second,  then  by 
Huyghens'  principle 


V  = 


400 


metres  per  second, 


where  V  is  the  velocity  of  ignition  sought  for. 
An  experiment  gave  V>1,700  metres  per  second 
and  <2,000  metres  per  second. 

Notes  as  to  chemical  changes. — Bunsen,  ex- 
perimenting with  a  mixture  of  carbon  monoxide 


and  oxygen  (in  quantity  too  small  for  complete 
combustion),  concluded  that  the  ratio  of  water 
to  carbon  dioxide  formed  did  not  vary  continu- 
ously, but  by  sudden  jumps.  Bunsen  also  found 
that  the  more  rapid  the  combustion  the  more 
water  and  the  less  carbon  dioxide  was  pro- 
duced. Horstmann,  by  using  pretty  long  tubes, 
got  numbers  from  which  he  deduced  a  theory  of 
the  coefficient  of  affinity.  Dixon  discovered  that 
for  uniform  results  it  is  necessary  that  the  pres- 
sure should  be  above  the  'critical  pressure.' 
This  '  critical  pressure  '  is  the  pressure  beyond 
which  length  of  tube  has  no  effect  on  the  result  ; 
it  is  higher  the  less  explosive  is  the  mixture.  For 
instance,  wet  carbon  monoxide  with  12  p.c.  of 
free  oxygen  has  a  '  critical  pressure  '  of  400  mm.; 
if  there  is  19  p.c.  of  oxygen  the  '  critical  pres- 
sure '  falls  to  200  mm.  The  «  critical  pressure  ' 
is  then  the  pressure  above  which  the  true  ex- 
plosion takes  place.  When  the  pressure  is 
above  the  '  critical  pressure,'  and  when  the  pro- 
ducts of  combustion  are  prevented  from  leaving 
the  sphere  of  action  by  condensation  or  other- 
wise, and  no  inert  gas  is  present  to  lower  the 
temperature,  and  there  is  less  hydrogen  than 
twice  the  volume  of  the  oxygen,  then  the  co- 
efficient of  affinity  (to  be  defined  below)  remains 
constant  and  is  equal  to  4  ;  or  in  other  words 
the  ratio  of  burnt  to  unburnt  gas  is  constant. 
A  typical  case  is  a  mixture  of  carbonic  oxide, 
hydrogen,  and  oxygen. 

Direct    actions    are 


reverse  actions  are 

If  H  is  the  number  of  molecules  of  steam,  II' 
the  number  of  molecules  of  hydrogen,  K'  the 
number  of  molecules  of  carbon  monoxide  at  the 
beginning  of  the  reaction,  and  K  the  number  of 
molecules  of  carbon  dioxide  at  the  end  of  the 


KIT 
reaction,  then     _, 


a  the  coefficient  of  affinity. 


For  real  information  on  these  points  the 
paper  must  be  consulted.  We  can  also  do  no 
more  than  refer  to  the  very  important  experi- 
ments made  by  Mallard  and  Le  Chatelier  on  the 
pressure  produced  by  gaseous  explosions  (A.  M. 
[8]  4,  272  [1883]).  These  philosophers  used  a 
Bourdon  gauge  indicator,  and  obtained  a  dia- 
gram showing  the  rate  of  cooling  of  the  gases 
of  explosion.  The  experiments  of  Clerk  (I.e.) 
were  directed  to  the  practical  application  of 
gaseous  explosions  in  gas  engines;  his  appa- 
ratus consisted  of  a  Bichards'  indicator  with  a 
drum  travelling  at  constant  speed;  and  his 
results  are  of  a  definite  practical  importance. 

LIQUIDS  AND  SOLIDS.  General  phenomena. — 
For  purposes  of  convenience  the  solid  explosives 
are  generally  divided  into  two  classes :  one 
typified  by  gunpowder,  the  other  by  detonated 
gun-cotton.  The  first  class  is  for  the  most  part 
occupied  by  explosive  mixtures  ;  the  second  by 
explosive  compounds.  An  accurate  practical 
distinction  may  be  made  between  those  sub- 
stances in  which  detonation  may  be  produced 
as  easily  as  in  gun-cotton,  say,  and  those  in 
which  it  cannot  be  so  easily  produced.  The 
general  phenomena  common  to  both  classes  of 
explosives  are : — 

1.  A  rapid  chemical  change  attended  by  in- 
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crease  of  volume  and  production  of  heat  (this 
excludes  such  cases  as  the  action  of  tartaric 
acid  on  sodium  carbonate  where  heat  disappears). 

2.  A  dependence  of  the  rate,  and    hence 
generally  of  the  nature,  of  the  decomposition 
on  the  greater  or  less  facility  which  the  pro- 
ducts have  for  escaping  from  the  seat  of  the 
reaction.     This  information  we  owe  to  Abel. 

3.  If  the  substance  is  inclosed  in  a  confined 
space  the  final  pressure  of  the  products  will  de- 
pend on  the  ratio  of  the  volume  of  the  space  to 
the  volume  of  the  explosive  substance ;  on  the 
heat   produced   during    the    reaction ;   on  the 
nature  of  the  reaction  as    influenced  by  the 
escape  of  the  products  ;  on  the  greater  or  less 
dissociation  of  the  products;    on  the  physical 
state  (solid,  liquid,  or  gaseous)  of  the  products  at 
the  temperature  of  the  explosion  ;  on  the  rela- 
tion of  the  velocity  of  cooling  to  the  velocity  of 
the  reaction ;  and  finally  on  the  mode  of  inflam- 
mation in  relation  to  the  initial  temperature. 

We  may  at  once  premise  that  explosives  of 
the  second  class  differ  essentially  when  '  deto- 
nated '  from  explosives  of  the  first  class,  in  that 
their  reaction  is  analogous  in  point  of  velocity 
and  means  of  propagation  to  the  explosive  mode 
of '  decomposition  '  observed  in  gases  by  Berthe- 
lot  and  Dixon. 

It  is  immaterial  whether  the  reaction  by  de- 
tonation or  explosion  of  the  '  first  order,'  as  it 
is  sometimes  called,  is  brought  about  by  a 
detonator  of  some  other  sudden  explosive,  or 
whether  it  is  produced  by  the  gradual  rise  of 
temperature  and  pressure  produced  by  the  pro- 
ducts of  the  decomposition  of  some  other  part  of 
the  same  mass.  A  detonation  of  gun-cotton  may 
be  produced  equally  well  by  using  a  detonator  of 
confined  fulminate  of  mercury,  and  preventing 
the  escape  of  the  products  of  combustion,  or  by 
igniting  a  portion  of  the  gun-cotton  by  the 
application  of  a  hot  body  or  flame. 

Many  substances  detonate  or  not  according 
to  the  circumstances  in  which  they  are  placed. 
Fulminate  of  mercury,  for  instance,  piled  in 
small  quantities  on  a  sheet  of  iron  may  be  in- 
flamed by  a  wire  laid  on  the  top  without  pro- 
ducing a  much  greater  explosion  than  would  be 
produced  by  gunpowder  under  similar  circum- 
stances. If  the  wire  is  placed  beneath  the  heap 
and  heated  by  a  current  to  a  sufficient  tempera- 
ture the  slight  resistance  to  the  escape  of  the 
products  of  combustion  first  formed  will  be  suffi- 
cient to  convert  the  puff  into  a  loud  detonation, 
which  bruises  the  plate. 

It  is  very  easy  to  get  the  explosive  wave  es- 
tablished in  fulminate  of  mercury,  and  in  fulmi- 
nate of  silver  and  iodide  of  nitrogen  it  is  difficult 
to  prevent  it  becoming  established.  (In  some  of 
Abel's  experiments  on  the  transference  of  ex- 
ploding influence  through  tubes  it  was  noted  that 
the  fulminate  of  silver  did  not  explode  with  its 
usual  violence.)  In  the  nitroglycerin  compounds 
the  relative  ease  or  difficulty  of  establishing  an 
explosion  of  the  first  order,  i.e.  detonation,  de- 
pends largely  on  the  physical  state  of  the  sub- 
stance. In  all  cases  what  is  required  is  that  the 
pressure  on,  and  the  temperature  of,  a  portion, 
no  matter  how  small,  of  the  substance  to  be  ex- 
ploded, shall  rise  above  a  certain  critical  value 
which  depends  on  the  nature,  initial  temperature, 
and  physical  state,  of  the  substance.  It  is  not 


necessary  to  make  any  hypothesis  such  as  that 
long  since  suggested  by  Abel  as  to  '  synchronism 
of  vibration,'  the  anomalies  which  it  was  framed 
to  account  for  having  either  arisen  from  mis- 
apprehension, or  having  been  accounted  for  in 
other  ways. 

We  proceed  to  the  general  theory. 

Provided  the  reaction  is  complete  the  heat 
given  out  may  be  obtained  from  the  thermo- 
chemical  data  which  we  owe  to  Berthelot.  A 
little  care  is  requisite  here,  because  it  generally 
happens  that  some  of  the  products  of  combustion 
are  liquid  at  ordinary  temperatures.  Now  if  we 
wish  to  determine  the  maximum  pressure,  this 
will  involve  a  knowledge  of  the  heat  of  combus- 
tion when  all  the  products  are  kept  gaseous. 
Sometimes  it  may  happen  that  a  reaction  taking 
place  at  high  velocity  is  not  identical  with  that 
at  the  velocity  actually  attained  in  the  necessary 
calorimetric  experiments.  In  such  cases  we  must 
make  sure  (by  analysis  of  the  products)  either 
that  the  reaction  has  not  changed,  or  if  it  has, 
due  allowance  must  be  made  in  the  thermochemi- 
cal  data.  A  much  greater  difficulty  arises  in  esti- 
mating the  percentage  of  combination  which  has 
occurred  when  the  maximum  pressure  is  reached. 
We  may  either  introduce  a  correction  (if  one  is 
to  be  found)  in  the  data  for  the  heat  of  reaction, 
or  in  the  data  for  the  specific  heat  of  the  pro- 
ducts. It  will  be  convenient  to  assume,  with  the 
higher  explosives  at  all  events,  that  the  maximum 
pressure  is  reached  before  any  heat  is  lost  to  the 
containing  vessel.  It  will  also  be  important  to 
note  that  a  decomposition-reaction  taking  place 
at  constant  volume  may  not  be  identical  with  the 
reaction  at  constant  pressure.  With  the  higher 
explosives  the  reaction  even  in  the  open  air  is 
more  nearly  at  constant  volume  than  at  constant 
pressure. 

If  Qv  is  the  heat  of  the  reaction  available  for 
raising  the  temperature  of  the  products  at  con- 
stant volume,  and  Qp  is  the  corresponding 
number  at  constant  pressure,  and  if  the  volume 
of  gas  liberated  is  known,  then  Qv  =  Qp  +  thermal 
equivalent  of  work  done  in  overcoming  external 
pressure.  For  instance,  for  227  grms.  of  nitro- 
glycerin Qp  will  be  356-5  kilogram-degrees,  and 
Qv  360*6  kilogram-degrees.  The  volumes  of 
the  gases  of  combustion  being  supposed  to  be 
reduced  to  0°  and  to  expand  against  a  pres- 
sure intensity  of  one  atmosphere,  Qv  comes 
to  1,590  gram-degrees  per  gram  of  nitro-gly- 
cerin  at  an  initial  temperature  of  15°C.  Sar- 
rau  and  Vieille  found  by  a  calorimetric  experi- 
ment 1,600  gram-degrees.  To  take  a  simple  case  : 
Suppose  the  thermal  value  of  the  reaction  (Qu) 
can  be  obtained  for  a  gram  of  substance,  let  this 
quantity  of  substance  be  inclosed  in  a  space  of 
v  c.c.,  and  suppose  its  own  volume  negligibly 
small  in  comparison  ;  let  the  products  of  reaction, 
supposed  still  gaseous  and  obeying  Boyle's  Law, 
occupy  a  volume  v'  at  0°  and  760  mm,  ;  let  the 
specific  heat  of  the  product  supposed  constant 
be  <r,  and  let  m  represent  the  ratio  of  the  por- 
tion burnt  to  the  whole  initial  amount  at  the 
epoch  of  maximum  pressure  P,  then  the  formula 
will  become 


Now  it  is  clear  that  as  this  calculation  is 
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based  on  Boyle's  Law,  the  temperature  being 
considerable,  we  must  expect  a  merely  approxi- 
mate result,  according  to  Amagat's  experiments 
at  high  temperatures  and  pressures.  Again  our 
knowledge  of  <r,  a  quantity  which  is  possibly  de- 
pendent on  the  pressure  and  temperature,  is 
mere  guess  work,  and  the  same  may  be  said  for 
tn.  The  only  at  all  satisfactory  case  is  that  of 
fulminate  of  mercury  (HgC2N202),  the  products 
being  200  and  N2,  a  mixture  not  very  suscep- 
tible of  dissociation,  though  Dixon  noted  that 
even  CO  is  decomposed  at  high  velocities.  Ber- 
thelot  shows  that  the  effect  of  dissociation  is  in 
all  cases  to  lower  the  pressure,  the  heat  used 
being  without  exception  insufficiently  compen- 
sated by  the  increased  volume  of  the  gas  liberated. 
For  speculation  as  to  the  probable  value  of  P 
from  theoretical  considerations  the  reader  is  re- 
ferred to  Berthelot.  We  shall  describe  the  prac- 
tical way  in  which  the  pressure  is  measured,  and 
content  ourselves  with  pointing  out  that  Berthe- 
lot's  theory  leads  to  results  which  sometimes 
(according  to  his  success  in  guessing  m  and  <r) 
do  not  differ  widely  from  the  experimental  re- 
sults. Of  Berthelot's  experiments  it  is  impos- 
sible to  speak  too  highly. 

The  instrument  used  in  measuring  pressures 
is  based  on  the  crusher  gauge  invented  by  Eod- 
man,  and  improved  by  Noble  and  by  Abbot ;  the 
former  by  the  introduction  of  a  cylindrical 
crusher  and  copper  cylinder,  the  latter  by  the 
addition  of  a  clutch  making  its  use  possible 
under  water.  For  our  purpose  the  best  experi- 
ments are  those  of  Sarrauand  Vieille,  for  to  them 
belongs  the  honour  of  having  rightly  interpreted 
the  indications  afforded  by  the  gauge.  The  dif- 
ficulty of  interpretation  will  be  best  understood 
after  a  short  description  of  the  normal  type  of 
crusher.  This  instrument  consists  essentially  of 
a  hollow  cylinder  of  mild  steel,  strengthened, 
if  necessary,  externally  by  winding  with  wire. 
The  cylinder  is  open  at  one  end  and  closed  at  the 
other  by  a  strong  screw  plug ;  the  explosive  to 
be  investigated  is  placed  in  the  hole  and  usually 
rests  near  the  plug ;  the  electrical  firing  arrange- 
ments pass  through  the  plug  itself.  The  capacity 
of  the  instrument  used  by  Sarrau  and  Vieille  was 
about  24'33  c.c.,  and  the  diameter  of  the  bore 
was  2-2  centim.  A  ram  piston  is  inserted  into 
the  open  end  of  the  bore,  and  is  supported  at  its 
buter  end  by  a  cylinder  of  pure  copper,  which  in 
turn  rests  on  a  massive  anvil  braced  to  the  rest 
of  the  apparatus.  The  instrument  is  strength- 
ened by  two  plates,  one  at  each  end,  braced  to- 
gether by  strong  bolts.  The  dimensions  of  the 
soft  copper  cylinder  are  accurately  determined 
by  a  previous  experiment,  and  the  charge  is 
weighed  and  introduced  below  the  plug,  the 
volume  of  the  bore  down  to  the  piston  head  being 
accurately  measured.  On  firing,  the  increase  of 
pressure  due  to  the  explosive  gases  causes  the 
piston  ram  to  'crush  '  the  copper  cylinder.  The 
problem  is  to  find  the  maximum  pressure  ex- 
erted on  the  cylinder.  In  Eodman's  instrument 
the  piston  was  furnished  with  an  indenting  tool, 
and  the  apparatus  itself  was  of  slightly  modified 
construction,  being  screwed  into  a  gun  and 
the  piston  being  acted  on  directly  by  the  ex- 
plosion of  the  gunpowder  when  the  gun  was 
fired.  Rodman's  interpretation  was  based  on 
experiments  made  with  a  testing  machine.  His 


assumption  was  that  the  dimensions  of  the  '  cut  * 
of  the  copper  depended  on  the  maximum  pres- 
sure ;  the  calibration  was  effected  by  producing 
an  equivalent  cut  in  a  testing  machine  and 
measuring  the  pressure  at  which  it  occurred. 

This  is  rightly  criticised  by  Abbot,  who  adopts 
a  rather  different  method.  He  uses  a  solid 
cylinder  of  lead  and  crushes  it  by  means  of  a 
flat-headed  piston.  If  the  length  changes  during 
the  operation  from  L  to  L',  and  if  F  is  the  mean 
resistance  of  the  lead  cylinder  to  deformation, 
then  the  work  done  is 

W=F(L-LO. 

W  is  next  measured  by  the  fall  of  a  hammer  head 
pendulum.  The  distance  through  which  the 
pendulum  falls  is  so  arranged  that  it  produces 
the  same  crush  as  that  observed  in  an  experiment. 
In  Abbot's  case  the  pressures  measured  were 
pressures  of  explosion  under  water,  and  his  ap- 
paratus therefore  more  resembled  Eodman's. 
The  kinetic  energy  of  the  blow  being  known,  and 
the  assumption  being  made  that  all  the  energy  is 
effective  in  producing  the  crush,  or,  what  comes 
to  the  same  thing,  that  the  effectivity  is  the  same 
during  the  hammer-blow  (he  does  not  say  this) 
as  it  is  during  the  experiment  —  we  have  a  means 
of  obtaining  in  the  first  case  an  absolute  measure 
of  W  ;  in  the  second  *  a  measure  proportionate 
to  W. 

It  is  clear,  therefore,  that  if  the  resistance  is 
a  known  function  of  the  length  we  shall  be  able 
to  obtain  a  value  for  F  leading  to  a  true  result. 
As  a  matter  of  fact  the  process  of  '  crush  '  is 
complex,  the  resistance  being  very  different  be- 
fore and  after  flow  takes  place. 

It  is  probable  that  in  the  immense  deforma- 
tions employed  by  Abbot  the  chief  resistance  is 
resistance  to  flow,  and  this  will  to  a  certain  ex- 
tent depend  on  the  velocity  of  flow.  In  other 
words,  his  calibration  is  inexact  unless  the  piston 
of  the  crusher  moves  with  the  velocity  of  the 
hammer. 

The  explosion  endues  the  piston  with  kinetic 
energy,  and  this  energy  is  spent  in  deforming  the 
cylinder.  It  is  clear  at  once  that  much  will  de- 
pend on  the  time  required  for  the  pressure  to 
reach  its  maximum  considered  in  connexion  with 
the  mass  of  the  piston.  Sarrau  and  Vieille  (O.  B. 
95,  26,  130)  use  copper  cylinders  in  connexion 
with  the  instrument  described  above.  The 
equation  of  slow  crush  in  the  testing  machine  ia 


e  being  the  crush,  or  change  of  length  produced, 
K0  and  K  constants,  and  T  the  pressure  pro- 
ducing the  observed  crush.  If  the  crush  is  not 
very  great,  and  the  rate  of  crush  slow,  K  seems 
fairly  constant  up  to  pretty  high  values.  It  by 
no  means  follows,  however,  that  the  case  is  the 
same  if  the  velocity  of  flow  be  great.  When  the 
cylinder  is  crushed  by  one  explosion  two  extreme 
cases  have  to  be  considered. 

1.  The  piston  may  be  so  light  that  the  pres- 
sure of  the  explosion  is  transferred  to  the  copper 
cylinder  practically  at  the  time  of  its  develop- 
ment in  the  explosion  cylinder. 

2.  The  explosive  pressure  is  so  rapidly  pro- 
duced, or  the  piston  is  so  heavy,  that  the  maxi- 

1  Of  course  in  the  end  all  the  energy,  or  nearly  all,  is 
converted  into  heat  in  the  cylinder  and  neighbouring 
surfaces. 
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mum  pressure  is  reached  "before  the  piston  begins 
to  move. 

In  practice  of  course  there  are  intermediate 
cases.  Let  p=f(t)  be  the  variable  pressure  at 
the  base  of  the  piston,  m  the  mass  of  the  piston, 
E  the  resistance  of  the  cylinder,  u  the  displace- 
ment of  the  piston  after  time  t.  Neglecting  the 
compression  of  the  piston,  &c.,  the  equation 
of  motion  is 


within  the  limits  E  =  K0  to  Ku.  Neglecting  the 
work  done  within  the  elastic  limits  of  the  cylin- 
der, and  taking  care  that  the  charge  is  of  such 
a  size  as  not  to  cause  the  crush  to  pass  the 
limit  for  which  the  equation  holds,  this  becomes 


This  may  be  integrated,  and  when  the  pressure 
passes  through  its  maximum  P,  we  get  a  relation 
between  this  maximum  and  the  final  crush  of 
the  cylinder.  This  solution  is  of  the  form 


1  + 


t  being  the  time  from  the  origin  to  the  epoch  of 
maximum  displacement,  and  t0  the  period  of 
crush  of  the  cylinder  under  a  constant  force 
acting  without  initial  velocity  through  the 
mediation  of  a  piston  of  equal  mass  m ;  <f>  is 
such  a  function  that  it  is  unity  when  the  variable 
vanishes,  and  decreases  rapidly  as  the  variable 
increases.  So  the  value  of  P  depends  on  our 

knowledge  of  — ,  and  this  must  be  determined  in 

each  case. 

Now,  t0  is  given  by 

t0  =  - 

it  is  the  period  (or,  as  we  should  say,  half 
period)  of  the  piston,  t  is  got  by  actual  measure- 
ment: this  is  accomplished  by  allowing  the 
piston  to  carry  a  style  pressing  on  a  chronograph 
drum. 

In  a  general  way  the  ratio  is  found  to  vary 
according  to  the  mass  of  the  piston  employed. 
Sarrau  and  Vieille,  however,  prefer  so  to  vary 
the  mass  of  the  piston  that  one  or  other  of  the 
extreme  conditions  is  fulfilled.  If  the  pressure 
rises  slowly  (within  the  sense  of  the  equation) 
then 

P=KO+K€. 

If,  on  the  other  hand,  the  piston  moves  under 
constant  force, 


'  Some  interesting  cases  present  themselves. 
When  —  varies  between  4-8  and  251,  the  crush 

^0 

remains  the  same  (or  nearly  so)  with  powder, 
showing  that  with  the  piston  used  the  first 
equation  must  be  employed.  With  potassium 
picrate,  on  the  other  hand,  no  sensible  value  can 
be  assigned  to  t,  and  the  second  condition  is  ful- 
filled. The  same  remark  applies  to  gun-cotton 
and  fulminate  of  mercury ;  with  dynamite,  on 


the  other  hand,  we  have  an  intermediate  case. 
The  first  condition  is  wholly  unattainable  in 
practice,  and  the  second  only  when  the  mass  of 
the  piston  is  very  great  (in  the  experiments  of 
Sarrau  and  Vieille  it  was  4  kilos.).  If  the  piston 
had  a  mass  of  from  3-8  to  6'9  grs.  only,  then  the 
crush  for  a  given  quantity  of  dynamite  was  only 
half  what  it  was  when  the  crush  was  given  by  the 
heavy  piston ;  for  intermediate  values  of  the 
piston  weight  the  crush  was  also  intermediate. 

With  the  exception,  therefore,  of  the  diffi- 
culty above  mentioned  as  to  rate  of  crush,  we 
may  consider  that  Sarrau  and  Vieille's  experi- 
ments establish  the  right  of  the  crusher  to  con- 
sideration as  an  instrument  of  precision.  It 
must  not  be  forgotten,  however,  that  the  indica- 
tions afforded  refer  to  mean  maximum  pressures 
only.  There  may  be  much  local  variation  at 
points  near  the  centre  of  explosion.  By  con- 
sidering the  nature  of  the  possible  means  of 
escape  of  the  gaseous  products,  it  appears  that 
vortex  motion  and  jet  motion  may  be  set  up. 
This  was  noticed  by  Threlfall  (P.  M.  1886)  in 
the  case  of  small  explosions  of  fulminate  of 
mercury  under  water,  by  Abbot  in  the  case  of 
large  submarine  dynamite  explosions,  and  by 
Berthelot  as  a  result  of  his  general  experience. 
The  latter  notes  that  metals  subjected  to  the 
influence  of  detonating  compounds  are  '  creuses 
et  sillonn6s,'  and  referring  to  the  seat  of  such 
explosions  he  remarks :  'En  realit6,  les  gaz 
brusquementdeveloppes  par  la  reaction  chimique 
repr6sentent  de  v6ritables  tourbillons,  dans  les- 
quels  il  existe  des  filets  de  matiere  sous  des 
etats  de  compression  tres  diffe"rents,  et  une 
fluctuation  interieure.' 

It  will  be  evident  that  there  is  much  diffi- 
culty in  answering  such  a  question  as  '  What  is 
the  strongest  explosive  ?  ' — in  fact,  no  answer 
can  be  given  unless  the  conditions  of  explosion 
are  specified.  We  may  arrange  explosives  in 
the  order  of  maximum  pressures  developed  per 
unit  mass  in  unit  volume  in  a  crusher  gauge,  or 
we  may  construct  a  table  showing  the  pressures 
produced  by  unit  masses  in  their  own  volumes, 
or  by  equal  volumes  in  their  own  volumes.  For 
instance,  in  the  case  of  fulminate  of  mercury 
with  an  actual  density  of  charge  at  the  rate  of 
3g.  per  c.c.,  the  crusher  indicates  a  pressure 
intensity  of  about  6,000  kg.  per  sq.  centim.  for 
unit  density  (the  standard  condition).  For  cotton- 
powder  the  figure  mounts  to  10,000  kg.  per  sq. 
centim.  If,  however,  we  consider  equal  masses 
of  these  substances  exploding  in  a  space  just 
capable  of  containing  them,  the  mercury  ful- 
minate (thanks  to  its  specific  gravity  of  4-42) 
will  produce  the  enormous  pressure  of  27,000  kg. 
per  sq.  centim.,  while  the  number  for  the  cotton 
powder  will  be  only  slightly  increased.  Now 
detonators  in  practice  consist  of  confined  charges 
in  copper  or  tin  tubes,  and  therefore  it  is  clear 
at  once  why  fulminate  of  mercury  is  the  detona- 
tor par  excellence,  even  though  the  energy  ex- 
pended per  unit  mass  is  surpassed  by  other  ex- 
plosives. The  period  of  the  attainment  of  the 
maximum  pressure  of  detonating  substances,  ex- 
cepting nitro-glycerin  compounds,  may  be  taken 
as  less  than  10p00th  of  a  second. 

Fulminate  of  silver,  though  so  remarkable  as 
a  violent  explosive,  fails  as  a  detonator  through 
lack  of  density.  The  peculiarity  of  it,  and  of 
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iodide  of  nitrogen,  lies  in  the  ease  with  which 
the  explosive  wave  can  be  established  in  them, 
rather  than  in  the  energy  run  down  by  a  given 
volume,  which  is  the  practically  important 
point.  With  respect  to  the  uncertainty  in  the 
method  of  calculation  referred  to  at  the  begin- 
ning of  this  article,  it  seems  as  if  the  very  high 
temperature  in  the  crusher  gauge  tends  to  counter- 
act the  uncertainty  produced  by  the  enormous 
pressures.  We  give  the  following  example  of  the 
actual  calculation  in  the  case  of  fulminate  of 
mercury  :  — 

The  heat  of  formation  of 

C2N202Hg  (=  284)  is  114,500  gram-units. 
Deducting  the  heat  of  vaporisation  of  mercury, 
this  comes  to  114,500-15,400  =  99,100  units 
available.  Taking  4-8  as  the  molecular  specific 
heat  at  constant  volume  of  the  mercury  vapour, 
the  carbon  monoxide,  and  the  nitrogen,  and 
neglecting  the  difference  between  this  value  and 
the  value  for  liquid  mercury,  then 


The  volume  of  gas  formed  (CO  +  N)  reduced  by 
the  ordinary  assumption  to  0°C.  and  760  mm. 
will  be  22-32  litres.  At  a  temperature  5161° 
(taking  into  account  the  volume  of  gaseous  mer- 
cury) we  shall  have  under  normal  pressure 


=  1,776  litres 
as  the  quantity  of  gas  given  off  by  284  g.  of  ful- 
minate in  a  certain  crusher  experiment. 

Now,  10  g.  of  f  ulminate  were  actually  fired  in 
a  space  of  50  c.c.  ;  the  corresponding  space  for 
284  g.  would  have  been  1'42  litres,  so  by  Boyle's 
Law  the  pressure  would  be 

^6  =  1,251  atmos. 

or  1,293  kg.  per  sq.  centim. 

The     experiment     in     the     crusher    gave 
€  =  2-4  mm.,  and  the  time  of  reaching  the  maxi- 
mum was  negligible.    Therefore  (the  constants 
being  previously  known) 
P  =  641  +  535 

=  1176  kg.  per  sq.  centim. 
Comparing  these  two  numbers  we  get  an  idea 
of  the  closeness  of  the  results;  they  agree  to 
within  about  10  p.c.  The  deviation  may  be  due 
either  to  the  error  introduced  by  the  flow  of  the 
copper  or  by  any  of  the  assumptions  in  the 
theory.  The  gauge-estimate  is  probably  the 
more  correct. 

The  following  notes  may  be  of  service.  It 
is  well  known  that  many  of  the  more  rapid  ex- 
plosives do  not  require  any  tamping—  i.e.  a 
charge  of  gun-cotton  simply  laid  on  a  rock  will 
do  nearly  as  much  work  in  breaking  and  shatter- 
ing as  if  it  were  covered  with  sand  or  clay- 
tamping.  The  reason  is  that  the  increment 


of  volume  tends  "to  take  plaoe  with  greater 
velocity  than  that  with  which  sound  is  propa- 
gated through  air.  Consequently  it  may  happen 
that  the  pressure  rises  above  the  crushing 
strength  of  the  rock,  in  which  case  fracture  will 
result.  In  order  to  produce  any  appreciable 
effect  at  all  the  velocity  of  explosion  must  be 
above  some  critical  value ;  when  this  is  surpassed 
the  amount  of  destruction  performed  will  depend 
on  the  energy  available. 

It  is  a  well-known  fact  that  a  small  charge 
of  fulminate  of  silver  fired  on  a  card  or  thin 
sheet  of  glass  will  in  general  blow  a  hole  through 
the  card  or  glass  without  doing  other  damage. 
The  cause  of  this  phenomenon  has  been  sought 
by  several  observers,  the  most  reasonable  of 
whom  appear  to  be  Mach  and  Wentzel  (Z.c.),  who 
begin  by  showing  that  the  same  effect  can  be 
observed  in  a  vacuum.  This  leads  them  to 
measure  the  velocity  of  escape  of  the  gases 
formed  during  explosion,  by  observing  their 
effect  on  hollow  cups  forming  convenient  por- 
tions of  a  ballistic  pendulum.  The  resulting 
velocity  turns  out  to  be  between  3,500  and  17,500 
metres  per  second,  with  a  probability  that  the 
lower  limit  is  the  one  most  nearly  approached. 
The  authors  argue  that  the  density  of  the  gases 
evolved  with  this  velocity  must  be  very  consider- 
able, and  hence  that  the  effect  on  an  obstacle 
must  be  comparable  with  the  effect  produced  by 
the  impact  of  a  projectile.  This  leads  to  the 
interesting  question  of  what  occurs  when  a 
soft  body  is  caused  to  penetrate  a  hard  one  in 
virtue  of  its  high  velocity,  as  when  a  tallow 
candle  or  bit  of  soft  wood  is  shot  through  a 
door. 

The  so-called  'sympathetic  explosion'  of 
charges  probably  does  not  exist.  Cartridges 
both  of  gun-cotton  and  dynamite  may  be 
shattered  to  dust  by  an  explosion  without  being 
ignited.  Detonation  may  be  produced  equally 
well  in  chemical  compounds  and  in  mixtures, 
such  as  that  of  dinitrobenzene  and  potassium 
chlorate ;  in  either  case  all  that  is  required  is 
that  the  pressure  and  therefore  the  temperature 
should  rise  to  a  sufficient  value  at  any  one  point 
of  the  mass. 

The  ease  with  which  detonation  may  be 
brought  about  will  depend  ceteris  paribus  on 
the  physical  state  of  the  explosive  as  to  hard- 
ness, fluidity,  &c.  The  most  powerful— i.e. 
energy -liberating — explosive  per  unit  volume  is 
fulminate  of  mercury;  the  most  powerful  per 
unit  mass  is  blasting  gelatine  (92  p.c.  nitro- 
glycerin  and  8  p.c.  nitrocellulose  [the  exact 
composition  of  the  particular  nitrocellulose  is 
not  stated]).  The  latter,  owing  perhaps  to  its 
physical  state,  is  most  difficult  to  detonate  ex- 
cept in  hard  rock.  For  detailed  information  on 
matters  connected  with  explosions  the  reader  is 
referred  to  Berthelot.  E.  T. 
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FAGINE.  An  alkaloid  said  to  occur  in  beech- 
nuts  (Buchner  a.  Herberger ;  Habermann,  C.  C. 
1884,  789 ;  /.  1884, 1445). 

FAT.  The  term  fat  was  originally  applied 
to  all  compounds  of  carbon,  hydrogen,  and  oxy- 
gen, which  leave  a  permanent  grease-stain  on 
paper.  They  were  divided  into  solid  fats  and 
fatty  oils,  the  latter  being  subdivided  into  drying 
and  non-drying  oils.  Chevreul  showed  that 
most  natural  fats  are  mixtures  of  olein,  stearin, 
and  margarin,  the  last  body  being  subsequently 
proved  by  Heintz  (A.  80,  293 ;  84,  297)  to  be  a 
mixture  of  stearin  and  palmitin.  Chevreul  also 
showed  that  on  boiling  with  potash  the  potassium 
salts  of  oleic,  stearic,  palmitic,  or  other  acids, 
are  formed  as  soaps,  while  glycerin  is  in  most 
cases  also  produced.  Chevreul  classes  paraffin 
and  cholesterin  as  unsaponifiable  fats,  the  other 
fats  being  saponifiable.  The  term  fat  is,  how- 
ever, usually  confined  to  saponifiable  bodies. 

Preparation. — Fat  is  obtained  from  animal 
tissue  by  melting  at  100°.  The  membranous 
portions  may  be  removed  by  adding  1  pt.  of  very 
dilute  HC1  (containing  -03  pts.  HC1  of  S.G-.  1-12) 
to  every  10  pts.  of  the  raw  fat,  and  heating  in  a 
water-bath  (Pohl,  D.  P.  J.  201, 254).  The  rancid 
odour  often  acquired  by  keeping  is  due  to  volatile 
fatty  acids,  which  may  be  distilled  off  in  steam 
by  boiling  with  water  (Dubrunfaut,  C.  R.  72,  37). 
The  odour  may  also  be  removed  by  treatment 
with  aqueous  Na2C03.  Vegetable  fatty  oils  are 
expressed  from  seeds  ;  a  second  quantity  may  be 
got  by  grinding  up  the  seeds  and  pressing  them 
a  second  time  while  hot.  Nitrogenous  substances 
are  removed  from  the  oil  by  shaking  with  1  p.c. 
cone.  H2S04.  Fats  are  also  extracted  from 
animal  and  vegetable  products  by  benzene. 

Properties. — Solids  or  liquids,  lighter  than 
water,  cannot  be  distilled.  Insol.  water,  v.  sol. 
ether,  CS2,  benzene,  and  light  petroleum;  sol. 
alcohol.  When  strongly  heated  they  give  off  a 
pungent  odour  of  acrolein.  Alcoholic  NH3  slowly 
converts  the  fats  in  the  cold  into  glycerin  and 
amides  of  the  acids  (Kowney,  J.pr.  67,  157). 
Nitric  acid  oxidises  fats,  forming  oxalic,  succinic, 
and  adipic  acids.  Nitrous  acid  causes  oils  which 
contain  olein  to  solidify  through  the  isomeric 
change  of  that  liquid  to  solid  elaidin. 

Saponification. — Fats  are  broken  up  into 
glycerin  and  fatty  acids  by  treatment  with  super- 
heated steam,  or  by  boiling  with  aqueous  alkalis 
with  water  and  PbO,  or  with  dilute  H2S04  (cf. 
Benedikt,  M.  9,  518).  Saponification  may  even 
be  effected  at  45°  by  agitation  of  the  melted  fat 
with  aqueous  NaOH  containing  NaCl  (Mege- 
Mouries,  C.  E.  58,  864  ;  Legrand,  D.  P.  J.  186, 
151;  Knapp,  D.  P.  J.  180,  309;  192,  498;  cf. 
De  Milly,  D.  P.  J.  186,  145).  Saponification 
may  be  conveniently  effected  by  heating  with 
lime  (3  p.c.)  and  water  at  172°,  or  with  H2S04 
(8  p.c.)  at  115°,  glycerin  being  distilled  off  with 
superheated  steam. 

Drying  Oils.— These  oils  become  solid  through 
atmospheric  oxidation.  This  tendency  is  in- 
creased by  previous  boiling  with  PbO.  Linseed 


oil  is  the  chief  drying  oil ;  it  contains  glyceryl 
linoleate. 

Estimation. — The  amount  of  fat  in  a  mixture 
is  determined  by  extracting  with  ether,  and  eva- 
porating the  extract.  The  amount  of  free  fatty 
acid  may  be  determined  by  titration  (Stohmann, 
J.  pr.  [2]  24,  510 ;  Hausamann,  Fr.  21,  447  ; 
Groger,  Fr.  22,  289  ;  Krechel,Fr.  23,  261).  The 
molecular  weights  of  the  higher  alcohols  and  of 
the  oxy-  acids  present  in  fats  have  been  deter- 
mined by  forming  their  acetyl  derivatives  and 
then  saponifying  these  bodies  by  alcoholic  potash 
and  titrating  the  excess  of  potash,  using  alcoholic 
!  phenol -phthalein  as  indicator  (Benedikt  a.  Ulzer, 
M.  8,  41). 

Composition. — The  following  fats  and  fatty 
oils,  amongst  others,  contain  olein,  stearin,  and 
palmitin :  fat  of  men,  sheep,  oxen,  geese,  and 
pigs,  of  cantharides,  cocoa  beans,  oil  from  seeds 
of  species  of  Bassiat  from  Para  nuts,  from  coc- 
culus  indicus,  and  from  maize.    Olein  and  pal- 
mitin occur  in  cotton-seed  oil,  in  bicuhyba  fat, 
|  in  palm  oil,  in  the  fat  of  beans,  peas,  and  lupine 
',  seeds,  and  in  elephants'  fat.     Oil  of  rape  and 
of  mustard  seeds  contain  glycerides  of  erucic  and 
behenic  acids.    Earth-nut  oil  contains  glycerides 
of  palmitic,  arachic,  and  hypogseic  acids.  Cocoa- 
nut  oil  contains  glycerides  of  formic,   acetic, 
butyric,  hexoic,  octoic,  decoic,  lauric,  myristic, 
and  palmitic  acids.    The  fat  from  the  seeds  of 
!  Anacardiacece  contains  olein  and  stearin.    Cro- 
ton  oil  contains  glycerides  of  formic,  acetic, 
j  isobutyric,   isovaleric,  tiglic,  palmitic,   stearic, 
j  lauric,  myristic,  and  oleic  acids.    Almond  oil 
!  consists  almost  entirely  of  olein.    Nutmegs  con- 
j  tain  myristin.     Castor  oil  contains  glycerides  of 
stearic  and  ricinoleic  acids.    Linseed  oil  consists 
chiefly  of  the  glyceride  of  linoleic  acid,  but  con- 
|  tains  also  those  of  palmitic  and  myristic  acids. 
Cod  liver  oil  consists  chiefly  of  olein  and  palmi- 
tin, but  it  contains  also  small  quantities  of  acetic 
and  butyric  acid  and  some  compound  of  iodine. 
The  oils  from  poppy  seeds  and  from  walnuts 
contain  glyceryl  linoleate  and  other  glycerides. 
Butter  contains  glycerides  of  palmitic,  stearic, 
myristic,   arachic,   butyric,  hexoic,  octoic,  ard 
decoic  acids. 

FATTY  ACIDS  v.  ACIDS. 
FATTY  ALCOHOLS  v.  ALCOHOLS. 
FATTY  COMPOUNDS.    This  term  is  applied 
to  all  organic  compounds  whose  molecules  are 
supposed  not  to  contain  a  closed  chain  of  carbon 
atoms. 

FEHLING'S  SOLUTION.  An  alkaline  solu- 
ton  of  potassio-tartrate  of  copper  used  in  the  es- 
timation of  glucose,  which  reduces  the  solution 
with  ppn.  of  red  Cu20.  Fehling  (A.  72,  106 ; 
106,  75)  dissolves  192  grams  NaK.C4H406  crys- 
tals in  a  little  water,  adds  600-700  c.c.  NaOHAq 
S.G-.  1-12,  and  then  40  grams  CuS04.5H20  in 
about  160  c.c.  water,  and  dilutes  to  1154-4  c.c.  at 
15°.  Five  milligrams  of  dry  glucose  ppt.  all  the 
Cu  as  Cu20  from  1  c.c.  of  this  solution. 

M.  M.  P.  M. 

FELLIC  ACID  C23H4004.  [120°].  An  acid 
said  to  accompany  cholic  acid  in  human  bile 
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FELLTO  ACID. 


(Schotten,  H.  11,  268).  Strongly  electrical 
powder,  tastes  bitter.  It  gives  a  red,  but  not  a 
crimson,  colour  with  Pettenkofer's  test. — 
BaA'24aq.  S.  1-3.— MgA'2  2^aq. 

FENNEL  OIL.  The  oil  of  common  fennel 
(Anethum  Fceniculum)  contains  anethol  and  a 
terpene  (phellandrene)  (c.  187°)  (Cahours,  A  41, 
75). 

FERMENTATION  AND  PUTREFACTION. 
Most  organic  compounds  exposed  to  the  air 
undergo  decomposition  at  a  more  or  less  rapid 
rate.  The  decomposition  takes  place  most 
rapidly  in  the  presence  of  moisture  and  at  a 
slightly  elevated  temperature.  In  most  cases 
the  decomposition  consists  in  the  breaking  down 
of  complex  molecules  either  by  the  assimilation 
of  the  elements  of  water  (hydrolysis)  or  by  a  slow 
process  of  oxidation  (eremacausis  or  decay).  In 
other  cases  the  change  seems  to  be  one  of  mole- 
cular rearrangement  resulting  in  the  alteration 
of  the  physical  properties  of  the  body,  such  as 
the  conversion  of  a  solid  into  a  liquid  metameride. 
When  these  changes  are  accompanied  by  the 
evolution  of  gases  of  unpleasant  odour,  the  term 
putrefaction  is  used,  and  it  may  therefore  be  re- 
garded as  a  special  case  of  fermentation.  The 
earliest  experiments  on  these  phenomena  have 
established  the  facts  that  decomposition  does  not 
take  place  if  air  be  excluded,  if  the  materials  be 
dry,  if  the  temperature  be  below  0°C.  or  above 
100°C.,  or  in  the  presence  of  certain  organic  and 
inorganic  bodies,  which,  from  having  the  property 
of  arresting  or  preventing  these  changes,  are 
called  anti-septics,  anti-ferments  or  anti-putres- 
cent  substances.  Formerly  it  was  held  that 
these  changes  were  due  entirely  to  the  action  of 
chemical  and  physical  forces,  but  it  is  now  known 
that  in  most  cases,  and  possibly  in  all,  the  de- 
composition cannot  take  place  without  the  inter- 
vention of  living  organisms  or  of  chemical 
substances,  which,  although  of  an  unorganised 
constitution,  are  derived  directly  from  living 
protoplasm.  The  bacteria  and  certain  fungi  are 
the  best-known  organisms  which  determine 
these  changes.  Each  bacterium  characterised 
by  its  particular  form  and  growth  feeds  on  a 
particular  pabulum  or  chemical  food  causing  it 
to  break  up  and  form  definite  chemical  products, 
so  that  there  is  found  in  each  kind  of  fermenta- 
tion the  same  conditions  and  the  same  kind  of 
organism.  The  reasons  which  have  led  to  the 
above  view  are  based  not  only  upon  the  conditions 
which  are  found  necessary  for  the  fermentation 
to  take  place  but  also  upon  the  fact  that  a  nitro- 
genous body  is  always  found  in  the  liquid  even 
when  the  chemical  change  consists  in  the  breaking 
down  of  a  non-nitrogenous  compound.  In  some 
cases  fermentation  is  brought  about  in  a  manner 
which  appears  to  be  different  from  the  foregoing, 
no  organisms  being  present,  and  the  addition  of 
certain  anti-ferments  fail  to  stop  the  decom- 
position. In  these  cases  bodies  of  complicated 
constitution,  and  directly  derived  from  vegetable 
or  animal  organs,  must  be  present.  They  are 
without  organic  structure,  and  are  known  as 
chemical  or  unorganised  ferments  or  enzymes, 
and  may  in  most  cases  be  extracted  from  the 
organs  in  which  they  occur  by  means  of  glycerin, 
and  can  subsequently  be  precipitated  from  the 
solution  in  an  amorphous  condition  by  the 
addition  of  alcohol.  The  enzymes  seem  to  be  an 


intermediate  product  of  organic  life.  None  have 
been  prepared  artificially,  and  plant  and  animal 
organs  by  the  secretion  of  these  substances  are 
enabled  to  perform  their  special  functions.  Their 
characteristic  properties  are  destroyed  when  their 
aqueous  solutions  are  warmed  to  a  temperature 
near  to  100°C.,  and  no  action  takes  place  when 
the  solution  is  cooled  below  another  fixed  tem- 
perature. These  critical  temperatures  vary  with 
the  different  enzymes,  but  the  range  of  tempera- 
ture approximates  to  50°-75°C.  Great  concen- 
tration of  the  solution  and  the  addition  of  glycerin 
or  alcohol  alter  the  temperatures  at  which  the 
enzymes  cease  to  act.  Dry  enzymes  can  be  heated 
to  the  boiling-point  of  water  and  even  higher 
without  destroying  their  property  of  fermenting. 
Dried  pepsin  can  be  heated  to  170°  without  losing 
its  fermenting  action  (Hiippe,  C.  C.  1881,  745). 
Light  also  modifies  the  rate  at  which  the  enzymes 
ferment. 

Theories  of  fermentation.  From  the  fact 
that  contact  with  air  and  the  presence  of  a 
nitrogenous  body  are  necessary  for  fermentation 
or  putrefaction  to  take  place,  Berzelius  and 
Liebig  concluded  that  the  nitrogenous  matter 
was  decomposed  by  the  atmospheric  oxygen,  and 
that  this  reaction  caused  a  rearrangement  of  its 
elements  which  determined  the  decomposition  of 
the  molecules  of  the  fermentable  substance 
present.  Schwann's  discovery  of  the  presence 
of  organic  germs  in  the  air  led  Pasteur  to  formu- 
late the  theory  that  fermentation  is  never  excited 
except  under  the  influence  of  microscopic  or- 
ganisms, and  further  that  each  particular  organ- 
ism sets  up  a  peculiar  species  of  fermentation. 
Schwann  and  Helmholtz  showed  that  air  which 
had  passed  through  a  red-hot  tube  could  not  in- 
duce fermentation,  and  thereby  proved  that 
oxygen  alone  was  not  sufficient  to  bring  nitro- 
genous matter  into  the  condition  of  a  ferment. 
Blondeau  was  the  first  to  show  that  the  con- 
version of  sugar  into  alcohol  was  due  to  the 
growth  of  one  particular  organism  (Torvula 
cerevisice),  and  that  the  conversion  of  sugar 
into  lactic  acid  was  due  to  the  growth  of  the 
mould  Penicillium  glaucum,  and  that  beer  yeast 
contained  the  germs  of  both  these  organisms. 
Blondeau  also  pointed  out  that  in  butyrous  fer- 
mentation or  the  formation  of  butyric  acid  from 
sugar,  and  in  the  conversion  of  urea  into  car- 
bonate of  ammonia,  a  growth  of  Penicillium 
glaucum  accompanied  the  change.  These  views 
of  Blondeau,  Pasteur,  and  Schwann,  were  con- 
tested by  Liebig,  who  adduced  experiments  in 
support  of  his  own  view.  Schmidt  (A.  61,  168) 
pointed  out  that  by  adding  the  clear  filtrate  from 
the  paste  produced  by  beating  almonds  with 
water  to  a  liquid  containing  urea  or  grape  sugar, 
fermentation  took  place,  and  when  the  latter 
substance  was  employed,  no  trace  of  yeast  cells 
was  manifest  until  the  fermentation  had  taken 
place  for  a  considerable  time.  Pasteur  (BZ. 
1861,  67-79)  produced  additional  evidence  to 
show  that  ready-formed  yeast  would  germinate 
and  grow  to  a  limited  extent  in  a  liquid  con- 
taining sugar  and  albuminous  matter,  even 
when  oxygen  was  completely  excluded.  He  ex- 
plained this  result  by  assuming  that  the  yeast 
acted  as  a  ferment  in  the  absence  of  air  by  ab- 
stracting oxygen  from  the  sugar,  and  that  upon 
this  deoxidising  power  its  action  as  a  ferment 
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depends.  Organisms  which  are  aerobic,  and  live 
by  means  of  the  oxygen  of  the  air,  might  become 
anaerobic  and  derive  their  oxygen  from  some 
ready-formed  compound  and  thus  act  as  fer- 
ments. Pasteur  also  extended  his  researches 
on  the  action  of  ferments  to  the  phenomena  of 
putrefaction  and  decay,  and  (0.  R.  56,  734,  1189) 
defined  putrefaction  as  a  kind  of  fermentation 
induced  and  maintained  by  organisms  of  the 
genus  Vibrio,  which  can  only  live  in  contact  with 
the  air.  He  showed  that  when  calcium  lactate 
ferments  in  the  absence  of  air,  calcium  butyrate 
and  other  products  are  the  final  result,  whilst,  if 
air  has  access  to  the  liquid,  the  butyrate  likewise 
ultimately  disappears.  The  putrefaction  of  solid 
bodies  (animal  carcases)  is  also  due  to  the  activity 
of  these  organisms,  whose  development  can  be 
checked  by  inclosing  the  substance  in  a  closed 
vessel  containing  a  cloth  soaked  in  spirit  or  by 
other  antiseptic  treatment.  The  gangrene  which 
is  subsequently  produced  under  these  conditions 
is  regarded  by  Pasteur  as  distinct  from  putre- 
faction" and  as  analogous  to  the  ripening  of 
fruits  after  their  separation  from  the  plant  on 
which  they  grow.  These  experiments  of  Pasteur 
were  criticised  by  Lemaire  (G.  R.  57,  958),  who 
regarded  the  various  processes  of  fermentation 
as  due  to  the  action  of  one  and  the  same  ferment, 
and  denied  the  existence  of  special  ferments.  He 
also  concluded  that  the  unrestricted  access  of 
air  was  essential  to  the  progress  and  completion 
of  putrefaction.  Pasteur  (G.  R.  73,  1419)  drew 
attention  to  the  fact  that  properly  selected 
mineral  salts  were  necessary  for  the  growth  of 
fermentative  germs.  He  found  that  the  addi- 
tion of  small  quantities  of  NH4,  Mg,  Ca  phos- 
phates and  (NH4)2S04  to  a  solution  of  calcium 
lactate  increased  the  rate  at  which  the  lactate 
disappeared  on  the  addition  of  vibrios,  and  that 
at  the  same  time  numerous  fresh  vibrios  were 
produced.  As  soon  as  the  whole  of  the  lactate 
was  decomposed  the  vibrios  fell  dead  to  the 
bottom  of  the  vessel.  Again  (C.R.  75,  784)  he 
showed  that  the  same  cells  acquire  or  lose  the 
power  of  acting  as  a  ferment  according  as  they 
are  deprived  of  air  or  exposed  to  its  action. 
Yeast  and  other  ferments  can  therefore  live  and 
multiply  without  contact  with  the  atmosphere  by 
obtaining  the  oxygen  necessary  for  their  existence 
from  the  decomposition  of  the  oxygenated  com- 
pounds in  which  they  live.  The  moulds,  such  as 
Penicilliumglaucum,  become  ferments  when  they 
feed  in  this  manner  upon  bodies  rich  in  oxygen 
instead  of  absorbing  atmospheric  oxygen.  Evolu- 
tion of  heat  usually  accompanies  fermentation; 
the  compounds,  which  are  decomposed,  being  of 
a  high  order  of  complexity,  evolve  heat  in  their 
resolution  into  simpler  molecules  of  a  more  stable 
nature.  The  spontaneous  combustion  of  some 
organic  bodies  is  probably  due  to  the  action  of 
ferments.  Bodies  rich  in  nitrogen  are  very 
prone  to  putrefaction,  but  some,  such  as  uric 
acid,  the  alkaloids  and  indigo,  do  not  undergo 
any  change.  The  gases  evolved  in  fermentation 
may  be  carbonic  acid,  ammonia,  sulphuretted 
hydrogen,  hydrocarbons,  nitrogen,  and  hydrogen. 
Berard  drew  attention  to  the  fact  that  fruits  ex- 
posed to  an  inert  gas  evolve  carbonic  acid,  and 
Pasteur  showed  that  alcohol  was  at  the  same 
time  produced  which  pointed  to  a  sort  of  fer- 
mentation taking  place.  The  earlier  experiments 


on  the  action  of  reagents  upon  ferments  showed 
that  neutral  gases  and  dilute  acids  do  not  affect 
the  power  of  yeast,  but  that  sulphur  is  reduced 
to  sulphuretted  hydrogen  when  added  to  a  fer- 
menting liquid.  Dilute  alkalis  retard  fermen- 
tation and  large  doses  of  dilute  acids  completely 
stop  it.  The  behaviour  of  other  reagents  upon 
fermenting  liquids  is  discussed  under  antiseptics 
at  the  end  of  the  present  article.  The  influence 
of  pressure  on  fermentation  has  been  studied  by 
H.  T.  Brown  (C.  J.  [2]  10,  570  ;  11,  973).  Ac- 
cording to  his  experiments,  N,  H,  paraffin  hydro- 
carbons, and  NO  are  evolved,  besides  CO.,  in  the 
alcoholic  fermentation  of  grape  sugar  or  malt 
wort.  Diminution  of  pressure  causes  a  large 
increase  of  the  gases  unabsorbed  by  KHO.  The 
increase  of  hydrogen  is  accompanied  by  the 
formation  of  acetic  acid  and  aldehyde,  and  no 
nitrogen  is  evolved  from  solutions  free  from 
albuminoids.  The  nitric  oxide  is  due  to  the  re- 
duction of  nitrates  under  diminished  pressure, 
less  sugar  is  decomposed,  and  the  proportion  of 
carbonic  acid  to  alcohol  is  greater.  The  in- 
fluence of  temperature  on  fermentation  has  been 
studied  by  many  observers  chiefly  from  an  in- 
dustrial point  of  view.  Pierre  (C.  R.  73,  317) 
showed  that  high  temperatures  in  alcoholic  fer- 
mentation were  attended  with  a  more  abundant 
formation  of  the  higher  alcohols.  When  the 
temperature  is  kept  down  to  the  lowest  point, 
traces  only  of  butyl  and  amyl  alcohols  are  ob 
tained.  Propyl  alcohol  is  always  produced. 
Contributions  to  the  study  of  fermentation  by 
Brefeld  (B.  7,  281),  Mayer  (B.  7,  579)  and  Traube 
(B.  7,  872)  conclusively  proved  that  yeast  re- 
quires for  its  growth  and  propagation  free  oxygen. 
Fermentation  takes  place  in  the  absence  of  free 
oxygen,  but  in  this  case  the  yeast  does  not  in- 
crease. Moritz  (G.  J.  1874,  599),  Mohr  (B.  7, 
1421)  and  Pasteur  (G,  R.  80,  452)  disagree  with 
their  results,  and  still  more  recently  Berthelot 
I  has  published  the  laboratory  notes  of  C.  Bernard 
which  tend  to  support  the  observations  of  the 
former  experimentalists.  According  to  Bernard 
(C.  R.  87,  125),  alcoholic  fermentation  is  not 
life  without  air,  for  alcohol  is  formed  by  contact 
of  sugar  with  air  without  yeast.  The  ferment  is 
not  derived  from  external  germs,  for  in  sterile 
juices  the  ferment  is  not  developed ;  alcohol  is 
formed  by  a  soluble  ferment  apart  from  the  life 
of  the  ripening  fruit  for  which  air  is  absolutely 
necessary.  The  soluble  ferment  is  found  in  the 
juice  expressed  from  the  fruit,  and  it  pro- 
duces alcohol  in  the  expressed  juice.  It  will  be 
seen  from  the  above  summary  that  the  present 
condition  of  the  subject  is  very  unsatisfactory, 
and  that  further  experiments  in  nearly  every 
direction  are  needed  with  pure  materials  and 
known  organisms.  Much  of  the  past  work  has 
been  done  by  chemists  who  have  neglected  the 
biological  portion  of  the  work,  or  biologists  who 
have  not  noted  the  exact  chemical  changes 
which  occur.  Steps  towards  a  better  grasp  of 
the  subject  are  being  made  by  several  investiga- 
tors. Experiments  by  Fitz,  Marpmann,  and 
more  recently  by  Warington  and  Percy  Frankland, 
have  given  definite  data  for  future  work.  These 
experiments  were  made  with  pure  cultivations 
of  known  organisms,  and  the  amount  and  quality 
of  chemical  change  carefully  determined.  Eecent 
work  seems  to  indicate  that  bacteria  and  moulds, 
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living  anaerobic,  bring  about  most  fermentations, 
and  that,  for  these  organisms  to  live,  certain 
conditions  are  necessary,  the  most  important  of 
which  is  that  their  special  nitrogenous  pabulum 
is  present.  The  way  in  which  the  enzymes  or 
unorganised  ferments  act  is  still  imperfectly 
understood.  The  decomposition  effected  by 
their  agency  is  not  so  complete  as  in  the  other 
cases.  Generally  the  change  appears  to  be  one 
of  molecular  rearrangement  only,  and  no  altera- 
tion in  the  distribution  of  energy  takes  place. 
Bacteria  may,  however,  play  an  important  part 
in  the  changes  which  are  now  attributed  to  these 
unorganised  ferments,  and  they  may,  therefore, 
only  be  the  means  of  educating  some  of  the 
common  bacteria  into  doing  special  work.  All 
the  unorganised  ferments  contain  nitrogen,  and 
it  is  certain  that  the  bacteria  cannot  live  without 
some  nitrogenous  substance  being  present.  It 
is  known  that  the  same  species  of  bacterium,  by 
varying  the  conditions  of  life,  is  capable  of  giving 
very  different  chemical  products.  It  may  be 
that  the  unorganised  ferments  do  not  by  them- 
selves determine  the  change,  but  that  bacteria 
are  induced  by  them  to  work  in  special  manners. 
When  we  consider  the  various  food-stuffs  which 
are  resolved  by  the  higher  organisms  into  the 
same  products,  we  see  that  the  same  organism  is 
capable  of  a  wide  range  of  pabulum  or  can  bring 
about  a  great  number  of  chemical  decompositions. 
Wortmann,  on  the  other  hand,  is  of  opinion  that 
bacteria  effect  fermentation  by  producing  first 
an  unorganised  ferment  which  then  brings  about 
the  changes  which  are  ascribed  to  the  bacteria. 
Yeast,  for  example,  secretes  an  unorganised  fer- 
ment, invertin,  which  has  the  property  of  re- 
solving cane  sugar  into  glucose.  Starch  is  also 
converted  into  a  sugar  capable  of  reducing  cupric 
oxide  by  bacteria  in  the  absence  of  other  sources 
of  carbon  nutriment,  and  this  action  is  due  to 
the  secretion  of  a  ferment  by  the  bacteria.  The 
ferment  is  soluble  in  water  and  precipitable  by 
alcohol.  It  acts  on  starch  in  the  absence  of 
oxygen  and  is  secreted  by  bacteria  in  a  neutral 
starch  solution.  It  does  not  possess  any  pepton- 
ising  properties,  but  under  different  conditions 
the  same  bacteria  can  form  (1)  an  amylolytic 
(diastatic)  ferment,  and  (2)  a  peptonising  fer- 
ment (Wortmann,  H.  6,  287-329).  Warington 
has  shown  that  Micrococcus  gelatinosus,  M. 
urea,  B.  fluorescens  liquescens,  soil  and  Koch's 
cholera  spirillum  curdle  milk  readily  without 
producing  any  appreciable  acidity.  The  curdling 
cannot  be  due  to  the  formation  of  lactic  acid, 
but  points  to  the  secretion  of  a  rennet-like  fer- 
ment by  these  organisms  (Warington,  C.  J.  1888, 
737).  Stutzer  has  likewise  found  that  moulds 
grown  in  a  solution  of  salts  and  tartaric  acid 
formed  albumen  and  nuclein  (H.  6,  572-574). 
Yeast,  according  to  Hoppe-Seyler,  also  forms 
nuclein. 

Fermentation  processes  may  for  our  present 
purpose  be  conveniently  classified  according  to 
the  principal  products  formed. 

Ethyl  alcohol  is  formed  from  sugars,  starch, 
and  glycerin.  Propyl,  Butyl,  Amyl,  Hexyl, 
and  Heptyl  alcohols  are  all  produced  under 
suitable  conditions.  The  formation  of  mannite 
and  gum  from  sugar,  and  the  ferment  oils  may 
also  be  included  under  the  heading  of  alcoholio 
fermentation. 


Fermentation  resulting  in  the  production  of 
acid  bodies  includes  the  formation  of  acetic  acid 
from  alcohol,  butyric  acid  from  lactic  acid,  lactic 
acid  from  sugar,  and  nitric  and  nitrous  acids 
from  ammonia.  Ammonia  from  urea  and  the 
ptomaines  from  albumen  are  examples  of  basic 
fermentation. 

The  enzymes  as  we  have  seen  do  not  form 
such  simple  products  as  are  produced  when  the 
fermentation  is  the  result  of  the  action  of 
bacteria  and  moulds.  They  may  be  classified 
into :  1.  Sugar-forming,  including  diastase, 
ptyalin,  myrosin,  emulsin,  invertin,  and  the 
ferment  of  the  pancreas.  2.  Peptone-forming, 
including  pepsin,  papain,  and  trypsin.  3.  Albu- 
men-forming, the  more  important  of  which  are 
the  ferments  of  the  liver  and  blood  and  chy- 
mosin.  4.  Glycerine-forming  or  fat-decomposing, 
of  which  the  ferment  of  the  pancreas  and 
Fremy's  pectase  are  examples.  5.  According  to 
Musculus  an  unorganised  ferment  exists  in 
urine  and  forms  ammonia  from  urea  (Pf. 
12,  214).  Mayer  (Lehre  von  den  Chem. 
Fermenten,  1882,  82-91)  has  examined  the 
quantity  of  enzyme  required  to  produce  a  given 
amount  of  decomposition,  and  has  shown  that 
the  amount  of  fermentation  varies  directly  with 
the  amount  of  ferment  employed.  He  has  also 
established  the  fact  that  the  enzyme  is  not 
destroyed  by  its  own  ferment  action.  The 
precise  manner  in  which  the  chemical  ferments 
act  has  been  the  subject  of  much  speculation. 
Most  of  the  facts  can  be  explained  on  a  theory 
of  action  similar  to  that  of  sulphuric  acid  in 
etherification,  but  a '  contact '  theory  seems  more 
probable.  If  the  enzymes  by  their  presence 
raise  the  molecular  temperatures  of  the  decom- 
posing molecules  to  the  point  at  which  their 
molecular  equilibrium  is  destroyed,  then  decom- 
position is  produced  by  rearrangement  of  energy 
and  not  by  any  increase  or  decrease  of  the 
amount  present  in  the  system. 

1.  Alcoholic  or  Vinous  fermentation.  Solu- 
tions containing  glucose  CBH1206in  contact  with 
the  air  at  temperatures  between  20°-24°C. 
become  turbid,  give  off  C02,  and  after  some  time 
have  the  whole  of  the  sugar  converted  into 
alcohol.  Glycerin,  succinic  acid,  and  the  higher 
alcohols  are  at  the  same  time  produced.  When 
the  evolution  of  carbonic  acid  ceases  the  ferment 
or  yeast  (Torvula  or  Saccharomyces  cerevisia) 
separates  leaving  the  liquid  clear.  The  separated 
yeast  is  capable  of  inducing  fresh  fermentation 
in  further  quantities  of  sugar  solution.  Cane- 
sugar  and  milk-sugar  also  undergo  various  fer- 
mentations, but  they  are  first  hydrolysed  by 
the  ferment  or  commercially  in  other  ways. 
Other  ferments  induce  the  vinous  fermentation 
of  sugar,  e.g.  erytlirozym  the  madder  ferment 
(Schunck,  J.  pr.  63,  222)  besides  fungi.  Eeess 
(Bot.  Untersuch.  u.  d.  Alcoholgahrungspilze) 
gives  the  following  list  of  fungi  which  incite 
alcoholio  fermentation  : — Saccharomyces  cere- 
visia,  8.  ellipsoideus,  S.  pastorianus,  S.  apicu- 
latus,  S.  exiguus ,  S.  albicans,  Mycoderma  (rarely) , 
Mucor  racemosus,  M.  circinelloides,  M.  spinosus, 
M.  stolonifer,  Exoascus  alnitorquus  (Sadebeck), 
Torula  and  Eurotium  aspergillus  glaucus. 

The  following  fungi  do  not  form  alcohol  when 
sown  in  sugar  solutions : — Saccharomyces 
glutinis,  Mycoderma  (generally), Exoascus  prunit 
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Dematium  pullulans  and  Fumago.  The  no- 
menclature of  the  fungi  is  continually  being 
modified,  and  Hansen  of  Copenhagen  has  re- 
stricted the  genus  Saccharomyces  to  the  three 
species,  cerevisice,  ellipsoideus,  and  pastorianus, 
as  they  are  the  only  sprouting  fungi  which  form 
ascospores.  Chemically  yeast  consists  of  cellu- 
lose (35),  protein  (45),  peptone  (2),  fat  (5),  ash 
(7),  and  extractive  matter  (4)  (Nageli  and  Low), 
and  the  various  yeasts  have  approximately  the 
same  composition.  Schiitzenberger  (C.  B.  78, 
493)  has  found  that  yeast  when  boiled  with 
water  yields  an  extract  containing  phosphates, 
gum  arabin,  leucine,  tyrosine,  carnine,  xanthine, 
guanine,  hypoxanthine,  sarcine,  and  a  sweetish 
uncrystallisable  syrup  still  containing  nitrogen. 
According  to  Bechamp  fresh  yeast  contains 
neither  tyrosine  nor  leucine  (C.  B.  78,  645). 
Eey-Pailhade  (C.  E.  107,  43)  has  shown  that  an 
organic  compound  named  philothion,  having  the 
property  of  hydroly  sing  sulphur  in  cold  solutions, 
is  formed  in  the  life  processes  of  yeast.  Con- 
centrated methyl  alcohol  readily  extracts  it  from 
the  yeast.  Dumas  had  previously  noticed  the 
property  which  yeast  has,  of  forming  SH2  from 
S.  Pure  yeast  is  best  prepared  by  allowing  fer- 
mentation to  take  place  in  a  sugar  solution  in 
which  a  quantity  of  alcohol  varying  from  5-8 
p.c.  has  been  added,  and  the  temperature*  not 
allowed  to  exceed  15°C.  Such  yeast  can  be 
grown  in  a  solution  rich  in  albumen  at  about 
30°G.  without  any  bacteria  appearing  (Traube, 

B.  9,  183,  1239).    Hansen  has  devised  a  com- 
mercial method  for  obtaining  pure  yeast  (Salo- 
mon, J.  Soc.  Arts,  1888).     (For  the  composition 
of  yeast  v.  Belohoubeck,  J.  1875,  898  ;  Schiitzen- 
berger a.  Destrem,  C.  B.  88,  287, 383 ;  Eommier, 

C.  B.  98, 1594.)     Vinous  fermentation  only  takes 
place  in  dilute  solutions  of  sugar,  and  as  an 
increase  of  yeast  takes  place  in  fermentation, 
the  liquid  in  addition  to  sugar  must  contain  the 
elements  necessary  to  form  cellulose  and  proto- 
plasm (P,  K,  Mg,  Ca,  and  S)  and  a  nitrogenous 
food.    Proteids  or  peptones  are  the  best  form 
for  the  nitrogen,  but  acetamide,  methylamine, 
ethylamine,  propylamine,  asparagine,  and  leu- 
cine,  are  all  assimilated  by  the    yeast    cells 
(Nageli).    Oxamide  and  urea  supply  nitrogen 
but  not  carbon,  while  cyanogen  compounds  yield 
up  their  carbon  but  not  the  nitrogen  to  these 
organisms.    Formic  and  oxalic  acids  are  also 
unsuitable  for  the  carbon  supply  of  these  fungi. 
Yeast  loses  a  considerable  portion  of  its  ferment- 
ing power  by  pressure,  and  still  more  by  washing 
with  water. 

Glycerin  also  deprives  yeast  of  its  ferment- 
ing power  (Gunning,  B.  5,  821).  The  influence 
of  the  age  of  the  yeast  on  fermentation  has  been 
studied  by  Kegnard  (C.  B.  Soc.  Biol.  [8]  4, 442). 
Maltose  and  glucose  are  the  two  sugars  which 
are  most  readily  fermentable  by  yeast.  All  the 
true  Saccharomyces  ferment  maltose,  but  S. 
exiguus  and  S.  apiculatus  are  unable  to  decom- 
pose this  sugar.  The  more  complex  carbohy- 
drates are  sometimes  hydrolysed  or  inverted 
before  alcoholic  fermentation  takes  place.  The 
higher  dextrins  are  hydrolysed  into  malto- 
dextrin  and  subsequently  split  up  into  maltose 
and  dextrin  by  S. pastorianus  and  8.  ellipsoideus. 
8.  cerevisia  is  unable  to  resolve  malto-dextrin 
into  maltose  and  dextrin.  The  conversion  of 


cane-sugar  into  glucose  is  apparently  brought 
about  by  a  soluble  ferment  termed  invertin, 
which  is  secreted  within  the  cells  of  all  true 
Saccharomyces  (Donath,  B.  8,  795).  This 
soluble  ferment  has  been  isolated  in  the  form  of 
a  powder.  It  is  not  formed  by  S.  apiculatus  nor 
by  four  out  of  the  five  varieties  of  Pasteur's 
Torula  (Hansen).  Monilia  Candida  ferments 
cane-sugar,  but  there  is  no  invertin  formed,  the 
inversion  being  probably  due  to  the  secretion  of 
some  other  soluble  ferment.  Mucor  racemosus 
and  M.  mucedo  both  set  up  alcoholic  fermenta- 
tion in  solutions  of  glucose.  M.  racemosus  does 
not  ferment  inulin,  but  readily  ferments  the 
levulose  prepared  from  it.  The  alcoholic  fer- 
mentation due  to  M.  mucedo  takes  place  in  the 
absence  of  oxygen  at  temperatures  between 
25°-28°  C.  Succinic  acid  but  no  glycerin  is  pro- 
duced by  this  fungus  (Fitz,  B.  6,  48).  Dextrin, 
inulin,  and  milk-sugar  do  not  ferment  under  the 
influence  of  mucor. 

The  alcoholic  fermentation  of  milk-sugar 
according  to  Blondlot  is  brought  about  by  a 
special  alcoholic  ferment  which  does  not  mani- 
fest any  action  below  20°,  and  then  only  when 
the  liquid  is  agitated.  A  small  quantity  of 
butyl  alcohol  is  at  the  same  tune  produced. 
Vieth  has  also  shown  that  yeast  does  not  readily 
set  up  alcoholic  fermentation  in  solutions  of 
milk-sugar.  Kefir  grams,  which  contain  a 
bacillus  termed  Diaspora  caucasice  by  Kern  and 
a  modified  form  of  S.  cerevisice,  produce  a  rapid 
alcoholic  and  lactic  fermentation  in  milk-sugar 
solutions  (Analyst,  12,  2). 

Ethyl  alcohol  is  obtained  from  other  sub- 
stances by  fermentation. 

According  to  Fitz  (B.  9,  1348;  10,  276;  11, 
42)  alcohol  is  produced  when  schizomycetes 
are  added  to  a  solution  of  glycerin,  mannite, 
starch,  dextrin,  milk-sugar,  or  dulcite,  but,  as 
the  fermentation  only  takes  place  in  the  presence 
of  some  nitrogenous  material,  pepsin  or  am- 
monium sulphate  is  added  to  the  solution. 
Acids  are  at  the  same  time  produced,  n-butyric 
acid  being  the  one  most  frequently  formed. 
Quercite  yields  no  alcohol  and  only  n-butyric 
acid. 

The  quantities  of  the  products  formed  in 
alcoholic  fermentation  vary  with  many  condi- 
tions which  have  not  yet  been  fully  determined. 
Glycerin,  succinic  acid,  and  traces  of  high  alco- 
hols are  almost  always  produced.  An  analysis 
of  the  products  obtained  by  the  fermentation 
of  100  kilos,  of  sugar  by  S.  ellipsoideus  gives 
the  following  numbers  in  grams : 

Ethyl  alcohol  50615*0,  n-propyl  alcohol  2-0, 
isobutyl  alcohol  1*5,  amyl  alcohol  51-0,  ethyl 
heptoate  158-0,  glycerin  2120-0,  acetic  acid  205-3, 
succinic  acid  452-0,  and  traces  of  aldehyde. 
Small  quantities  of  bases  appear  likewise  to 
be  produced,  and  n-butyl  alcohol  and  butyric 
acid  are  frequently  formed.  An  examination  of 
the  products  of  the  fermentation  of  sugar  solu- 
tions by  different  yeasts  has  been  made  by 
Claudon  a.  Morin  (Bl.  49,  178-189).  Lindet 
(C.  B,  107,  182)  has  shown  by  experimenting 
with  the  same  yeast  on  the  same  wort  that  the 
amount  of  higher  alcohols  produced  varies  with 
the  temperature.  The  maximum  amount  of 
ethyl  alcohol  is  produced  at  the  same  tempera- 
ture (8°-10°C.)  as  that  when  the  amount  of 
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higher  alcohols  is  a  minimum  ('52  p.o.).  At  the 
temperature  25°-27°C.  -59  p.o.  of  the  higher 
alcohols  was  produced. 

Formation  of  the  higher  alcohols  by  fermen- 
tation.—Fitz  (B.  13,  36,  1311)  has  shown  that 
the  schizomycetes  form  n-propyl  alcohol  from 
glycerin.  It  is  also  a  constituent  of  most  fusel 
oils. 

n-Butyl  alcohol  has  been  obtained  by  the 
same  observer  by  the  action  of  a  bacillus  allied 
to,  but  somewhat  larger  than  B.  subtilis,  on 
glycerin  in  the  presence  of  CaC03  (B.  11,  42, 
1892 ;  9,  1348).  Vigna  (B.  16,  1438)  has  sug- 
gested this  formation  of  n-butyl  alcohol  as  a 
method  of  its  preparation,  since  the  yield  is 
9  p.c.  of  the  glycerin  used. 

Iso-butyl  alcohol  has  been  found  in  the  fusel 
oil  from  mangolds  (Wurtz,  A.  Ch.  [3]  42,  129). 

Isoamyl  alcohol  is  the  principal  constituent 
of  the  fusel  oil  formed  in  the  ordinary  fermenta- 
tion of  potatoes.  Pierre  (J".  1871,  832)  has  shown 
that  the  higher  the  temperature  of  fermentation 
the  greater  the  quantity  of  this  alcohol.  An 
active  and  an  inactive  amyl  alcohol  have  been 
separated  from  fusel  oil.  Iso-butyl  and  traces 
of  other  alcohols  are  also  formed  (Perrot,  A.  105, 
64).  In  Swedish  fusel  oil  Eabuteau  has  found 
propyl,  iso-propyl,  iso-butyl,  iso-amyl  alcohols, 
methyl  propyl  carbinol  and  liquids  boiling  above 
132°  (Bl.  33, 178)  (v.  Wyschnegradsky,  A.  190, 
365). 

n-Hexyl  and  n-heptyl  alcohols  also  occur  in 
fusel  oils  (Faget,  A.  88, 325  ;  J.  1862,  412). 

Lebel  has  shown  that  Penicillium  glaucum 
acts  upon  the  methyl-propyl-carbinol  obtained  by 
the  reduction  of  methyl  propyl  ketone,  yielding 
an  alcohol  which  has  a  laevorotation  of  -12° 
(Lebel,  J.  1879,  492). 

Mannite  and  gum,  under  certain  conditions, 
are  formed  from  cane-sugar.  Pasteur  (BL  1861, 
30)  pointed  out  that  when  this  mucous  fermen- 
tation takes  place  in  solutions  of  cane-sugar, 
C02,  mannite,  and  a  mucilaginous  substance  are 
produced.  Access  of  air  and  nitrogenous  matter 
are  necessary  for  this  fermentation.  Neither 
acid  nor  alcohol  is  produced,  and  the  fermenta- 
tion only  takes  place  in  neutral  or  slightly 
alkaline  solutions  (Bauer,  B.  C.  1882,  630). 
This  kind  of  fermentation  has  been  noticed  in 
solutions  of  cane-sugar,  beet  juice,  carrot  juice, 
the  juice  of  mangold  wurzel,  and  in  lemonade. 
Baudrimont  (C.  R.  80,  1253)  observed  the  oc- 
currence of  a  spontaneous  viscous  fermentation 
in  a  solution  of  crystallised  cane-sugar  (-y.Hoch- 
stetter,  J.pr.  29,  30;  Kircher,  A.  Ch.  31,  337; 
Plagne,  J.  Ph.  26,  248 ;  Commaille,  M.  Sci.  3, 
435,  673,  772). 

A  white  substance  resembling  cellulose  is 
formed  under  certain  conditions  in  beet  juice 
and  beet  molasses.  It  is  precipitated  from  the 
solution  by  the  addition  of  alcohol.  Certain 
fatty  seeds  (rape,  colza,  &c.)  form  cellulose  from 
saccharose  (Durin,  C.  R.  82,  1078;  Pasteur, 
C.  R.  83, 176).  For  the  fermentation  of  cellulose 
itself  v.  Tappeiner,£.  B.  24, 105  ;  Hoppe-Seyler, 
B.  16,  122  ;  Popoff,  Pf.  10,  113. 

Lecuartier  and  Bellamy  have  shown  that 
certain  fruits  and  roots  under  the  influence  of 
oxygen  become  the  seat  of  an  alcoholic  fermen- 
tation characterised  by  the  evolution  of  carbonic 
acid  and  the  disappearance  of  sugar  in  the 


tissues  of  the  plant  cells.  From  these  and 
other  experiments  Pasteur  considered  that  if 
plants  could  continue  to  live  in  an  atmosphere 
of  carbonic  acid  they  would  become  ferments  for 
sugar.  Muntz  (C.  R.  86,  49),  on  examining  this 
intracellular  alcoholic  fermentation  of  plants,  has 
arrived  at  the  following  results : — 1.  That  plants 
preserved  in  air  give  no  trace  of  alcohol.  2.  That 
plants  placed  in  an  atmosphere  of  nitrogen  form 
appreciable  quantities  of  alcohol,  sometimes 
amounting  to  1,000  times  the  total  weight  of 
the  plants.  3.  That  the  plants  when  returned 
to  the  air  remained  perfectly  healthy.  The 
living  cell,  then,  in  the  higher  plants  is  capable, 
in  the  absence  of  oxygen,  of  acting  like  the 
cells  of  fungi  in  producing  a  true  alcoholic  fer- 
mentation. The  volatile  oils,  which  are  pro- 
duced by  the  fermentation  of  various  plants, 
may  owe  their  origin  to  some  such  similar  action 
of  the  living  cells  of  the  plant  in  the  absence 
of  oxygen.  They  are  known  as  FERMENT  OILS, 
and  are  formed  when  portions  of  the  plant  are 
left  to  ferment  in  water,  and  can  then  be  dis- 
tilled from  the  liquid.  The  distillate  is  then 
saturated  with  common  salt  and  extracted  with 
ether.  Little  is  known  as  to  the  constitution  of 
these  bodies.  Berzelius  regarded  them  as  pecu- 
liar alcohols  related  to  fusel  oil  (B.  J.  27,  541). 
The"y  have  been  examined  by  Bley,  Landerer, 
Biichner,  and  others.  The  following  is  a  list  of 
the  more  important  plants  from  which  ferment 
oils  have  been  obtained: — Chcerophyllum  syl- 
vestre,  Chelidonium  majus,  Conium  maculatum, 
Erythrcea  centaurium,  Echium  vulgare,  Erica 
vulgaris,  Marrubium  vulgare,  Achillea  Mille- 
folium,  various  species  of  Plantago,  Quercus 
robur,  Salix  pentandra,  Salvia  pratensis,  Tri- 
foliumfibrinum,  Tussilagofarfara,  Urtica  urens, 
and  Vitis  vinifera.  A  similar  ferment  oil  is 
produced  in  cellulostasis,  a  disease  of  the  apple 
(Qm.  14,  413). 

On  alcoholic  fermentation  the  reader  may 
consult  for  further  information— Amthor,  H.  12, 
64 ;  Bechamp,  C.  R.  88,  719  ;  Berthelot,  C.  R. 
89, 806 ;  Cochin,  C.R.  89, 786 ;  89,  992  ;  Giacosa, 

B.  12,  703;  Hoppe-Seyler,  B.  12,  702;   Petit, 

C.  R.  73,  267  ;  Schiitzenberger,  C.  C.  1877,  73  ; 
Schiitzenberger  a.  Destrem,  C.  R.  88,  593. 

The  formation  of  acids  by  fermentation. 
The  conversion  of  alcohol  into  acetic  acid  seems 
to  be  a  catalytic  action,  as  platinum  black  and 
other  finely-divided  substances  facilitate  the 
transfer  of  the  atmospheric  oxygen  besides  the 
organisms  which  bring  about  the  same  change. 

Acetous  fermentation  takes  place  in  presence 
of  a  fungus  Mycoderma  aceti,  vinegar  plant  or 
mother  of  vinegar,  and  a  bacterium  (B.  aceti). 
Both  these  organisms  are  usually  present,  and 
apparently  the  bacterium  completes  the  work  of 
the  mycoderma.  It  is  believed  that  the  function 
of  mycoderma  is  to  convert  starch  into  alcohol, 
and  that  the  alcohol  produced  in  this  or  other 
ways  forms  the  pabulum  of  the  B.  aceti,  which 
causes  the  oxidation  of  the  alcohol  to  acetic 
acid.  K,  Mg,  NH4,  and  HaP04  are  necessary  for 
the  growth  of  mycoderma  (Pasteur,  J.  1861,  726; 
1862,  475).  The  same  organisms  appear  to  be 
capable  of  completely  oxidising  the  acetic  acid 
which  they  form  to  carbonic  acid  and  water,  if 
it  be  not  removed.  This  is  especially  the  case 
\  if  the  growth  be  allowed  to  sink  to  the  bottom 


FERMENTATION  AND  PUTREFACTION. 


643 


of  the  liquid.  A  temperature  ranging  from 
20°-35°  is  the  best  for  the  change,  and  above 
50°  all  fermentation  ceases. 

The  formation  of  acetic  acid  at  times  accom- 
panies alcoholic  fermentation  (Bechamp,  J.  1863, 
773  ;  Blondeau,  C.  B.  57,  953  ;  Pasteur,  Etudes 
sur  la  vinaigre,  Paris,  1868).  Acetic  acid  is 
also  produced,  together  with  butyric  acid,  in  the 
fermentation  of  a  mixture  of  malt,  milk,  chalk, 
and  rancid  meat  (Grillone).  According  to  Be- 
champ (C.  B.  76,  836)  it  is  normally  present  in 
milk,  together  with  alcohol,  as  a  product  of  the 
action  of  microzymes. 

Acetic  acid  and  butyric  acid  are  formed  by 
the  action  of  yeast,  at  a  temperature  of  20°- 
30°,  on  citric  acid,  to  which  excess  of  chalk  has 
been  added.  Putrefying  curd  and  a  base  effect 
the  same  change  (How). 

Lactous  fermentation  or  the  formation  of 
lactic  acid  from  the  sugars— glucose,  cane-  and 
milk-sugar — takes  place  when  these  bodies  are 
mixed  with  fresh  sour  cheese,  or  with  milk  and 
chalk.  After  some  time  the  lactic  acid  is  itself 
attacked,  and  H,  C02,  and  butyric  acid  are  pro- 
duced. The  lactic  fermentation  only  takes  place 
in  a  neutral  or  slightly  alkaline  solution.  This 
condition  is  obtained  by  adding  chalk  or  zinc 
white  to  the  sugar  solution.  Traces  of 
mannite  are  also  formed  (Fremy,  A.  31,  188; 
Boutron,  A.  39, 181 ;  Bensch,  A.  61,  174 ;  Lau- 
termann,  A.  113,  242).  The  decomposition  of 
the  calcium  lactate  into  butyric  acid  appears  to 
be  due  to  the  action  of  a  bacillus  (Pasteur,  J". 
1862,  477).  The  schizomycetes  resolve  it  into 
propionic  acid  (Fitz,  B.  11,  1898;  12,  479; 
Strecker,  A.  92,  80),  acetic  acid,  and  sometimes 
n-valerianic  acid  (Fitz,  B.  13,  1309).  The  fer- 
mentation of  calcium  lactate  by  the  butyric 
ferment  of  Pasteur  yields  butyric  acid,  propionic 
acid,  w-valerianic  acid,  and  some  ethyl  alcohol 
(Fitz,  B.  13,  1310).  The  ordinary  lactous  fer- 
ment, according  to  Pasteur  (A.  Ch.  [3]  52, 404),  is 
Penicillium  glaucum.  It  resembles  beer  yeast, 
and  is  grey  in  colour,  and  has  been  described  by 
Pasteur  and  Blondeau.  Free  acid  retards  its 
action,  nitrogenous  matter  favours  it,  desiccation 
or  boiling  with  water  weakens  it.  All  the  sugar 
can  be  converted  into  lactic  acid  if  ammonium 
salts  and  phosphates  be  present.  Lactous  fer- 
mentation often  accompanies  vinous  fermenta- 
tion (Blondeau,  J.  Ph.  [3]  12,  257).  The  change 
may  be  brought  about  by  the  presence  of  a 
special  bacterium  (B.  acidi  lactici)  which  accom- 
panies the  growth  of  P.  glaucum.  The  conditions 
of  lactic  fermentation  have  been  examined  by 
Eichet  (C.  B.  88,  750;  C.  J.  36,  663)  and 
Berthelot  (A.  Ch.  [3]  55,  351). 

Butyric  fermentation. — We  have  seen  that 
butyric  acid  is  the  final  product  in  the  lactous 
fermentation  of  sugar  solutions.  The  conversion 
of  lactic  into  butyric  acid  is  accompanied  by  the 
evolution  of  hydrogen  and  carbonic  acid,  and 
butyl  alcohol  is  also  produced.  The  ferment, 
according  to  Pasteur,  is  a  bacillus  (C.  B.  52,  344), 
which  requires  no  oxygen  for  its  life,  and  is  not 
killed  when  carbonic  acid  is  passed  into  the 
liquid.  Ammonia  and  phosphates  are  necessary 
for  the  development  of  this  fermentation  (Pas- 
teur, Bl.  1862,  52).  Bechamp  attributes  the 
change  to  a  ferment  existing  in  the  chalk  which 
is  added  (BL  [2]  6,  484),  and  Baudrimont  to  an 


unorganised  ferment  (C.  B.  80,  1253).  Boehm 
(B.  8,  634)  has  observed  that  butyric  fermenta- 
tion accompanies  the  evolution  of  marsh-gas  and 
ammonia,  when  plants  are  immersed  in  water  free 
from  air.  Twigs  of  Elodea  canadensis  immersed 
in  sugar  syrup  set  up  a  fermentation  which 
gives  butyric  acid,  butyric  ether,  carbonic  acid, 
and  hydrogen  (Schiitzenberger,  C.  B.  80,  328, 
497).  According  to  Fitz  (B.  9,  1348),  glycerin 
saturated  with  calcium  carbonate  undergoes  fer- 
mentation, yielding  butyric  acid,  n-butyl  alcohol, 
and  traces  of  ethyl  alcohol.  Fibrin  also  forms 
ammonium  butyrate  by  fermentation  (Wurtz,  A. 
52,  291),  and  Fitz  has  found  that  pepsin  and 
glycerin,  in  presence  of  chalk,  is  fermented  by 
schizomycetes  at  40°  into  ra-butyl  alcohol,  n- 
butyric  acid,  besides  traces  of  ethyl  alcohol  and 
a  higher  acid,  probably  hexoic  (B.  9,  1348  ;  10, 
276 ;  11, 42).  Pribram  ( J.  1879, 614)  has  formed 
butyric  acid  by  the  action  of  the  ferment  of 
calves'  liver  on  starch  paste,  and  Fitz  has  found 
that  B.  subtilis  ferments  potato-starch  contain- 
ing salts  into  butyric  acid  and  small  quantities 
of  alcohol,  acetic  and  succinic  acids  (B.  11,  52). 
Other  contributions  to  our  knowledge  of  this 
kind  of  fermentation  are  by  Iljenko  a.  Laskowsky, 
A.  55,  85 ;  Iljenko,  A.  63,  268 ;  Grillone,  A.  165, 
127. 

Gluconic  acid  is  produced  by  the  fermenta- 
tion of  glucose  solutions  by  Mycoderma  aceti 
(Boutroux,  C.  B.  91,  230).  Maumene  contends 
that  this  change  is  merely  oxidation,  as  copper 
acetate  and  mercuric  oxide  give  similar  results 
(C.  B.  91,  331). 

Nitrification.  The  term  given  to  the  oxida- 
tion of  ammonia  to  nitric  and  nitrous  acids  by 
an  organism  or  organisms  present  in  the  soil. 
The  formation  of  nitre  in  nature,  and  artificially 
in  nitre  beds,  is  due  to  the  same  cause.  Many 
experiments  have  conclusively  proved  that  the 
direct  combination  of  oxygen  and  nitrogen  does 
not  take  place  to  any  large  extent  in  nature,  and 
even  ozone  appears  to  be  incapable  of  oxidising 
nitrogen.  Kuhlmann  was  the  first  to  explain 
the  presence  of  nitric  acid  and  nitrates  in  the 
soil  as  due  to  the  oxidation  of  ammonia.  This 
theory  is  now  held,  but  the  oxidation  is  indirectly 
brought  about  by  the  action  of  organisms.  The 
first  suggestion  that  the  oxidation  of  ammonia 
and  organic  nitrogen  in  the  soil  is  the  work  of  a 
living  organism  was  made  by  Pasteur  in  1862. 
Muller,  in  1873,  showed  that  the  ammonia  of 
sewage  and  of  impure  well  waters  changed  spon- 
taneously into  nitric  acid,  whereas  solutions  of 
pure  ammonium  salts  and  urea  remained  un- 
changed. Schloesing  and  Miintz  (C.  B.  77,  203, 
353;  84,  301;  85,  1018;  86,  982;  89,  1074) 
have  established  this  hypothesis  by  experiment, 
and  Warington  (C.  J.  33,  44 ;  35,  429  ;  45,  653  ; 
51,  118),  at  Bothamsted,  has  shown  that  the 
nitrification  in  soil  and  in  waters  is  due  to  an 
organised  ferment.  The  organism  is  destroyed 
at  100°C.,  and  by  CHC13,  CS2,  and  phenol. 
Penicillium  glaucum,  Aspergillus  niger,  Mucor 
mucedo,  M.  racemosus,  Mycoderma  vini  and  If. 
aceti,  as  well  as  the  ordinary  forms  of  bacteria 
present  in  the  atmosphere,  are  all  incapable  of 
effecting  nitrification.  Schloesing  and  Miintz 
state  that  they  have  isolated  the  organism  in 
minute  round  or  slightly  elongated  corpuscles, 
which  multiply  by  budding,  and  appears  to  be  a 
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micrococcus.  The  fermentation  takes  place  in 
presence  of  alkaline  carbonates  or  calcium  car- 
bonate. Besides  the  humic  matter  of  soil,  tar- 
taric  acid,  sugar,  alcohol,  glycerin,  and  albumen 
are  effective  as  food  for  the  growth  of  this  or- 
ganism. Light  is  not  favourable  to  nitrification. 
The  change  commences  slowly,  gradually  attains 
a  maximum  of  energy,  and  then  becomes  slow 
again.  The  formation  of  nitrous  acid  by  this 
organism  is  rare  in  the  soil,  but  frequent  in 
liquids.  The  influence  of  temperature,  concen- 
tration of  the  solution,  depth  of  liquid,  propor- 
tion of  organic  carbon,  and  degree  of  aeration 
has  been  studied  by  Warington  and  the  French 
observers.  Warington  (G.  J.  1888, 727-755)  has 
tested  for  nitrates  in  cultivations  of  upwards  of 
twenty  organisms  with  negative  results.  Herseus 
(Zeit.  f.  Hygiene,  1886,  193)  has,  however,  suc- 
ceeded in  isolating  two  or  three  organisms  which 
he  states  induce  the  formation  of  nitrite  in  urine 
and  in  mineral  solutions  containing  ammonium 
salts.  Percy  Frankland  has  not  succeeded  in 
isolating  the  organism ;  Leone,  on  the  other 
hand  (Atti  d.  R.  Accademia  d.  Lincei,  1887, 
37),  concludes  from  his  experiments  that  all 
micro-organisms  are  more  or  less  capable  of  pro- 
ducing nitric  acid,  and  that  the  same  organisms 
in  the  presence  of  organic  matter  are  capable  of 
reducing  nitrates.  Celli  a.  Zuco  (Gazz.  17,  99), 
Frank  (Forsch.  a.  d.  Gebiete  d.  Agriculturphysik, 
10,  56)  and  Adametz  (I.  c.  1886,  381)  may  also  be 
consulted  for  further  information  on  this  subject. 

Bases  produced  by  Fermentation. 

1.  Ammonia  from  Urea. — The  ammoniacal 
fermentation  of  urea  which  takes  place  in  urinals 
is  due  to  the  action  of  a  bacterium  (B.  urea). 
The  urea  is  converted  into  ammonium  carbonate, 
but  the  change  only  takes  place  when  mucus  or 
other  organic  substances  are  present,  as  urea 
dissolved  in  pure  water  remains  unaltered.  In 
presence  of  yeast  the  change  takes  place  very 
quickly  (Schmidt,  A.  61,  168).  According  to 
Musculus  (B.  9,  357)  an  enzyme  is  present  in 
the  urine  of  persons  affected  with  catarrh  of  the 
bladder,  which  also  brings  about  this  change. 
It  is  precipitated  by  alcohol  as  a  coagulum  re- 
sembling fibrin,  and  decomposes  urea  completely 
into  carbonic  acid  and  ammonia  at  35°-40°.  It 
has  also  the  power  of  decomposing  hippuric  and 
uric  acids,  creatine  and  guanidine.  Its  action 
ceases  in  the  presence  of  dilute  HG1  and  most 
other  acids,  but  small  quantities  of  phenol  have 
no  retarding  action.  Dilute  alkalis  and  sodium 
chloride  have  no  influence.  More  recently  the 
presence  of  ferments  in  normal  urine  has  been 
confirmed  by  Stadelmann  (Z.  B.  24,  226,  260). 
He  finds  that  pepsin  is  always  present  in  normal 
urine,  but  in  no  instance  has  trypsin  been 
discovered.  This  conclusion  agrees  with  that 
arrived  at  by  Leo  and  Hoffmann  (Fr.  27, 
123),  and  is  contrary  to  the  experiments  of 
Griitzner  and  his  pupils  Sahli,  Gehrig,  and 
Holovtschiner.  Baw  fibrin  does  disintegrate  in 
alkaline  urine,  even  in  the  presence  of  thymol, 
owing,  no  doubt,  to  bacteria  in  the  fibrin ;  but  in 
no  instance  did  digestion  or  disintegration  take 
place  when  boiled  fibrin  was  used. 

Warington  has  tested  the  ability  of  over  twenty 
organisms  to  hydrolyse  urea.  A  sterilised  25  p.c. 
solution  of  urine  was  employed.  Micrococcus 
(B.)  urea  gave  a  considerable  increase  of  alka- 


linity, and  B.  fluorescens  non-liquescens  a  some- 
what smaller  increase.  Arable  soil  gave  a  much 
larger  increase  than  either.  The  other  organism  s 
used  had  no  effect  ('  The  Chemical  Actions  of 
Some  Micro-organisms,'  Warington,  C.  /.  1888, 
727-755). 

2.  Ammonia  from   Nitrates    and    Nitrites. 
Partial  reduction  of  Nitrates. — Meusel  (A.  [5] 
7,  287)  observed  that  water  containing   nitric 
acid  and  carbohydrates,  and  originally  free  from 
nitrites  and    ammonia,    contained    the    latter- 
after  being  subjected  to  the  action  of  bacteria ; 
and    that   water,   freshly  distilled   and  mixed 
with  sugar,  was  not  found  to  reduce  nitrates 
when  the  air  was  excluded  from  it.    Percy  F. 
Frankland  has  recently  shown  (G.  J.  53,  373)  that 
out  of  thirty-two  different  micro-organisms  ex- 
amined sixteen  or  seventeen  have  the  power  of 
reducing  nitrates  to  nitrites  more  or  less  com- 
pletely.   The  absence  of  air  has  no  influence  on 
the  result.     In  many  cases  the  change  is  a 
quantitative  one.    Ammonia  was  also  sometimes 
formed ;  but  it  was  due  to  the  decomposition  of 
the  peptone,  which  was  the  only  other  nitrogenous 
ingredient  present.    B.  ramosus  and  B.  pestifer 
have  very  marked  nitrate  to  nitrite  reducing  ac- 
tion.   The  yield  of  nitrite  was  augmented  by 
increasing  the  amount  of  sugar  and  peptone 
present.    B.  aquatilis  does  not  reduce  nitrate  to 
nitrite,  but  causes  the  disappearance  of  nitric 
nitrogen,  the  deficiency  not  being  accounted  for 
by  the  small  quantity  of  ammonia  which  was 
generated  in  the  solution.    According  to  Waring- 
ton, the  organisms  which  appear  to  possess  the 
greatest  power  of  reducing  nitrates  to  nitrites 
are  B.  floccus,  B.  fluorescens  non-liquescens,  B. 
of  swine  fever,  M.  urece,  M.  gelatinosus,  Staph. 
candidus,  and  Staph.  luteus.    The  following  also 
reduce  nitrates  freely:  B.  termo,  B.  of  typhoid 
fever,  B.  of  infantile  diarrhoea,  B.  of  cholera, 
B.  of  septicaemia,  B.  anthracis,  B.  Demcke's 
comma,  and  Staph.  albus  liquescens,  B.  subtilis 
yields  no  nitrite  in  a  urine  solution,  but  forms  a 
trace  of  nitrite  in  broth  after  some  time.    Strep- 
tococcus scarlatina  yields  a  mere  trace  of  nitrite 
in  broth  cultures.    B.  fluorescens  liquescens,  B. 
toruliformis,  B.  sulphureus,  B.  Finkler's  comma, 
B.  comma  noma  and  M.  aureus,  failed  entirely  to 
effect  reduction  to  nitrites  (Warington,  G.  J. 
1888,  727-755). 

3.  Bases  formed  in  fermentation. — Poisonous 
bases  having  properties  resembling  the  alkaloids 
are  produced  in  putrid  fermentation,  and  also  in 
small     quantities    in    alcoholic    fermentation. 
The  bases  formed  in  the  putrefaction  of  meat 
and  fish  are  known  as  ptomaines,  and  a  con- 
siderable amount  of  literature  on  their  formation 
and  properties  now  exists,  which  it  is  impossible 
to  deal  with  in  the  present  article.     Gautier  a. 
Etard  (C..R.94, 1598)  have  shown  that  the  com- 
plex phenomena  of  putrid  fermentation  may  be 
regarded  as  brought  about  by  the  hydration  of 
the  complex  albuminoid  molecules  into  simpler 
molecules.  Two  compounds  are  apparently  first 
formed,  one  of  which  is  stable  and  gives  rise  to  the 
glauco-proteins  and  leucines,  to  which  Schiitzen- 
berger  attributes  the  formula  CnH.2n_4N202,  whilst 
the  other  is  unstable,  and  decomposes  rapidly 
into  NH3,  C02,  formic,  acetic,  and  oxalic  acids. 

In   Schiitzenberger's  method    of    hydration 
with  barium  hydrate,  the  amides  are  not  hy- 
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drated,  but  bacteria  in  putrefaction  slowly  change 
them  into  ammoniacal  salts.  The  crystalline 
body  CjjH-jgNaOe  produced  abundantly  in  the 
putrefaction  of  fish  also  undergoes  hydration 
when  similarly  treated.  Putrefaction  being  essen- 
tially a  process  of  hydration  it  follows  that  the 
aromatic  derivatives  and  the  bases  produced 
during  fermentation  pre-exist  as  nuclei  in  the 
flesh.  The  bases  formed  in  the  putrefaction  of 
the  skate  can  be  obtained  by  acidulating  the 
liquid  prciucts  with  sulphuric  acid.  On  evapora- 
tion, in  vacua,  indole,  phenol,  and  other  volatile 
products  are  removed  and  the  residue,  after 
treatment  with  baryta,  is  extracted  with  chloro- 
form. The  bases  are  colourless  oily  liquids  and 
resemble  those  described  by  Selmi.  They  have 
an  odour  like  that  of  the  carbylamines  and  hydro- 
collidine.  By  fractionation  two  bases,  C4H13N 
and  C8H13N,  have  been  isolated.  The  latter 
(110°)  closely  resembles  Cahours's  and  Etard's 
hydrocollidine,  with  which  it  is  probably  iso- 
meric.  Two  bases  having  the  formula  C5HnN02 
and  C7H]5N02  have  similarly  been  obtained  from 
the  products  of  the  putrefaction  of  flesh  and  fibrin 
(Salkowski,  B.  12,  648;  16,  1191).  Brieger  (B. 
16, 1186)  has  extracted  from  putrefied  horseflesh 
the  bases  C5HUN2  and  C5HnN.  A  base  having 
the  formula  C7H10N2  (171°)  and  soluble  in  most 
solvents  has  been  isolated  by  Morin  from  the 
products  of  alcoholic  fermentation.  It  forms  a 
double  Pt  salt  and  gives  precipitates  with  the 
usual  alkaloid  reagents  (G.  E.  106,  360).  Its 
toxic  effects  have  been  studied  by  B.  Wurtz  (C.R. 
106,  363).  Tanret  considers  this  base  identical 
with  (jS)-glucosine  obtained  from  glucose  and 
ammonia  (C.  B.  106,  418).  An  examination  of 
the  amount  of  nitrogen  bases  present  in  fer- 
mented liquids  (brandy,  rum,  &c.),  has  also  been 
made  byLindet  (C.  R.  106,  280). 

Sugar-forming  ferments.— The  more  impor- 
tant chemical  ferments  which  belong  to  this 
group  are  diastase,  ptyalin,  myrosin,  emulsin, 
invertin,  animal  invertin,  and  one  of  the  fer- 
ments which  exist  in  the  pancreas.  They  are 
found  in  the  animal  and  vegetable  kingdoms,  in 
the  former  they  are  secreted  by  some  of  the  prin- 
cipal organs,  in  the  latter  they  occur  in  various 
parts  of  the  plant.  The  sugar  produced  may  be 
either  dextrose  or  maltose,  and  the  substance 
decomposed  differs  with  the  different  ferments, 
starch,  cane-sugar,  and  the  various  glucosides 
being  the  more  important ;  we  have  already  seen 
that  the  enzymes  may  be  isolated  by  precipi- 
tating the  aqueous  extracts  of  the  organs  con- 
taining them  with  alcohol.  They  are  also  mostly 
soluble  in  glycerin,  which  may  be  used  to  ex- 
tract them  from  the  finely  divided  material. 
The  glycerin  extract  is  then  dropped  slowly  into 
strong  alcohol,  and  the  precipitated  ferment 
collected.  The  chemical  composition  of  these 
bodies  has  been  investigated  by  Krauch,  Dubrun- 
faut,  Hufner,  Donath,Barth,and  others,  and  from 
their  analyses  it  is  known  that  they  all  contain  a 
considerable  percentage  of  nitrogen.  Invertin, 
emulsin,  and  the  diastatic  pancreas  ferment  also 
contain  sulphur.  The  influence  of  temperature 
and  light  upon  their  action  has  already  been 
alluded  to.  Dried  diastase  can  be  heated  to  158°, 
and  the  pancreatic  ferment  to  162°,  without 
destroying  their  fermentative  property.  The 
amount  of  work  which  they  are  able  to  perform 
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in  a  given  time  is,  however,  diminished  by  heat- 
ing above  100°  (F.  Hiippe,  C.  C.  1881,  745). 
Chloroform,  carbon  bisulphide,  ether,  prussic 
acid,  do  not  retard  the  action  of  these  ferments, 
but  most  acids  and  alkalis  hinder  their  action. 
All  salts  and  bodies  which  coagulate  albumen 
have  the  property  of  stopping  this  kind  of  fer- 
mentation. The  chemical  change  brought 
about  by  the  sugar-forming  enzymes  is  one  of 
hydrolysis.  Diastase,  ptyalin,  and  the  diastatic 
pancreas  ferment  convert  starch  or  glycogen 
into  a  sugar  (maltose)  and  dextrin.  The  pan- 
creatic ferment  and  ptyalin  yield  a  dextrin 
(achroodextrin)  which  differs  from  the  dextrin 
obtained  by  means  of  diastase  in  not  re- 
acting with  iodine  (Naffe,  Pf.  14,  473).  In- 
vertin converts  cane-sugar  by  hydrolysis  into 
dextrose  and  levulose.  The  ferment  action  of 
emulsin  consists  in  the  hydrolysis  of  the  glucos- 
ides. Glucose  is  the  constant  product  of  the 
action.  The  following  are  those  decompositions 
which  are  best  established.  Salicin  to  saligenin, 
helicin  to  salicylic  aldehyde,  arbutin  to  hydro- 
quinone  and  methylhydroquinone,  amygdalin  to 
benzoic  aldehyde  and  prussic  acid,  coniferin  to 
cpniferyl  alcohol  and  daphnin  and  convolvulin  are 
similarly  hydrolysed  by  emulsin.  Nencki  is  of 
opinion  that  in  hydrolysis  the  water  is  split  into 
hydrogen  and  hydroxyl  by  emulsin  (J.  pr.  17, 
103).  Myrosin  appears  to  determine  the  breaking 
up  of  the  molecule  of  potassium  myronate  or  of 
the  free  myronic  acid  into  mustard  oil,  sugar, 
and  sulphate  without  the  assimilation  of  the  ele- 
ments of  water.  It  seems  probable  that  with 
further  investigation  the  formula  of  myronic 
acid  may  be  modified  and  that  this  ferment 
change  will  also  be  found  to  be  one  of  hydrolysis 
(Will  a.  Korner,  A.  125,  263 ;  Franchimont's 
Kort  Leerbcek). 

Peptone-forming  ferments.  Digestion. — The 
peptone-producing  ferments,  pepsin,  trypsin, 
pepsin  (of  plants),  and  papain,  convert  albumen 
into  peptone.  This  change  apparently  is  brought 
about  in  a  similar  manner  to  those  of  the  last- 
mentioned  group,  the  elements  of  water  being 
taken  up  by  the  albuminoid  substances.  Other 
bodies  besides  peptone  are  produced,  trypsin  and 
papain  yielding  crystalline  amido-  compounds 
(leucine).  Wurtz  is  of  opinion  that  papain  acts 
by  combining  first  with  the  fibrin,  and  that  an 
insoluble  product  is  thereby  produced,  which  by 
the  action  of  water  is  reconverted  into  the  fer- 
ment and  soluble  substances  resulting  from  the 
hydration  of  the  fibrin  (Wurtz,  C.  E.  91,  787 ; 
93,  1104).  Pepsin  also  seems  to  first  form  an  in- 
soluble compound  with  fibrin,  which  is  subse- 
quently broken  up  by  water.  Certain  bacteria 
resemble  these  enzymes  in  their  action,  and  pro- 
bably have  this  property  from  secreting  a  similar 
ferment.  The  principal  albumen-forming  fer- 
ments are  the  liver  ferment,  the  blood  ferment, 
and  chymosin.  Ferments  analogous  to  the  liver 
ferment  exist  in  the  vegetable  kingdom.  The 
conversion  of  casein  into  cheese  by  rennet  is  an 
example  of  this  class  of  fermentation,  and  from 
the  analyses  of  these  two  bodies  it  seems  pro- 
bable that  in  this  case  also  the  change  is  one  of 
hydrolysis.  A  ferment  similar  to  that  existing 
in  the  liver  is  found  in  certain  plants,  notably  in 
Oxalis  Acetosella,  0.  stricta,  Cirsiwn  arvense, 
Eumex  Patientia,  in  the  leaves  of  artichokes,  and 
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in  the  seeds  of  black  pepper  and  Wilhamia  co- 

Xlans.  Certain  bacteria  separate  a  ferment 
ch  behaves  like  chymosin. 

A  ferment  also  exists  in  the  pancreas,  which 
is  capable  of  decomposing  the  fats  into  gly- 
cerin. Not  only  are  the  triglycerides  attacked, 
but  complex  molecules  like  lecithin  are  also  hy- 
drolysed. 

Antiferments  or  Antiseptics. — Many  inor- 
ganic and  organic  substances  have  the  property 
of  arresting  or  hindering  fermentation.  They 
act  by  killing  the  organisms  which  bring  about 
the  fermentation,  and  most  of  the  substances 
which  have  poisonous  properties  have  also  anti- 
septic properties.  In  the  earlier  experiments  it 
was  noticed  that  while  creosote  and  phenol  ar- 
rested the  development  of  fungi  and  germs  fer- 
mentation still  proceeded,  andBuchholz  (J.  1867, 
742)  found  that  milk  turned  sour  when  phenol 
was  present.  Naunyn  (J.  1865,  606)  noted  that 
benzene  interfered  with  the  action  of  yeast  on 
sugar  solutions.  Pienkowsky  (J.  1865,  606)  ex- 
amined the  antiseptic  action  of  a  considerable 
number  of  salts  on  meat  with  the  following  re- 
sults :— 

No  antiseptic  action : 

Alum,  AUS04,  Na.,HP04,  Sr2N03,  Ba2NOs, 
(NH4)2C204,  Na,C204,  BaCl2,  Na.2S03,  Na2S203, 
NH4N03,  KC103,  Na2S04,  K2S04,  MgS04, 
(NH4)2S04,  Mn(AcO)2,  and  As203. 

Delayed  putrefaction  for  one  month : 

KAcO,NaAcO,  Ca(AcO)2,  NaCl,NH4Cl,  SnCl4, 
MnCl2,  ZnCl2,  ZnS04,FeS04,  K2S03,and  Pb2NO3. 

Delayed  putrefaction  for  more  than  six 
months : 

NH4AcO,Ba(AcO)2,CaCl2,CuCl2,HgCl2,CuS04, 
Pb(AcO)2,  K2Cr207,  aniline  nitrate,  phenol,  and 
acetic  acid. 

Formic  acid,  according  to  the  same  inves- 
tigator, is  a  powerful  antiseptic  for  sugar  solu- 
tions. Severi  (Z.  [2]  4,  285)  has  examined  the 
antiseptic  action  of  the  animal  secretions.  Alco- 
holic fermentation  and  putrefaction  are  arrested 
by  gastric  juice,  but  not  by  pepsin.  Lactous  fer- 
mentation is  not  retarded  by  either  reagent. 

Boric  acid  and  most  of  its  compounds  have 
antiseptic  properties.  Dumas  found  that  borax 
prevents  the  action  of  yeast  water  on  sugar,  of 
synaptose  on  amygdalin,  and  of  myrosin  or  my- 
ronic  acid.  Calcium  borate  and  boric  acid  either 
alone  or  mixed  with  glycerin  prevent  the  for- 
mation of  mildew  and  the  putrefaction  of  meat. 
Mercuric  oxide  appears  to  be  the  most  powerful 
of  all  antiseptics,  and  next  to  it  mercuric  chloride. 

Among  organic  bodies  phenol,  chloral  hy- 
drate, chloroform,  salicylic  acid,  benzoic  acid, 
hydrocyanic  acid,  and  thymol,  all  have  marked 
antiseptic  properties. 

Of  the  alkaloids,  quinine  prevents,  while  nico- 
tine accelerates  fermentation.  Calvert  (Pr.  20, 
191)  found  that  on  the  addition  of  one  thousandth 
part  of  the  following  antiseptics  to  a  solution  of 
albumen  he  obtained  the  following  results  : — 

1.  Phenol  and  cresol  prevented  the  growth  of 
fungi  and  bacteria. 

2.  ZnCl-2,  HgCl2,  and  zinc  phenol  sulphonate 
prevented  the  development  of  vibrios,   but  did 
not  stop  the  production  of  fungi. 

3.  CaO,  quinine  sulphate,  pepper,  and  HCN, 
permitted  the  growth  of  vibrios,  but  allowed  the 
fungi  to  develop. 


4.  Those  which  had  no  preventive  action 
(under  these  conditions).  S02,  H2SO4,  HN03, 
As.203,  AcOH,  KHO,  NaHO,  NH3,  Cl,  NaCl,  CaCl2, 
A1C13,  Ca(OCl)Cl,  KC1C-3,  CaS04,  FeS04,  CaS04, 
Na2S203,  Na2HP04,  Ca?2P04,  KMn04,  K  and  Na. 
Phenol  sulphonates,  picric  acid,  turpentine,  and 
wood  charcoal.  Sodium  silicate  (Kabuteau  a. 
Papillon,  C.  E.  75,  755)  prevents  the  alcoholic 
fermentation  of  grape-sugar,  and  the  fluosilicates 
have  also  considerable  antiseptic  properties. 

Salts  of  bismuth  even  in  small  quantities 
completely  prevent  secondary  fermentations  in 
worts  (Gayon  a.  Dupetit,  G.  B.  103,  883-885). 
The  influence  of  calomel  on  fermentation  and 
the  life  of  micro-organisms  has  been  carefully 
studied  by  Wassilieff  (H.  6,  112-134).  The  com- 
parative antiseptic  properties  of  HgCy2,  mercury 
oxycyanide,  and  HgCl2,  have  been  determined 
by  Chibret  (C.  E.  107,  119).  Katimoff  (J.  Ph. 
[5]  11,  83-90)  has  determined  the  limits  between 
which  lie  the  minimum  quantities  of  various 
antiseptics  required  to  kill  and  to  prevent  the 
development  of  microbes  and  bacteria  in  certain 
media. 

The  relation  of  antiseptic  power  to  chemical 
constitution  has  been  investigated  by  J.  E.  Dug- 
gan  (Am.  7,  62-64)  by  noting  the  amount  of  sub- 
stance required  to  prevent  fermentation  by  bacil- 
lus subtilis  in  a  solution  of  beef  peptones.  The 
following  numbers  show  the  relative  antiseptic 
values  of  the  materials  used :  Salicylic  acid,  4  ; 
w-oxy-benzoic  acid,  6 ;  ^-oxy-benzoic  acid,  8 ; 
phenol,  20  ;  pyro-catech,  20  ;  resorcin  (25) ;  hy- 
droquinone,  30  ;  pyrogallol,  15  ;  methyl  alcohol, 
300  ;  ethyl  alcohol,  500 ;  normal  propyl  alcohol, 
200.  Of  the  three  phenol  sulphonie  acids  the 
ortho-acid  only  has  antiseptic  and  disinfecting 
properties  in  a  marked  degree  (Vigier,  J.  Ph.  [5] 
11,  145-152,  214-217).  Phloroglucin  is  pos- 
sessed of  no  antiseptic  properties,  whereas  py- 
rogallol is  poisonous,  and  resorcin  coagulates 
both  vegetable  and  animal  albumen  (Andeer, 
C.  C.  1884,  340-341).  A  paper  by  G.  Marp- 
mann  (Ar.  Ph.  [3]  20,  905-924)  deals  with  the 
methods  for  determining  the  vitality  of  those 
bacteria  which  cease  to  move  when  dead,  and 
points  out  the  difference  between  antisepsis  and 
disinfection,  and  gives  a  list  of  the  literature  on 
the  subject  to  1881. 
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FEEEATES.  Salts  of  the  hypothetical  ferric 
acid  H2Fe04.  Neither  the  acid  nor  its  anhydride 
(Fe03)  has  been  isolated. 

Stahl  noticed  in  1702  that  a  violet  solution  is 
obtained  by  fusing  iron  with  saltpetre  and  wash- 
ing with  water,  or  by  adding  a  solution  of  iron 
in  HN08  to  cone.  KOHAq. 
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From  measurements  of  the  0  evolved  and  the 
Fe203  formed  in  the  decomposition  of  K  ferrate, 
Fremy  gave  the  formula  Fe03  to  the  hypothetical 
acidic  radicle  of  the  ferrates  ;  this  was  confirmed 
by  H.  Eose,  who  determined  the  quantity  of  I  set 
free  from  KI  by  reaction  with  Ba  ferrate  (A.  48, 
230). 

The  ferrates  have  been  examined  by  Fremy 
(C.  E.  12,  23  ;  14,  442  ;  15,  1106 ;  16,  187) ;  H. 
Rose  (A.  48,  230 ;  P.  59,  315) ;  Denham  Smith, 
(P.  M.  [3]  23,  217) ;  Merz  (/.  pr.  101,  269) ; 
Poggendorff  (P.  54,  373). 

Barium  ferrate,  BaFeO^HjO,  has  been  ob- 
tained as  a  solid.  The  compositions  of  the  soluble 
K  andNa  ferrates  were  deduced  from  estimations 
of  the  ratio  of  Fe  ppd.  as  Fe203  to  0  evolved  by 
decomposing  the  solution  by  heat  (Fremy,  Den- 
ham  Smith),  and  also  by  reducing  by  S02  and 
then  estimating  the  ratio  of  Fe203  ppd.  to  S04  in 
solution  (H.  Eose). 

Barium  ferrate  BaFe04.H20.  Obtained  as  a 
purple-red  powder  by  adding  BaCl2Aq  or 
Ba(N03)2Aq  to  K-jFeO^Aq,  washing,  and  drying 
(Denham  Smith).  It  is  more  stable  than  K-jFeO,, ; 
decomposed  by  HN03Aq,  slowly  by  H2S04Aq ; 
sol.  in  acetic  acid,  forming  a  red  liquid,  which 
evolves  0  on  heating ;  scarcely  decomposed  by 
organic  salts. 

Potassium  ferrate,  K2Fe04Aq.  Prepared  by 
heating  2  pts.  KN03  in  a  large  Hessian  crucible, 
arranged  so  that  only  the  bottom  is  heated  to 
dull  redness,  and  throwing  in  1  pt.  iron  filings  ; 
the  fused  mass  is  extracted  with  cold  water  in  a 
closed  vessel  (Fremy).  More  conveniently  pre- 
pared by  passing  a  rapid  stream  of  Cl  into  cone. 
KOHAq  warmed  to  about  40°,  holding  Fe03H3  in 
suspension ;  Merz  (Z.c.)  recommends  to  dissolve 
5  pts.  KOHin8pts.H20,and  toadd8pts.FeC!3Aq 
of  S.G.  1-109  ;  excess  of  Cl  must  be  avoided. 
According  to  Fremy,  crystals  of  K2Fe04  may  be 
obtained  by  making  the  KOHAq  very  cone.,  and 
adding  KOH  from  time  to  time  as  the  Cl  is 
passed  in  ;  the  crystals  may  be  freed  from  KC1 
by  solution  in  water  and  ppn.  by  potash,  they 
may  then  be  dried  on  a  porous  tile  and  kept  in 
sealed  tubes.  Poggendorff  (I.e.)  says  that  crys- 
tals of  potassium  ferrate  may  be  obtained  by  an 
electrolytic  method ;  a  cylindrical  vessel  of  porous 
porcelain  is  placed  in  a  beaker  cooled  by  ice ; 
potash  solution  is  poured  into  both  vessels,  a  Pt 
plate,  which  serves  as  negative  electrode,  is  im- 
mersed in  the  porous  cylinder,  and  the  positive 
electrode  is  a  plate  of  wrought  iron  (not  steel)  j 
which  is  placed  in  the  beaker ;  when  a  strong 
current  is  passed,  the  liquid  round  the  positive 
pole  becomes  dark  red,  and  crystals  of  K  ferrate 
form  on  the  iron  plate.  Bloxam  (C.  N.  54,  43) 
says  that  a  solution  of  K2Fe04  may  be  obtained 
by  adding  a  fragment  of  KOH  to  a  little  Fe2Cl6  ! 
and  then  a  few  drops  of  Br,  heating  gently  and  , 
dissolving  in  water. 

A  cone,  solution  of  K2Fe04  is  deep  red  ;  it  is 
stable  especially  if  a  little  KOH  be  present ;  on 
dilution  and  warming,  Fe03H3  is  ppd.,  and  0  is  j 
evolved ;  the  solution  is  decomposed  by  acids ; 
it  reacts  towards  S02Aq,  &c.,  as  an  oxidiser ; 
the  solution  is  decolourised  by  metals  and  many 
salts  of  earth-metals,  e.g.  alum ;  it  is  also 
decolourised  by  NH3Aq  with  evolution  of  N; 
the  solution  acts  as  an  oxidiser  towards  most 
organic  compounds  which  are  oxidised  by 


KMn04Aq,  e.g.  alcohol,  sugar,  albumen,  potas- 
sium tartrate  and  oxalate. 

Sodium  ferrate  Na.,Fe04Aq.  Solution  ob- 
tained similarly  to  K2Fe04Aq. 

M.  M.  P.  M. 

FEKKIC  COMPOUNDS  v.  IRON. 

FERRICYANIDES  and  FERROCYANIDES. 
Salts  of  ferricyanhydric  acid  H3FeCy6,  and 
ferrocyanhydric  acid  H,FeCy6,  v.  pp.  333,  337. 

FERRITES.  Ferric  oxide  Fe203  forms  com- 
pounds with  several  metallic  oxides  more  basic 
than  itself  ;  these  compounds  belong  to  the 
form  Fe203.M20  and  Fe203.MO,  where  M2  =  K2 
and  Na2,  and  M  =  Ba,  Ca,  Cu,  Mg,  or  Zn  ; 
they  ^  are  analogous  in  composition  to  the 
aluminates  (g_.v.  vol.  i.  p.  141),  and  may  be  re- 
garded as  metallic  derivatives  of  the  hydroxide 
Fe204H2(  =  Fe203.H20). 

Barium  ferrite  BaO.Fe203  =  BaFe204.  Ob- 
tained by  List  (B.  11,  1512),  by  ppg.  FeCl3Aq  by 
BaOAq,  as  a  brown,  magnetic  solid. 

Calcium  ferrite  CaO.Fe203  =  CaFe204.  Percy 
(P.  M.  [4]  45,  455)  obtained  this  salt  in  metal- 
like  lustrous  crystals,  S.G.  4-693,  by  heating 
equal  parts  of  CaC03  and  Fe203  to  white  heat  for 
several  hours.  List  (B.  11,  1512)  obtained  the 
compound  as  a  brown  solid  by  adding  CaOAq  to 
FeCl3Aq,  washing  with  CaOAq,  and  heating  (v. 
also  Pelouze,  A.  Ch.  [3]  33,  5  ;  also  Eousseau  a. 
Bernheim,  C.  R.  106,  1726). 

Copper  ferrite  CuO.Fe203  =  CuFe204.  A 
brownish-black,  magnetic  solid ;  by  adding 
KOHAq  to  a  mixture  of  CuS04  and  FeCl3  in 
quantity  sufficient  to  ppt.  all  Cu,  drying  over 
H2S04  in  vacuo,  and  heating  (List,  I.e.). 

Magnesium  ferrite  MgO.Fe203  =  MgFe204. 
Occurs  native  as  Magnoferrite.  Obtained  by 
mixing  equivalent  quantities  of  MgS04  and 
NaOH  and  adding  FeCl3Aq  until  the  liquid  is 
still  slightly  alkaline,  and  heating  the  pp. 
strongly  (List,  Z.c.).  Kraut  (C.  C.  1864.  1088) 
obtained  Fe203.6Mg0.9H20  by  adding  6  equivs. 
MgS04  and  1  equiv.  of  a  ferrous  salt  to  excess  of 
KOHAq,  S.G.  1*1,  boiling  for  some  hours  until 
the  pp.  was  white,  and  drying  at  120°. 

Potassium  and  Sodium  ferrites 
K20(Na20).Fe203  =  K2(Na2)Fe204.  Formed  by 
adding  Fe2O3  to  molten  K,C03  or  Na,C03  (v.  v. 
Schaffgotsch,  A.  Ch.  43,  17;  Schneider,  J.pr. 
108,  19;  List,  B.  11,  1512).  Eousseau  a.  Bern- 
heim (C.  E.  107,  240)  describe  K2O.Fe203  as 
transparent,  red-brown  crystals;  obtained  by 
mixing  crude  K  ferrite  (best  that  made  by  fusing 
Fe03H3  with  4  parts  K2C03)  with  twice  its  weight 
of  KC1,  and  heating  strongly  until  most  of  the 
KC1  is  volatilised.  Other  crystalline  compounds 
of  Fe203  with  K20  and  #H20  were  obtained  by 
heating  FeS04  with  an  equal  weight  of  KC1. 

Zinc  ferrite  ZnO.Fe203  =  ZnFe204.  Occurs 
native  as  Frariklinite.  Obtained  as  minute, 
black,  octahedral  crystals,  which  are  slightly 
magnetic,  by  heating  to  whiteness  for  4  days  a 
mixture  of  1  pt.  Fe203,  2  pts.  ZnO,  and  2  pts. 
fused  HaBO.,,,  and  treating  with  dilute  HClAq. 
S.G.  5-132  (Ebelmen,  A.  Ch.  [3]  33,  47  ;  v.  also 
Daubree,  C.  R.  39,  153 ;  Eeich,  J.  pr.  83,  266 ; 
and  List,  B.  11,  1512). 

Ferrites  of  lead,  manganese,  and  silver  seem 
also  to  exist  (v.  List,  Z.c. ;  H.  Eose,  P.  101,  323 ; 
Fischer,  S.  56,  361). 

M.  M.  P.  M. 
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FERULIO  ACID. 


FEEULIC  ACID  C10H1004  i.e. 
[3:4:l]Ct.Hi(OMe)(°H).CH:CH.C02H.  Mol.  w. 
194.  [169°].  Occurs  in  asafoetida,  from  which  it  is 
obtained  by  ppg.  the  alcoholic  tincture  with  lead 
acetate  and  decomposing  the  resulting  lead  salt 
by  HjS04  (Hlasiwetz  a.  Barth,  A.  138,  64).  Ob- 
tained also  by  boiling  its  acetyl  derivative  with 
aqueous  KOH.  Long  trimetric  four-sided  needles 
(from  boiling  water).  V.  si.  sol.  cold  water,  v. 
sol.  cold  alcohol,  m.  sol.  ether.  Its  aqueous 
solution  is  ppd.  by  Pb(OAc)2  and  by  Fe2Cl6. 
Ammoniacal  AgN03  gives  an  egg-yellow  pp. ; 
reduction  takes  place  on  boiling.  Potash-fusion 
gives  protocatechuic  and  acetic  acids.  It  re- 
duces boiling  Fehling's  solution.  Sodium- 
amalgam  reduces  it  to  hydroferulic  acid 
C6H3(OMe)(OH).CH2.CH2.C02H  [90°]. 

Salts.— NH4A'aq  :  laminse.— KA'  (at  110°) ; 
straw-yellow  deliquescent  crystals. — AgA'. 

Acetyl  derivative 

C6H3(OMe)(OAc).CH:CH.C02H.  [197°].  Pre- 
pared by  boiling  a  mixture  of  acetyl-vanillin 
(5  pts.),  NaOAc  (5  pts.)  and  Ac20  (15  pts.)  for 
5  hours  (Tiemann  a.  Nagai,  B.  11,  650).  Vanil- 
lin may  be  used  instead  of  its  acetyl  derivative. 
Slender  needles,  v.  sol.  alcohol  and  ether,  si.  sol. 
water. 

Iso-femlic  acid   C10H1004   i.e. 
[4:3:1]  CtiH9(OMe)(OH).CH:CH.C02H.    Hespere- 
tic  acid.     [228°]. 

Formation.— 1.  By  the  action  of  Mel  and 
KOH  on  caffeic  acid  (Tiemann  a.  Nagai,  B. 
11,  654). — 2.  Together  with  phloroglucin  by 
boiling  hesperetin  with  dilute  NaOH. 

Properties. — White  needles  or  plates.  Sol. 
alcohol,  ether,  and  hot  water,  si.  sol.  cold  water, 
benzene,  and  chloroform,  insol.  ligroin. 

Reactions. — 1.  Fused  with  KOH  it  gives  pro- 
tocatechuic acid. — 2.  By  reduction  it  gives 
hydro-isoferulic  acid  [146°].  On  heating  it  gives 
C02  andhesperetol  {C6H3(OMe)(OH).CH:CH2}. 

Salts. — A/2Ca2aq:  sparingly  soluble  needles. 
— A'Ag :  slightly  sol.  pp.  The  salts  of  barium, 
zinc,  copper,  and  lead  are  also  sparingly 
soluble  pps. 

Methyl  ether  A'Me.  [79°].  Colourless 
needles.  Soluble  in  alcohol. 

Acetyl  derivative 

C6H3(OMe)(OAc).CH:CH.C02H.  [199°].  Colour- 
less plates.  Soluble  in  alcohol  and  ether,  in- 
soluble in  water.  On  oxidation  with  KMn04  it 
gives  isovanillic  acid. 

Methyl-isoferulic  acid 
CbH3(OMe)2.CH:CH.C02H.    7.  Vol.  i.  p.  659  (Tie- 
mann a.  Will,  B.  14,  955). 

FERULIC  ALDEHYDE  C10H1003  i.e. 
[3:4:l]C6H3(OMe)(OH).CH:CH.CHO.  [84°].  From 
its  glucoside  by  treatment  with  emulsin  at  35° 
(Tiemann,  B.  18,3484).  Yellow  needles.  SI.  sol. 
cold  water,  v.  sol.  alcohol,  ether,  and  benzene ; 
insol.  ligroin.  Combines  with  NaHSOg,  Its 
aqueous  solution  is  coloured  green  by  FeCl3,  and 
on  boiling  with  FeCl3  gives  off  an  odour  of 
vanilla. 

Glucoside  C16H2208  i.e. 
C6H3(OMe)(O.C(jH1105).CH:CH.CHO.  [202°]. 
From  the  glucoside  of  vanillin  by  treatment  with 
aqueous  NaOH  and  aldehyde  (T.).  Yellow 
needles  (containing  2aq)  (from  water).  SI.  sol. 
cold  water,  v.  sol.  alcohol,  insol.  ether,  chloro- 
form, and  benzene.  Lievorotatory. 


Oxim  of  the  glucoside 
C6H3(OMe)(OC6HM05)CH:CH.CH:NOH.     [163°]. 
Needles,  si.  sol.  cold  water,  m.  sol.  alcohol,  in- 
sol. ether. 

Phenyl  hydrazide  of  the  glucoside 
C6H3(OMe)(OC6H1105).CH:CH.CH:N2HPh.[212°]. 
Amorphous,  v.  sol.  alcohol,  v.  si.  sol.  water  and 
ether. 

FIBRIN  v.  PBOTEIDS  and  BLOOD. 

FIBRINOGEN  v.  PBOTEIDS. 

FIBRINOPLASTIN  v.  PBOTEIDS. 

FIBROIN  v.  PBOTEIDS,  Appendix  0. 

FICHTELITEC15H26orC15H28.  [46°].  (above 
320°).  A  fossil  resin  found  in  the  Fichtelgebirge. 
It  is  a  hydro-carbon  containing  from  87  to  88  p.c. 
carbon  (Trommsdorff,  A.  21,  126  ;  Bromeis,  A. 
37,  304;  Clark,  A.  103,236;  119,226;  Schrotter, 
P.  59,  37  ;  Hell,  B.  22,  498).  Monoclinic prisms. 
Insoluble  in,  and  lighter  than,  water ;  v.  si.  sol. 
alcohol,  v.  e.  sol.  ether.  With  halogens  it  gives 
products  by  substitution. 

FILICIC  ACID  C14H1605.  Isobutyryl-oxy- 
naphtho-quinone?  [180°  uncor.] ;  [185°]  (L.). 
Occurs  in  the  root  of  the  common  male  fern 
(Aspidium  Filix-mas)  from  which  it  may  be 
extracted  by  dry  ether.  After  a  few  days  the 
ether  deposits  the  acid  as  a  greenish-yellow 
powder,  which  may  be  purified  by  washing  with 
alcohol-ether  and  recrystallising  from  ether 
(Luck,  A.  54,  119 ;  B.  21,  3465 ;  Grabowski,  A. 
143,  279  ;  Daccomo,  C.  C.  1887,  1357 ;  B.  21, 
2962;  Paterno,  B.  22,  463).  Minute  lamina, 
insol.  water,  v.  si.  sol.  alcohol,  si.  sol.  ether,  v. 
e.  sol.  CS2,  ligroin,  and  terpenes.  After  fusion 
it  melts  at  150°  to  160°.  Its  solution  reddens 
litmus.  Potash-fusion  gives  butyric  acid  and 
phloroglucin.  Water  at  180°  gives  isobutyric 
acid  and  a  body  C20H,807.  KMn04  and  HN03 
(S.G.  1*4)  give  isobutyric  and  oxalic  acids.  Zinc 
dust  gives  a  body  C14H22On.— PbA'2 :  curdy  pp. 

Benzoyl  derivative  C21H2006.     [123°], 

Ethyl  ether  [142°].    Brick-red  crystals. 

Ethylene  ether.     [165°]. 

Propyl  ether.     [158°]. 

Phenyl-hydrazide  C14Hi60(N2HPh)4. 
[198°].  Bed  needles  (from  ether). 

Anilide  C,4H1504NHPh.    [140°]. 

Bromo-filicic  acid  C14H15Br05.      [122°]. 

Chlorofilicic  acid  C,4H15C105.  From  chlorine 
gas  and  solid  filicic  acid.  Amorphous.  Its 
alcoholic  solution  gives  with  lead  acetate  a  pp. 
of  PbA'2. 

Tri-chloro-filicic  acid  C14H13Ci,05.  Formed 
by  the  action  of  chlorine  on  filicic  acid  sus- 
pended in  water.  Amorphous. — PbA'2. 

FILTRATION.  The  separation  of  a  solid 
from  a  liquid  by  means  of  a  membrane  imper- 
vious to  the  solid. 

FISCIC  ACID.  C.  67-33  to  67-66 ;  H.  4-73 
to  5-08.  [204°].  A  substance  extracted  from 
the  Fiscia  parietina,  a  lichen  growing  abun- 
dantly in  Sicily  on  the  branches  of  shrubs.  Pre- 
pared by  heating  the  lichen  in  a  reflux  apparatus 
with  boiling  alcohol ;  the  black  residue  on  treat- 
ment with  ether  leaves  a  black  crystalline  re- 
sidue, which  is  frequently  recrystallised  from 
benzene  in  presence  of  animal  charcoal.  Yield 
small.  Forms  red-brown  crystals,  soluble  in 
potash  forming  a  rose-red  salt.  It  exhibits  con- 
siderable resemblance  to  chrysophanic  acid,  but 
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differs  from  it  in  composition  and  higher  melt- 
ing-point (Patern6,  G.  1882,  254). 

FISETIN  C^H.eO,,  (J.  Schmid,  B.  19,  1734  ; 
cf.  Koch,  B.  5,  285  ;  Bolley,  Bl.  [2]  2,  479).  This 
name  was  given  by  Chevreul  to  «  young  fustic,' 
the  yellow  colouring  matter  of  Fiset  wood  (the 
heart-wood  ofBhus  Cotinus,  a  species  of  sumach). 
It  occurs  as  a  glucoside  combined  with  a  tannin. 
Alkalis  or  acids  split  this  compound  up  into  the 
tannin  and  the  g  1  u  c  o  s  i  d  e  ('  f  ustin  ' ) .  The  glu- 
coside is  split  up  by  dilute  H2S04  into  fisetin  and 
a  sugar.  Fisetin  crystallises  from  alcohol  in 
small  lemon-yellow  prisms ;  and  from  HOAc  in 
yellow  prisms  (containing  6aq).  SI.  sol.  ether, 
benzene,  ligroin,  chloroform,  and  boiling  water, 
v.  sol.  alcohol.  It  begins  to  blacken  at  270°  but 
does  not  melt  below  360°.  It  may  be  sublimed  in 
small  needles.  Nitric  acid  oxidises  it  to  oxalic 
and  picric  acids.  H2S04  forms  a  sulphonic 
acid".  It  reduces  Fehling's  solution.  Alkalis  turn 
its  alcoholic  solution  brownish-red.  Potash- 
fusion  gives  protocatechuic  acid  and  phloro- 
glucin. 

Salt. — C23H14Na209 :  yellow  needles. 

Acetyl  derivative  C^H^AcA,-  [201°]. 
Needles,  si.  sol.  boiling  alcohol,  v.  sol.  chloro- 
form. 

Benzoyl  derivative  C23H10Bz609.  [185°]. 
Needles.  With  excess  of  BzCl  it  gives  a  com- 
pound [195°]. 

Glucoside  {(C6H,,06).C23H1205}20.  Fustin. 
[219°].  Obtained  as  above.  Needles;  v.  sol.  boiling 
water,  alcohol,  and  alkalis,  si.  sol.  ether.  Lead 
acetate  gives  a  yellow  pp.  Cupric  acetate  gives 
a  brown  pp.  FeCl3  produces  a  green  colour 
which,  on  addition  of  dilute  soda,  changes  through 
violet-blue  to  red. 

Ethyl  derivative  C23H10Et609.  [107°]. 
Long  pale-yellow  needles. 

Methyl  derivative  C23H10Me609.  [153°]. 

FIXED  AIR.  The  name  given  by  Black  to 
carbonic  anhydride  C02  (v.  vol.  i.  p.  691). 

FLAME  is  gas  or  vapour  raised  to  a  tempera- 
ture at  which  it  becomes  self-luminous.  The 
luminosity  depends  essentially  on  the  specific 
emissive  power  for  light  of  the  incandescent 
gas,  and  according  to  the  law  of  exchanges  is 
proportioned  to  the  power  of  the  gas  to  absorb 
the  same  kind  of  light  at  the  same  temperature. 
In  nearly  all  cases,  the  high  temperature,  and 
hence  the  flame,  is  the  result  of  chemical  energy, 
displayed  (in  the  great  majority  of  instances)  in 
the  combination  of  two  or  more  gaseous  sub- 
stances; hence  the  production  of  flame  is  in 
general  essentially  a  synthetical  process.  There 
are,  however,  cases  in  which  flame  is  produced 
by  the  breaking  up  of  a  complex  molecule  either 
into  simpler  forms  of  combination,  or  into  its 
elements,  as,  for  example,  in  the  flame  which  ac- 
companies the  destruction  of  nitrogen  trichloride 
where  no  combination  or  rearrangement  of  the 
constituent  elements  other  than  into  molecules 
takes  place.  Flames  of  this  character  are  in- 
variably '  solid,'  i.e.  they  are  wholly  composed  of 
glowing  particles,  and  are  wanting  in  the  internal 
structure  which  is  characteristic  of  all  ordinary 
flames.  Flames  of  the  synthetical  class  may, 
however,  be  «  solid  ' — such,  for  example,  are  the 
flames  of  intimate  mixtures  of  oxygen  and  hydro- 
gen, of  chlorine  and  hydrogen,  or  of  vapour  of 
carbon  disulphide  and  nitric  oxide.  In  these  cases 


the  chemical  combination  is  exceedingly  rapid ; 
the  heat  developed  is  great,  and  the  consequent 
molecular  vibration  is  so  intense  that  it  becomes 
explosive  in  character. 

According  to  Bunsen  (P.  A.  131,  161)  in  a 
mixture  of  carbon  monoxide,  or  hydrogen,  with 
oxygen  in  the  exact  quantity  needed  for  complete 
combination,  only  one-third  of  the  carbon  mon- 
oxide or  hydrogen  is  burnt  at  the  maximum 
temperature,  the  remaining  two-thirds  at  the 
high  temperature  (2558°-3033°)  having  lost  the 
power  of  combination.  If  an  indifferent  gas  is 
present  the  temperature  of  the  flame  is  reduced, 
and  larger  quantities  of  the  gases  combine  to- 
gether, as  much  as  half  the  amount  of  carbon 
monoxide  or  hydrogen  combining  within  a  range 
of  temperature  between  2471°  and  1146°. 

It  would  appear,  therefore,  that  gases  in 
combining  together  with  the  production  of  such 
an  amount  of  heat  as  to  produce  flame  unite 
per  saltum,  and  that  the  combustion  is  not  a 
continuous  uninterrupted  process.  Thus  in  the 
case  of  carbon  monoxide,  when  two  vols.  of  this 
gas  are  mixed  with  one  vol.  of  oxygen,  both 
ga.ies  at  0°,  and  the  mixture  is  ignited,  the 
temperature  is  raised  to  3033°,  and  two-thirds 
of  the  carbon  monoxide  is  left  unburnt ;  by 
radiation  and  conduction  the  temperature  is 
lowered  to  2558°  without  any  combustion  of  the 
carbonic  oxide  ;  at  a  little  below  this  point  com- 
bustion recommences,  and  the  temperature  is 
again  raised  to  2558°,  but  not  above  this  point. 
This  temperature  continues  until  half  the  carbon 
monoxide  is  burnt,  when  the  combustion  ceases, 
until  by  cooling  and  radiation  the  gaseous 
mixture  has  cooled  to  1146°,  and  these  alternate 
phases  of  constant  temperature  and  of  decreas- 
ing temperature  are  repeated  until  the  whole  of 
the  combustible  gas  is  burnt. 

Bunsen  has  also  determined  the  rate  of 
propagation  of  the  combustion  of  a  mixture  of 
oxygen  and  hydrogen,  and  of  carbon  monoxide 
and  oxygen,  mixed  in  the  exact  quantities  for 
complete  combustion.  In  the  oxyhydrogen 
mixture  the  velocity  of  inflammation  was 
34  metres  per  second ;  in  that  of  carbon  mon- 
oxide and  oxygen  it  was  less  than  1  metre  per 
second.  By  adding  to  the  mixture  increasing 
amounts  of  an  indifferent  gas  the  rate  is  rapidly 
diminished  until  the  progress  of  the  flame 
throughout  the  mass  may  be  followed  with  the 
eye. 

The  flames  with  which  we  are  ordinarily 
familiar,  as  that  of  a  candle  or  of  coal-gas,  are, 
however,  of  a  very  different  character  from  the  so- 
called  '  solid '  flames.  In  ordinary  flames  a  stream 
of  combustible  gas  comes  in  contact  with  atmo- 
spheric air  at  a  temperature  sufficiently  high  to 
effect  the  chemical  union  of  the  constituents  of 
the  gas  with  the  oxygen  of  the  air  with  the  con- 
sequent production  of  heat  and  light.  It  is 
obvious  that  this  union  can  only  take  place  at 
the  points  of  contact  between  the  air  and  the 
gas :  hence  such  a  flame  is  necessarily  hollow, 
its  internal  space  consisting  of  '  combustible ' 
gas  which  has  not  yet  come  into  contact  with 
oxygen  in  quantity  sufficient  to  burn  it.  The 
form  of  the  flame  for  any  particular  gas  will 
therefore  be  dependent  upon  the  mode  in  which 
the  gas  is  caused  to  issue  into  the  air,  and  this, 
in  its  turn,  is  controlled  by  the  character  of  the 
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jet  or  burner,  and  by  the  pressure  under  which 
the  gas  is  delivered. 

It  is  obviously  immaterial  so  far  as  the  pro- 
duction of  a  flame  is  concerned  whether  the  gas 
issues  into  the  oxygen,  or  the  oxygen  into  the 
'  combustible '  gas.  In  either  case  we  shall  have 
chemical  combination  occurring  at  the  point  of 
contact  of  the  two  gaseous  substances,  provided 
the  temperature  be  raised  to  that  of  ignition, 
and  a  flame  will  result  from  the  heat  of  combi- 
nation. In  this  way  chlorine  may  be  caused  to 
burn  in  hydrogen,  and  air  may  seem  to  burn  in 
coal-gas.  Hence  the  terms  '  combustible  '  and 
*  supporter  of  combustion '  as  applied  to  gases 
which  may  be  made  to  burn  in  each  other  have 
no  real  significance  ;  the  same  gas  may  appear 
to  be  '  combustible,'  or  '  to  support  combustion,' 
in  accordance  with  the  manner  in  which  it  is  pre- 
sented to  the  gas  with  which  it  combines  with 
the  production  of  sufficient  heat  to  give  flame. 

The  two  main  factors  which  determine  the 
interaction  of  two  gases,  which  are  susceptible 
of  chemical  change  when  mixed,  are  tempera- 
ture and  degree  of  condensation.  A  stream  of 
hydrogen  issuing  into  the  air  under  ordinary 
circumstances  does  not  ignite.  If,  however,  the 
air  or  the  hydrogen,  or  both,  be  raised  to  a 
sufficiently  high  temperature  just  prior  to  ad- 
mixture, chemical  union  will  be  initiated  and 
flame  will  result.  Hence  a  red-hot  wire,  or  the 
flame  of  a  taper,  or  electric  sparks,  cause 
the  hydrogen  to  burn ;  these  means  have  sufficed 
to  raise  the  temperature  of  the  gases  to  the 
point  at  which  chemical  combination  can  occur. 
The  union  of  oxygen  and  hydrogen  may,  how- 
ever, be  effected  at  a  low  temperature  under 
certain  conditions,  as,  for  example,  by  the '  cata- 
lytic '  action  of  platinum  or  palladium.  If  a 
perfectly  clean  piece  of  palladium  or  platinum 
foil  be  suspended  in  a  mixture  of  oxygen  and 
hydrogen  at  the  ordinary  temperature,  water  will 
be  seen  to  form  on  the  surface  of  the  metal  in 
rapidly  increasing  quantity,  the  metal  will  be- 
come hot  and  will  eventually  raise  the  tempera- 
ture of  the  gases  to  the  point  at  which  an  almost 
instantaneous  combination  will  occur,  and  flame 
and  explosion  will  result.  This  power  to  effect 
union  is  dependent  on  the  capacity  of  the  metal 
to  '  occlude  '  gas,  and,  as  Berliner  (W.  35,  791) 
has  shown,  it  is  more  efficacious  in  the  case  of 
palladium  than  in  that  of  platinum,  in  conformity 
with  Graham's  observations  of  the  relative 
'  occlusive '  capacities  of  the  two  metals  for 
hydrogen.  The  '  catalytic '  action  is  greatly 
augmented  by  increase  of  temperature,  which 
explains  the  rapidly  increasing  rate  of  formation 
of  water  and  the  eventual  explosion.  The 
occluded  hydrogen  at  the  ordinary  temperature 
combines  with  oxygen,  heat  is  developed,  and  this 
accelerates  the  union  of  fresh  quantities  of  the 
gases,  the  metal  is  thereby  rapidly  raised  in 
temperature,  and  eventually  brings  the  mixture 
to  the  point  of  inflammation.  Precisely  the 
same  principle  is  seen  at  work  in  the  well-known 
Dobereiner  lamp,  in  which  a  current  of  hydrogen 
is  caused  to  impinge  upon  a  small  quantity  of 
platinum-black  which  has  been  exposed  to  the 
air.  Under  the  influence  of  the  finely  divided 
metal  the  gases  combine  with  the  generation 
of  sufficient  heat  to  effect  the  ignition  of  the 
hydrogen  as  it  issues  into  the  air.  Dulong  and 


Thenard,  and  Turner  and  Henry,  have  shown 
that  copper  and  iron  turnings,  zinc  foil,  and  even 
charcoal,  will  bring  about  the  same  result,  al- 
though much  less  actively,  at  varying  tempera- 
tures up  to  the  boiling-point  of  mercury. 

Certain  gases  and  vapours  spontaneously  in- 
flame as    they  issue    into  the  air,   such,  for 
example,  are  boron  and  silicon  hydrides,  the  di- 
hydride  of  phosphorus,  thio-phosphoryl  fluoride, 
cacodyl,   zinc-ethyl,  &c.      Thus  too  acetylene 
1  spontaneously  inflames  in  chlorine,   and   sul- 
1  phuretted  hydrogen  in  chloric  oxide.    The  spon- 
taneous inflammation  may  in  some  cases  be  due 
to  the  fact  that  the  ignition-temperature  of  the 
,  mixture  is  as  low  as  that  of  the  ordinary  tem- 
;  perature  of  the  air,  or  that  the  temperature  has 
I  been  raised  to  the  ignition-point  by  a  preliminary 
!  reaction  between  the  substances.     The   spon- 
taneous inflammation  of  '  engine- waste,'  or  wool 
saturated  with  oil,  is  due,  in  the  first  instance, 
to  the  development  of  heat  attending  the  ab- 
sorption of  oxygen  from   the   air  by  the  oil. 
Oxygen  so  absorbed  by  oil  will  indeed  act  as 
energetically   as  if  occluded  by  platinum.     A 
woollen  rag  or  a  bit  of  blanket  sprinkled  with 
oil  and  suspended  in  a  mixture  of  sulphur  di- 
oxide and  air  will  rapidly  « tinder '  from  the 
formation  of  oil  of  vitriol. 

We  have  as  yet  no  very  exact  information 
concerning  the  ignition-temperatures  of  gases. 
The  experimental  difficulties  in  the  way  of 
carrying  out  such  determinations  are  very  con- 
siderable. A.  Mitscherlich  has  described  a 
method  (Fr.  16,  67)  of  ascertaining  the  ignition- 
point,  but  no  determinations  by  means  of  it  have 
yet  been  published.  It  is,  however,  certain  that 
:  the  ignition-temperatures  of  gaseous  mixtures 
are  as  a  rule  by  no  means  so  high  as  is  commonly 
supposed,  and  they  lie  within  extremes  of  tem- 
perature admitting  of  comparatively  easy  deter- 
mination. When  once  initiated,  the  continuance 
of  the  combination  of  unlimited  amounts  of  the 
I  constituents  of  a  combustible  mixture,  or  in  other 
I  words  the  continued  existence  of  a  flame,  depends 
primarily  upon  the  condition  that  the  combining 
gases  are  maintained  at  the  temperature  required 
i  to  bring  about  their  union.  Any  agency  or  con- 
dition which  lowers  the  temperature  below  this 
point  will  extinguish  the  flame.  A  coal-gas 
flame  is  extinguished  by  a  cold  mass  of  copper, 
and  a  candle  flame  by  a  helix  of  cold  copper  wire. 
The  metal  abstracts  sufficient  heat  from  the 
gases  to  lower  their  temperature  below  the  point 
of  combination.  If  the  metal  is  heated  prior  to 
its  introduction  into  the  flames  they  are  not 
extinguished. 

The  cooling  action  of  metal  is  made  use  of 
in  the  Hemming  safety- jet  used  for  burning 
mixtures  of  oxygen  and  hydrogen,  but  a  far 
more  important  application  of  it  is  seen  in  the 
Davy  safety-lamp.  This  is  simply  a  small  oil- 
lamp  surrounded  by  a  cylinder  of  wire  gauze. 
If  the  lamp  is  introduced  into  an  explosive 
mixture  of  fire-damp  and  air,  combination  occurs 
within  the  cylinder,  but  the  flame  is  prevented 
from  traversing  the  gauze  by  the  cooling  action 
of  the  metal.  Any  circumstance  which  causes 
the  gauze  to  become  hot,  or  which  prevents  it 
from  exerting  its  specific  cooling  action,  renders 
the  lamp  unsafe.  Thus  if  the  flame  impinges 
|  on  the  wire  gauze  so  as  to  heat  it  to  redness,  or 
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if  the  burning  lamp  be  held  in  a  current  of  air 
and  fire-damp  exceeding  in  velocity  six  feet  per 
second,  or  if  it  be  struck  by  a  sound  wave  of 
sufficient  intensity,  the  flame  will  pass  through 
the  meshes,  and  may  ignite  an  explosive  mixture 
on  the  outside  of  the  cylinder. 

A  flame  may  be  extinguished,  however,  in 
other  ways  than  by  the  cooling  action  of  metals, 
as,  for  example,  by  mixing  the  combustible  gases 
with  a  sufficiently  large  quantity  of  an  indif- 
ferent gas  which  will  act  by  absorption  of  heat, 
in  the  same  way  as  metal.  The  effect  even 
of  small  quantities  of  indifferent  or  chemically 
inactive  gases  in  lowering  the  temperature  of  a 
flame  is  very  marked,  and  is  well  illustrated  in 
the  different  characters  of  the  flame  of  hydrogen 
burning  in  air  and  in  oxygen.  In  extinguishing 
a  flame,  say  of  a  candle  or  coal-gas,  by '  blowing 
it  out,'  the  puff  of  air  acts  partly  by  suddenly 
scattering  the  glowing  gases  from  the  area  of 
supply  and  partly  by  its  cooling  action.  Al- 
though oxygen  is  essential  to  the  existence  of 
the  oxyhydrogen  flame,  it  is  readily  possible  to 
extinguish  the  flame  by  an  excessive  supply  of 
that  gas  within  the  jet.  The  power  which  an 
indifferent  gas  possesses  in  destroying  flame  has 
received  important  practical  applications  in  seve- 
ral fire-extinguishing  apparatuses. 

If  the  flame  of  a  candle  or  of  coal-gas  be 
closely  examined  it  will  be  seen  that  the  one  does 
not  touch  the  rim  of  the  burner  nor  the  other 
the  wick  (Blochmann,  A.  168,  345).  The  inter- 
mediate space  in  the  case  of  coal-gas  may  be 
increased  by  mixing  it  with  an  indifferent  gas, 
as  nitrogen  or  carbon  dioxide.  These  phenomena 
are  due  to  the  cooling  effect  of  the  wick  or  the 
burner.  Whenever  a  cold  object  touches  a  flame, 
a  dividing  space,  similar  to  that  noticed  between 
flame  and  burner,  is  observed,  the  size  of  which 
is  dependent  on  the  coldness  of  the  object  or  its 
specific  heat,  and  the  dilution  of  the  burning 
gas.  A  thick  metallic  wire,  brought  into  a  flame 
diluted  with  carbon  dioxide,  causes  a  clear  space 
around  itself,  which  increases  with  the  proportion 
of  the  indifferent  gas.  The  diluting  gas  lowers  the 
temperature  of  the  flame,  by  diffusing  the  heat 
needed  to  maintain  a  given  quantity  of  the  coal- 
gas  in  a  state  of  combustion  throughout  a  greatly 
increased  volume  of  gas.  If  the  temperature  of 
the  flame  is  already  low,  the  further  decrease 
resulting  from  the  introduction  of  the  cold  ob- 
ject suffices  to  cool  a  comparatively  large  extent 
of  gas  below  the  ignition-point,  and  hence  to  ex- 
tinguish the  flame  in  the  cooled  space. 

Earefaction  of  the  gases  prevents  the  con- 
tinuance of  combustion  by  retarding  combi- 
nation, whereby  the  temperature  of  the  gases 
sinks  below  that  necessary  to  effect  union. 
A  jet  of  hydrogen  issuing  into  rarefied  air 
gives  at  first  an  increased  size  of  flame,  but  it 
ceases  to  burn  when  the  air  is  rarefied  to  |th 
its  ordinary  pressure,  and  a  mixture  of  2  vols.  of 
hydrogen  and  1  vol.  of  oxygen  is  not  explosive 
when  rarefied  to  ^th  its  ordinary  density.  By 
mixing  oxygen  with  an  indifferent  gas  many 
phenomena  of  combustion  are  immediately  ar- 
rested, unless  oome  extrinsic  agency  is  at  work 
to  maintain  or  even  raise  the  temperature.  The 
combustion  of  iron  wire  in  oxygen  stops  almost 
immediately  when  the  glowing  metal  is  with- 
drawn into  the  air. 


On  the  other  hand,  instances  are  known  in 
which  sudden  rarefaction  will  produce  spon- 
taneous ignition  even  at  the  ordinary  tempera- 
ture. Thus  pure  phosphine  mixed  with  oxygen 
is  not  spontaneously  inflammable  at  ordinary 
temperatures  and  pressures,  but  on  suddenly 
expanding  the  mixture  it  inflames  with  explosive 
violence.  In  the  same  way  thiophosphoryl 
fluoride,  if  mixed  with  an  indifferent  gas  and 
thereafter  with  oxygen,  will  detonate  on  a  sudden 
diminution  of  the  pressure.  These  phenomena 
are  in  all  probability  connected  with  the  extreme 
instability  of  these  gases,  and  are  akin  to  the 
cases  of  decomposition  by  shock  which  have 
been  studied  by  Berthelot  and  others  (v.  EX- 
PLOSION). 

It  has  already  been  stated  that  the  form  of 
a  steady  continuous  flame  depends  upon  the 
mode  in  which  the  combustible  gas  issues  into 
the  air,  and  this  is  dependent  upon  the  form 
and  size  of  the  jet,  or,  in  the  case  of  a  candle, 
of  the  wick.  The  size  of  the  flame  from  gas 
issuing  at  a  constant  rate  is  dependent  on  the 
temperature,  pressure,  and  relative  diffusibilities, 
of  the  combining  substances.  By  increasing 
the  amount  of  oxygen  in  the  air  the  size  of  a 
flame  may  be  considerably  diminished.  This 
fact  is  well  illustrated  by  plunging  a  jet  of 
hydrogen  burning  under  constant  pressure  in 
air  into  oxygen  gas.  The  increased  size  of  the 
flame  under  ordinary  conditions  is  due  to  the 
fact  that  the  air  contains  only  one-fifth  of  its 
volume  of  oxygen ;  the  '  combustible '  gas  has 
to  seek,  therefore,  over  a  larger  area  for  the 
oxygen  required  for  combination.  The  size  of  a 
flame  is  also  necessarily  determined  by  the 
volume  of  oxygen  needed  for  the  complete  com- 
bustion of  the  inflammable  gas.  Thus  equal 
volumes  of  hydrogen  and  of  ethylene  passing 
through  the  same  jet  and  at  the  same  rate  into 
oxygen  will  give  flames  of  very  different  size  : 
the  hydrogen,  which  needs  only  half  its  volume 
of  oxygen  to  burn  it,  forms  a  much  smaller 
flame  than  the  ethylene,  which  requires  three 
times  its  volume.  On  the  other  hand,  oxygen 
burning  in  hydrogen  gives  a  larger  flame  than 
when  burning  in  marsh  gas  ;  in  the  former  case 
the  oxygen  needs  2  vols.  of  hydrogen  for  its 
combustion ;  in  the  latter  only  half  a  volume  of 
marsh  gas. 

The  temperature  of  flames  is  extremely  vari- 
able. Some,  like  that  of  sulphur  burning  in  air, 
are  comparatively  low ;  others  furnish  us  with 
some  of  the  highest  temperatures  of  which  we 
have  any  practical  knowledge.  The  temperature 
of  a  flame  depends  mainly  upon  the  heats  of 
combination  of  the  constituents  and  the  specific 
heats  of  the  products  of  combustion.  Flames 
which  depend  upon  the  presence  of  oxygen  are 
much  hotter  when  the  combustion  takes  place 
in  an  atmosphere  of  the  pure  gas  than  in  air. 
In  the  latter  case  the  oxygen  is  mixed  with  four 
times  its  volume  of  nitrogen,  which  plays  no 
part  in  the  chemical  reaction,  and  therefore 
contributes  nothing  to  the  heating  effect,  but  on 
the  contrary  abstracts  a  considerable  amount  of 
heat  from  the  products  of  combustion,  and 
thereby  lowers  the  temperature  of  the  glowing 
mass  of  gas.  Hence  sulphur  burning  in  oxygen 
gives  a  much  hotter  flame  than  when  burning 
in  air,  and  the  oxyhydrogen  flame  is  much  hotter 
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than  that  of  hydrogen  in  air.    The  effect  of  the 
indifferent  gas  in  lowering  the  temperature  is 
well  illustrated  by  the  following  numbers  given 
by  Bunsen  (P.  M.  [4]  34,  489). 
Flame  of  hydrogen  burning  in  air      .     2,024° 
oxygen   2,844° 

„    carbonic  oxide  burning  in  air     1,997° 
„  „  „  oxygen  3,003°. 

The  conditions  under  which  a  flame  is  produced 
not  only  modify  its  temperature,  but  also,  as  an 
effect  of  temperature,  its  colour.  Thus  the  pre- 
vailing tint  of  sulphur  burning  in  air  is  blue, 
and  the  mantle  is  comparatively  small  and  of  a 
violet  colour.  In  oxygen  the  flame  becomes 
hotter,  and  the  violet  colour  is  more  pronounced. 
Precisely  the  same  change  is  produced  by  heating 
the  air  or  by  burning  a  jet  of  heated  sulphur 
vapour.  Cold  carbonic  oxide  gives  a  blue  flame 
in  air,  but  it  becomes  yellowish-red  if  the  gas 
be  previously  heated. 

The  flame  of  a  candle,  whether  of  wax,  tallow, 
or  paraffin,  is  seen  to  consist  of  four  distinct 
cones,  which  are  comparatively  sharply  defined, 
and  which  are  rendered  evident  by  their  different 
appearance.  Immediately  surrounding  the  wick 
is  a  dark  inner  cone  consisting  of  unburnt  gases 
or  vapours  distilled  from  the  fatty  matter  raised 
by  the  capillary  action  of  the  wick  from  the  reser- 
voir of  melted  material  at  its  base.  Below  the 
inner  cone  is  a  light-blue  zone  of  small  area 
consisting  of  combustible  matter  from  the  wick, 
which  has  become  mixed  with  an  amount  of 
oxygen  sufficient  to  burn  it  completely  to  non- 
luminiferous  gases.  Surrounding  the  inner  cone 
is  a  bright  luminous  area,  from  which  the  greater 
part  of  the  light  emitted  by  the  flame  is  derived. 
This  area  constitutes  the  main  meeting-place  of 
the  combustible  gases  with  the  oxygen,  and 
hence  chemical  combination  is  here  most 
vigorous.  Surrounding  the  luminous  area,  which 
seems  to  constitute  the  greater  portion  of  the 
visible  flame,  is  an  envelope  or  mantle  of  a  faint 
yellowish  colour  and  of  feeble  luminosity ;  this 
consists  of  the  final  products  of  combustion  of 
the  constituents  of  the  luminous  cone  mixed 
with  atmospheric  air  heated  to  incandescence. 
Owing  to  the  intense  glare  of  the  luminous  cone 
the  feebly  luminous  mantle  is  not  readily  per- 
ceived, but  it  may  be  rendered  evident  by  holding 
a  piece  of  card  of  the  shape  of  the  flame  in  such 
a  manner  as  to  hide  the  luminous  cone,  when 
the  mantle  is  seen  lining  the  outer  edge  of 
the  cone.  The  fact  that  the  candle  flame 
is  hollow,  and  that  the  internal  cone  immedi- 
ately surrounding  the  wick  consists  of  compara- 
tively cold  unignited  gas  free  from  oxygen,  may 
be  demonstrated  by  thrusting  a  fragment  of 
burning  phosphorus  into  the  cone,  when  its  com- 
bustion ceases.  A  piece  of  stiff  thick  paper 
thrust  down  on  the  flame  to  the  level  of  the  dark 
internal  area  is  seen  to  be  charred  on  the  upper 
surface  in  the  form  of  a  ring ;  if  the  paper  be 
placed  simply  across  the  luminous  area  and 
above  the  dark  cone  the  charring  is  simply  a 
circular  patch. 

In  other  steady,  continuous  flames  these 
areas  or  zones  are  very  different  in  character 
and  in  number.  In  some  the  luminous  cone  is 
absent,  and  others  have  no  mantle ;  all  have,  of 
course,  the  dark  internal  cone,  and  the  majority 
have  an  area  corresponding  to  the  blue  zone  in 


the  candle  flame.  In  an  alcohol  flame  the  in- 
ternal cone  is  large,  owing  probably  to  the  ready 
volatilisation  of  the  combustible  vapour;  the 
luminous  cone  is  small,  and  the  mantle  seems 
to  be  largely  developed.  The  flame  of  carbon 
monoxide  consists  of  a  dark  internal  cone  of 
unburnt  gas  surrounded  by  a  yellowish-red 
mantle  somewhat  ill-defined  at  its  external  edge, 
and  at  the  base  is  a  comparatively  large  blue 
zone. 

Attempts  have  been  made  by  Hilgard  (A.  92, 
129),  Landolt  (P.  A.  99,  389),  Blochmann  (A. 
158,  295),  and  others,  to  study  the  nature  of  the 
chemical  process  in  flames  of  candles  and  of 
coal-gas,  by  aspirating  the  gases  from  different 
parts  of  the  flame  and  analysing  them.  Such  in- 
vestigations can  only  give  a  very  partial  concep- 
tion of  the  changes  which  occur  or  have  occurred 
in  the  different  areas  of  the  flame  owing  to  the 
intense  molecular  movements,  due  to  the  high 
temperature  and  specific  differences  of  diffusive 
power,  of  the  gaseous  constituents.  Nevertheless 
it  is  possible  to  obtain  some  idea  of  the  manner 
in  which  the  several  combustible  gases  in  such  a 
complex  mixture  as  that  of  coal-gas,  or  of  the 
gas  obtained  by  the  distillation  of  wax  or  tallow, 
behave  towards  oxygen,  and  to  trace  the  rates  at 
which  they  are  severally  burnt.  Thus,  broadly 
speaking,  it  is  found  that  of  these  gases,  the 
hydrogen  up  to  a  certain  point  is  most  rapidly  con- 
sumed, then  the  carbonic  oxide,  next  the  marsh 
gas,  while  the  heavy  hydrocarbons  burn  compara- 
tively slowly.  The  amounts  of  these  gases  burnt, 
and  especially  of  the  hydrogen  and  carbonic  oxide, 
are,  however,  modified  by  processes  of  dissocia- 
tion, and  by  the  mutual  action  of  the  products 
of  combustion  at  high  temperatures ;  at  very 
high  temperatures  water  vapour  and  carbon  di- 
oxide are  dissociated,  while  carbon  monoxide 
is  formed  by  the  action  of  separated  carbon  upon 
carbon  dioxide.  The  process  of  breaking  up 
the  hydrocarbons  is  one  of  gradual  degradation, 
the  higher  members  of  the  paraffin  series  being 
irobably  resolved  into  olefines  and  paraffins  of 


as  in  the  case  of  butane,  which  is  known  to 
be  resolved  into  ethane  and  ethylene, 
C4H10  =  C2H6+C2H4.  At  a  sufficiently  high 
temperature  ethylene  is  further  broken  up  as 
follows  : 

4  =  C2H6+C2H2 


On  the  other  hand,  at  high  temperatures  marsh 
gas  is  known  to  form  naphthalene  C,0H8  and 
acetylene  ;  while  at  still  higher  temperatures  it 
is  resolved  into  carbon  and  hydrogen. 

The  main  cause  of  the  luminosity  of  a  candle- 
flame,  and  indeed  of  all  our  ordinary  illumina- 
ting flames,  was  first  traced  by  Davy  as  the  out- 
come of  the  experiments  which  led  him  to  the 
invention  of  the  safety  lamp.  It  is,  to  use  his 
own  words,  '  owing  to  the  decomposition  of  a 
part  of  the  gas  towards  the  interior  of  the  flame, 
where  the  air  was  in  smallest  quantity,  and  the 
deposition  of  solid  charcoal,  which  first  by  its 
ignition,  and  afterwards  by  its  combustion,  in- 
creases in  a  high  degree  the  intensity  of  the 
light  '  (2V.  1817,  45,  77).  The  proofs  that  solid 
carbon  is  present  in  luminous  hydrocarbon  flames 
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are  the  following  (v.  especially  Heumann,  P.  M. 
1877). 

1.  Chlorine  causes  an  increase  in  the  lumi- 
nosity of  feebly -luminous  or  non-luminous  hy- 
drocarbon flames.      Since  chlorine  decomposes 
hydrocarbons  at  a  red  heat  with  separation  of 
carbon,  it  follows  that  the  increase  in  luminosity 
is  due  to  the  production  of  solid  carbon  particles. 

2.  A  rod  held  in  the  luminous  flame  soon  be- 
comes covered  on  its  lower  surface,  i.e.  the  surface 
opposed  to  the  issuing  gas,  with  a  deposit  of  soot. 
The  solid  soot  is  driven  against  the  rod.     If  the 
soot  existed  as  vapour  within  the  luminous  flame, 
its  deposition  would  be  due  to  a  diminution  of 
the  temperature  of  the  flame,  and  would,  there- 
fore, occur  on  all  sides  of  the  rod. 

3.  A  strongly  heated  surface  also   becomes 
covered  with  a  deposit  of  soot.     This  result  could 
not  occur  if  the  deposit  were  due  to  the  cooling 
action  of  the  surface. 

4.  The  carbon  particles  in  the  luminous  flame 
are  rendered  visible  when  the  flame  comes  in  con- 
tact with  another  flame,  or  with  a  heated  sur- 
face.   The  separated  particles  are  agglomerated 
into  larger  masses,  and  the  luminous  mantle  be- 
comes filled  with  a  number  of  glowing  points, 
giving  a  very  coarse-grained  soot. 

5.  The  transparency  of  a  luminous  flame  is 
no  greater  than  that  of  the  approximately  equally 
thick  stratum  of  soot  which  rises  from  the  flame 
of  burning  turpentine,  and  which  is  generally 
allowed  to  contain  solid  particles.    A  flame  of  ' 
hydrogen  made   luminous   with  solid  chromic  j 
oxide,  which  is  non-volatile,  is  as  transparent  as 
the  hydrocarbon  flame. 

6.  Flames  which  undoubtedly  owe  their  lu-  \ 
minosity  to  finely  divided  solid  matter  produce 
shadows  in  sunlight.    The  only  luminous  flames 
incapable  of  producing  shadows  are  those  con-  ' 
sisting  of  glowing  gases  and  vapours. 

7.  Luminous    hydrocarbon  flames  produce 
strongly  marked  shadows    in  sunlight ;    these 
flames,   therefore,  contain  finely  divided  solid 
matter.    This  solid  matter  must  be  carbon,  since 
no  other  substance  capable  of  remaining  solid 
at  the  temperature  of  these  flames  is  present 
(Heumann).     Moreover,  if  the  soot  in  luminous 
flames  is  present  as  vapour,  a  high  temperature 
after  condensation  should  again  cause  it  to  as- 
sume the  gaseous  condition,  but  soot  is  absolutely 
non-volatile  even  at  the  highest  temperatures. 

The  presence  of  solid  matter  is,  however,  not 
the  sole  cause  of  the  luminosity  of  a  candle  or 
hydrocarbon  flame,  since  a  small  portion  of  the 
light  is  derived  from  the  incandescence  of  the 
gaseous  matters.  Methane,  which  when  burning 
under  ordinary  conditions  gives  no  deposit  of 
soot,  still  affords  a  flame  of  considerable  illumi- 
nating power  (equal  to  5-2  candles  according  to 
Lewis  T.  Wright,  C.  J.  47,  200).  Bright  flames 
may  indeed  be  produced  without  the  interven- 
tion of  solid  matter.  Arsenic  burns  in  oxygen 
with  a  bright  flame,  although  the  product  of  the 
combustion  (arsenious  oxide)  is  volatile  at  the 
temperature  of  its  formation.  A  mixture  of 
nitric  oxide  and  carbon  disulphide  burns  with  a 
brilliant  light  although  no  separation  of  solid 
matter  occurs.  It  has  already  been  pointed  out 
that  substances  burning  in  oxygen  give  much 
hotter  flames  than  when  burning  in  air,  and  it  is 
also  found  that  the  flames  in  oxygen  are  much 


more  luminous  than  those  in  air.  Hence  the 
temperature  of  a  flame  very  considerably  affects 
its  light-giving  power.  E.Franklandhas  pointed 
out  the  connexion  between  the  luminiferous 
character  of  flames  and  the  density  of  their  con- 
stituents, as  is  exemplified  by  the  greater  illumi- 
nating power  of  a  hydrogen  flame  in  chlorine 
than  in  oxygen.  The  luminosity  of  a  flame  is 
increased  by  condensing  the  surrounding  atmo- 
sphere and  diminished  by  rarefying  it.  Boyle,  in 
1658,  minutely  described  the  appearance  of  a 
candle-flame  as  seen  under  diminished  pressure 
in  the  receiver  of  his  '  new  pneumatical  engine.' 
E.  Frankland  found  that  candles  give  much  less 
light  when  burning  at  the  top  of  Mont  Blanc 
than  in  the  valley  below,  although  the  rate  of 
combustion  is  not  much  affected  by  the  differ- 
ence in  the  density  of  the  air.  The  flame  of  ar- 
senic burning  in  oxygen  is  greatly  diminished  in 
brightness  by  rarefying  the  oxygen,  and  the  flame 
of  an  alcohol  lamp  increases  greatly  in  lumi- 
nosity when  burning  in  condensed  air.  Under  a 
pressure  of  10  atmospheres  the  flames  of  hydro- 
gen and  of  carbon  monoxide  become  very  bright 
and  give  continuous  spectra,  and  an  electric 
spark  increases  in  luminosity  with  the  density 
of  the  gaseous  medium  through  which  it  passes 
(Frankland,  Pr.  16,  419). 

Similar  observations  have  been  made  by 
L.  Cailletet  (A.  Ch.  [5]  6,  429),  who  found  that 
the  flames  of  candles,  sulphur,  potassium,  and 
carbon  disulphide,  but  not  of  phosphorus,  burned 
in  gradually  compressed  air  with  continually  in- 
creasing intensity  of  illumination  up  to  pressures 
of  35  atmos.  On  the  other  hand,  Wartha  (/.  pr. 
[2]  14, 84)  found  that  the  flame  of  a  stearin  candle 
burning  in  air  under  a  pressure  of  1'95  at.  is 
from  13  to  17*4  p.c.  less  luminous  than  when 
burning  in  air  of  ordinary  density.  At  the  higher 
pressure  candles  burn  with  a  dull  yellowish-red 
smoky  flame  fully  twice  as  long  as  that  of  the 
same  candles  burning  in  the  open  air.  Candles 
burning  at  a  constant  pressure  of  90  mm.  give 
a  large,  clear,  non-luminous  flame,  consisting  of 
an  inner  bluish-green  cone,  surrounded  by  a 
violet  zone,  and  inclosed  by  a  very  faint  violet 
mantle.  The  non-luminosity  of  flame  under  low 
pressures  was  supposed  by  E.  Frankland  to  be 
due  to  the  increased  mobility  of  the  oxygen 
molecules  in  the  rarefied  air  in  consequence  of 
which  they  were  able  to  penetrate  more  freely 
into  the  interior  of  the  flame.  According  to 
Wartha,  the  difference  is  to  be  attributed  to  the 
effect  of  the  pressure  on  the  dissociation-point 
of  the  burning  substance.  When  candles  are 
burned  in  air,  under  very  high  pressure,  the 
dissociation  of  the  hydrocarbons  takes  place  more 
rapidly  than  the  products  can  be  burned,  and  the 
flame  becomes  smoky ;  under  reduced  pressure 
the  reverse  is  the  case. 

A  comparatively  small  admixture  of  air  greatly 
impairs  the  illuminating  power  of  coal-gas.  Sil- 
limann  a.  H.  Wurtz  (Am.  S.  [2]  48,  40)  found 
that  on  adding  varying  quantities  of  air  to  a  coal- 
gas  having  an  illuminating  value  of  14-8  candles 
the  loss  of  light  was  as  follows  : 

Added  air  Percentage  loss  of  light 

3-00  p.c.  15-09 

4-96   „  23-83 

11-71   „.  41-46 

16-18  „  57-53. 
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On  adding  about  25  p.c.  of  air  the  illuminating 
power  diminished  84  p.c.  With  such  an  admix- 
ture coal-gas  burns  with  a  smokeless  and  practi- 
cally non-luminous  flame. 

It  has  been  shown  that  a  coal-gas  flame 
burning  in  air  becomes  non-luminous  by  pre- 
vious admixture  with  nitrogen,  hydrochloric 
acid,  carbon  dioxide  (Knapp),  carbon  monoxide, 
hydrogen  (Blochmann),  or  even  steam  (Sandow). 
P.  F.  Frankland  found  that  while  the  illumina- 
ting power  of  ethylene  was  diminished  after  a 
certain  point  by  admixture  with  ordinarily  non- 
luminous  combustible  gases,  the  loss  of  light 
depended  on  the  nature  of  the  diluent,  and  was 
greatest  with  carbonic  oxide  and  least  with  marsh 
gas.  An  admixture  of  the  combustible  gas  up  to 
40  p.c.  hardly  affects  the  illuminating  power  of 
the  ethylene  (C.  J.  45,  39).  Mixtures  of  oxygen 
with  ethylene  in  quantity  insufficient  to  form  an 
explosive  mixture  possess  a  greater  illuminating 
power  than  pure  ethylene.  By  the  addition  of 
carbon  dioxide,  nitrogen,  or  aqueous  vapour,  the 
illuminating  power  of  ethylene  is  diminished. 
These  gases  act  partly  by  dilution,  and  partly  by 
cooling;  the  cooling  action  is  proportional  to 
the  specific  heats  of  the  gases,  but  in  the  case  of 
carbon  dioxide  and  aqueous  vapour  it  is  aug- 
mented by  the  absorption  of  heat  which  takes 
place  in  the  dissociation  of  the  aqueous  vapour, 
and  in  the  reduction  of  the  carbon  dioxide  to 
carbon  monoxide  (P.  F.  Frankland,  C.  J.  45, 
236). 

Wibel  has  shown  that  a  mixture  of  coal-gas 
and  air,  which  when  burnt  under  ordinary  con- 
ditions is  non -luminous,  may  be  made  to  give  a 
luminous  flame  if  it  is  heated  previous  to  inflam- 
mation (B.  8,  226) ;  andHeumann  (A.  181,  129  ; 
182,  1  ;  183,  102 ;  184,  206)  has  proved  that  the 
luminosity  is  actually  due  to  the  added  heat,  and 
not  to  any  alteration  in  the  composition  of  the 
gaseous  mixture  in  consequence  of  the  heating. 

These  observations  have  an  important  bearing 
on  the  theory  of  the  flame  of  the  Bunsen  lamp. 
The  nature  of  the  chemical  changes  in  this  flame 
has  been  studied  by  Blochmann  (A.  168,  295). 
The  feebly  luminosity  of  the  Bunsen  flame  is 
due  (1)  to  a  rapid  oxidation  of  luminiferous  ma- 
terial to  gases  of  feebly  illuminating  power  by 
the  oxygen  in  the  admixed  air  ;  (2)  to  the  pre- 
sence of  diluting  gases  which  of  themselves  re- 
duce the  illuminating  power  ;  and  (3)  to  the  heat 
withdrawn  by  the  indifferent  gases,  as  nitrogen, 
and  the  products  of  combustion,  carbon  dioxide 
and  water.  The  loss  of  luminosity  is  not  due  to 
any  one  of  these  causes  acting  singly.  A  flame 
of  mixed  coal-gas  and  air  has  a  higher  tempera- 
ture than  that  of  the  undiluted  coal-gas,  but  it 
requires  a  still  higher  temperature  in  order  that 
a  separation  of  carbon  shall  occur. 

When  the  flame  of  a  Bunsen  lamp  retreats 
down  the  tube  and  burns  at  the  jet  at  the  bottom  j 
a  much  smaller  quantity  of  air  passes  into  the 
tube.     Under  normal  conditions  1  vol.  of  the 
gas  becomes  mixed  with  about  2|  vols.  of  air : 
when  burning  at  the  bottom  the  gas  becomes 
mixed  with  only  about  1£  vols.  of  air.  The  effect 
of  this  ^diminished  amount  of  air  is  a  large  in- 
crease in  the  amount  of  carbon  monoxide,  to- 
gether with  the  production  of  notable  quantities  | 
of  acetylene,  to  which  substances -the  extremely  j 
disagreeable  nature  of  the  gases  evolved  from  | 


the  burner  under  these  circumstances  is  due. 
(Compare  Thorpe  '  On  the  Theory  of  the  Bunsen 
Lamp,'  C.  J.  1877.  1,  627.)  T.  E.  T 

FLAVANILINE  C16H14N2  i.e. 
CMe:CH 


C.C6H4(NH2)  [1:4].  p-Amido-(Py.S)- 
phenyl-(Py.  \}-methyl-c[uinoline.  [97°]. 

Formation.  —  1.  By  heating  equal  mols.  of 
ortho-  andpara-amidoacetophenone  with  an  equal 
weight  of  zinc-dust  at  50°-100°  ;  the  yield  is  50 
p.c.  —  2.  By  nitration  and  reduction  of  flavoline. 
3.  By  heating  o  -  amido  -  acetophenone  to  230° 
with  ZnCl2.—  4.  By  the  action  of  acetyl  chloride 
on  aniline  sulphate. 

Preparation.  —  By  heating  acetanilide  with 
ZnCl2  for  several  hours  at  250°-270°,  the  melt 
is  dissolved  in  boiling  dilute  HC1,  sodium  ace- 
tate added,  and  the  product  salted  out  (0.  Fischer 
a.  Eudolph,  B.  15,  1500). 

Theory  of  formation  from  acetanilide.  At 
the  temperature  employed  the  acetanilide  under- 
goes isomeric  change,  being  converted  into  a 
mixture  of  o-  and^?-amido-acetophenone,  and  the 
latter  (as  shown  in  formation  1)  gives  the  dye- 
stuff  by  the  elimination  of  2H.20  from  two  mols. 
by  means  of  the  ZnCl2  : 


| 
OjC—  C6H4(NH2)      (Besthorn  a. 


0.  Fischer,  B.  16,  68). 

Constitution.  —  Contrary  to  the  earlier  sup- 
position, flavaniline  has  the  NH2  group  in  the 
para-  position  not  in  the  ortho-.  The  fact  that  a 
small  quantity  of  the  dyestuff  is  formed  by  heat- 
ing or^/io-amido-acetophenone  with  ZnCl2  at  250° 
must  be  due  to  an  isomeric  change  of  a  por- 
tion of  the  o-amido-acetophenone  into  _p-amido- 
acetophenone. 

Properties.  —  Long  colourless  needles.  Dis- 
tils undecomposed  at  a  high  temperature.  Sol. 
alcohol,  insol.  water.  Strong  di-acid  base.  The 
salts  form  a  splendid  yellow  dyestuff  of  green 
fluorescence.  By  the  action  of  nitrous  acid  it 
yields  flavenol. 

Salts.—  B"H2C12:  colourless  soluble  needles. 
—  B"HC1  :  yellowish-red  soluble  prisms.  — 
B'^Cl^PtGl,:  sparingly  soluble  crystalline  pp. 

Reactions.  —  It  cannot  be  reduced  to  a  hydride 
by  tin  and  HC1  ;  but  on  treatment  with  alcohol 
and  sodium  it  yields  a  fluid  base,  the  salts  of 
which  are  colourless,  and  forms  a  crystalline 
nitrosamine.  Heated  with  glycerin,  nitrobenzene 
and  H2S04  it  yields  a  methyl-diquinoline  [138°] 
(0.  Fischer,  B.  19,  1036). 

Reference.  —  Ethyl-flavaniline. 

Pseudo-flavanilin  C16H14N2  i.e. 
CH:CH 


i 

N=C.C6H3Me(NH2)  [1:3:4].  Amido-tolyl- 
quinoline.  [112°]. 

Preparation.  —  By  leading  oxygen  over  a 
mixture  of  quinoline  and  o-toluidine  hydro- 
chloride  heated  to  180°  on  platinised  asbestos 
"(Weidel  a.  Bamberger,  M.  9,  99). 

Properties.  —  Flexible,  hair-like  needles  (from 
water).  Converted  by  HN02  into  pseudo-flavenol 
ClfiH12NOH,  which  on  further  oxidation  gives 
quinaldinic  acid  C,0H7N02. 
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Salts.— B"H2CLj  :  long  needles.— B"HC1  : 
small  yellow  monoclinic  needles. — B''H2PtCl6. 

Acetyl    derivative    C18HI3AoN2.  [177°]. 

FLAVANTHRACENE-DI-SULPHONIC  ACID 
v.  ANTHRACENE-DI-STJLPHONIC  ACID  (flav-). 

FLAVENOL  C16H13NO  i.e. 
/CMe:CH 

C.H4< 

\N  =  C.CtiH4OH  [1:4].  [238°].  Formed 
by  the  action  of  nitrous  acid  on  flavaniline. 
Sublimable.  Colourless  iridescent  plates.  Sol. 
alcohol  and  aqueous  NaOH.  Has  both  phenolic 
and  basic  properties. 

Reactions. — On  distillation  with  zinc-dust  it 
gives  flavoline.  With  acetic  anhydride  it  forms 
a  substance  crystallising  in  needles  [128°],  which 
distils  undecomposed  (0.  Fischer  a.  Eudolph,  B. 
15,  1502).  On  oxidation  with  alkaline  KMn04 
it  is  converted  successively  into  lepidine-car- 
boxylic  acid,  picoline-tri-carboxylic  acid,  and 
finally  pyridine-tetra-carboxylic  acid  (0.  Fischer 
a.  Tauber,  B.  17,  2925). 

Salts  .—B'HCl x  :  long  colourless  soluble 
needles.  —  B'2H2S04X  :  colourless  needles.  — 
B'2H2Cl2PtCl4x  :  yellow  sparingly  soluble  needles. 

Acetyl  derivative  Ci6H12N(OAc)  :  long 
needles  or  small  plates  [128°]  (Besthorn  a. 
O.  Fischer,  B.  16,  69). 

Pseudo-flavenol  C]6Hi3NO  i.e. 
CH:CH 

N=C.CtiH3Me.OH  [196°]. 

Preparation. — From  pseudo-fl avaniline  by  the 
action  of  nitrous  acid  ;  oxy-pseudo-flavenol  [89°] 
and  nitro-pseudo-flavenol  are  also  formed.  It  is 
separated  from  these  by  shaking  with  ether, 
which  extracts  the  oxy- compound,  and  then 
ppg.  the  impure  pseudo-flavenol  by  CO2.  Crys- 
tallised from  absolute  alcohol. 

Properties. — Plates.  Sol.  hot  alcohol,  ether, 
benzene,  and  chloroform.  Oxidised  by  Cr03  to 
quinoline  (Py.  3)-carboxylic  acid  [157°].  It  is 
reduced  by  zinc-dust  to  the  base  pseudo- 
flavoline  C1(jHnN,  ortho-cresol,  and  quinoline. 
Tin  and  HC1  convert  it  into  a  tetrahydro-com- 
pound,  which,  when  fused  with  potash,  is  oxi- 
dised to  a-oxy-iso-phthalic,  ^-oxy-benzoic,  and 
salicylic  acids  (Weidel  a.  Baraberger,  M.  9,  99). 

Salts.— B'HCl  2aq:  pale  yellow  needles.— 
(B'HCl)2Ptd, :  yellow  crystalline  powder. 

Acetyl  derivative  C,6Hi2NOAc :  [106°] ; 
plates. 

Nitro-pseudo-flavenol  C16H12(N02)NO.  [160°]. 

FLAVINE    V.    Dl-AMIDO-BENZOPHENONE. 

FLAVOIDINE.  A  name  proposed  by  Meldola 
(C.  N.  50,  267)  to  denote  azo-  bases  of  the  form 
NH,E".N2.R"NH2,  isomeric  with  the  chryso- 
idines. 

FLAVOL    V.   Dl-OXY-ANTHRACENE. 

FLAVOLINE    v.     (Py.  3:l)-PHBNYL-M»ram*. 


QUINOLINE. 

FLAVOPTJRPURIN 


TRI-OXY-ANTHRA- 


QUINONE. 

FLAVOQUINOLINE  v.  (Py.  !)-METHYL- 
(Py.  3:  jB.3)-mQUiNOLiNE. 

FLTJAVIL  v.  GUTTA  PERCHA. 

FLUO-.  Use  of  this  prefix  applied  to  inor- 
ganic compounds :  for  fluo-salts  v.  the  salts  to 
the  name  of  which  fluo-  is  prefixed.  Thus, 
fluo-niobatcs,  fluo-silicates,  and  fluo-stannates 
•will  be  described  under  NIOBATES,  SILICATES, 


and  STANNATES,  and  these  salts  will  be  found 
under  the  general  headings  NIOBIUM,  SILICON, 
and  TIN.  M.  M.  P.  M. 

FLTJO-BENZENE  v.  FLUORO-BENZENE. 

FLTJOBENZOIC  ACID  v.  FLUOROBENZOIC  ACID. 

FLTJOBORIC  ACID  and  FLUOBORATES 
H2B204.6HF  and  M.BA.6HF  (v.  vol.  i.  p.  530). 

FLTJORANILINE  v.  FLUORO-ANILINE. 


(Fittig  a.  Liepmann,  B.  12, 164).  Idryl.  [110°]. 
(251°  at  60  mm.).  V.D.  6-64  (calc.  6-57). 

Occurrence. — In  coal-tar  (Fittig  a.  Gebhard, 
A.  193,  142).  Found  also  to  the  extent  of  3  p.c. 
amongst  the  solid  hydrocarbons  obtained  in 
Idria  in  distilling  mercury  from  its  ore  (Gold- 
schmiedt  a.  Schmidt,  M.  2,  1),  and  in  American 
petroleum  (Prunier,  Bl.  [2]  31,  293). 

Preparation. — Crude  pyrene  from  coal-tar  is 
converted  into  the  picric  acid  compound  by  treat- 
ment with  an  alcoholic  solution  of  picric  acid. 
The  picric  acid  compound  of  fluoranthene  is 
more  soluble  in  alcohol  than  that  of  pyrene. 
The  hydrocarbon  is  liberated  from  this  com- 
pound by  NH3,  and  is  recrystallised  from  alco- 
hol. Fluoranthene  may  also  be  separated  from 
pyrene  by  fractional  distillation  under  60  mm. 
pressure  when  pyrene  boils  10°  higher  (Fittig  a. 
Liepmann,  A.  200,  1). 

Properties.  —  Large  colourless  monoclinic 
plates  (from  dilute  alcohol)  a:b:c  =  1*495:1:1*025  ; 
0  =  82°  50';  or  thin  needles  (from  alcohol).  SI. 
sol.  cold,  v.  sol.  hot,  alcohol ;  v.  sol.  ether,  CS2, 
and  HOAc.  Warm  cone.  H2S04  dissolves  it, 
forming  a  blue  solution.  Its  picric  acid 
compound  C15H10C6H2(N02)3OH  [183°]  forms 
long  reddish-yellow  needles,  which  may  be  re- 
crystallised  from  alcohol  without  decomposition. 

Tri-chloro-fluoranthene  C,5H7C13.  [above 
300°].  Needles  (Goldschmiedt,  M.  1,  222). 

Di-bromo-nuoranthene  C)5H8Br2.  [205°]. 
From  fluoranthene  in  CS2  and  Br  (F.  a.  G.). 
Light-yellow  needles  (from  CS2). 

Tri-bromo-fluoranthene  CI5H.Br3.  From 
fluoranthene  in  HOAc  and  Br.  Needles.  Does 
not  melt  below  345°  (G.). 

Tri-nitro-fluoranthene  C15H.(NO2)3.  [above 
300°].  From  fluoranthene  and  fuming  HN03. 
Minute  yellow  needles.  Insol.  ordinary  solvents, 
sol.  hot  HNOS. 

Fluoranthene  dihydride  C15H12.  [76°].  From 
fluoranthene  by  treatment  of  its  alcoholic  solution 
with  sodium  amalgam,  or  by  heating  with  HIAq 
and  red  phosphorus  at  180°  (Goldschmiedt). 
Needles  (from  alcohol).  Its  picric  acid  com- 
pound CI5H12C6H2(NO,)3OH  [186°]  crystallises 
from  alcohol  in  red  needles. 


556 


FLUORA.  NTHENE. 


Fluoranthene  octohydride  C15H18.  (311°). 
From  fluoranthene,  HIAq,  and  red  phosphorus 
at  250°  (G.). 

Fluoranthene  disulphonic  acid  C15H8(S03H)2. 
From  fluoranthene  (1  pt.)  and  H2S04  (2  pts.)  at 
100°  (G.).  Unstable  syrup.  Potash-fusion  gives 
crystalline  C^H^^G0].—  KjA"  aq.—  CaA"4aq. 
—  BaA"2|aq:  m.  sol.  water.—  CdA"  2|aq.  On 
distilling  the  K  salt  with  KCy  and  fusing  the 
product  with  KOH  there  is  formed  the  carboxylic 
acid  C^HgCO.H  [165°]. 

Fluoranthene  -  quinone  C15H802.  [189°]. 
Formed,  together  with  a  large  proportion  of  di- 

C6H4X 
phenylene  ketone  carboxylic  acid  I         >CO 

CHH3/_C0.2H 

by  oxidising  fluoranthene  with  chromic  acid 
mixture  (F.  a.  L.).  After  removing  the  acid  by 
aqueous  Na2C03  alcohol  extracts  the  crystalline 
compound  C15H802(C15H10)2  [102°]  whence  aqueous 
NaHSO3  extracts  the  quinone.  On  addition  of 
HC1  to  the  solution  in  NaHS03  there  are  ppd. 
nearly  colourless  needles,  apparently  consisting 
of  the  hydroquinone  ;  these  are  converted  in 
great  part  into  the  quinone  during  recrystallisa- 
tion  from  alcohol,  or  more  quickly  by  oxidation 
with  FeCl3.  Small  red  needles  (from  alcohol)  ; 
m.  sol.  alcohol  and  HOAc. 


(a)-Di- 


phenylene-methane.  Mol.  w.  166.  [113°].  (c. 
302°)  (A.)  ;  (295°  i.  V.)  (F.  a.  S.).  V.D.  5-77 
(calc.  5-78). 

Occurrence.  —  In  the  portion  of  coal-tar  boil- 
ing between  300°  and  400°  (Berthelot,  A.  Ch.  [4] 
12,  222  ;  Barbier,  A.  Ch.  [5]  7,  472). 

Formation.  —  1.  From  diphenylene  ketone  by 
distilling  with  zinc-dust  (Fittig,  B.  6,  187  ;  Fittig 
a.  Schmitz,  A.  193,  134)  or  by  heating  with 
HIAq  and  amorphous  phosphorus  at  160°  (Graebe, 
B.  7,  1625).—  2.  By  passing  diphenyl-methane 
through  red-hot  tubes  (Graebe,  A.  174,  194).  — 
3.  From  diphenyl  and  CH2C12  under  the  influence 
of  A1C13  (Adam,  Bl.  [2]  47,  686).—  4.  By  distilling 
the  di-carboxylic  acid  with  lime  (Bamberger  a. 
Hooker,  B.  18,  1036).  —  5.  By  distilling  phenan- 
thraquinone  with  lime  (Anschiitz  a.  Schultz,  A. 
196,  44).  —  6.  By  heating  ellagic  acid  with  zinc- 
dust  in  a  current  of  hydrogen  (Earth  a.  Gold- 
schmiedt,  B.  11,  846). 

Preparation.  —  By  fractionally  distilling  the 
hydrocarbons  contained  in  coal-tar  about  20 
litres  of  a  portion  boiling  from  300°  to  320°  is 
collected  ;  this  is  solidified  by  cold,  pressed,  and 
redistilled;  a  fraction  290°  to  310°  (10  litres) 
is  then  obtained  by  distillation.  After  one  more 
distillation  the  fraction  295°  to  305°  is  recrys- 
tallised  successively  from  alcohol-benzene,  alco- 
hol, and  HOAc  (Barbier).  Still  further  purifica- 
tion may  be  effected  by  means  of  the  picric  acid 
compound. 

Properties.  —  Very  small  white  plates  (by 
sublimation)  exhibiting,  when  not  perfectly 
pure,  violet  fluorescence.  If  recrystallised 
several  times  from  alcohol  and  then  from  glacial 
acetic  acid  it  is  no  longer  fluorescent  (Hodgkin- 
son  a.  Matthews,  C.  J.  43,  163).  V.  sol.  ether, 
benzene,  CS2,  and  hot  alcohol,  si.  sol.  cold 
alcohol. 

Reactions.  —  1.  Boiling  with  Cr08  in  HOAc 


forms  diphenylene  ketone,  but  no  quinone. — 
2.  Potash-fusion  gives  di-oxy-diphenyl  [98°]  and 
other  products. — 3.  When  its  vapour  is  passed 
over  heated  lead  oxide  there  are  formed  two  hy- 
drocarbons, C26H14  and  C2fiH,6.  The  latter  forms 
red  trimetric  crystals  (from  90 Ac)  [183°]  (above 
360°) ;  gives  an  unstable  picric  acid  compound 
[178°] ;  and  is  reduced  in  alcoholic  solution  by 
sodium-amalgam  to  colourless  C26Hi8  [242°]  (De 
la  Harpe  a.  Van  Dorp,  B.  8,  1049).  The  hydro- 
carbon C28H14  forms  long  yellow  needles  (from 
benzene-alcohol)  [270°]. — 4.  When  fluorene  is 
passed  over  red-hot  Mn02  a  red  mass  is  obtained, 
and  if  this  be  freed  from  fluorene  by  heating  some- 
what above  300°  and  from  the  red  body  by  washing 
with  ether,  there  is  left  the  hydrocarbon  C26H1S 
j  [246°]  termed  '  para-difluoryl.'  It  forms  long 
thin  prisms,  v.  si.  sol.  cold  ether,  m.  sol.  hot 
HOAc.  It  decomposes  above  250°.  It  forms  a 
tetra-bromo-  derivative  [302°],  and  is  oxidised  by 
Cr03  in  HOAc  to  C26H1402  [255°].  Two  other 
hydrocarbons,  C26H,8,  appear  to  accompany  the 
one  described  [246°]  in  the  red  mass  (Hodgkin- 
son,  C.  J.  Proc.  1,  36).— 5.  Cone.  HIAq  (40  pts.) 
at  275°  forms  Ci3H28  (240°),  hexane  and  heptane 
being  also  formed  according  to  Berthelot  (A.  Ch. 
[5]  7,  510).— 6.  On  adding  the  calculated  quan- 
tity of  bromine  dissolved  in  CS2  to  a  solution  of 
fluorene  in  CS2  dibromo-fluorene  C13H8Br2  [167°] 
is  formed.  It  crystallises  from  CS2  in  mono- 
clinic  forms.  By  treatment  with  more  Br  in  the 
cold  there  is  produced  the  tri-bromo-fluorene 
C13H7Br3  [162°]  (v.  DI-BROMO-FLUORENE).  Brom- 
ine vapour  passed  into  a  cold  solution  of  fluorene 
in  CS2  forms  light-yellow  needles  of  C13H9Brs 
which  is  quickly  converted  by  alcoholic  KOH 
into  di-bromo-fluorene.  By  the  simultaneous 
action  of  bromine  and  KOH  on  fluorene  there  is 
formed  a  bromo-fluorene  [104°]  (Hodgkinson, 
C.  J.  Proc.  1,  36). — 7.  Chlorine  passed  into  a 
solution  of  fluorene  in  CS2  forms  C13H8C12  [118°] 
and  C13H7C13  [147C]  (v.  DI-CHLORO-FLUORENE). — 
8.  A  mixture  of  fuming  nitric  acid  and  HOAc  forms 
nitro-fluorene  C13H9(N02)  [154°]  and  di-nitro- 
fluorene  C,3H8(N02)2  [201°]  (v.  NITRO-FLUORENE). 
The  former  may  be  reduced  by  tin  and  HC1  to 
jp-amido-fluorene  [125°],  which  crystallises  in 
needles  and  forms  an  acetyl  derivative  [188°] 
(Strasburger,  B.  17,  108).  Di-amido-fluorene 
C13H8(NH2),  [157°]  is  obtained  by  distilling  di- 
amido-diphenic  acid  with  lime ;  its  acetyl  deriva- 
tive [250°]  crystallises  in  leaflets  (Schultz,  A. 
203,99).— 9.  Treated  with  phenyl-acetic  chloride 
and  A1C13  it  gives  the  ketone  C13H9.CO.CH2.C6H5 
[156°]  which  crystallises  in  small  tables,  si.  sol. 
cold  alcohol  and  ether  (Piipcke,  B.  21,  1341). 
This  ketone  is  converted  by  benzyl  chloride  and 
NaOEt  into  C13H9.CO.CHPh.CH2C6H5  [150°] 
which  crystallises  from  alcohol  in  slender 
needles. 

Picric  acid  compound 
C13H10C6H,(N02)3OH.   [82°].  Obtained  by  adding 
picric  acid  to  an  ethereal  solution  of  the  hydro- 
carbon.    Eeddish-brown  prisms.    Decomposed 
by  boiling  with  water  or  alcohol. 

Picryl  chloride  compound 
C^H.oCgS^NO^Cl.      [70°].       Orange    needles 
(Liebermann  a.  Palm,  B.  8,  377). 

Fluorene  sulphonic  acid  *  C^HgSOjjH.  From 
fluorene  in  CHC13  and  C1S03H  (Hodgkinson  a. 
Matthews,  C.  J.  43,  166).  Gummy.  V.  sol. 
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water.  Fused  with  KOH  at  a  little  above  400° 
it  forms  two  tri-oxy-diphenyls  (q.  v.),  for  not 
only  is  S03H  displaced  by  OH  but  CH2  is  dis- 
placed by  2(OH). 

Salt  s.—  KA'  :  minute  cubes.  —  BaA'22aq. 
—  CdA'26aq. 

Isomeride    of   fluorene.  —  Di  -  PHENYLENE- 

METHANE. 

FLUOEENE    ALCOHOL    v.     DI-PHENYLENE 

CABBINOL. 

FLUOEENE  CAEBOXYLIC  ACID 

XC6H4 

CH./  |  Fliwrenic     acid. 

\C6H3.C02H    [3:2:1]. 

[246°].  Formed  by  reducing  diphenylene  ketone 
carboxylic  acid  with  sodium-amalgam  (Fittig  a. 
Liepmann,  A.  200,  13).  Small  crystals  (from 
alcohol).  May  be  sublimed.  SI.  sol.  boiling 
water,  v.  sol.  hot  alcohol.  Gives  fluorene  when 
distilled  with  lime.  Alkaline  permanganate 
oxidises  it  to  diphenylene  ketone  carboxylic 
acid. 

Salts.  —  BaA'23aq:  glittering  scales,  si.  sol. 
water.—  CaA'22iaq:  hard  white  needles. 

Ethyl  ether  EtA'.  [54°].  Colourless 
prisms,  v.  sol.  hot  alcohol. 

Fluorene  carboxylic  acid 
/C.H4 
CH/I 

XJA.OO.H  [2:3:1].  [175°].  From  diphenyl 
o-carboxylic  acid  by  successive  treatment  with 
PC15,  alcohol,  and  zinc  and  HOAc  (Graebe  a. 
Aubin,  A.  247,  257).  V.  sol.  alcohol,  ether,  and 
HOAc. 

Methyl  ether  MeA.'.     [64°]. 

Fluorene-di-carboxylic  acid  C13H8(C02H)2. 
Formed  by  reduction  of  diphenylene-ketone-di- 
carboxylic  acid  with  sodium-amalgam  in  the 
cold,  si.  sol.  alcohol,  ether,  and  HOAc.  On  dis- 
tillation with  lime  it  gives  fluorene  (Bamberger 
a.  Hooker,  B.  18,  1036;  A.  229,  161).—  Ag-jA". 

FLUOEESCElC  ACID  C20H1406  i.e. 

CO.H.O 

maybe  looked  upon  as  the  anhydride  of  this  acid  ; 
but  the  acid  itself  is  not  known  in  the  free  state. 
Its  tetra-bromo-  derivative  C20H1?Br406  is  a  red- 
dish-yellow pp.,  obtained  by  acidifying  the  pro- 
duct of  the  action  of  cone,  aqueous  KOH  upon 
eosin.  Its  di-nitro-  derivative  is  obtained  in  like 
manner  from  di-nitro-fluorescein,  and  forms  red 
crystals  (from  alcohol). 

FLUOEESCEIN  C20H1205  i.e. 

[1:4:6].      Anhy- 


dride  of  tetra-oxy-di-phenyl-phthalide.  Anhy- 
dride of  tetra-oxy-tri-phenyl-carbinol  carboxylic 
acid.  Mol.  w.  332.  Formed  by  heating  phthalic 
anhydride  (5  pts.)  with  resorcin  (7  pts.)  at  200°, 
until  the  mass  gets  viscid  ;  the  product  is  boiled 
with  water,  washed  with  alcohol,  dissolved  in 
aqueous  alkali,  and  ppd.  as  a  yellow  powder  by 
an  acid  (Baeyer,  B.  4,  658  ;  A.  183,  1).  Accord- 
ing to  Mulhauser  (D.  P.  J.  263,  49)  phthalic  an- 
hydride (17-g-  kilos.)  is  added  with  stirring  to 
melted  resorcin  (25  kilos.),  and  after  heating  for 
1|  hours  at  180°  the  reaction  begins,  and  lasts 
for  40  minutes.  Eesorcin  and  di-oxy-toluene 
C6Hs(OH)2Me[l:3:4]  give  with  phthalic  anhy- 
dride fluorescent  derivatives,  while  orcin, 
C6H3(OH)2Me[l:3:5]  does  not.  Hence,  to  form  a 


fluorescent  body  the  phthalic  acid  residue  must 
probably  go  into  the  position  5. 

Properties.  —  Dark-red  prisms  (from  alcohol). 
SI.  sol.  hot  water,  more  sol.  dilute  acids.  When 
freshly  ppd.  it  is  v.  sol.  alcohol  and  ether,  but 
in  the  crystallised  state  it  dissolves  only  on  boil- 
ing. V.  sol.  hot  HOAc,  nearly  insol.  benzene 
and  chloroform.  The  ethereal  solution  is  pale- 
yellow,  and  not  fluorescent  ;  the  alcoholic  solu- 
tion exhibits  green  fluorescence.  Fluorescem 
dissolves  readily  in  aqueous  alkalis,  the  solution 
exhibiting  when  dilute  a  splendid  yellowish  - 
green  fluorescence.  It  also  dissolves  in  alkaline 
carbonates,  baryta,  and  lime-water.  Fluorescem 
begins  to  decompose  at  290°.  It  dyes  silk  and 
wool  yellow;  but  it  has  little  tinctorial  value, 
although  it  is  the  starting-point  for  the  eosin 
colouring  matters,  which  are  derived  from  it  by 
displacement  of  hydrogen  by  Br,  I,  N02,  &c. 
On  adding  alcoholic  NH3  to  an  ethereal  solution 
of  fluorescem  a  reddish-yellow  pp.  is  formed, 
which,  however,  loses  NH3  on  drying. 

Reactions.  —  1.  Boiling  with  aqueous  NaOH 
and  zinc-dust  decolourises  it.  On  adding  an  acid 
and  shaking  with  ether  fluorescin  C20HU06,  or 

,  is  dissolved;  on 


evaporation  it  is  left  as  a  varnish.  Its  alkaline 
solution  is  readily  reoxidised  to  fluorescein.  — 
2.  Fusion  with  caustic  NaOH  forms  resorcin  and 
the  acid  C14H1006  or  C02H.C6H4.CO.CtiH3(qH), 
[200°],  which  on  further  fusion  splits  up  into 
C02,  resorcin,  and  benzoic  acid.  —  3.  Cone.  H2SO, 
forms  a  compound  C20H1205S03  [140°-150°], 
which  is  resolved  by  warm  water  into  its  compo- 
nents. —  4.  Boiling  with  H2S04  for  some  time 
forms  resorcin-coerulin,  which  is  ppd.  by  water 
in  dark-red  flakes,  and  dissolves  in  alkalis,  form- 
ing a  greenish-blue  solution.  —  5.  Bromine,  in 
HOAc,  forms  di-bromo-fluorescein  C20HIOBr205 
[260°-270°]  and  eosin  C20H8Br405.—  6.  Aqueous 
NH3  when  heated  with  it  for  8  hours  forms  thick 
orange  monoclinic  prisms  and  tables  of 
C20H15N302  which  is  a  direct  yellow  dye  for  wool. 

It  is  probably 

(E.  Meyer  a.  Oppelt,  B.  21,  3376). 

Metallic  derivatives  CaC20H]0054aq. 
Obtained  by  boiling  fluorescein  with  water 
and  CaC03  (Schreder,  B.  11,  1342).  Slender 
reddish-brown  needles  with  green  lustre.  — 
BaC20H1005  9aq  :  crimson  plates. 

Acetyl  derivative  C20H,0Ac205.  [200°]. 
Needles  (from  alcohol-acetic  acid).  SI.  sol.  alco- 
hol, v.  sol.  HOAc,  insol.  ether,  benzene,  and 
chloroform. 

Benzoyl  derivative  C20H10Bz205.  [215°]. 
Crystals  (from  acetone)  ;  si.  sol.  alcohol  and  ether. 

Ethyl  derivative  C^H.^tO.^  [156°]. 
From  fluorescein,  KOH,  and  alcoholic  EtBr  at 
120°.  Pale-yellow  needles  (from  ether)  ;  v.  sol. 
alcohol,  chloroform,  and  benzene  ;  insol.  dilute 
alkalis. 

Di  -ethyl  derivative  C.20H,0Et205.  Not 
formed  by  the  action  of  EtBr  on  potassium 
fluorescein,  but  sparingly  formed  by  the  action  of 
EtI  on  the  silver  derivative.  Pale-yellow  plates 
(from  alcohol)  ;  si.  sol.  ether  and  alcohol  ;  the 
alcoholic  solution  shows  a  vivid  yellow  fluores- 
cence. Not  dissolved  by  dilute  alkalis,  but  split 
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up  into  alcohol  and  fluorescei'n  by  cone.  KOHAq 
or  H.,S04. 

Chloride  C20H1003C12.  [252°].  From  fluor- 
escein  (1  mol.)  and  PC15  (2  mols.)  at  100°. 
Prisms  (from  toluene-alcohol).  V.  sol.  hot  benz- 
ene and  toluene,  si.  sol.  alcohol  and  ether.  Not 
affected  by  aqueous  or  alcoholic  KOH,  but  de- 
stroyed by  potash-fusion.  Water  and  slaked 
lime  at  230°  reconvert  it  into  fluorescein.  Be- 
duced  in  alcoholic  solution  by  NaOH  and  zinc- 
dust  to  C20HJ2C1203  [226°].  Sol.  alcohol,  benzene, 
ether,  and  acetone  (Drewsen,  A.  212,  351).  Fum- 
ing HIAq  at  150°  gives  C20H1203I2,  which  crystal- 
lises from  alcohol  in  plates  [230°].  Sol.  dilute, 
but  insol.  cone.,  KOHAq. 

References.  —  DI-BROMO-,  DI-BEOMO-DI-NITRO-, 
CHLOBO-,  DI-CHLOBO-TETBA-IODO-,  and  NITBO-FLU- 
ORESCEIN. 

Homofluorescein  (so-called)  C23Hi805.  Pre- 
pared by  the  action  of  chloroform  and  NaOH 
on  orcin  (Schwarz,  B.  13,  543).  Bed,  metallic  - 
green  needles  or  plates.  SI.  sol.  water,  alcohol, 
and  cold  acetic  acid,  insol.  ether,  benzene,  and 
ligroin.  Its  dilute  alkaline  solutions  have  a 
strong  green  fluorescence.  It  is  a  weak  dibasic 
acid.  The  sodium  salt  forms  fine  yellowish-red 
needles,  sol.  water  ;  the  barium  salt  red  needles 
or  scales,  and  the  silver  salt  a  dark-red  powder. 
Its  substitution-products  dye  wool  and  silk  vari- 
ous shades  of  yellow  and  red. 

Tetra-acetyl  derivative 
C23H140(OAc)4  +  2H20  ?    Amorphous  powder  or 
brownish-yellow  plates.  Insol.  water,  sol.  alcohol. 

Tetra-bromo-homo-fluoresce'in 
C23H14Br405.     Brown  leaflets.     Sol.  alcohol.— 
NaCo9Hi3Br405  4aq  :  microscopic  red  needles,  sol. 
NaOHAq. 

Tri-iodo-homofluoresce'in  C23Hi5I305. 
Microscopic  red  crystals.  —  NaC23H1405I3.  Bed 
microscopic  needles,  sol.  hot  water  and  dilute 
alcohol,  insol.  NaOHAq. 

Hex  a  -nitro-oxy-  homo  fluorescein 
C23H12(N02)606  aq.       Beddish-yellow       leaflets. 
Formed  by  nitration  of   homofluoresceiin.    By 
boiling  with  aqueous  NH3  it  forms   the   acid 


u,  and  by  the  action  of  KCN  the  acid 
C25H14N80J7.  The  nitrate  is  a  yellowish-red  crys- 
talline powder,  explodes  at  180°,  sol.  alcohol.  — 
A'Na  and  A'Ag.  Small  red  leaflets. 

Hexa-amido-oxy-homofluoresce'in 
C23H,2(NH2)606.    Colourless  microscopic  crystals. 
Produced  by  reduction  of  the  hexa-nitro-  com- 
pound. 

Hex  a-nitro  -homo  fluoresce'in-cyamic 
acid  C25HI4N9017  aq.  Crystalline  powder. 
Sparingly  sol.  water  and  alcohol.  Formed  by 
the  action  of  KCN  on  the  hexa-nitro-  compound. 

—  A"K2.    Fine  yellow  soluble  needles. 

Compound  C23H14N?016.  Beddish-yellow 
powder.  Formed  by  boiling  the  nitrate  of  the 
hexa-nitro-  compound  with  aqueous  NH3. 

—  A"(NH4)2.     Beddish-yellow    scales   or   small 
yellow  needles  (Schwarz,  B.  13,  543). 

FLTJORESCEIN  CAEBOXYLIC  ACID 
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Prepared  by  heating  resorcin  with  trimellitio 
anhydride  (Schreder,  B.  11,  1340).  Yellow 
amorphous  powder  ;  v.  si.  sol.  water  and  HOAc, 
V.  sol.  alcohol,  ether,  and  benzene.  The  metal- 


lie derivatives  Ba3A'"2  and  Ca3A'"2  are  red  amor- 
phous  powders. 

Acetyl  derivative  C21H10Ac207:  yellow 
flocculi. 

Di-bromo-  derivative  C21Hi0Br207 :  red 
needles. 

Tetra-bromo-  derivative  C21H8Br407: 
red  amorphous  powder. — K3C21H5Br407. 

FLUORESCEIN-SULPHONIC  ACID 
C29HU05(S03H).  Beddish-yellow  needles  or 
prisms.  Easily  soluble  in  alcohol  and  hot  water, 
less  readily  in  cold  water,  insoluble  in  ether.  Its 
aqueous  solution  is  yellow,  with  a  slight  fluores- 
cence ;  the  alkaline  solution  possesses  a  powerful 
green  fluorescence.  Obtained  by  heating  ()8)-sul- 
phophthalic  acid  with  resorcin.— A' "2Ca3.  Bed 
solid,  very  soluble  in  alcohol  (Graebe,  B.  18, 
1129). 

FLUORHYDRIC  ACID.  HF.  (Hydrofluoric 
acid.  Hydrogen  fluoride.)  Mol.  w.  20.  [-92-3°] 
(Olszewski,  M.  7,  371).  (19-44°)  (Gore,  Pr.  17, 
256).  S.G.  g|g  -9879  (Gore,  I.e.).  V.D.  c.  10  at 
100°  (Gore,  Fr.  1869. 173) ;  19-6  at  30-5°  (Mallet, 
Am.  3,  189) ;  25-6  at  26-4°,  10-3  at  88-3°  (Thorpe 
a.  Hambly,  C.  J.  Trans.  1888.  765  ;  1889.  163). 
Vapour  pressure  at  15°  =  394  mm.  (Gore). 

Schwankhardt  observed  in  1670  that  glass 
could  be  etched  by  fluorspar  and  sulphuric  acid ; 
Scheele,  in  1771,  recognised  that  this  etching 
Was  due  to  the  formation  of  an  acid  from  the 
fluorspar ;  Wenzel  prepared  the  acid  fairly  pure ; 
Gay-Lussac  and  Th6nard,  in  1810,  examined  its 
properties  ;  and  Ampere  suggested  that  the  acid 
was  not  an  oxygen  compound.  Gore,  in  1868, 
obtained  the  pure  acid. 

Formation. — 1.    By    decomposing    calcium 
fluoride  (fluorspar)  by  sulphuric  acid. — 2.  By 
heating  acid  potassium  fluoride,  KHF2.— 3.  By 
!  the  reaction  of  dry  H2S  with  PbF2.— 4.  By  heat- 
ing AgF  in  a  stream  of  H. 

Preparation. — 1.  200  grams  dry  KHF2  are 
heated  in  a  Pt  retort  so  long  as  moisture  comes 
off  ;  the  neck  of  the  retort  is  then  connected  with 
a  small  condenser  made  of  Pt,  the  joint  being 
made  tight  by  molten  sulphur ;  this  condenser 
is  filled  with  a  freezing  mixture,  more  of  which 
can  be  supplied  by  a  specially  arranged  charging 
apparatus  ;  the  condenser  ends  in  a  small  Pt 
flask,  from  the  neck  of  which  a  long  Pt  tube 
passes  upwards.  On  continued  heating  the  KHF2 
is  decomposed  to  KF  +  HF  ;  the  HF  is  condensed 
and  received  in  the  Pt  flask ;  the  air  in  the  ap- 
paratus escapes  through  the  Pt  tube,  the  length 
of  which  prevents  the  entrance  of  moisture.  The 
figure  shows  the  arrangement. — 2.  Approximately 


pure  liquid  HF  may  be  prepared  by  gently  heat- 
ing a  mixture  of  pure  cone.  H2S04  with  so  much 
powdered  CaF2  (free  from  silica)  that  the  whole 
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remains  quite  liquid,  in  a  Pt  retort  connected 
with  a  small  Pt  flask  or  U  tube  surrounded  by  a 
freezing  mixture. — 3.  An  aqueous  solution  of 
HF  is  prepared  by  heating  together  powdered 
CaF?  and  cone.  H2S04  in  a  leaden  retort,  and 
leading  the  gas  into  water  in  a  vessel  of  Pt  or  Pb 
kept  cold  by  ice  (for  description  of  the  apparatus 
v.  Brieglieb,  A.  Ill,  380).  Commercial  HFAq 
may  be  purified  by  passing  H2S  into  it,  adding 
enough  K,C03  to  saturate  the  H2S04  and  H2SiF6 
present,  decanting  from  the  pp.,  removing  H2S 
by  AgC03,  filtering  and  distilling  from  a  retort 
of  Pb  or  Pt  (Gore,  I.e.).  The  aqueous  acid  is 
kept  in  bottles  made  of  gutta  percha. 

Properties. — A  colourless,  very  mobile  liquid, 
which  fumes  in  the  air  and  absorbs  water  very 
rapidly.  Burns  and  inflames  if  let  fall  on  the 
skin.  The  vapour  is  very  irritating  and  very 
poisonous.  The  anhydrous  acid  should  be  kept 
in  Pt  flasks  with  tight-fitting  Pt  caps  covered 
with  paraffin.  Solidifies  at  — 102-5°  and  lique- 
fies again  at  -92-3°  (Olszewski,  M.  7,  371).  A 
cone,  aqueous  solution  of  HF  is  a  colourless, 
strongly  acid  liquid,  which  fumes  in  the  air; 
when  distilled  at  760  mm.  HF  is  evolved  and  a 
liquid  remains,  containing  36-38  p.c.  HF  ;  when 
this  acid  is  kept  in  contact  with  chalk  for  a  little 
the  liquid  then  contains  32-5-32-7  p.c.  HF  ;  when 
dilute  HFAq  is  distilled  at  760mm.  water  is 
evolved  until  the  liquid  contains  32-2-32-4  p.c. 
HF,  when  the  composition  remains  constant 
(Koscoe,  C.  J.  13, 162).  S.G.  of  HFAq  35-9  p.c. 
HF  =  1-15;  S.G.  of  most  cone.  HFAq  =  1-06. 
Bineau  regarded  the  acid  of  35-9  p.c.  as  a  hydrate 
HF.2H20,  but  Koscoe's  observations,  which  show 
that  composition  varies  with  pressure,  render 
the  existence  of  a  definite  hydrate  improbable. 
When  HFAq  is  neutralised  by  soda  much  heat 
is  produced;  [HFAq,NaOHAq]  =  16,272  (Th. 
1, 157).  Addition  of  HFAq  to  the  NaF  thus  formed 
causes  disappearance  of  heat  [NaFAq,HFAq] 
=  -  288  (Thomsen) .  The  heat  of  neutralisation 
of  HFAq  is  18  to  19  p.c.  greater  than  that  of  the 
analogous  haloid  acids ;  HF  is  the  only  haloid 
acid  the  reaction  of  which  with  its  own  alkali 
salts  is  attended  by  the  disappearance  of  a  con- 
siderable quantity  of  heat.  The  relative  affinity 
of  HFAq  is  extremely  small,  being  less  than  1 
if  that  of  HClAq  is  taken  as  100  (cf.  AFFINITY, 
vol.  i.  p.  75). 

Molecular  weight. — If  HF  is  the  molecular 
formula  of  fluorhydric  acid  the  vapour  density 
of  the  compound  must  be  10  (H  =  1) ;  Gore  de- 
termined the  V.D.  indirectly  by  heating  a  known 
volume  of  H  with  a  slight  excess  of  AgF  and 
measuring  the  HF  produced ;  at  100°  the  volume 
of  HF  was  approximately  double  that  of  the  H, 
but  at  lower  temperatures  it  was  considerably 
less  (Tr.  1869.  173).  Mallet  weighed  the  HF  gas 
in  a  flask  coated  internally  with  paraffin;  at 
30-5°  the  V.D.  was  found  to  be  19-6,  which  cor- 
responds fairly  well  with  the  formula  H2F2  (Am. 
3,  189).  Thorpe  and  Hambly  (C.  J.  Trans.  1888. 
765;  1889.  163)  have  determined  the  V.D.  of 
HF  in  a  specially  constructed  apparatus  of  Pt ; 
they  made  14  experiments  at  temperatures  be- 
tween 26-4°  and  88-3° ;  the  V.D.  varied  from  25-6 
at  26-4°  to  10'3  at  88-3° ;  these  results  rather 
point  to  the  gradual  breaking  down  of  a  complex 
molecular  group  as  temperature  rises,  with  final 
production  of  molecules  of  HF,  than  to  the  exist- 


ence of  definite  molecules  of  H2F2  at  one  tem- 
perature and  HF  at  another.  They  have  also 
examined  the  effect  of  altering  pressure,  at  con- 
stant temperature,  on  the  V.D.  of  HF.  The  tem- 
perature chosen  was  32°,  because  the  V.D.  at 
this  temperature  and  760  mm.  pressure  corre- 
sponds with  the  formula  H^.  A  small  lower- 
ing of  pressure  was  accompanied  by  considerable 
decrease  of  V.D. ;  hence  there  is  no  evidence  of 
the  existence  of  a  stable  gaseous  molecule  H2F2. 
Nevertheless  the  results  do  not  negative  the  view 
that  the  composition  of  the  chemically-reacting 
unit  of  fluorhydric  acid  is  represented  by  the 
formula  HjFg.  This  view  is  in  keeping  with 
the  readiness  with  which  fluorides  such  as 
KFHF(  =  KHF2)  are  produced  (-U.  FLUORIDES).  But 
it  might  be  argued  that  the  existence  of  the  salts 
KF.2HF  and  KF.3HF  (Moissan,  C.  E.  106,  547) 
points  to  the  existence  of  the  acids  H,F,  and 
H4F, 

Beactions. — 1.  When  dilute  HFAq  is  electro- 
lysed in  a  Pt  vessel,  H  and  0  (with  ozone)  only 
are  evolved ;  if  the  solution  contains  80  p.c.  HF 
the  acid  is  decomposed,  H  is  evolved  at  the 
kathode,  and  the  anode  is  attacked  by  the  F 
there  produced  (Gore,  Pr.  17,  256).  Electrolysis 
of  liquid  HF  kept  at  -  23°  results  in  production 
of  fluorine  at  the  anode  (Moissan,  C.  R.  103,  202, 
256) ;  for  details  of  apparatus,  &c.  v.  FLUORINE, 
p.  461. — 2.  Liquid  hydrofluoric  acid  at  -29° 
to  — 18°  does  not  react  with  non-metals,  nor  with 
metals  except  the  alkali  metals ;  it  reacts  vio- 
lently with  many  anhydrides,  e.g.  P205,  S03 ; 
chlorides  of  alkali  and  alkaline  earth  metals  are 
decomposed,  also  chlorides  of  phosphorus,  anti- 
mony, and  titanium ;  many  organic  bodies  are 
rapidly  charred ;  paraffin  is  unchanged ;  glass  ia 
unattacked  by  perfectly  dry  liquid  HF,  but  if  a 
trace  of  moisture  is  present  SiF4  is  formed  (for 
other  similar  observations  v.  Gore,  Pr.  17,  256  ; 
Tr.  1869.  173). — 3.  An  aqueous  solution  of  hy- 
droflucric  acid  reacts  with  metals  and  metallic 
oxides  very  similarly  to  HClAq,  forming  fluo- 
rides, and  evolving  H  with  metals,  and  forming 
water  with  metallic  oxides ;  silicon,  boron,  tan- 
talum, and  zirconium,  are  dissolved  by  HFAq. — 
4.  Silica  and  silicates  are  rapidly  decomposed  by 
HFAq  with  evolution  of  gaseous  SiF4 ;  if  water 
is  present  in  considerable  quantity  the  SiF4  re- 
acts with  it  to  produce  silicofluorhydric  acid 
H2SiF6  (v.  SILICO-FLUORIDES  under  SILICON).  This 
reaction  is  made  use  of  in  etching  glass.— 5.  Ti- 
tanic, tin,  tantalic,  molybdic,  and  tungstic  oxides, 
which  are  insoluble  in  most  acids,  are  dissolved 
by  HFAq  forming  fluorides,  which  then  combine 

with  HF  (V.  TlTANO-FLUORIDES,  SlANNO-FLUORIDES, 

&c.,  under  TITANIUM,  TIN,  &c.).— 6.  With  metallic 
oxides  HFAq  reacts  to  form  fluorides,  and  in 
many  cases  these  combine  with  ceHF  (v.  FLUOR- 
IDES). 

Combinations. — With  many  fluorides  to  form 
salts,  of  which  KF.HF,  NH.F.HF,  BiF3.3HF,  and 
SiF4.2HF,  are  typical.  Certain  of  these  corn- 
pounds  of  HF  with  fluorides  are  best  regarded  as 
distinct  acids,  e.g.  SiF4.2HF  reacts  as  an  acid, 
forming  salts,  M^SiF,.,  known  as  silico-fluorides  ; 
stanno- fluorides,  tantalo-fliiorides,  &c.,  are  also 
known ;  these  salts  are  described  under  their  re- 
spective headings  as  sections  of  the  articles 
SILICON,  TIN,  TANTALUM,  &c.  (v.  also  FLUORIDES). 

M.  M.  P.  M. 
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FLUORIDES.  Binary  compounds  of  F  with 
other  elements.  Fluorides  of  all  the  metals  with 
the  exception  of  10  or  12  (and  these  mostly  rare 
metals  which  have  not  been  at  all  thoroughly  ex- 
amined) have  been  prepared.  Fluorides  of  the 
following  non-metals  are  also  known,  viz.  B,  H,  I, 
P,  Se,  S,  and  Te ;  no  fluoride  of  Br,  C,  Cl,  N,  or 
O  has  yet  been  isolated.  Fluorides  are  prepared 
(1)  by  the  reaction  between  HFAq  and  metals  or 
metallic  oxides ;  (2)  by  heating  fluorspar  and 
H2S04  with  metallic  oxides,  this  method  is  ap- 
plicable to  volatile  metallic  fluorides ;  (3)  by 
ppn.,  applicable  to  insoluble  metallic  fluorides  ; 
(4)  by  heating  non-metals  with  HgF2  or  PbF2. 
Metallic  fluorides  are  generally  easily  fusible 
solids,  similar  to,  and,  as  a  rule,  isomorphous 
with,  the  chlorides.  Some  non-metallic  fluorides 
are  gaseous  at  ordinary  temperatures,  e.g.  SiF4 
andPF5;  others  are  liquids,  e.g.  IF5 ;  and  a  few  are 
solids,  e.g.  SbF3.  Metallic  fluorides  are  generally 
insoluble  in  water ;  AgF  and  8nF2  are  soluble, 
and  FeF3,  NaF,  and  KP,  are  sparingly  soluble-. 
The  fluorides  of  Bi  and  Sb  are  not  decomposed 
by  water,  whereas  the  chlorides  of  these  metals 
are  at  once  decomposed.  Most  metallic  fluorides 
are  very  stable,  not  being  decomposed  either  by 
heat,  or  by  heating  with  carbon  or  in  oxygen ; 
solutions  of  these  fluorides  generally  react  slowly 
with  alkaline  silicates  forming  HF  and  basic 
fluorides.  Non-metallic  fluorides  are  generally 
more  stable  than  the  corresponding  bromides, 
chlorides,  or  iodides ;  thus  PC15  is  dissociated 
by  heat,  but  PF5  is  an  extremely  stable  gas. 
Fluorides  are  decomposed  by  heating  with  Cl  or 
with  cone.  H2SO4.  Almost  all  metallic  fluorides 
readily  combine  with  HF  forming  acid  salts, 
aqueous  solutions  of  which  turn  blue  litmus  red 
and  etch  glass ;  these  acid  salts  are  decomposed 
by  heat  with  evolution  of  HF.  Some  of  these 
acid  salts  are  better  regarded  as  distinct  acids, 
the  negative  radicle  of  which  is  formed  of  metal 
and  fluorine ;  the  following  probably  belong  to 
this  class:  SnF4.2HF,  TiF4.2HF,  ZnF4.2HF; 
(  =  H2MF6).  Fluorides,  as  a  class,  combine  to- 
gether to  form  double  fluorides  ;  the  fluorides  of 
the  alkali  metals  show  a  remarkable  readiness 
to  combine  with  other  metallic  fluorides ;  in  many 
cases,  but  not  in  all,  as  many  molecules  of  alkali 
fluoride  combine,  as  there  are  atoms  of  fluorine 
in  the  other  fluoride,  e.g.  BeF2.2NaF,  BiF3.3KF. 
These  double  fluorides  are  generally  more  stable 
compounds  than  corresponding  double  chlorides, 
bromides,  or  iodides.  The  readiness  with  which 
acid  fluorides  and  double  fluorides  are  produced 
has  suggested  that  the  formula  expressing  the 
composition  of  what  may  be  called  the  chemical 
molecule  of  fluorhydric  acid  should  be  written 
H-jFj.  This  is  perhaps  confirmed  by  the  especial 
ease  with  which  alkali  fluorides  form  acid  fluor- 
ides MHF2;  thus  KF  and  NaF  react  with  an 
acid  so  weak  as  acetic  to  form  KHF2  and  NaHF2 
respectively  (2KFAq  +  02H402Aq 
=  KF.HFAq  +  C2H3K02Aq).  The  fact  that 
the  quantity  of  heat  which  disappears  when 
HFAq  reacts  with  NaF  amounts  to  about  2  p.c. 
of  the  heat  of  neutralisation  of  HF  by  NaOH, 
whereas  when  the  other  haloid  acids  react  with 
their  alkali  salts  hardly  any  heat  disappears, 
tends  to  confirm  the  view  that  the  reacting  unit 
of  fluorhydric  acid  is  H,F2  rather  than  HF.  The 
very  small  affinity  of  HFAq  (less  than  1  when 


that  of  HClAq  =  100),  especially  taken  in  con- 
junction with  the  marked  stability  of  the  fluor- 
ides, also  marks  off  this  acid  from  the  other 
haloid  acids. 

Fluorides  are  detected  by  gently  heating  with 
cone.  H2S04  in  a  leaden  or  platinum  vessel, 
which  is  covered  with  a  piece  of  glass  coated 
with  wax,  through  which  lines  are  traced  with  a 
needle ;  after  a  little  the  glass  is  removed  and 
the  wax  wiped  off  when  warm  ;  the  glass  appears 
etched  where  it  was  exposed  to  the  vapour  of 
HF  coming  from  the  fluoride.  Fluorides  may 
also  be  detected  by  mixing  with  microcosmic 
salt  and  heating  strongly  by  a  small  blowpipe 
flame  in  a  glass  tube  open  at  both  ends  ;  HF  is 
evolved  and  partially  condenses  with  water  on 
the  upper  parts  of  the  tube ;  on  evaporating  the 
water  a  dull  spot  is  seen  on  the  glass. 

Fluorides  are  estimated  by  evaporation  with 
cone.  H2S04,  the  residual  metallic  sulphate  is 
weighed,  and  the  fluorine  is  determined  by  dif- 
ference. Or  the  issuing  vapour  is  led  into  water, 
a  weighed  quantity  of  PbO  is  added,  the  whole 
is  evaporated  to  dryness  and  heated,  and  the  re- 
sidue is  weighed  ;  in  this  process  F  is  substituted 
for  0  ;  if  d  =  increase  in  the  weight  of  the  oxide 
of  lead  used,  then 

amount  of  F  in  residue  =  — —  d. 
1  19  —  8 

For  details,  and  also  for  other  methods  of  esti- 
mating F  and  HF  in  presence  of  fluorides,  and 
for  separation  of  F  from  other  elements,  a  manual 
of  analysis  must  be  consulted.  M.  M.  P.  M. 

FLUORINE.  F.  At.  w.  19.  Mol.w.notyet 
determined.  The  characteristic  lines  in  emis- 
sion-spectra according  to  Salet  (A.  Ch.  [4]  28, 
34)  are  6920,  6400,  and  6230. 

History. — Schwankhardt,  in  Niirnberg,  ob- 
served in  1670  that  glass  is  etched  by  contact 
with  sulphuric  acid  and  fluorspar.  About  110 
years  after  this,  Scheele  showed  that  the  etching 
observed  by  Schwankhardt  was  due  to  a  distinc- 
tive acid  produced  by  the  reaction  between  the 
fluorspar  and  sulphuric  acid.  Gay-Lussac  and 
Th6nard  obtained  this  acid  in  1808  (A.  Ch.  69, 
204),  and  endeavoured,  unsuccessfully,  to  demon- 
strate the  presence  of  oxygen  in  it.  In  1810 
Ampere  declared  the  acid  to  be  analogous  to  hy- 
drochloric acid,  and  to  be  a  compound  of  Hwith 
an  element  resembling  chlorine.  To  this  element 
he  gave  the  name  of  Phtor  (<l>06pios  =  destroying) ; 
but  the  name  fluorine  was  generally  employed  in- 
asmuch as  it  suggested  that  the  etching  com- 
pound of  the  element  was  obtained  from  fluorspar 
(spathum  fluoricum).  The  investigations  of 
Fremy  (A.  Ch.  [3]  47,  5)  and  Gore  (Pr.  17,  256 ; 
Tr.  1869.  173)  rendered  certain  the  composition 
of  the  acid  first  obtained  by  Gay-Lussac  and  Th6- 
nard.  Davy,  in  1809  and  1813  (Tr.  1809 ;  1813. 
263)  endeavoured  to  isolate  fluorine  by  leading 
Cl  over  heated  AgF  ;  as  he  obtained  a  gas  which 
seemed  to  be  0  he  concluded  that  F  had  probably 
been  liberated,  but  had  reacted  with  the  glass. 
He  then  used  Pt  vessels,  but  obtained  fluoride 
of  Pt ;  a  trial  with  vessels  of  fluorspar  was  un- 
successful. Baudrimont  (/.  pr.  7,  447)  heated 
a  mixture  of  fluorspar,  Mn02,  and  H2S04  in  a 
glass  vessel,  and  obtained  what  he  declared  to 
be  a  mixture  of  HF,  SiF4,  and  F  ;  he  described 
F  as  a  yellowish  gas  which  bleached,  did  not  act 
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on  glass,  and  combined  with  gold ;  the  gas  was 
probably  Cl  derived  from  chlorides  in  the  fluor- 
spar used.  Knox  attempted  to  decompose  HgF 
by  Cl  in  a  vessel  of  fluorspar  (J.pr.  9,  118) ;  he 
obtained  HgCl  and  a  yellowish  gas  which  rapidly 
acted  on  glass.  S.  J,  Knox  electrolysed  HF  and 
PbF2,  and  obtained  a  colourless  gas,  which  did 
not  act  on  Au  or  Pt  (/.  pr.  20,  172).  Louyet 
(Ph.  C.  1847.  321)  again  attempted  to  decompose 
HgF  by  Cl,  using  a  vessel  of  fluorspar.  He  ob- 
tained a  colourless  gas  which  did  not  attack 
glass,  decomposed  water  at  the  ordinary  tempe- 
rature, and  combined  directly  with  all  metals 
except  Au  and  Pt.  Kammerer  (J.  pr.  85,  457) 
allowed  I  to  react  with  AgF  in  a  vacuous  glass 
tube  at  70°-80° ;  he  obtained  a  colourless  gas, 
which  was  wholly  absorbed  by  KOHAq,  but  did 
not  combine  with  Hg.  Phipson  (J.  pr.  88,  63) 
thought  he  had  isolated  F  by  the  reaction  be- 
tween CaF2,  KMn04,  and  H2S04 ;  he  described  it 
as  a  colourless  gas,  which  bleached,  decomposed 
water  rapidly,  and  was  without  action  on  glass. 
Prat  (C.  E.  64,  345,  511)  decomposed  KF  by 
heating  with  Mn02  and  KN03 ;  he  treated  the 
gas  obtained  with  baryta,  and  described  the  re- 
sidual gas  as  F;  it  was  colourless,  combined 
with  most  metals,  also  with  B  and  Si,  but  not 
with  Si02.  Cillis  repeated  Prat's  experiments, 
but  obtained  only  O  (Z.  [2]  4,  660).  Kenisch 
(N.  J.  P.  12,  1)  obtained  what  he  regarded  as  a 
mixture  of  0  and  F  by  heating  cryolite  with 
Pb02  and  ICjS207.  Gore  attempted  to  prepare 
F  by  decomposing  AgF  by  Cl  (C.  J.  [2]  7,  368). 
Varenne  noticed  the  production  of  a  gas  which 
attacked  Pt  by  heating  (NH4)2Cr207  with  HF 
(C.  E.  91,  989).  0.  Low  (B.  14,  1144,  2440) 
thought  that  the  greenish  gas  obtained  by  break- 
ing up  fluorspar  from  Wosendorf  was  F;  he 
traced  the  F  to  the  presence  of  a  fluoride  of 
Ce,  which  was  decomposed  with  evolution  of  F. 
Brauner  in  1881  (B.  14,  1944)  obtained  a  gas 
more  or  less  resembling  Cl  by  heating  CeF4,  and 
also  by  heating  PbF4.  In  1886  Moissan  electro- 
lysed dry  liquid  HF  in  a  Pt  tube  by  means  of  a 
powerful  battery  (C.  R.  102,  1543) ;  H  was  ob- 
tained at  the  negative  pole,  and  at  the  positive 
pole  a  gas  was  formed  which  decomposed  water 
with  production  of  ozone,  and  was  wholly  absorbed 
by  Hg  with  formation  of  HgF2 ;  the  gas  combined 
energetically  with  P  and  Si.  A  little  later  (C.  R. 
103,  202,  256)  Moissan  repeated  the  electrolysis 
of  HF  and  obtained  F. 

Preparation. — The  apparatus  used  by  Mois- 
san consists  of  a  U-^ube  of  Pt,  with  stopper  of 
fluorspar  and  Pt  delivery  tubes ;  the  positive 
electrode  is  formed  of  an  alloy  of  Pt  with  10  p.c. 
of  Ir;  KHF2  is  dried  at  100°,  and  then  in  vacuo 
over  H2S04  and  KOH  ;  the  salt  is  then  heated 
in  a  Pt  retort,  and  the  HF  is  condensed  in  a  Pt 
receiver  surrounded  by  a  freezing  mixture.  The 
HF  is  placed  in  the  U-tube  which  is  surrounded 
by  CH3C1  boiling  at  —23° ;  the  current  from  20 
Bunsen  cells,  coupled  in  series,  is  passed  through 
the  liquid ;  any  traces  of  water  in  the  HF  are 
decomposed  with  formation  of  gases  at  the  posi- 
tive pole  ;  when  the  HF  is  perfectly  dry  electro- 
lysis stops,  a  little  perfectly  dry  KHF2  is  dis- 
solved in  the  HF,  and  the  conductivity  is  thus 
increased.  H  is  now  evolved  at  the  negative 
pole,  while  at  the  positive  pole  there  is  produced 
a  colourless  gas  in  which  Si,  B,  As,  Sb,  S,  and  I 
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'  take  fire,  and  which  decomposes  H20,  forming 
HF  and  ozone,  and  possesses  other  distinctive 
properties  quite  different  from  those  belonging 
to  a  mixture  of  HF  and  ozone  (v.  Properties  and 
Reactions). 

To  determine  whether  this  gas  was  really  F 
or  a  perfluoride  of  H,  Moissan  connected  the 
electrolytic  apparatus  with  a  Pt  tube  containing 
KF,  to  remove  traces  of  HF,  and  then  connected 
this  tube  with  another  made  of  Pt  containing  a 
weighed  quantity  of  iron  wire,  and  attached  to 
an  apparatus  for  collecting  any  gas  which  might 
come  from  the  tube.  The  whole  apparatus  was 
filled  with  dry  C02,  and  an  arrangement  was 
adopted  for  collecting  and  measuring  the  H 
evolved  at  the  negative  pole.  The  tube  contain- 
ing the  iron  wire  was  heated  to  dull  redness,  the 
(J  -tube  was  cooled  to  —  50°,  and  electrolysis  was 
begun.  The  weight  of  iron  fluoride  formed  was 
exactly  equivalent  to  that  of  H  evolved ;  no  gas, 
except  a  trace  of  air,  was  obtained  from  the  tube 
in  which  the  iron  wire  was  heated.  Hence  the 
gas  evolved  at  the  positive  pole  was  fluorine. 
Moissan  says  that  as  much  as  1-5-2  litres  F  can 
be  obtained  in  an  hour  by  this  method.  He 
also  states  that  the  gas  is  formed  by  electrolysis 
of  fused  KHF2. 

Properties  and  Reactions.— Fluorine  is  a 
colourless  gas.  It  decomposes  water  with  form- 
ation of  ozone  and  HF.  Crystallised  silicon, 
boron,  arsenic,  antimony,  sulphur,  and  iodine, 
take  fire  at  once  in  the  gas.  It  attacks  metals 
less  readily,  probably  because  a  film  of  fluoride 
is  soon  formed  on  the  surface.  Powdered  iron 
and  manganese  burn  brilliantly  in  F,  when 
gently  heated.  Organic  compounds  are  rapidly 
decomposed,  alcohol,  ether,  benzene,  &c.,  take 
fire  at  once  in  the  gas.  F  combines  violently 
with  hydrogen  even  in  the  dark. 

Fluorine  is  allied  to  Cl,  Br,  and  I ;  the  ana- 
logy is  shown  in  the  composition  and  properties 
of  its  compounds,  but  there  are  points  of  differ- 
ence (v.  FLUOBHYDBIC  ACID  and  FLTJOBEDES). 

The  atomic  weight  of  fluorine  has  been  de- 
termined (1)  from  determination  of  V.D.,  and 
analyses,  of  HF  (Gore,  Pr.  17,  256 ;  Tr.  1869. 
173;  Mallet,  Am.  3,  189;  Thorpe  a.  Hambly, 
C.  J.  Trans.  1888. 765 ;  1889.  163) ;  (2)  by  con- 
verting CaF2  into  CaS04  (Louyet,  A.  Ch.  [3]  25, 
295 ;  Dumas,  A.  Ch.  [3]  55, 170  ;  DeLuca,  C.  R. 
51,  299) ;  (3)  by  converting  NaF  to  Na2S04,  KF 
to  K2S04,  and  PbF2  to  PbS04  (Louyet,  Z.c.; 
Dumas,  I.e.) ;  (4)  by  treating  Mn^^NH^  with 
HC1  and  KI,  and  estimating  the  I  set  free  by 
titrationwithNa2S203(Christensen,  J.pr.  [2]  34, 
41).  M.  M.  P.  M. 

w-FLUORO-ANILINE  C^FNH^liS].  From 
C6H4(NHAc).N2.NC5H10  and  cone.  HF  (Wallach, 
A.  235,  266).  Oil.— (B'HCl)2PtCl4. 

^-Fluoro-aniline  C6H4F.NH2  [1:4].  (c.  189°). 
S.G.  —  1-153.  From  p-ftuoio-mtro-'beYizene, 
SnCl2,  and  HC1  (Wallach,  A.  235,  267).  Liquid 
which  solidifies  in  a  bath  of  ether  solid  and 
C02. 

Salts .— B'HCl.— (B'HClJ.PtCl,. 

Acetyl  derivative  C6H4F.NHAc.  [151°]. 
SI.  sol.  water  (Wallach  a.  Heusler,  A.  243,  222). 

FLUORO-BENZENE  C6H.F.  Mol.  w.  96. 
(85°).  S.G.  2,°  1-0236.  ^  1-46773  (Wallach  a. 
Heusler,  A.  243,  219).  V.D.  3-13  (calc.  3-06). 

Formation. — 1.  By  heating  potassium 

00 


662 


FLUORO-BENZENE. 


fluoro-benzene  sulphonate  with  cone.  HClAq 
(Paternd  a.  Oliver!,  G.  13,  533).— 2.  By  decom- 
posing diazobenzene  piperidide  with  cone, 
aqueous  hydrofluoric  acid,  the  escaping  gases 
being  very  well  cooled  (Wallach,  A.  235,  255). 

Properties. — Liquid  which  solidifies  in  ether 
and  solid  carbonic  acid.  The  so-called  fluoro- 
benzene  described  by  Schmitt  a.  Gehren  (J.  pr. 
[2]  1,  394)  was  phenol. 

_p-Di-fluoro-benzene  CJ3.fJI:4].  (88°).  S.G. 
I'll.  Formed  by  decomposing  _p-fluoro-benzene 
diazo-piperidide  with  hydrofluoric  acid  (Wallach 
a.  Heusler,  A.  243,  224).  Liquid  solidifies  at  a 
very  low  temperature. 

p-FLITORO-BENZENE  SULPHONIC  ACID 
C6H4F.S03H[1:4].  From  ^-amido-benzene  sul- 
phonic  acid  by  displacing  NH2  by  F  (Lenz,  B. 
10,  1137;  12,  580).  The  salts  are  v.  e.  sol. 
water  and  alcohol. 

Chloride  C6H4F.S02C1.  [36°].  Trimetric 
tables  or  long  needles ;  sol.  benzene,  chloroform, 
and  ether. 

Amide  06H4F.S02NH2.  [123°].  Trimetric 
plates  or  long  needles.  SI.  sol.  water  and  benz- 
ene, v.  sol.  acetone  and  alcohol. 

o-FLUORO-BENZOIC  ACID  C6H4F.C02H[1:2]. 
Mol.  w.  140.      [118°].     Prepared  by  treating 
o-diazo-amido-benzoic    acid  with  cone.  HFAq 
NH2.C6H3(C02H).N2.C6H4C02H  +  2HF 

=  C6H4(NH3F)C02H  +  C6H4F.C02H 
(Patern6  a.  Oliveri,  O.  12,  85).  Colourless  silky 
needles  (from  hot  water).  V.  sol.  alcohol  and 
ether.  More  soluble  in  water  than  its  isomerides. 
BaA'2  2aq  :  laminae,  v.  e.  sol.  water.— CaA'2 : 
laminae,  v.  e.  sol.  water. 

m-Fluoro-benzoio  acid  C6H4F.C02H[1:3]. 
[124°].  From  m-diazo-amido-benzoic  acid  and 
cone,  aqueous  HF  (P.  a.  0.).  Laminae,  resem- 
bling benzoic  acid. — NaA'aq  :  opaque  scales. — 
AgA' :  colourless  needles  (from  hot  water) ; 
quickly  altered  by  exposure.— BaA'2  3aq :  v.  sol. 
hot  water. — CaA'2  3aq :  pearly  plates. 

Methyl  ether  MeA'.  (194°).  Aromatic  oil. 

^-Fluoro-benzoic  acid  C,.H4F.C02H  [1:4]. 
[182°].  Prepared  by  heating  ^-diazoamido- 
benzoic  aoid  with  concentrated  aqueous  hydro- 
fluoric acid  ;  on  cooling,  the  greater  part  of  the 
fluoro-benzoio  acid  separates  out,  while  the 
hydrofluoride  of  jp-amido-benzoic  acid  [211°]  re- 
mains in  solution  (Schmitt  a.  Gehren,  J.  pr. 
[2]  1, 394 ;  Patern6,  0. 11, 90 ;  12,  85).  Obtained 
also  by  oxidation  of  ^-fluoro-toluene  (Wallach, 
A.  235,  263).  Laminas  or  needles,  smelling  like 
benzoic  acid,  si.  sol.  cold,  v.  sol.  hot,  water ;  v. 
sol.  alcohol,  ether,  and  benzene.  Volatile  with 
steam.  Does  not  etch  glass.  Cone.  HN03  gives 
a  fluoro-nitro-benzoic  acid.  Cone.  H2S04  dis- 
solves it  without  alteration. 

Salts. — BaA'24aq:  colourless  ill-defined 
laminas,  m.  sol.  hot  water.— CaA'2  3aq  :  large 
prisms. — AgA' :  yellow  plates  (from  water). 

Ethyl  ether  EtA':  crystalline;  may  be 
distilled. 

Di-fluoro-benzoic  acid  C6H3F2.C02H.  [232°]. 
Formed  by  the  action  of  chromium  perfluoride 
(from  CaF2,  KjCr207  and  H2S04)  upon  benzoic 
acid  (Jackson  a.  Hartshorn,  B.  18,  1993 ;  Am.  7, 
343).  Flat  white  needles,  sol.  hot  benzene,  si. 
sol.  hot  water,  nearly  insol.  cold  water. 

Salts.— A'2Ca  3aq  :  long  silky  needles.  S.  '5 
at  15°.— A'-jBa  :  scales.  B.  1-2  at  15°.— KA'. 


^-FLUORO-BROMO-BENZENE  C6H4BrF  [1:4]. 
[-15°  to  -20°].  (153°).  S.G.iiL  1-593.  From 
^-fluoro-aniline  by  diazotisation  and  treatment 
with  cuprous  bromide  (Wallach  a.  Heusler,  A. 
243, 226).  Oil. 

^-FLTIORO-CHLORO-BENZENE  C6H4C1F. 
(131°).  S.G.  M  1-226.  From  ^-fluoro-aniline 
by  diazotisation  and  treatment  with  cuprous 
chloride  (Wallach  a.  Hensler,  A.  243,  225).  Oil ; 
volatile  with  steam.  Solidifies  at  a  very  low 
temperature. 

o-FLUORO-CINNAMIC  ACID  C9H7F02  i.e. 
C6H4F.CH:CH.C02H.  From  the  sulphate  of  o- 
diazo-cinnamic  acid  and  HF  (Griess,  B.  18,961). 
Long  needles.  V.  si.  sol.  boiling  water,  v.  sol. 
alcohol. 

FLUORO-1J/-CUMENE  C6H2Me3F  [1:3:4:6]. 
[27°].  (175°).  From  diazo-t|/-cumene  piperidide 
and  cone.  HFAq  (Wallach  a.  Heusler,  A.  243, 
231).  Volatile  with  steam. 

FLUORO-HIPPURIC  ACIDS 
C6H4F.CO.NH.CH2.C02H.  The  fluoro-benzoic 
acids  are  transformed  by  the  animal  organisms 
into  the  corresponding  fluoro-hippuric  acids,  and 
may  be  extracted  from  the  urine  by  evaporating 
it  to  a  syrup,  treating  with  alcohol  and  filtering. 
The  residue,  on  distillation  of  the  alcohol,  is  de- 
composed with  hydrochloric  acid  and  taken  up 
with  ether,  which  on  distillation  leaves  an  oily 
mass  from  which  the  pure  acid  is  obtained  by 
conversion  into  the  calcium  salt  and  decomposing 
this  salt  with  hydrochloric  acid  (Coppola,  G.  13, 
522). 

o-Fluoro-hippuric  acid  [121°].  Crystallises 
in  prismatic,  iridescent  needles,  v.  sol.  ether  and 
alcohol,  si.  sol.  chloroform,  insol.  carbon  disul- 
phide  and  benzene.  It  is  decomposed  by  fuming 
hydrochloric  acid  into  glycocoll  and  o-fluoro- 
benzoic  acid. 

w-Fluoro-bippuric  acid  [153°].  Prismatic 
needles,  v.  sol.  hot  water,  alcohol  and  ether,  insol. 
carbon  disulphide  and  chloroform. — CaA'2  2aq : 
rectangular  laminae. — PbA'2  5aq :  small  lamina. 
— AgA':  flocculentpp. 

^-Fluoro-hippuric  acid  [161°].  Pearly 
needles  (from  ether).  Insol.  benzene,  CS2,  and 
chloroform,  sol.  alcohol,  ether,  and  boiling 
water.— CaA'2  2aq :  four-sided  tables,  v.  e.  sol. 
water  and  alcohol. 

^-FLTTORO-IODO-BENZENE  C6H4IF  [1:4]. 
(183°).  Formed  by  decomposing  _p-fluoro-diazo- 
benzene  piperidide  with  cone,  hydriodie  acid 
(Wallach  a.  Heusler,  A.  243,  227).  Oil,  volatile 
with  steam,  solidifies  at  low  temperatures.  Cone. 
HN03  liberates  iodine  with  the  formation  of 
fluoro-nitro-benzene. 

^-FLUORO-NITRO-BENZENE  C6H4F(N02). 
[24°].  (205°).  S.G.  1-326.  Formed  from 
C6H4(N02).N2.NC3H10  and  cone.  HF  (Wallach, 
A.  235,  264).  Formed  also  by  nitration  of 
fluorobenzene.  Oil,  heavier  than  water ;  smells 
like  almonds. 

FLUORO-^-OXY-BENZOIC  ACID.  Methyl 
derivative  C6H3F(OMe).C02H.  Fluoro-anisic 
acid.  [204°].  From  amido-anisic  acid  [181°] 
by  the  diazo-  reaction  (Patern6  a.  Oliveri,  G.  12, 
92).  Colourless  needles,  sol.  water  and  alcohol. 

jp-FLUORO-PHENOL  CttH4F.OH  [1:4].  (187°). 
Formed  by  diazotising  _p-fluoro-aniline  and  boil- 
ing with  water  (Wallach  a.  Heusler,  A.  243, 
228).  Solid  at  ordinary  temperatures. 
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DI-FLUORO-DIPHENYL  C12H8F2  i.e. 
F.C6H4.C6H4F.     [89°].     (255°).     Formed  by  de- 
composing   bi-diazo-diphenyldipiperidide    with 
cone.  HFAq  (Wallach  a.  Heusler,  A.  243,  234). 
Crystalline,  v.  sol.  alcohol,  ether. 

#-FLUORO-TOLIJENECH3.C6H4F.(1170i.V.). 
S.G.  22.  '992.  Prepared  by  heating  its  sulphonic 
acid  (obtained  from  (1,  4,  2)  amido-toluene  sul- 
phonic acid)  with  cone.  HClAq  in  sealed  tubes 
(Paternd  a.  Oliveri,  G.  13,  535).  Obtained  also 
from  ^-diazo-toluene  piperidide  and  cone.  HF 
(Wallach,  A.  235,  261).  Smells  like  benzo- 
nitrile.  Cr03  and  aqueous  H2S04  at  160°  give 
^-fluoro-benzoic  acid  [182°J. 

FLTJORO-TOLUIC  ACID 

C6H3MeF.C02H[4:3:l].  [161°].  From  amido- 
toluic  acid  [165°]  by  the  diazo-  reaction  (Paternd 
a.  Oliveri,  O.  12,  83).  Needles,  sol.  water  and 
alcohol. 

FLUORSPAR.  Calcium  fluoride  (v.  vol.  i. 
p.  665). 

FOOT-MUCIN  v.  PBOTEIDS,  Appendix  O. 

FORMAMIDINE  CH4N2  i.e.  NH2.CH:NH. 
Amido-imido-methane.  Formimidamide.  Me- 
thenylamidine.  Formed  from  the  compound 
(HCN)23HC1  by  decomposing  it  with  alcohol  at 
100° ;  the  products  being  formic  ether  and  form- 
amidine  (Gautier,  A.  145,  118 ;  Claisen  a.  Mat- 
thews, C.  J.  41,  266).  Formed  also  by  the  action 
of  alcoholic  ammonia  on  formimido-  ether 
NH:CH.OEt  (Pinner,  B.  16,  357).  Hydro - 
chloride  B'HCl.  [81°].  Crystallises  from 
alcohol  in  warty  masses  or  in  flat  transparent 
plates.  Very  hygroscopic.  Split  up  at  100° 
into  HCN  and  NH4C1.  Potash  gives  formic 
acid  and  NH,.  Heated  with  acetic  anhydride 
and  sodium  acetate  it  yields  di-acetyl-form- 
imidamide  and  tri  -  acetyl  -  f  ormamidil 
C-jHjAc^.  [224°]  (Pinner,  B.  17,  171). 

Platinochloride  B'2H2PtCl6:  orange  octa- 
hedra,  v.  sol.  water. 

Di-acetyl-derivative  NHAc.CH:NAc. 
Formed  as  above  and  together  with  a  di- 
basic isomeride  by  heating  orthoformic  ether 
with  acetamide  at  180°  (Wichelhaus,  B.  3,  2). 
Short  thick  prisms,  sublimes  without  melting 
(Pinner,  B.  16,  1660).  SI.  sol.  cold  water,  v.  si. 
sol.  alcohol. 

FORMAMIDOXIM  CH4N20  i.e.  NH^CHzNOH. 
Isuretine.  Methenyl-amidoxim.  [105°].  Mol.w. 
60.  Formed  by  the  action  of  an  alcoholic  solution 
of  hydroxylamine  on  a  concentrated  aqueous  solu- 
tion of  HCN  in  the  cold  ;  the  product  is  evapo- 
rated at  40°  (Lessen  a.  Schifferdecker,  A.  166, 
295).  Trimetric  prisms  (from  alcohol).  V.  sol. 
water,  si.  sol.  cold  alcohol.  Its  aqueous  solution 
is  alkaline  in  reaction  and  ppts.  salts  of  Cu,  Pb, 
and  Hg.  At  140°  it  splits  up  into  C02,  NH,,  and 
ammelide.  Boiling  water  resolves  it  into  formic 
acid,  nitrogen,  and  NH3 ;  a  small  quantity  (1  pt.) 
of  water  when  heated  with  it  (1  pt.)  gives  biuret, 
urea,  guanidine,  C02,  nitrogen,  and  NH3.  Dilute 
acids  split  it  up  into  formic  acid,  NH3,  and  hy- 
droxylamine. 

Salts.— B'HCl.  [60°].  Very  deliquescent 
trimetric  tables,  si.  sol.  alcohol. — B',,H2S04: 
needles,  v.  e.  sol.  water. — B'H2C204 :  flat  prisms, 
m.  sol.  water.— B  C6H2(N02)3OH :  yellow  prisms ; 
m.  sol.  water  and  alcohol.— CH2N2OHgHgCl2 : 
yellow  flocculent  pp.  got  by  adding  HgCl2  to  a 
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solution    of    formamidoxim. 
heated.    V.  sol.  HClAq. 

FORM-ANHYDRO-    COMPOUNDS    v.     ME- 

THENYL--COMPOUNDS. 

FORMIC  ACID  H.COOH.  Hydrogen  carboxylic 
acid.  Mol.  w.  46.  [2°J  (Bannoco) ;  [8-6°]  (Berthe- 
lot,  Pettersson,  Ekstrand).  (100°)  (Schiff,  Lan- 
doldt, Person);  (100-8°) (Zander) ;  (101°) (Koscoe). 
S.G.  g  1-2415 ;  £  1-245 ;  ^  1-231 ;  ^i  1-225 ; 
1^  1-22 ;  *J8  1-209  ;  3-^  1-2029  (Pettersson,  J.pr. 
[2]  24,  297) ;  f  1-219  (Bruhl) ;  ±  1-1829 ;  P 
1-1649  (Perkin) ;  !2o*  1-117  (Zander).  S.V.  41-08 
(Schiff) ;  41-1  (Zander).  V.D.  (at  111-5°)  2-38 
corresponding  to  molecular  formula  2^00,; 
(at  160°)  1-81;  (at  214°)  1-62  (Pettersson  and 
Ekstrand,  B.  13,  1194).  S.H.  (0°-100°)  -519 
(Pettersson).  C.E.  (0°-10°)  -0097;  (0°-20°) 
•0196 ;  (Oc-50°)  -0509 ;  (0°-100°)  -11  (Zander,  A. 
224,  56).  H.C.  (at  100°)  70,750.  H.F.p.  95,930. 
H.F.V.  95,350  (Thomson).  M.M.  1-671  (Perkin). 
BOO  13-61.  A8  (Constant  of  capillarity)  5-284 
(H.  Schiff).  Heat  of  solution  m  water  2-35  (sol.), 
•08  (liq.)  (Berthelot).  Latent  heat  of  fusion 
57-38  (Pettersson). 

Occurrence. — 1.  In  the  red  ant  (Formica 
rufa),  from  whence  the  acid  derives  its  name 
(Marrgraf,  Diss.  Upsala,  1777).— 2.  In  cater- 
pillars, especially  Bombyx  processionea  (Will,  J. 
1847-8,  546),  and  Cerura  dicranura,  the  secre- 
tion of  which  contains  37'5  p.c.  of  the  acid 
(Poulton,  B.  A.  1887,  766).— 3.  In  various  secre- 
tions of  the  human  body,  viz.  the  blood,  spleen 
(Scheerer,  A.  69,  199)  and  sweat  (Schottin,  J. 
1852,  704).— 4.  In  plants,  viz.  stinging  nettles 
(Gorup  Besanez,  A.  72,  267),  the  fruit  of  the 
soap  tree,  Sapindus  saponaria  (ibid.  A.  69, 369), 
in  tamarinds,  and  in  the  needles  of  Pmus  abies 
(Kedtenbacher,  A.  47, 148).  It  is  also  found  as 
one  of  the  products  of  oxidation  of  crude  turpen- 
tine oil  (Weppen,  A.  34,  235;  41,  294;  Laurent, 
J.pr.  27, 316). — 5.  In  the  mineral  waters  of  Prinz 
Lofen  (Pettenkofer,  Kastn.  Archiv,  7,  104),  of 
Bruckenau  (Scheerer,  A.  99,  257),  and  in  the 
deposit  from  the  waters  of  Marienbad. 

Synthesis. — 1.  By  passing  carbonic  oxide 
into  damp  alkali  heated  to  100°:  CO  +  KHO 
=  KCOOK  (Berthelot,  C.  B.  41,  955);  the  re- 
action takes  place  best  with  soda-lime  heated  to 
190°-200°  ;  above  this  temperature  the  formate 
is  decomposed  with  production  of  carbonate.  If 
the  materials  are  dry  no  combination  occurs 
(Merz  and  Tibirica,  B.  13, 23).  The  addition  of 
alcohol  promotes  the  absorption  (Piritiringa, 
Inaug.  Diss.,  Zurich,  1879).— 2.  By  the  action  of 
the  silent  electric  discharge  on  a  mixture  of  car- 
bonic acid  and  hydrogen  C02  +  H2  =  H2C02 
(Brodie,  Pr.  21,  245).— 3.  By  passing  a  current 
of  damp  carbonic  acid  over  metallic  potassium 
2C02+K2+OH2  =  HCOOK  +  KHC03  (Kolbe  and 
Schmitt,  A.  119,  251). 

Formation. — 1.  By  the  oxidation  of  wood 
spirit  (Dumas  a.  Peligot,  A.  15,  7 ;  Dumas  a. 
Stas,  ibid.  35,  137). — 2.  By  heating  wood  spirit 
with  a  mixture  of  lime  and  potash  (Dumas  a. 
Stas).— 3.  By  heating  hydrocyanic  acid  with 
concentrated  alkalis  or  mineral  acids  (Pelouze, 
A.  Ch.  [2]  48,  395 ;  Geiger,  A.  1,  44).— 4.  By 
the  decomposition  of  oxalic  acid  by  heat  (Gay- 
Lussac,  A.  Ch.  [2]  46,  218).  The  yield  is  much 
increased  by  addition  of  glycerin  or  mannite 
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(Berthelot,  v.  infra).  An  aqueous  solution  of 
oxalic  acid  in  presence  of  uranic  oxide  is  decom- 
posed by  sunlight  into  C02  and  formic  acid  (See- 
kamp,  A.  122,  113). — 5.  By  decomposition  of 
ohloral  and  trihalogen  derivatives  of  methane 
(Liebig,  A.  1,  198;  Dumas,  B.  J.  15,  371),  or 
by  heating  chloroform  with  aqueous  NH3  in 
sealed  tubes  at  200°-225°,  2CHC1S  +  7NH3  +  3H20 
=  CO  +  6NH4C1  +  HCOONH4  (Andr6,  C.  E.  102, 
553). — 6.  By  adding  sodium  amalgam  to  a  strong 
aqueous  solution  of  ammonium  carbonate 

(NH4)2C03  +  Na2  =  HCCXNa  +  2NH3  +  NaOH 
(Maly,  A.  135,  119).— l'.  By  distilling  starch, 
sugar,  and  various  albuminous  substances  with 
manganese  peroxide  and  sulphuric  acid  (Dobe- 
reiner,  A.  3,  144 ;  Gmelin,  P.  16,  55).  Other 
organic  substances,  such  as  tartaric  acid,  gum, 
linseed  oil,  woody  fibre,  and  cereal  grains,  yield 
formic  acid  when  distilled  with  concentrated  sul- 
phuric acid  with  or  without  manganese  peroxide. 

8.  By  the  electrolysis  of  water  through  which  a 
current  of  C02  is  passed  (Koyer,  Z.  1870,  318). 

9.  By  the  oxidation  of  coal-gas  by  ozone  (Ma- 
quenne,  Bl.  [2]  37,  298). — 10.  By  heating  alcohol 
with  nitric  acid  (Gaultier  de  Clanbry,  J.  Ph.  25, 
764).— 11.  By  oxidation  of  tri-methylamine  with 
alkaline  permanganate  (Wallach  a.  Claisen,  B. 
8,  1238).— 12.  By  the  oxidation  of  carbon  (from 
carbon  disulphide)  with  potassium  permanganate 
(Chapman,  C.  J.  5,  133).— 13.  As  an  iron-salt 
by  heating  carbon  disulphide  with  water  and 
iron  filings  (Loew,  B.  13,  324).— 14.  By  heating 
lactic  acid  with  sulphuric  acid  (Erlenmeyer). 

Additional  references. — Hulse  and  Fisher,  T. 
1670,  vol.  v.  2063  ;  Wohler,  P.  16,  307 ;  Hiine- 
feld,  J.  pr.  7,  44;  Guckelberger,  A.  64,  39; 
Stenhouse,  P.  M.  [3]  18,  122;  Sacc,  A.  51,  214; 
Hlasiwetz,  /.  pr.  51,  355 ;  Liebig,  A.  17,  69 ; 
Gehlen,  A.  Ch.  [1]  83,  208 ;  Limpricht,  A.  97, 
361 ;  Hurst,  C.  J.  15,  278. 

Preparation. — 1.  By  heating  to  60°  in  a 
capacious  retort  a  solution  of  sugar  (1  pt.)  in 
water  (2  pts.)  with  manganese  peroxide  (2-5-3  pts.) 
and  1:1  sulphuric  acid  (3  pts.).  One-third  of 
the  acid  is  added  at  first ;  when  the  violence  of 
the  reaction  has  abated  the  remainder  of  the 
acid  is  added.  The  acid  formed  is  condensed  in 
a  receiver,  and  at  the  end  of  the  action  the  dis- 
tillate is  neutralised  with  chalk,  and  the  filtrate 
evaporated  to  the  point  of  crystallisation.  The 
calcium  salt  is  converted  into  the  lead  salt  by 
addition  of  lead  carbonate,  and  the  lead  salt  de- 
composed by  the  requisite  quantity  of  sulphuric 
acid.— 2.  By  heating  equal  parts  of  anhydrous 
glycerin  (or  mannite)  and  crystallised  oxalic  acid 
in  a  retort  to  75°-90°,  until  carbonic  acid  is  no 
longer  evolved.  A  fresh  portion  of  oxalic  acid 
is  then  added,  and  the  distillation  continued. 
This  process  may  be  repeated  several  times. 
The  distillate  finally  contains  55  p.c.  of  the  acid, 
and  is  redistilled  over  anhydrous  oxalic  acid 
when  a  75  p.c.  acid  is  obtained.  This  is  neutral- 
ised with  sodium  carbonate,  the  dry  sodium  salt 
distilled  with  anhydrous  oxalic  acid,  when  a 
99  p.c.  acid  is  obtained  (Lorin).  The  last  trace 
of  water  is  removed  by  distillation  over  boric 
anhydride,  or  the  acid  is  subjected  several  times 
to  a  freezing  mixture,  the  crystals  separated  from 
the  liquor,  and  then  allowed  to  melt,  or  the  dry 
lead  (or  copper)  salt  is  heated  at  130°  in  a 
current  of  dry  hydrogen  sulphide;  in  the  latter 


case  the  product  is  apt  to  be  contaminated  with 
sulphur  products  (Liebig  ;  Wohler). 

In  the  above  process  the  crystallised  oxalic 
acid  decomposes  into  water,  carbonic  acid  and 
formic  acid,  the  last  of  which  combines  with 
the  glycerin  to  produce  monoformin,  which 
is  subsequently  decomposed  by  water  into 
glycerin  and  formic  acid,  the  equation  being 
C3H5(OH)3  +  H2C204 
=  C,H5(OH)2(OCHO)  +  H20  +  CO2 
=  C3H5(OH)3  +  H2C02  +  C02.  The  details  of  the 
process  have  been  worked  out  by  Lorin,  Bl.  [2] 
5,  7,  12  ;  20,  241 ;  24,  22,  436  ;  25,  517  ;  37, 104. 

Properties. — The  acid  solidifies  below  0°  and 
exhibits  the  phenomenon  of  superfusion.  The 
liquid  acid  is  colourless,  transparent,  and  mobile. 
It  has  a  pungent  sour  taste  and  odour,  and 
when  concentrated  blisters  the  skin  (Liebig). 

The  vapour  pressure  of  the  acid  at  various 
temperatures  has  been  determined  by  Landoldt' 
(A.  Suppl.  6,  154)  and  Richardson  (C.  J.  49, 
765),  some  of  whose  results  are  given  below : — 


Temperature. 
5-7 
10 
10-2 
20 
29-7 
30 
40 
44-5 


Pressure 
in  mm. 
13-46  E. 
18-4  L. 
17-44  B. 
31-4  L. 
48-33  B: 
51-6  L. 
82-3  L. 
82-97  E. 


Temperature. 
45 
60 
70 
80 
82-7 
90 
91-2 


in  mm. 
102-7  L. 
191-2  L. 
280  L. 
399-8  L. 
391-2  E. 
558  L. 
529-3  E. 


Aqueous  acid. — Formic  acid  mixes  in  all 
proportions  with  water.  By  distillation  of  aqueous 
formic  acid  at  standard  pressure  a  77  p.c.  acid 
(107°)  is  finally  obtained,  whatever  the  original 
strength :  this  corresponds  to  an  acid  of  mole- 
cular composition  HCOOH  +  H20,  and  has  been 
termed  orthoformic  acid  CH(0~H)3,  the  ethereal 
salts  of  which  are  described  below.  But  on 
alteration  of  pressure  the  composition  as  well  as 
the  boiling-point  alter;  thus  at  1350  mm.  an 
80  p.c.  acid  (124-1°),  and  at  1830  mm.  an  83  p.c. 
acid  (134-6°)  finally  distil  (Eoscoe,  C.  J.  15,  270). 
Perkin  (C.  J.  49,  778)  also  concludes  that  the 
so-called  hydrate  S.G.  1 1-1829  is  only  a  mixture 
of  the  acid  and  water. 

A  30  p.c.  aqueous  acid  has  the  maximum 
electric  conductivity  (Hartwig,  W.  33,  58). 

Reactions. — 1.  The  acid  is  completely  re- 
solved by  strong  sulphuric  acid  into  carbonic 
oxide  and  water  (Dobereiner) ;  this  reaction  at  a 
temperature  of  60°-80°  starts  at  first  slowly, 
reaches  a  maximum  and  then  decreases  at  a 
rate  proportional  to  the  mass  of  acid  undergoing 
decomposition  (Veley,  T.  1888,  274,  286-297).— 
2.  The  vapour  of  the  concentrated  acid  burns  with 
a  dull  blue  flame  (Liebig). — 3.  It  is  slowly  burnt 
when  dropped  on  platinum  black  (Dobereiner). — 

4.  Gradually  oxidised  by  chlorine  (Cloez),  more 
rapidly    by    aqueous    iodic    or    periodic    acid 
(Benckieser,  A.  17,  258 ;  MiUon,  C.  B.  19,  271). 

5.  Decomposed  by  nitric  acid  (Arvidson).— 6. 
Heated  with  zinc-dust  it  is  decomposed  into  car- 
bonic oxide  and  hydrogen  (Jahn,  M.  1,  679). — 7. 
Forms  with  bromine  in  presence  of  carbon  disul- 
phide an  unstable  addition  product,  which  de- 
composes into  HBr  and  C02  (Hell  a.  Miihlhaiiser, 
B.  11,  245).— 8.  On  electrolysis  it  yields  02,  H2 
and  as  a  secondary  product  acetic  acid  (Bourgoin, 
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A.  Ch.  [4]  14,  185).— 9.  Decomposed  by  silent 
electric  discharge  into  C02,  CO,  and  H2,  the  pro- 
portion of  the  two  former  depending  on  the  pres- 
sure (Maquenne,  C.  R.  96,  63).— 10.  The  acid 
acts  as  a  strong  reducing  agent,  precipitating  in 
alkaline  solution  the  heavy  metals,  gold,  plati- 
num, and  palladium  from  their  solutions.  With 
silver  nitrate  it  precipitates  silver  formate,  which 
is  subsequently  reduced  to  the  metal ;  it  converts 
mercuric  into  mercurous  chloride,  and  only  on 
protracted  heating  to  metallic  mercury.  In  acid 
solution  it  reduces  potassium  permanganate  in 
the  cold,  and  chromic  acid  when  heated,  and  is 
thus  distinguished  and  separated  from  acetic 
acid.  It  also  reduces  Fehling's  solution.  These 
reducing  properties  are  attributed  to  the  presence 
of  the  aldehydic  group  CHO  in  the  acid.— 11.  The 
acid  and  its  salts  act  as  powerful  antiseptics  and 
anti-fermentatives  (Jodin,  C.R.61,  1179;  Hoff- 
mann, Inaug.  Diss.,  Greisswald,  1884).  Injected 
into  the  system  they  lower  the  temperature  and 
blood  pressure,  and  retard  the  heart's  action 
(Jahresber.  Fort.  Pharm.  1879,  127). 

Detection. — 1.  The  solution  supposed  to  con- 
tain the  acid  or  its  salts  is  heated  with  concen- 
trated sulphuric  acid,  when  carbonic  oxide  only 
is  evolved. — 2.  With  silver  nitrate  they  give  a 
white  pp.  turning  brownish-black  on  boiling 
(v.  supra). — 3.  With  mercurous  nitrate  they  give 
a  white  pp.  turning  grey  from  separation  of  the 
metal. 

Estimation. — 1.  The  acid  or  salt  is  heated 
for  1|  hours  with  sodium  acetate  and  a  normal 
solution  of  mercuric  chloride,  the  excess  of  which 
is  titrated  with  potassium  iodide.  Eesults  5  p.c. 
too  low  (Fortes  a.  Euyssen,  C.  R.  82,  1504).— 2. 
By  a  standard  solution  of  potassium  permanga- 
nate acidified  with  dilute  sulphuric  acid. — 3.  By 
measurement  of  the  volume  of  carbonic  oxide 
given  off  by  concentrated  sulphuric  acid.  ^ 

Formates. — Formic  acid  is  monobasic,  the 
general  formula  of  its  normal  salts  being 
Kn(HCOO)n  =  EnAn  ;  double  salts  are  also  known 
of  formula  "R^&'J^. 

METALLIC  FORMATES. — The  salts  are  all 
soluble  in  water.  Those  of  the  fixed  alkalis 
when  heated  are  converted  into  the  oxalates 
with  evolution  of  hydrogen ;  those  of  the  heavy 
metals  yield  the  metal.  The  barium  and 
calcium  salts  heated  with  the  barium  or  calcium 
salts  of  the  carboxylic  acids  yield  the  aldehydes, 
vol.  i.  p.  107.  The  salts  when  heated  with  water 
in  sealed  tubes  at  175°  are  more  or  less  com- 
pletely decomposed,  those  of  Ca,  Mg,  Mn,Fe,  Co, 
Ni,  Zn,  Sn",  Pb,  Cu,  Hg",  Ag,  yielding  an  oxide 
or  carbonate  with  evolution  of  H2,  C02,  and  CO. 
In  the  case  of  the  Co  and  Ni  salts  some  of  the 
metal  separates,  possessing  highly  magnetic  pro- 
perties ;  from  the  Cu  salt  Cu20  separates  in 
violet  crystals  mixed  with  the  metal  also  in 
crystals  (Eiban,  C.  R.  93,  1023,  1082  ;  cf.  Ber- 
thelot,  ibid.  1051). 

The  formates  have  been  examined  by  Gobel, 
Schweig,  Dobereiner  and  Liebig  ;  Crystallo- 
graphic  measurements  by  Heusser  (P.  83,  37) ; 
Handl,  Site.  W.  42,  747  ;  Zepharovich,  ibid.  43, 
ii.  545;  v.  Haucr,  ibid.  548;  cf.  J.  1861,  430; 
Eammelsberg,  Hand.  Kryst.  Chem.  274 ;  Voss, 
Inaug.  Diss.,  Konigsberg,  1887 ;  Specific  Gravi- 
ties, by  Clarke,  B.  12,  1399  ;  Schr6der,  B.  14, 
21 ;  Heats  of  Solution  and  Formation,  Berthelot, 


C.  B.  77,  24 ;  Eefraction  Equivalent,  Gladstone, 
Pr.  16,  441 ;  Kanonnikow,  /.  R.  16,  124  ;  Dis- 
persion (crystals),  v.  Lang,  Sitz.  W.  31,  105 ; 
Descloizeaux,  Ann.  M.  11,  261. 

Aluminium  formate,  obtained  by  ppg. 
barium  formate  with  equivalent  proportion  of 
aluminium  sulphate;  crystallises  with  difficulty, 
decomposed  by  hot  water  with  ppn.  of  aluminium 
hydrate  (Liebig). 

Ammonium  formate  NH4A':  monoclinic 
crystals,  a:b:c  -  -884:1:1-269 ;  £  =  1-269,  S.G.  1-266 
(Schroder).  Heat  of  solution  —2-94.  Decom- 
poses when  quickly  heated  to  180°  into  form- 
amide  and  water  but  no  hydrocyanic  acid 
(Andreasch),  while  at  a  higher  temperature 
hydrocyanic  acid  only  is  produced  (Dobereiner). 

Barium  formate  BaA'2:  monoclinic  crys- 
tals, a:6:c  = -765:1: -864  (Heusser).  S.G.  3-212 
(Schroder),  3-471  (Clarke).  Heat  of  solution 
-2-44.  S.  20  to  25  in  the  cold;  insol.  alcohol 
and  ether. — BaA'22aq  (Krasnicki,  M.  8,  599). 

Formonitrate  BaN03A'  2aq  (Ingenhoes,  B. 
12,  1680). 

Double  salts.  Barium-zinc  BaA'2.ZnA'2  2aq : 
triclinic  crystals,  a:b:c  =  -579:1:  -452 ;  /3  =  108°  49' 
(Heusser  ;  Voss).  —  Barium  manganese  salt 
BaA'2.MnA'2  2aq :  monoclinic  crystals,  a'.b:c 
=  1: -759:917  (Heusser). — Barium  cobalt  salt 
BaA'2CoA'2  2aq :  triclinic,  isomorphous  with 
the  barium-zinc  salt,  as  also  Barium-nickel 
salt  BaA'2NiA'2  2aq,  and  Barium  copper  salt 
BaA'2CuA'2  2aq  (Heusser ;  Voss). — Barium  cop- 
per 2BaA'2.CuA'2  2aq :  triclinic  crystals,  S.G.  22 
2-747.  Barium  cadmium  BaA'2CdA'2  2aq  :  mono- 
clinic  crystals,  a:b:c  =  -898:1:54.  S.G.  ^  2-724. 

Bismuth  formate.  White  crystals, 
readily  sol.  water. 

Cadmium  formate  CdA'2aq:  mono- 
clinic  prisms,  a:b:c=  1-325:1:1-224;  0  =  97°  5' 
(Kopp).  S.G.  2f  2-429  (Clarke),  2-477  (Schroder), 
readily  sol.  water,  dehydrated  with  difficulty. 

Calcium  formate  CaA'2 :  rhombic  crystals, 
a:b:c  =  -759:1:  -467.  S.G.  2-021  (Schroder).  Heat 
of  solution  -66.  S.  10  to  12-5  in  the  cold,  insol. 
alcohol.  Forms  methyl  alcohol  on  dry  distilla- 
tion. 

Cerium  formate  CeA'aq,  prepared  by 
ppg.  a  solution  of  cerous  chloride  with  sodium 
formate,  rose-coloured,  crystalline  powder,  con- 
verted into  ceroso-ceric  oxide,  when  heated. 

Cobalt  formate  CoA'22aq:  rose-red  crys- 
tals. S.G.  22  2-1286.  S.  20  at  20°  Voss. 

Copper  formate  CuA'2 :  blue  transparent 
monoclinic  crystals,  a:b:c  =  1:  -996: -771.  S.G. 
1-831  (Schroder).  Heat  of  solution  -7-84 
(hydrated),  -52  (anhydrous).  Prepared  by  neu- 
tralising formic  acid  with  copper  carbonate  or 
freshly  ppd.  oxide,  and  spontaneously  evapo- 
rating. If  the  solution  is  heated  the  basic  salt 
separates  out.  S.  12-5  to  25  in  the  cold.  S. 
(80  p.c.  alcohol)  -25. 

Basic  salt  CuA'22Cu(OH)2 :  pale-green  pow- 
der, insoluble ;  prepared  by  boiling  an  aqueous 
solution  of  the  normal  salt. 

Double  salts.  Copper  hydrogen 
CuA'.JHA'l|aq :  blue,  rhombic,  six-sided  tables, 
a:b:c~=*  1-324:1:1-765,  separated,  together  with  the 
CuSr  salt,  from  a  strongly  acid  solution  of 
2  mols.  SrA'2  and  1  mol.  CuA'2  (Zepharovich). 
Copper  strontium  2SrA'2.CuA'2. 8aq :  triclinic 
crystals,  a:6:c  = -744:1:1-0103  (Zepharovich),  and 
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SrA'2CuA'24aq.    S.G.    M    2-133    (hydr.),    2*612 
(anhyd.),  Schroder. 

Didymium  formate  DiA's.  S.G.  3-43. 
S.V.S.  80-8.  Violet  powder,  v.  si.  sol.  water 
(Cleve,  JBL  [2]  43,  365). 

Erbium  formate  Er2A'64aq:  red  crystals 
(Cleve,  C.  B.  91,  382). 

Iron  formates.    Ferrous  formate 
FeA'2.2aq,  v.  si.  sol.  water   (Scheurer-Kestner, 
A.  Ch.  [3]  68,  480). 

Ferric  formate  FeA'3aq:  yellow  glistening 
crystals,  obtained  by  dissolving  recently  pre- 
cipitated ferric  hydrate  in  formic  acid ;  from  its 
solution  ferric  hydrate  gradually  separates,  while 
a  basic  salt  remains  in  solution  (Scheurer-Kest- 
ner; cf.  Ludwig,  J.  1861,  433).  Formo-nitrate 
Fe2A'3(N03)(OH)23aq:  yellow  crystals,  readily 
decomposed.  Formo-chloride  Fe2A'4Cl2  3aq : 
reddish-yellow  salt,  v.  si.  sol.  water  (Scheurer- 
Kestner). 

Lead  formate  PbA'2:  rhombic  prisms  or 
needles,  isomorphous  with  barium  salt  (Heusser). 
S.G.  4-571  (Bodeker,  J.  1860,  17;  Schroder). 
Heat  of  solution  -3-45.  S.  1-6  at  16°,  18  at 
100°  (Barfoed,  Z.  1870,  272).  Insol.  alcohol, 
thus  differing  from  lead  acetate.  The  dry 
salt  decomposes  at  190°,  thus  Pb(CHO)2 
=  2C02  +  H2  +  Pb.  Basic  salts.  By  boiling 
aqueous  solution  with  lead  oxide  the  following 
basic  salts  separate  out.  PbAJPbO,  prisms,  sol. 
58-5  pts.  cold  water,  PbA22PbO.  Sol.  25-5  pts. 
cold,  7*5  pts.  water  (100°),  of  strong  alkaline  re- 
action, PbA33PbO  crystalline  pp.  sol.  90  pts.  cold 
water  (Barfoed). 

Formonitrate  3PbA'2Pb(NO3)2  2aq :  rhombic 
tables,  v.  si.  sol.  (Lucius,  A.  103,  115). 

Lithium  formate  LiA'2aq:  rhombic  crys- 
tals, a:b:c  =  l:  -651:  -484  (Handl).  S.G.  1-435- 
1-479  (Schroder). 

Magnesium  formate  MgA'2  2aq :  rhombic 
prisms  and  octahedra.  S.  7-7,  insol.  alcohol 
and  ether  (Souchay  a.  Groll,  J.  pr.  76,  470). 

Manganese  formate  MnA'22aq:  mono- 
clinic  crystals,  a:b:c  =  1-317:1:1-213  ;  j8  =  97°38' 
(Heusser;  Voss).  S.G.  1-953  (hydr.),  2-205 
(anhyd.)  (Schroder). 

Mercurous  formate  Hg^ :  glistening 
scales.  S.  '4  at  17°,  decomposed  when  boiled  with 
water,  Hg,(CH02)2  - Hg2  +  BLjCOj,  +  C02  (Gobel). 

Nickel  formate  NiA'22aq:  green  crys- 
tals. S.G.  22  2-1547  (Clarke). 

Potassium  formate  KA'.  Deliquescent, 
rhombic  cubes.  S.G.  1-908.  [150°].  Heat  of 
solution  —-93. 

Samarium  formate  SmA'3:  white  powder, 
v.  si.  sol. 

Silver  formate  AgA':  crystalline  pp. 
formed  by  adding  silver  nitrate  to  an  alka- 
line formate,  completely  decomposed  on  boiling 
with  water,  2AgCHO  =  Ag2  +  CO2  +  H2C02,  thus 
differing  from  the  acetate. 

Sodium  formate  NaA'2:  rhombic  prisms, 
a:6:c  =  -919:l:-97;  J8  =  58°9'  (Fock,  Z.  K.  7,  61). 
M.P.  200°.  M.  sol.  (water),  si.  sol.  (alcohol), 
insol.  (ether).  S.G.  1-919  (Schroder).  Heat  of 
solution  —  -52.  Decomposed  when  heated  into  hy- 
drogen and  the  oxalate :  2NaCH02  =  H2  +  Na2C2O,. 
— NaA?.aq,  rhombic  tables,  sol.  2  pts.  (water). 
The  acid  salts  of  sodium  and  potassium  described 
by  Bineau  do  not  exist. 

Strontium    formate     SrA'22aq:     rhom- 


bic crystals,  a:6:c  =  -608:1:  -595  (Hensser),  exhi- 
biting hemihedral  forms  (Pasteur,  A.  Ch.  [3]  31, 
98;  Jacobsen,  P.  113,  493).  S.G.  2-25  (hyd.), 
2-667  (anhyd.)  (Schroder).  Heat  of  solution  2-73 
(hyd.),  -31  (anhyd.),  m.  sol.  (water). 

Terbium  formate,  white  powder.  M. 
sol.  water. 

Thallium  formate  T1A'2:  v.  sol.  water; 
melts  below  100°  without  decomposition  (Kuhl- 
mann,  C.  E.  65,  607). 

Thorium  formate  TbV4.4aq:  tables, 
deliquescent  (Chydenius,  P.  119,  54). 

Ytterbium  formate  YC2A'34aq:  crystal- 
line aggregates  (Marignac,  A.  Ch.  [5]  14,  247. 

Yttrium  formate,  very  soluble,  deliques- 
cent. The  philippium  formate  described  by  De 
lafontaine,  A.  Ch.  [5]  14,  238  is  probably  a  mix- 
ture of  terbium  and  yttrium  formates,  which 
separates  in  rhombic  prisms,  a:6:c  =  -89:1:1-484 
(Eoscoe,  C.  J.  41,  281). 

Zinc  formate  ZnA22aq:  monoclinic  crys- 
tals, isomorphous  with  Mn  salt.  S.G.  2-151 
(hyd.)  (Schroder);  2]-3  2-157  (Clarke),  2-306 
(anhyd.).  Heat  of  solution  -1-2  (hyd.),  1-97 
(anhyd.). 

ALKYL  FOBMATES.    Formic  ethers. 

Methyl  ether  C^O-j  or  MeA'.  Mol.  w. 
60.  S.G.  f?  -957  (S.) ;  £  -978  (E.) ;  if  -982, 
f|  -969  (Perkin) ;  14  -979  (Grodzki  a.  Kramer). 
V.D.  2-084  (for  2-08)  (Dumas  a.  Peligot).  C.E. 
(0°-10°)  -00144  (E.).  S.V.  62-57  (S.),  62-84  (E.), 
63-2  (Eamsay).  H.C.v.  241,620  (Thomson), 
238,700  (Berthelot).  H.F.p.  89,430.  H.F.v.  88,270. 
M.M.  2-495  at  16°  (P.).  A2  4-944  (S.). 

Occurrence. — In  crude  wood  spirit  (Mabery, 
A.  C.  J.  5,  259). 

Preparation. — 1.  By  adding  calcium  formate 
(100  pts.)  gradually  to  wood  spirit  (130  pts.), 
saturated  with  hydrochloric  acid.  The  distillate 
is  poured  back,  redistilled,  and  finally  rectified 
over  sodium  carbonate  and  calcium  chloride 
(Volhard,  A.  176,  133).— 2.  By  distilling  a  mix- 
ture in  equivalent  proportions  of  sodium  formate, 
hydrochloric  acid,  and  wood  spirit  (Bardy  a. 
Bordet,  A.  Ch.  [5]  16,  561 ;  cf.  Dumas  a.  Peli- 
got, A.  Ch.  [2]  58,  48). 

Properties. —  Colourless  liquid  of  ethereal, 
odour. 

Mono-chloro-methyl  formate 
HC02CH2C1.    Prepared  by  passing  chlorine  in 
the  dark  at  100°  into  methyl  formate. 

Perchloromethyl  formate  C1C02CC13  (180°- 
185°).  S.G.  is  1-724  (Cahours.4. 64, 315).  When 
passed  through  a  strongly  heated  tube  it  is  con- 
verted into  carbon  oxy-chloride.  With  alcohol 
it  forms  ethyl  chloro-f ormate,  the  equation  being 
C2C1402  +  2EtOH  =  2ClC02Et  +  2HC1. 

Ethyl  ether  C.AHtiO2  or  EtA'.  Mol.  w.  74. 
(53-5°)  at  754-5  mm.  (E.  Schiff) ;  (55°)  (Garten- 
meister);  (54-4°)  (Elsasser).  S.G.  g  -945  (G.); 
I  -937  (Elsasser) ;  f  -9064  (Briihl) ;  if  -9298,  |f 
•9188  (Perkin) ;  ^  -873  (S.)  (cf.  Naccari  a.  Pag- 
liani,  W.  Beibl.  687).  V.D.  2-593  (for  2-565)  (Lie- 
big).  C.E.  (0°-10°)  -001331  (E.).  S.V.  84-57 
(S.);  84-6  (G.);  85-14  (E.).  ^1-3642.  E^  28-61 
(B.).  M.M.  3-564  at  18-8.  H.F.p.  95,900.  H.F.v. 
94,160.  A2  4-528.  Critical  Temperature  238-6° 
(Pawlewski). 

Preparation. — 1.  By  distilling  a  mixture  of 
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90  p.c.  alcohol  (6  pts.),  sodium  formate  (7  pts.), 
and  concentrated  sulphuric  acid  (10  pts.)  (Liebig, 
A.  17,  72). — 2.  By  heating  a  mixture  of  glycerin, 
oxalic  acid,  and  alcohol  in  a  reflux  apparatus, 
and  then  distilling  (Lorin,  Bl.  [2]  5,  12).— 3. 
Starch  (9  pts.)  mixed  with  manganese  peroxide 
(29  pts.),  is  added  to  a  mixture  of  sulphuric 
acid  (20  pts.),  water  (5  pts.),  and  85  p.c.  alcohol 
(15  pts.),  and  the  whole  distilled  (Stinde,  D.  P.  J. 
181,  402). — 4.  As  a  secondary  product  in  the 
preparation  of  ethyl  oxalate  (J.  pr.  83,  1),  its 
formation  being  due  to  the  decomposition  of 
mono-ethyl  oxalate  (Anschiitz,  B.  16,  2412). 

Properties.  —  Liquid,  of  odour  resembling 
peach-kernels.  S.  11  at  18°,  sol.  alcohol  and 
ether.  Vapour-tension  at  various  temperatures 
(Naccari  a.  Pagliani) : — 

Temp.  Pres.  Temp.  Pres. 

20-2  193-7  50-3  656'9 

31-2  311-2  55-1  782-2 

40-87          459-9  60'5  941-9 

Reactions.  —  Decomposed  by  sodium  or 
sodium-ethylate  into  carbonic  oxide  and  alcohol 
HC02Et  =  CO  +  EtOH  (Geuther,  Z.  1868,  665). 
With  chlorine  it  yields  di-chloro-ethyl 
formate  HC02C2H3C12,  S.G.  ^  1-261,  which  is 
decomposed  when  boiled,  and  by  alkalis  into 
KC1,  potassium  formate,  and  acetate  (Malaguti, 
A.  32,  39) ;  and  per-chloro  ethyl  formate 

C1C02C2C15    (Cf.    TftlCHLOKACETIC   ACID)    (Bucholz, 

Crell.  N.  Entdeck.  6,  55  ;  'Gehlen,  S.  4,  18  ; 
Dobereiner,  A.  3,  145;  Kopp,  A.  55, 180). 

Propyl  ether  Pr.A'.  Mol.  w.  88.  (81°) 
at  760  mm.  (Gartenmeister,Elsasser,  Schumann) ; 
(82-5°-83°)  at  763-4  mm.  (Schiff).  S.G.  g  -925 
(G.) ;  £  -9184  (E.)  ;  a  -9188  (Pierre  a.  Puchot) ; 
if  -9099,  If  -9002  (Perkin) ;  ^~  -8075  (S.).  C.E. 
(0°-10°)  -001212  (E.) ;  (0°-20°)  -0246  (Pierre  a. 
Puchot).  S.V.  108-7  (S.) ;  106-2  (G.) ;  106-8  (E.). 
H.F.p.  102480.  H.F.v.  100160.  M.M.  4-534. 
A2  4-486.  S.  2-2  at  22°  (Traube,  B.  17,  2304). 
Critical  temperature,  267-4  (Pawlewski ;  Pierre 
a.  Puchot,  A.  153,  262  ;  163,  271). 

Isopropyl  ether  PrA'.  (68°-71°).  S.G.  s. 
•8826  (Pribram  a.  Handl,  M.  2,  685).  Specific 
viscosity  31-5  at  10-4°. 

n-Butyl  ether  HC02C4H9.  (104°-105°) 
at  739-4  mm.  S.G.  s.  -9058.  Specific  viscosity 
52  at  1-9°  (Pribram  a.  Handl,  ibid.  692). 

Isobutyl  ether.  (97-9°)  at  760  mm. 
(Schumann,  Elsasser) ;  (98-5°)  at  759-8  mm. 
(Schiff).  S.G.  £  -8854  (E.)  ;  s  -8845  (Pierre  a. 
Puchot) ;  Sf '±  -7784  (S.).  S.V.  127-6  (G.) ;  130-7 
(S.)  ;  129-9  (E.).  S.  1  at  22°  (Traube,  B.  17, 
2304).  C.E.  (0°-10°)  -00112  (E. ;  cf.  Pierre  a. 
Puchot,  A.  163,  281).  H.F.p.  106,700.  H.F.v. 
103,800.  A2  4-064  (S.)  (Wurtz,  A.  93,  121). 

Iso-amyl  ether  HC02C5HU.  Mol.  w.  116. 
(123-3°)  at  760  mm.  (Schumann,  Schiff,  El- 
sasser) ;  (130-4°)  (Gartenmeister).  S.G.  g  -9018 
(G.);  £  -8944  (E.) ;  f  -8802  (Briihl) ;  i2f*  -7554 
(S.).  S.V.  153-2(8.);  150-21  (E.);  150-5 (G.).  C.E. 
(0°-10°)  -00107  (G.).  ^  1-4027.  E^  51-06  (B.). 
Critical  temperature  304-6.  A2  4-149  (S.).  Pre- 
pared by  distillation  of  glycerin,  oxalic  acid,  and 
fusel  oil. 

Hexyl  ether  HCOoC6IIia.  (153-6°)  (Garten- 
meister) ;  (146°)  (Frentzel).  S.G.  g  8977  (G.) ; 
ii  -8495  (F.).  S.V.  173-3  (G.).  C.E.  (0°-10°) 
•00106  (G.). 


Heptyl  etherRCO,C7-R}..  (176-7°)  (Garten- 
meister).  S.G.  g  -8937  (G.).  S.V.  196-7  (G.). 
C.  E.  (0°-10°)  -00097. 

Octyl  ether  HC02C8H,7  (198-1°)  (G.).  S.G. 
§  -8929  (OK).  S.V.  220-3  (G.).  C.E.  (0°-10°) 
•00096. 

A  llyl  ether  HC02CSH5.  Mol. w. 86.  (82-83°). 
S.G.  7-5  -9322  (Tollens,  Z.  1866,  518 ;  1868,  441). 
H.F.p.  65,020.  H.F.v.  63,280.  Formed  as  a  sub- 
sidiary product  in  the  preparation  of  formic  acid 
from  glycerin  and  oxalic  acid  when  the  mixture 
is  not  too  strongly  heated. 

Phenyl  ether  HC02Ph.  (180°  with  de- 
composition). Phenol  and  formic  acid  (equiv. 
pts.)  are  heated  at  80°  and  POC13  (£  equiv.) 
slowly  added  (Seifert,  J.pr.  [2]  31,  467). 

OBTHOFOBMIC  ACID.  As  stated  above,  though 
orthoformic  acid  HC(OH)3  has  not  been  isolated 
as  such,  its  ethereal  salts  are  stable  compounds, 
prepared  by  heating  chloroform  with  the  al- 
cohol in  presence  of  an  alkali  metal  or  hydrate 
CHC13  +  3EONa  =  3NaCl  +  CH(OE)3  (Williamson 
a.  Kay,  Pr.  7,  135). 

Methyl  ether  HC(OMe)3.  (101°-102°) 
(Deutsch,  B.  12,  117);  (102°)  (Pinner,  B.  16, 
1644).  S.G.  23  .974  p.).  v.D.  52-59  (obs.). 
H.F.p.  130,460.  H.F.v.  127,270.  Prepared  from 
methyl  alcohol,  chloroform,  and  sodium. 

Ethyl  ether  HC(OEt)s.  (145°-146°)  (Kay); 
(146°-148°)  (Ladenburg  a.  Wichelhaus,  A.  152, 
164)  ;  (147°-149°)  (Deutsch) ;  (145°)  (Pinner). 
S.G.  -894. 

Formation. — 1.  From  chloroform  and  sodium 
ethylate  (Williamson  a.  Kay).— 2.  By  decompos- 
ing the  hydrochloride  of  formimido-ether  with 
alcohol  (Pinner). 

Preparation. — 1.  Sodium  ethylate  free  from 
alcohol  is  mixed  with  a  little  ether  and  chloro- 
form added  slowly.  The  mixture  is  warmed  on 
a  water-bath,  then  distilled  and  rectified  over 
CaCl2  (Stapff,  Z.  1871, 186).— 2.  Sodium  (7  pts.) 
is  added  gradually  to  a  mixture  of  CHC13  (12  pts.), 
absolute  alcohol  (14  pts.),  and  a  little  ether 
(Wichelhaus  a.  Ladenburg,  A.  152, 164 ;  Deutsch, 
B.  12,  116  ;  cf.  Bassett,  C.  J.  2, 198). 

Properties. — Liquid  of  aromatic  odour;  liquid 
at  — 18° ;  v.  sol.  water. 

Reactions.— I.  Heated  with  acetic  acid  it  is 
decomposed  into  formic  acid  and  ethyl  acetate 
(Sawitsch,  J.  1860, 391).— 2.  By  sodium  ethylate 
it  is  converted  into  CO,  alcohol,  ether,  and  formic 
acid  (Bassett).— 3.  With  bromine  it  gives  EtBr, 
alcohol,  ethyl  formate,  and  ethyl  carbonate, 
according  to  the  equation:  2HC(OEt)3  +  Br2 
=  2EtBr  +  HC02Et  +  CO(OEt)2  +  EtOH. 

Dimethyl  ethyl  ether  CH(OMe)2OEt. 
(115°-120C).  Prepared  by  mixing  the  hydro- 
chloride  of  formimido-ether  with  methyl  alcohol 
(Pinner,  B.  16,  356). 

Tripropyl  ether  CH(OPr)3.  (196°-198°) 
(Deutsch) ;  (194°)  (Pinner).  S.G.  ||  -879.  V.D. 
95-64  (D.). 

Dipropyl  methyl  ether  HC(OPr)2OMe. 
(181°)  (P.). 

Dipropyl  ethyl  ether  HC(OPr)2OEt. 
(186°)  (P.). 

Dimethyl  propyl  ether  HC(OMe)2OPr. 
(152°)  (P.). 

Die  thy  I  propyl  ether  HC(OEt)2OPr. 
(167°)  (P.). 
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Dipropyl  isoamyl  ether 
HC(OPr)2OC5Hn.    (226°)    (P.). 

Propyl   di-isobutyl   ether 
HC(OPr)(OC4H9)2.  (208°)  (P.). 

Tri-isobutyl  ether  HC(OC4H9)3.  (220°- 
222°).  S.G.  -»f  -861.  V.D.  114-86  (Deutsch). 

Dibutyl    isoamyl    ether 
HC(OC4H9)2(OC5Hn).     (232°)    (P.). 

Di-isoamyl  ethyl  ether 
HC(OC5H11)2OC4H9.    (254°)  (P.). 

Triallyl  ether  CH(OC3H5)3.  (196°-205°). 
Prepared  from  sodium  (16  g.),  allyl  alcohol 
(35  g.),  and  chloroform  (24  g.),  diluted  with 
double  its  volume  of  petroleum  (Beilstein  a. 
Wiegand). 

Phenyl  ether  CH(OPh)3.  [72°]  (Tiemann, 
B.  15,  2686) ;  [76°-77°]  (Auwers,  B.  18,  2657). 
(270°  at  55  mm.)  (T.).  Long  needles;  insol. 
water,  sol.  ether,  chloroform,  and  benzene. 
Formed  by  the  action  of  chloroform  on  alka- 
line phenol  solution.  Eeadily  decomposed  by 
acids,  not  by  alkalis. 

o-Nitro  phenyl  ether  CH(OC6H4N02)8. 
[182°].  From  chloroform  (2  mols.)  and  potassium 
o-nitro  phenol  (3  mols.),  heated  to  150°.  Yield 
small.  Needles  (Weddige,  J.pr.  [2]  26,  445). 

p-Nitro  phenyl  ether.  [232°].  Needles. 
Prepared  as  above  (Weddige). 

Formamide  CH3NO  i.e.  HCONH2.  Amide  of 
formic  acid.  Mol.  w.  48.  (192°-195°)  with  de- 
composition into  carbonic  oxide  and  ammonia ; 
(140°  in  vacuo)  (Hofmann,  C.  J.  16,  72) ;  (208°) 
(Claisen  a.  Matthews,  C.  J.  41,  264) ;  (150°  in 
vacuo)  (Schulze,  J.pr.  [2]  27,  516). 

Formation. — 1.  By  heating  ethyl  formate 
with  ammonia  (Hofmann). — 2.  By  heating  am- 
monium formate  together  with  urea  at  140° 
(Berend,  A.  128,  335):  2HCO2NH4  +  CO(NH2)2 
=  2HC02NH2+  (NH4)2C03.— 3.  By  the  action  of 
sodium-amalgam  on  a  solution  of  potassium 
cyanate  (Basarow,  B.  4,  409).— 4.  By  the  action 
of  strong  fuming  HC1  on  HCN  (Claisen  a.  Mat- 
thews). 

Preparation. — 1.  Ammoniumf  ormateis  heated 
at  230°  for  five  hours  under  pressure,  yield 
71p.c.  of  theoretical  (Hofmann,  B.  15,  980).— 2. 
By  heating  dry  formic  acid  (55  g.)  with  am- 
monium sulphocyanide  (31  g.)  for  two  days, 
and  then  distilling  in  vacuo.  Yield  74  p.c. 

Properties. — Liquid,  sol.  water,  alcohol  and 
ether. 

Eeactions. — 1.  Decomposed  by  alkalis  in 
the  cold  with  evolution  of  NH3. — 2.  Split  up  by 
PC15  into  CO  and  a  little  HCN  (Wallach,  B.  15, 
210).— 3.  With  P205  it  yields  HCN  (Hofmann). 
4.  It  absorbs  dry  HC1  in  the  cold  with  formation 
of  a  crystalline  addition  product,  which  at  a 
higher  temperature  is  completely  resolved  into 
NH4C1  and  CO.— 5.  With  bromine  in  equi- 
molecular  proportions  in  presence  of  soda  it 
forms  a  cry stallinebromo- derivative  HCONHBr, 
decomposed  into  HBr  and  H3C3N303  (Hofmann, 
B.  15,  753).— 6.  With  ethyl  aceto-acetate  in 
presence  of  zinc  chloride  it  yields  di-methyl- 
ethyl-pyridine  carboxylic  ether  (Canzoneri  a. 
Spica,  G.  14,  448). 

Methyl-formamide  HCONHMe.  (190°) 
S.G.  {%  1-011.  Formed  by  evaporating  an  aque- 
ous solution  of  methylamine  formate,  and  distil- 
ling the  residue.  Liquid,  sol.  water  and  alcohol, 
insol.  ether.  Decomposed  by  alkalis  and  acids 


into  formic  acid  and  NMeH2 ;  by  P205  into  CO, 
HCN,  and  NH2Me;  and  by  ZnCl2  into  NH3, 
CO  and  hydrocarbons  (Linnemann,  Situ.  W. 
[2]  60,  46). 

Ethyl-formamide  HCONHEt.  (196°- 
197°).  S.G.  Si  -952.  Formed  in  the  same  way 
as  the  above.  Liquid,  sol.  water  and  alcohol, 
insol.  ether.  Resembles  the  above  in  its  re- 
actions (Linnemann,  ibid.  48). 

Diethyl-formamide  HCONEt2  (175°- 
178°)  (Linnemann,  Sits.  W.  [2]  60,  51) ;  (178°) 
(WaUach  a.  Kamensky,  A.  214,  240).  S.G.  i2 
•908  (L.).  Prepared  by  distilling  diethyl-amine 
formate  (L.)  (W.  a.  K.),  or  diethyl-oxamic  acid 
(W.  a.  K.).  Liquid,  sol.  water,  but  separated  by 
KHO  and  K,COS. 

Salt.— (B'HC1)2P1C14 :  yellow  pp. 

Reactions. — 1.  With  acids,  alkalis  and  ZnCl2 
it  behaves  like  the  above  compounds  (Linne- 
mann).—2.  PC15  gives  HCCl2NEt2  which  splits 
up  thus  2HCCl,NEt2  =  3HC1  +  C10HI9C1N2.  The 
product  is  a  base  forming  a  salt  (B'HCl)2PtCl4 
and  decomposed  when  heated  with  formation  of 
pyrrole  (Wallach  a.  Kamensky). 

Isopropyl-formamide  HCONHPr. 

(220°).  From  isopropyl-carbamine  and  HC1  in 
the  cold  (Gautier,  A.  149,  158). 

Phenyl- formamide  HCONHC6H5.  Form- 
anilide  [46°]. 

Formation. — By  distillation  of  equimole- 
cular  proportions  of  aniline  and  oxalic  acid 
(Gerhardt,  A.  60,  310  ;  Hofmann,  A.  142,  121), 
C2H204  +  NH2Ph  =  HCONHPh  +  C02  +  H20. 

Preparation. — By  heating  aniline  and  formic 
acid  (equimols.).  The  product  is  heated  on  a 
water-bath  under  reduced  pressure  to  remove 
the  water,  then  distilled  at  ordinary  pressure  up 
to  250°.  The  contents  of  the  retort  are  then 
poured  out  (Tobias,  B.  15,  2443,  2866  ;  Wallach 
a.  Wiisten,  B.  16,  145). 

Properties. — Long  needles  or  four-sided 
prisms,  m.  sol.  water,  sol.  alcohol ;  exhibits 
phenomenon  of  superfusion. 

Eeactions. — 1.  Decomposed  by  dilute  acids 
into  aniline  and  formic  acid. — 2.  Split  up  by 
concentrated  HC1  into  benzonitrile  HCONHPh 
=  PhCN  +  H20.— 3.  If  gaseous  HC1  is  passed  in 
at  100°  the  amide  is  decomposed  into  formic 
acid  and  diphenyl-formamidine  CHNPhNHPh. 
4.  By  cone.  H2S04  it  is  decomposed  into  CO  and 
amidp-benzene  ^-sulphonic  acid. — 5.  With  zinc- 
dust  it  yields  CO,  C02,  H>,  aniline  and  benzo- 
nitrile (Gasiprowski  a.  Merz,  £.18,  1002).— 
6.  Heated  with  phenyl  cyanate  at  180°  it  yields 
phenyl-carbamine,  di-phenyl-urea  and  C02 
(Kuhn,  B.  18,  1477).— 7.  Converted  by  alcoholic 
solutions  of  alkyl  bvomides  (1  mol.)  followed  by 
alcoholic  KOH  (1  mol.)  into  alkyl-formanilides 
(Pictet  a.  Crepieux,  B.  21, 1106). 

Sodium  formanilide  HCONNaPh  aq. 
Formed  by  adding  cone,  soda  to  formanilide 
(Hofmann).  Glistening  plates ;  v.  si.  sol.  alcohol ; 
decomposed  by  water  (Tobias,  B.  15,  2443). 

Nitroso-formanilide  HCON(NO)Ph.  [39°]. 
Formed  by  passing  nitrous  acid  into  a  cooled 
solution  of  formanilide  in  acetic  acid.  Yellowish- 
white  needles,  v.  sol.  water ;  readily  decomposed. 

Methyl-formanilide  HCONMePh  (P.); 
(253°)  at  716  mm.  (P.  a.  C.).  S.G.  ^  1-097. 
Formed  from  the  hydrochloride  of  formimido- 
ether  and  methyl  aniline,  the  reaction  being 
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as  follows:  NH:CHOEt.HCl  +  NHMePh  +  H20 
=  HCONMePh  +  EtOH  +  NH4Cl  (Pinner,  B.  16, 
1652;  P.  a.  C.). 

Ethyl-formanilide  H.CO.NPhEt.  (258° 
i.V.)  at  728  mm.  S.G.  \6  1-063. 

Propyl-formanilide  H.CO.NPhPr.  (267° 
i.V.)  at  737  mm.  S.G.  ^  1-044. 

Isopropyl-formanilide  H.CO.NPhPr. 
(263°  i.V.)  at  720  mm. 

Isobutyl-formanilide  H.CO.NPh.C4H9. 
(274°  i.V.)  at  731  mm. 

Isoamyl-formanilide  H.CO.NPhCsH,!. 
(286°  i.V.)  at  728  mm.  S.G.  ^  1-004. 

Phenyl-formanilide  HCONPh2.  Di- 
phenyl-formamide.  [73°-74°].  (210°-220°  in 
vacua) .  Formed  from  diphenylamine  and  formic 
or  oxalic  acid.  When  heated  with  ZnCl2  yields 
acridine  (Willm  a.  Girard,  B.  8,  1196). 

Formo-o-toluide  HCONHC6H4Me.  [58°] 
(Tobias,  B.  15,  2446) ;  [56-5°_57-5°]  (Ladenburg, 
B.  10,  1129).  (288°)  (L.).  Formed  from  o- 
toluidine  and  formic  acid.  Glistening  leaflets, 
v.  sol.  alcohol.  Decomposed  into  its  constituents 
by  dilute  sulphuric  acid.  Heated  for  some  time 
at  its  boiling-point  it  yields  o-toluidine,  methyl- 
ditolylamine,  CO,  and  C02.  Sodium  deriva- 
tive HCONNaC6H4Me  aq. 

Formo-p-toluide.  [45°]  (Hiibner,  A.  209-, 
372) ;  [52°J  (Tobias,  B.  15,  2446).  Formed  (1) 
as  the  above  (T.) ;  (2)  by  heating  ^-toluidine 
oxalate  (H.).  Long  needles,  v.  sol.  water,  and 
alcohol.  Converted  into  the  nitrile  of  p-tolmc 
acid  when  heated  with  zinc-dust  (B.  18,  1002). 

Formo-m-xylide.  [113°-114°].  Glisten- 
ing needles  or  leaflets,  v.  sol.  alcohol  and  ether 
(Gasiorowski  a.  Merz,  B.  18,  1011). 

Formo-cumidide  HCONHC6H2Me3. 

[121°].  Needles  v.  si.  sol.  water,  sol.  alcohol 
and  ether  (Senier,  C.  J.  47,  768). 

Formo-isobutyl-o-toluide 
HCONHC6H3MeCH2Pr  [1:2:4].    [105°].    Colour- 
less tables,  v.  si.  sol.  water,  sol.  alcohol   and 
ether  (Effront,  B.  17,  2347). 

Formonaphthalides  v.  NAPHTHYL- 
AMINES. 

Formopiperidide  v.  PIPEBIDINE. 

V.  H.  V. 

FORMIC  ALDEHYDE  CH20.  Oxymethylene. 
Mol.  w.  30  (observed  by  Kaoult's  method :  34, 
Tollens  a.  Mayer,  B.  21,  1566). 

Formation. — 1.  By  passing  a  current  of  air, 
charged  with  vapour  of  methyl  alcohol,  over  a 
glowing  spiral  of  platinum  wire  or  over  platinised 
asbestos;  if  the  escaping  gases  are  passed 
through  aLiebig's  condenser  a  solution  of  formic 
aldehyde  in  methyl  alcohol  will  collect  in  the 
receiver  (Hofmann,  Pr.  16, 156  ;  cf.  Volhard,  A. 
176,  128 ;  Kablonkoff,  BL  [2]  38,  379).  When 
platinum  foil  at  55°  is  used  the  yield  is  12  p.c. 
(Tollens,  L.  V.  29,  355 ;  C.  J.  46,  293).  Bed- 
hot  oxide  of  iron  or  copper  may  be  used  instead 
of  platinum  (Loew,  J.  pr.  [2]  33,  322  ;  Tollens, 
B.  19,  2133). — 2.  By  decomposing  chloro-methyl 
acetate  (2  pts.)  with  water  (1  pt.)  by  heating  for 
30  minutes  to  100°  (Michael,  Am.  1,  418).— 3. 
Formed  in  small  quantities  by  the  action  of  ozone 
on  coal-gas  (Maequenne,  BL  [2]  37,  298).— 4.  In 
small  quantity,  together  with  formic  acid  and 
CH4,  by  the  action  of  the  silent  electric  discharge 
on  a  mixture  of  hydrogen  and  C02  (Brodie,  Pr. 
22,  172). — 5.  When  a  mixture  of  methylal 


CH2(OMe)2  and  H2S04  is  warmed,  formic  alde- 
hyde is  given  off,  but  it  quickly  polymerises  giving 
a  sublimate  of  its  solid  modification. — 6.  By 
heating  ethylene  with  oxygen  at  400°  (Schiitzen- 
berger,  BL  [2]  31,  482).— 7.  In  the  incomplete 
combustion  of  nitric  ether  (Pratesi,  O.  14,  221). 

Properties. — Formic  aldehyde  is  only  known 
in  solution  ;  by  freezing  the  solution  and  remov- 
ing the  ice  an  aqueous  solution  may  be  concen- 
trated until  it  contains  10  p.c.  of  the  aldehyde 
(Hofmann,  B.  11,  1685  ;  cf.  Tollens,  B.  15, 1629  ; 
16,  917).  The  aqueous  solution  is  pungent ;  it 
reduces  ammoniacal  AgN03,  forming,  when 
gently  warmed,  a  silver  mirror.  When  warmed 
with  aqueous  KOH  it  gives  a  brownish  oil 
and  an  odour  like  that  accompanying  aldehyde - 
resin.  Dilute  aqueous  NaOH  gives  formic  acid 
and  MeOH.  After  treating  the  solution  with 
H2S  and  heating  the  resulting  liquid  with  cone. 
HClAq,  it  solidifies  on  cooling  to  a  dazzling 
white  mass  of  felted  needles  consisting  of 
(CH,S)3.  When  evaporated  with  ammonia  or 
ammonium  carbonate  it  leaves  a  residue  of 
hexamethyleneamine,  by  weighing  which  the 
amount  of  formic  aldehyde  in  the  solution  may 
be  determined  (Loew,  J.  pr.  [2]  33,  322 ;  cf.  Leg- 
ler,  B.  16,  1333).  A  solution  of  formic  aldehyde 
deposits  after  some  time  insoluble  formic  par- 
aldehyde  or  tri-oxy-methylene. 

Reactions. — 1.  Keadily  condensed  by  strong 
bases,  to  a  less  extent  by  salts  with  alkaline  re- 
action. Calcined  MgO  has  no  action.  BaH202Aq 
gives  formic  acid  and  methyl  alcohol ;  the 
BaH.,O2  is,  however,  soon  neutralised  and  ceases 
to  act.  CaH202Aq,  MgH^gAq,  Fe,  Pb,  PbO, 
many  Pb  salts,  NEt4OH,  and  many  organic 
bases  give  rise  to  formose  or  methylenitan 
C6H,005.  By  boiling  a  7  p.c.  solution  with  tin  a 
body  resembling  formose,  called  ()8) -formose,  is 
formed.  MgH20,jAq  at  about  100°  gives  at  least 
two  sugars,  one  of  which  yields  an  osazone  in 
yellow  needles  [152°].  None  of  these  sugars  fer- 
ment with  yeast.  NaCl  has  no  action  alone,  but 
increases  the  activity  of  CaH202Aq,  whilst  NaAcO, 
KN03,  and  much  Cu,  Fe,  or  Sn  diminish  it  (O. 
Loew,  B.  21,  270 ;  J.  pr.  [2]  33,  321 ;  34,  51 ; 
Wehmer  a.  Tollens,  A.  243,  340). -2.  Eeadily 
condenses  with  primary  amines :  CH20  +  H2NE 
=  H20  +  CH2NE.  Thus  methylamine,  aniline, 
o-toluidine,  and  p-toluidine  give  methylene- 
methyl-amine  (c.  207°),  phenyl-methylene-amine 
C6H5N:CH2  [138°],  o-tolyl-methylene-amine 
C6H4MeN:CH2,  and  jp-tolyl-methylene-arnine  [c. 
122°]  respectively  (Kolotoff,  BL  [2]  45,  253; 
Tollens,  B.  17,  657 ;  WeUington  a.  Tollens,  B. 
18,  3309).  These  formula  ought,  perhaps,  to  be 
doubled.  Primary  and  secondary  bases  also  give 
compounds  of  the  form  CH2(NHR)2  and 
CH2(NEB')2,  thus:  aniline  and  di-ethyl-amine 
give  di-phe*nyl-methylene-diamine  CH2(NHPh)2 
[49°],  and  methylene  -  tetra  -  ethyl  -  diamine 
CH2(NEt2)2  (167°)  respectively  (Pratesi,  G.  14, 
353  ;  Kolotoff,  BL  [2]  43,  112  ;  Ehrenberg,  J.pr. 
[2]  36,  118).  In  these  condensations  with  bases 
the  paraldehyde  may  be  used. — 3.  By  boiling 
with  a  solution  of  ammonium  chloride  it  is  con- 
verted into  NMes  and  C02  (Plochl,  B.  21,  2117). 
4.  By  heating  a  16  p.c.  solution  of  formic  alde- 
hyde with  ammonium  sulphate  on  the  water-bath 
CO2  is  given  off  and  the  sulphates  of  mono-,  di-f 
and  tri-methylamme  are  formed.  If  methyl- 
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amine  or  dimethylamine  hydrochloride  be  sub- 
stituted for  the  ammonium  sulphate  trimethyl- 
amine  is  formed  in  both  cases.  —  5.  Trimethyl- 
amine  hydrochloride  does  not  act  on  formic 
aldehyde  (Plochl,  B.  21,  2117). 


Colourless  trimetric  tables.  Formed  by  adding 
phenyl-hydrazine  to  a  solution  of  formic  alde- 
hyde (Wellington  a.  Tollens,  B.  18,  3300). 

Formic  paraldehyde  (CH20)3?  Tri-oxy- 
methylene.  [152°]. 

Formation.  —  1.  By  spontaneous  polymerisa- 
tion of  formic  aldehyde  in  aqueous  solution.  —  2. 
From  methylene  iodide  by  the  action  of  Ag20  or 
of  silver  oxalate.  Also  from  methylene  acetate 
by  heating  with  water  at  100°  (Butlerow,  A.  Ill, 
242).—  3.  By  heating  calcium  glycollate  (1  pt.) 
with  H2S04  (7  pts.)  at  175°  (Heintz,  A.  138,  43); 
and  in  small  quantity  by  heating  glycollic  acid 
at  220°  (Heintz,  J.  1861,  444).—  4.  By  the  action 
of  water  on  chloro-  or  di-chloro-dimethyl  oxide 
(MeO.CH2Cl  or  MeO.CHCl2)  (Friedel,  C.  E.  84, 
247  ;  Butlerow,  Z.  1865,  619).—  5.  By  electro- 
lysis of  a  solution  of  glycol,  glycerin,  mannite, 
or  glucose  in  dilute  H2S04  (Eenard,  A.  Ch.  [5]  17, 
303). 

Properties.  —  Crystalline  mass.  Even  below 
100°  it  sublimes,  but  its  melting-point  is  thereby 
raised  from  152°  to  172°  (Tollens,  B.  16,  919). 
Formic  paraldehyde  is  converted  on  vaporisation 
into  CH20  (V.D.  1-06).  It  is  insol.  water,  alcohol, 
and  ether,  but  dissolves  in  cold  aqueous  NaOH 
or  baryta.  It  is  also  dissolved  by  heating  with 
water  at  100°,  being  thereby  converted  into  or- 
dinary formic  aldehyde  (Tollens  a.  Mayer,  B.  21, 
1571).  When  hot  it  has  a  pungent  odour.  Heating 
with  a  trace  of  H2S04  in  a  sealed  tube  at  115° 
converts  it  into  '  (o)-tri-oxy-methylene  '  C3H603 
[61°],  V.D.44-9  (H=l)  ;  (a)-tri-oxy-methylene  is 
sol.  water,  alcohol,  and  ether,  and  reduces  am- 
moniacal  AgN03  in  presence  of  KOH  (Pratesi,  G. 
14,  140).  When  a  solution  of  formic  aldehyde  is 
evaporated  over  H2S04  there  is  formed  a  soft 
substance,  v.  sol.  water,  whose  molecular  weight, 
determined  by  Kaoult's  method,  corresponds  to 
the  formula  (CH20)2  (Tollens  a.  Mayer,  B.  21, 
3503). 

Reactions.  —  1.  PI3  gives  methylene  iodide.  — 
2.  Boiling  with  alcohol  and  some  H2S04  gives 
CH2(OEt)2.  —  3.  Boiling  lime-water  gives  formose 
(methylenitan)  (Butlerow,  4.  120,  295).—  4.  Heat- 
ing with  water  and  MgO  at  130°,  and  afterwards 
at  220°,  gives  formic  acid  and  MeOH.—  6.  Ag20 
gives  a  silver  mirror  and  formic  acid  (Heintz,  A. 
138,  322).—  6.  Cone.  HClAq  at  100°  gives  MeCl 
and  formic  acid  (Tischtschenko,  J.  E.  15,  321).— 

7.  Dry    NH?    forms    hexamethylene-tetramine 
C6H,2N4,   which    crystallises    from    alcohol    in 
rhombohedra  ;  v.  sol.  water,  si.  sol.  cold  alcohol, 
almost  insol.  ether  (Butlerow,  A.  115,  322).  — 

8.  Ethylamine  gives  (CH2)2(NEt)2;  di-ethylamine 
forms  CH2(NEt2)2  ;  tri-ethylamine  has  no  action. 
Other  bases  act  in  like  manner  when  heated  with 
formic  paraldehyde  (Ehrenberg,  J.  pr.  [2]  36, 
117).  —  9.  Chlorine  in  sunlight  forms  COC12  and 
HC1  (Tischtschenko,  J.  E.  1887,  479).    Bromine 
gives    (CH^Br^O,    formic    acid,    HBr,    methyl 
bromide,  CO,  and  C02.  —  10.  ZnEt2,  followed  by 
water,  gives  propyl  alcohol.     ZnPr2  gives,  in  like 
manner,  butyl  alcohol  (Tischtschenko,  Bl.  [2] 


43,  112).— 11.  By  heating  with  dilute  HC1  it  ia 
resolved  into  formic  acid  and  MeOH  or  MeCl  (T.). 
Dry  HC1  slowly  forms  (CH2C1)20  (102°-108°).— 
12.  Dry  HI  is  absorbed  with  formation  of  water 
and  (CH2I)20  (219°)  (Tischtschenko,  J.  E.  1887, 
464).— 13.  Dry  HBr  acts  in  like  manner,  form- 
ing (CH^r^O  (150°).  This  body  is  a  pungent 
fuming  oil,  sol.  ether,  benzene,  and  acetone. 
Water  decomposes  it  into  Me20  and  HBr. — 14. 
Aqueous  HBr  and  formic  paraldehyde  at  140° 
give  methyl  bromide  and  formic  acid. 

Formic  orthaldehyde  CH2(OH)2. 

Acetyl  derivative  CH2(OAc)2.  Methylene 
acetate.  (170°).  Formed  by  the  action  of  methyl- 
ene iodide  on  silver  acetate  (Butlerow,  A.  107, 
111;  111,  242;  Baeyer,  B.  5,  1094;  6,  220). 
Formed  also  by  treating  CH2C1.0Ac  with  KOAc 
(Henry,  B.  6,  739).  Heavy  liquid,  sol.  cold 
water,  but  when  heated  in  a  sealed  tube  for  twenty 
hours  at  100°,  with  a  quantity  of  water  insuffi- 
cient to  dissolve  it  in  the  cold,  it  is  resolved  into 
acetic  acid  and  formic  paraldehyde. 

Acetyl  derivative  of  the  Methyl  ether 
CH2(OMe)(OAc).  (118°).  From  CH3.O.CH2C1 
and  KOAc  (Friedel,  B.  10,  492).  Decomposed 
by  alkalis  into  water,  HO  Ac,  and  formic  paralde- 
hyde. 

Methyl  ether  CH2(OMe)2.  Methylene  di- 
methyl di-oxide.  Methylal.  Mol.  w.  76.  (42°). 
S.G.  f  -8604  (Briihl,  A.  203,  12).  Critical  tem- 
perature :  224°.  S.  28.  H.C.p.  433,900  (Berthelot 
a.  Ogier,  A.  Ch.  [5]  23,  201).  H.F.p.  88,240. 
H.F.v.  85,920  (Th.).  Formed  by  distilling  a  mix- 
ture of  water  (3  pts.),  H2S04  (3  pts.),  methyl  alco- 
hol (2  pts.),  and  Mn02  (2  pts.)  (Kane,  A.  19,  175  ; 
Malaguti,  A.  32,  55).  Formed  also  by  electrolysis 
of  methyl  alcohol  (100  pts.)  acidified  with  H2S04 
(1  pt.)  diluted  with  water  (4  pts.)  (Eenard,  A.  Ch. 
[5]  17,  291).  Methylal  is  a  liquid.  A  dose  of 
5g.  to  8g.  produces  a  hypnotic  effect  (Mairet  a. 
Combemale,  C.  R.  104,  1022). 

Reactions. — 1.  Methylal  is  employed  by  Baeyer 
(B.  5,  1094  ;  6,  220)  as  more  convenient  than 
formic  aldehyde  in  obtaining  derivatives  of 
methane  by  elimination  of  water  between  that 
aldehyde  and  aromatic  hydrocarbons.  Thus,  if 
a  mixture  of  benzene  (120  pts.),  methylal  (40  pts.), 
and  acetic  acid  (400  pts.)  be  treated  with  a  mix- 
ture of  equal  parts  of  HOAc  and  H2S04  till  the 
greater  part  of  the  benzene  has  separated,  and 
the  whole  be  then  left  for  twenty-four  hours,  it 
will  be  found,  after  mixing  with  cold  H2S04 
(2000  pts.),  diluting  after  some  hours  with  water, 
and  shaking  up  with  ether,  that  di-phenyl- 
methane  has  been  formed:  CH2(OMe)2  +  2C6H6 
=  CH2(C6H5)2  +  2HOMe.  Methylal  may  serve  as 
a  nourishment  for  algae  ;  under  these  conditions 
they  develop  cellulose,  but  they  only  develop 
starch  in  daylight  (Loew  a.  Bokorny,  J.  pr.  [2] 
36,  272). 

Ethyl  ether  CH2(OEt)2.  (89°  cor.)  (G.) ; 
(83°)  (H.) ;  (88°)  (P.)  S.G.  Jg  -826  (H.) ;  ^  -851 
(G.) ;  s.  -840  (P.).  V.D.  3-44  (H.).  Prepared  by 
the  action  of  sodium  on  a  solution  of  methylene 
chloride  in  absolute  alcohol  (Greene,  A.  C.  J.  1, 
522  ;  Bl.  [2]  45,  164  ;  C.  R.  89,  1077).  Formed 
also  by  treating  CH2I2  with  NaOEt  (Henry,  Bl. 
[2]  45,  337 ;  C.  R.  101,  599)  ;  and  by  distilling 
formic  paraldehyde  with  alcohol  and  a  little 
H2S04  (Pratesi,  G.  13,  313).  Mobile  liquid,  with 
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agreeable  odour  like  mint.  SI.  sol.  water,  insol. 
cone.  CaCl2Aq. 

Di-propyl  e<7ter  CH2(OPr)2.  (137°).  S.G. 
22  -835  (Arnhold,  A.  240,  199). 

Di-isopropyl  ether  CH2(OPr)2.  (118°). 
S.G.  22  -831. 

Di-isobutyl  e*7&erCH2(OCH2Pr)2.  (164°). 
S.G.  22  -825. 

Di-isoamyl  ether  CH.,(OC3Hn)2.  (207°). 
S.G.  22  -835. 

Di-octyl  ether  CH2(OC8H17)2.  (above 
360°).  S.G.  2fl  -846. 

Di -benzyl  ether  CH2(OCH2Ph)2.  (above 
360°).  S.G.  22  1-053. 

Di-phenyl  ether  CH2(OPh)2.  (299°). 
S.G.  22  1-092. 

Di-o-tolyl  e*fc«rCH2(O.C6H4Me)8.  [32°]. 
S.G.  52  1-019.  From  methylene  chloride  and  the 
sodium  derivative  of  o-cresol  (Arnhold,  A.  240, 
202). 

Di-m-tolyl  ether  CH2(OCaH4Me)2.  [45°]. 
(above  360°).  S.G.  £2  1-052. 

Di-p-tolyl  ether  CH2(OCtiH4Me)2.  [40°]. 
(above  360°).  S.G.  S3. 1-034. 

Di-thymyl  ether  CH.,(OC]0H13)2.  [36°]. 
(above  360°).  S.G.  5°  -979. 

Formose  C6H1206  dried  at  90°.  From  formic 
aldehyde  by  adding  cold  milk  of  lime  to  a  4  p.c. 
solution,  filtering,  and  leaving  the  filtrate  to 
stand  for  some  days  (Loew,  J.  pr.  [2]  33,  328). 

Properties. — Syrup,  si.  sol.  alcohol,  insol. 
ether.  Sweet  taste.  -055  g.  reduce  10  c.c.  of  Feh- 
ling's  solution.  By  heating  at  100°-120°  for 
five  days  it  becomes  '  methylenitan '  C6H1005, 
which  has  a  bitter  taste,  and  has  only  one- 
fourth  its  reducing  power.  Prevents  the  precipi- 
tation of  cupric  sulphate  by  potash.  Hot  cone. 
HC1  turns  it  brown,  as  it  does  cane-sugar  and 
levulose,  but  not  glucose ;  the  filtrate  can  re- 
duce Fehling's  solution  (Wehmer,  B.  20,  2614). 
Cold  milk  of  lime  slowly  destroys  it.  Warm 
alkaline  solutions  of  picric  acid  are  turned 
red,  and  indigo  is  bleached,  as  by  glucose  and 
levulose.  Warmed  with  cone,  alcoholic  resorcin 
and  HC1  a  ruby-red  colour  ia  produced;  cane- 
sugar,  levulose  and  glucose  give  paler  colours 
(Ihl  a.  Pechmann,  C.  C.  1885,  761).  Aqueous 
pyrpgallol  and  HC1  act  similarly.  Cone,  alco- 
holic diphenylamine  and  HC1  give  a  brownish- 
violet  colour  on  warming.  Schiff's  reaction 
gives  no  colour  with  formose.  Formose  can  un- 
dergo lactic  but  not  alcoholic  fermentation.  It 
is,  however,  accompanied  by  a  sugar  that  can 
undergo  alcoholic  fermentation  (Loew,  B.  22, 
470).  Alkaline  diazobenzene  sulphonic  acid 
gives  a  red  colour,  as  with  carbohydrates  and 
aldehydes.  Phenyl  hydrazine  reacts  thus: 
C6HI206  +  2N.,H3Ph  =  C18H22N403  +  3H20.  The 
product  crystallises  from  dilute  alcohol  in  slender 
needles.  Plants  which  readily  produce  starch 
from  glucose,  cane-sugar,  mannite,  and  glycerin 
do  not  produce  it  from  formose  (W.).  When  a 
solution  of  formose  (10  g.)  in  water  (1  litre)  is 
boiled  for  a  long  time,  the  product  extracted  with 
chloroform,  and  the  residue  after  evaporation  of 
the  chloroform  treated  with  alcohol,  aniline,  and 
a  little  HC1,  an  intense  red  colour  characteristic 
of  furfurol  is  produced.  •  This  reaction  is  charac- 
teristic of  sugars.  In  fact,  when  formose  is  di- 
gested with  1  p.c.  sulphuric  acid  at  100°,  more 
furfurol  is  formed  than  from  other  sugars  (Loew, 


B.  20,  3039).  Loew  maintains  that  formose  is 
well  characterised  as  a  sugar.  E.  Fischer  (B. 
21,  991)  points  out  that  the  product  of  the  action 
of  lime-water  on  formic  aldehyde  is  a  mixture  of 
three  or  more  aldehydic  or  ketonic  alcohols,  one 
of  them  being  the  artificial  sugar  from  acrolem, 
acrose,  characterised  by  its  phenyl-hydrazide 
[217°]  (Fischer  a.  Passmore,  B.  22,  359). 

Methylenitan  CtiHI005  (?).  Obtained  by  the 
action  of  lime  water  on  formic  aldehyde  or  paral- 
dehyde  (Butlerow,  A.  120,  296 ;  C.  R.  53,  145  ; 
Loew,  J.  pr.  [2]  33,  321 ;  37,  203 ;  Wehmer  a. 
Tpllens,  A.  243,  340).  The  product  is  saturated 
with  C02,  filtered,  and  evaporated.  Formed  also 
by  the  action  of  heat  upon  formose.  Amorphous 
gummy  mass.  Has  a  bitter  taste.  Does  not 
react  with  phenyl-hydrazine.  Sol.  alcohol.  When 
boiled  with  Fehling's  solution  it  reduces  only 
one-fourth  as  much  CuO  as  glucose  does.  After 
boiling  with  dilute  acids  the  reducing  power  is  the 
same.  It  is  optically  inactive.  It  does  not  un- 
dergo alcoholic  fermentation.  When  boiled  for 
a  long  time  with  dilute  H2SO4  it  gives  formic 
and  acetic,  but  no  levulic  acids.  It  has  no  action 
on  cold  CaC03,  but  dissolves  it  and  gives  off 
C02  on  heating.  According  to  Loew  (J.  pr.  [2] 

33,  342),  methylenitan  C6H,005  is  the  saccharin 
of  formose,  and  may  be  got  by  heating  formose 
with  lime  or  baryta  and  water  at  70°-100°. 

Pseudoformose.  Got  by  boiling  formic  alde- 
hyde in  '7  p.c.  solution  with  tin  (Loew,  J.  pr.  [2] 

34,  51).    Besembles  formose  in  most  respects. 
Differs  from  formose  (1)  in  giving  orange,  not 
violet,  colouration,  with  resorcin,  HC1,  and  alco- 
hol;  (2)  10  c.c.  Fehling  reduce  -052g. ;   (3)  in 
forming  the  phenyl-hydrazine  composed   more 
quickly.     Phenyl-hydrazine  forms  an   osazone 
[123°] ;  when  this  body  is  heated  for  30  hours  in 
alcoholic  solution  at  100°  its  melting-point  is 
found  to  have  risen  to  148°. 

(/3) -Formose.  Formed  when  a  -1  p.c.  solu- 
tion of  formic  aldehyde  is  boiled  for  5  hours 
with  much  tin  (Loew,  B.  21,  270).  Thick, 
sweet,  non-fermentable  syrup  ;  does  not  become 
brown  at  100°.  It  yields  humous  substances 
with  HC1.  Turned  brown  by  potash.  Its  solu- 
tion in  alcoholic  HC1  yields  a  wine-red  colour 
with  resorcin  and  a  steel-blue  colour  with  di- 
phenylamine. 10  c.c.  of  Fehling's  solution  are 
reduced  by  '0739  of  (ft)  -formose.  Its  phenyl- 
hydrazide  or  '  osazone  '  C18H22N403  crystallises 
in  small  yellow  needles  [148°]. 

Two  other  formoses  or  non-fermentable 
sugars  are  said  by  Loew  to  be  formed  by  heat, 
ing  formic  aldehyde,  3  pts.,  at  100°  with  an 
aqueous  solution  (1000  pts.)  of  magnesia  ob- 
tained by  treating  a  7  p.c.  solution  of  MgSO4 
with  litharge.  One  of  these  gives  with  phenyl 
hydrazine  an  osazone  crystallising  from  benzene 
in  yellow  needles  [152°]. 

Isomeride  of  Formose  (?).  In  the  electro- 
lysis of  glycerin  (30  vols.)  acidified  with  H2SO4 
(2  vols.),  diluted  with  water  (20  vols.),  there 
is  formed,  together  with  formic  paraldehyde,  a 
syrupy  isomeride  of  formic  aldehyde.  It  blackens 
at  90°,  giving  an  odour  of  burnt  sugar.  It  is  v. 
e.  sol.  alcohol  and  water,  is  unfermentable,  re- 
duces Fehling's  solution  and  ammoniacal  AgN03. 
Its  solution  is  ppd.  by  ammoniacal  lead  acetate 
but  not  by  lead  subacetate.  HN03  oxidises  it  to 
oxalic  acid.  Baryta  added  to  its  alcoholic  solu- 
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tion  ppts.  (C6Hi2Ofl)43BaO.  This  body  is  perhaps 
identical  with  formose  or  methylenitan. 

FORM-IMID-AMIDE  v.  FORMAMIDINE. 

Form-ethyl-imid-etliyl-amide  v.  S-DI-ETHYL- 

FORMAMIDINE. 

FORM-IMID-DI-ETHYL-AMIDE     v.     u-T>i- 

ETHYL  FORMAMIDINE. 

FORM-IMIDO-ETHER  C3H7NO  i.e. 
NH:CH.OEt.  (80°)  ?     Hydrochloride  B'HCl. 
Formed  by  the  action  of  gaseous  HC1  (2  mols. 
on  dry  HCy  (1  mol.)  mixed  with  alcohol  (1  mol. 
in  a  freezing  mixture  (Pinner,  S.  16,  354, 1644). 
Glittering  prisms.    Very  unstable,  decomposing 
on   keeping  with  formation  of  NH4C1.    With 
alcohol  it  gives  NH4C1  and  orthoformic  ether. 

Reactions. — 1.  Decomposed  by  heat  into 
EtCl,  formic  ether,  and  the  hydrochloride  of 
formamidine. — 2.  KOH  separates  a  small  quan- 
tity of  an  oil  (80°).— 3.  Alcoholic  NH3  in  the 
cold  gives  formamidine. — 4.  Dimethylamine 
forms  NH:CH.NMe2. — 5.  Methyl- aniline  forms 
C6H.NMe(CHO).— 6.  Phenyl-hydrazine  forms 
C13H14N4. — 7.  An  alcoholic  solution  of  NEt2H 
slowly  forms  a  base  C10H2iN3  which  forms 
a  platinochloride  B'2H2PtCl6  [153°]  crystallis- 
ing in  flat  prisms  (Pinner,  B.  16,  1650;  17, 
180).— 8.  NaOAc  and  Ac2O  give  NH:CH.OAe 
[70°]  which  crystallises  from  ether  in  short 
prisms,  v.  sol.  ordinary  menstrua. 

Formimido-metliylene  ether  (NH:CHO)2CH2. 
Hydrochloride  B"2HC1.  Formed  by  passing 
HClinto  glycol  (1  mol.)  and  HCy  (2  mols.)  diluted 
with  ether  at  0°  (Pinner). 

FORMINS.  Formyl  derivatives  of  poly- 
hydric  alcohols.  They  are  described  under  the 
alcohols  from  which  they  are  derived. 

FOBM-METHYL-IMID-METHYL-AMIDE  v. 

DI-METHYL-FORMAMIDINE. 

FORMO-CUMIDIDE  v.  CUMIDINE.  Formyl 
derivatives  of  bases  are  described  for  the  most 
part  both  under  FORMIC  ACID  and  under  the 
bases. 

FORMOGTTANAMINE  CSH5N5.  [above  350°]. 
Formed  together  with  C02,  ammonia,  CO,  and 
water  by  heating  guanidine  formate  at  200° 
(Nencki,  B.  7,  1584).  Trimetric  needles,  with 
feeble  alkaline  reaction.  V.  sol.  hot  water,  si. 
sol.  alcohol.  May  be  sublimed  with  partial 
carbonisation. — B'HCl :  trimetric  plates.  — 
B'2H2PtCl6  — B'HN03 :  needles  or  prisms.— 
B'H2C204 :  granular-crystalline  pp.,  insol.  cold, 
si.  sol.  hot,  water. 

FORMO-NAPHTHALIDE  v.  Formyl  deriva- 
tive of  NAPHTHYLAMINE. 

FORMOSE  v.  FORMIC  ALDEHYDE. 

FORMO-TOLTJIDE  v.  Formyl  derivative  of 
TOLUIDINE. 

FORM-PHENYL-IMID-PHENYL-AMIDE  v. 
DI-PHENYL  -FORMAMIDINE  . 

FORMULAE.  Symbols  have  been  in  use  in 
chemistry  from  the  earliest  period  of  the  science, 
but  as  knowledge  has  grown  their  meaning  has 
become  deeper  and  deeper ;  and  the  difference 
between  the  significance  of  the  earliest  symbols 
and  of  the  elaborate  chemical  formulae  of  the 
present  is  as  great  as  the  difference  between  the 
knowledge  of  chemical  phenomena  possessed  by 
the  earliest  chemists,  and  that  possessed  by  the 
chemists  of  to-day.  The  first  attempt  of  any 
importance  to  represent  more  than  the  name  "of 
a  substance  was  that  of  Hassengratz  and  Adel 


in  1787.  These  chemists  represented  all  metals 
by  circles,  in  which  were  written  the  first  letters 
of  the  Latin  names  thus :  Copper  ®,  lead  ®. 
All  alkalis  and  alkaline  earths  were  represented 
by  triangles  placed  in  different  positions ;  oxy- 
gen by  a  horizontal  line,  &c.,  &c.  The  compo- 
sition of  compound  substances  was  represented 
by  placing  side  by  side  the  symbols  of  the  ele- 
mentary substances  contained  in  them.  This  sys- 
tem was  recommended  by  Lavoisier,  Berthollet, 
and  Fourcroy  in  a  report  made  by  them  to  the 
French  Academy  in  1787,  but  it  was  not  generally 
accepted.  The  next  suggestion  of  importance  was 
made  by  Dalton  in  1808.  He  represented  the 
atoms  of  the  elements  by  circles,  and  distin- 
guished them  by  various  additions.  Thus,  hy- 
drogen was  represented  by  0,  oxygen  by  O,  ni- 
trogen by  0,  sulphur  by  0,  &c.  The  composi- 
tion of  compounds  was  represented  by  placing 
side  by  side  the  symbols  of  the  elements  of  which 
the  compounds  were  made  up.  Thus,  water  was 
represented  by  the  symbol  0O,  ammonia  by 
00,  nitrous  oxide  by  0O0,  &c.  The  present 
system  of  symbols  was  introduced  by  Berzelius. 
They  are  based  upon  the  atomic  theory,  each 
symbol  of  an  element  being  intended  to  represent 
an  atom  of  an  element.  As  is  well  known,  the 
symbol  of  an  element  is  the  first  letter,  or  the 
first  letter  and  some  other  letter,  of  the  name  of 
the  element.  In  many  cases  the  symbol  is  de- 
rived from  the  Latin  name  of  the  element. 

The  composition  of  compounds  was  repre- 
sented by  writing  side  by  side  the  symbols  of  the 
elements  which  were  in  combination.  The  sym- 
bol of  a  compound  was  thus  an  expression  of  the 
view  held  regarding  the  structure  of  the  com- 
pound. As  H  represents  an  atom  of  hydrogen 
and  0  an  atom  of  oxygen,  the  symbol  HO  for 
water  meant  that  what  was  then  called  an  atom 
of  water  was  made  up  of  an  atom  of  hydrogen 
and  an  atom  of  oxygen.  So  far  as  it  represented 
that  water  is  made  up  of  hydrogen  and  oxygen 
in  the  proportion  by  weight  of  1  pt.  of  the  for- 
mer to  8  pts.  of  the  latter,  it  represented  a  fact 
in  regard  to  which  there  could  be  no  dispute. 
But  when  it  was  interpreted  as  meaning  that  an 
atom  of  hydrogen  is  in  combination  with  an  atom 
of  oxygen,  a  definite  theory  in  regard  to  the  struc- 
ture of  matter  was  involved.  The  difficulties 
in  the  way  of  determining  atomic  weights  have 
been  referred  to  in  previous  articles  (v.  ATOMIC 
AND  MOLECULAR  WEIGHTS,  vol.  i.).  Until  the  in- 
troduction  of  the  method  of  Avogadro,  and  that 
of  Dulong  and  Petit,  for  the  determination  of 
atomic  weights,  there  was  much  difference  of 
opinion  in  regard  to  the  figures  to  be  adopted, 
and,  therefore,  the  symbols  did  not  always  re- 
present the  same  thing.  At  the  present  time 
most  chemists  are  agreed  as  to  the  system  of 
atomic  weights,  and  the  symbols  of  the  elements 
now  in  use  are  intended  to  represent  atomic 
weights  as  determined  mainly  by  the  methods 
of  Avogadro,  and  Dulong  and  Petit.  These 
atomic  weights  are  strongly  confirmed  by  the 
discovery  of  the  periodic  law,  which  would  be 
meaningless  with  any  other  system  than  that 
now  generally  adopted.  There  are  some  chemists 
in  France  who  refuse  to  accept  the  atomic 
weights,  and  the  symbols  used  by  them  do  not 
mean  the  same  thing  as  those  used  by  other 
chemists. 


The  chemical  formula  of  a  compound  is  in- 
tended primarily  to  represent  the  quantitative 
composition  of  the  compound.  In  terms  of  the 
accepted  theory  of  the  structure  of  matter,  it  is 
intended  to  tell  what  atoms,  and  how  many,  are 
combined  to  make  the  smallest  particle  of  the 
compound  which  exhibits  the  properties  of  that 
compound.  This  smallest  particle  of  the  com- 
pound is  called  a  molecule.  The  formula  then 
is  intended  to  represent  a  molecule.  In  the  case 
of  gaseous  compounds,  or  of  compounds  which 
can  be  converted  into  gases  without  undergoing 
decomposition,  we  have,  of  course,  the  means  of 
determining  the  relative  weights  of  the  molecules 
on  the  basis  of  Avogadro's  law.  The  methods, 
then,  which  are  involved  in  the  determination  of 
molecular  formulae  are  these  :  (1)  the  substance 
must  be  analysed ;  (2)  the  molecular  weight 
must  be  determined.  The  formula  must  express 
the  results  of  both  determinations.  To  show 
how  this  is  done  one  example  will  suffice.  Let 
it  be  desired  to  determine  the  molecular  formula 
of  water.  The  analysis  shows  that  it  consists  of 
hydrogen  and  oxygen  in  the  proportion  of  1  pt. 
by  weight  of  the  former  to  8  pts.  by  weight  of 
the  latter.  This  is  a  fact  involving  no  specula- 
tion whatever,  and  any  formula  adopted  must  be 
in  accordance  with  this  fact.  The  next  step  is  to 
determine  the  specific  gravity  of  water  vapour. 
As  compared  with  air  its  specific  gravity  is 
0-623.  This  gives  the  relative  weight  of  the 
molecule  of  water,  and,  adopting  the  usual  stan- 
dard, it  shows  the  molecular  weight  of  water  to 
be  18.  The  atomic  weight  of  oxygen  has  been 
shown  to  be  16,  if  that  of  hydrogen  is  1,  so  that 
we  now  have  all  the  data  for  writing  the  mole- 
cular formula.  A  molecule  which  consists  of 
hydrogen  and  oxygen  in  the  proportions  men- 
tioned above,  and  the  weight  of  which  is  18  in 
terms  of  an  accepted  unit  weight,  must  con- 
tain 2  atoms  of  hydrogen  and  1  atom  of  oxygen. 
This  is  expressed  by  the  formula  H20.  A  mole- 
cule thus  made  up  weighs  18  times  as  much  as 
an  atom  of  hydrogen,  or  the  molecular  weight  of 
the  compound  is  18,  the  18  pts.  being  made  up 
of  16  pts.  of  oxygen  and  2  pts.  of  hydrogen. 
Thus  the  formula  expresses  the  results  of  the 
analysis  and  of  the  determination  of  the  specific 
gravity  of  water  vapour,  and  these  results  are 
interpreted  in  terms  of  the  molecular  and  atomic 
theory  and  the  law  of  Avogadro.  This  is  true  of 
every  formula  of  a  gaseous  substance. 

As  regards  the  molecular  formulas  of  liquid 
and  solid  substances  we  know  but  little.  Many 
facts  indicate  that  the  molecules  of  liquids  and 
solids  are  much  more  complex  than  those  of  gases, 
butno  altogether  satisfactory  method  has  yet  been 
discovered  for  determining  the  molecular  weights 
of  such  substances.  Among  the  facts  which  lead 
to  the  conclusion  that  the  molecules  of  liquids 
and  solids  are  complex  may  be  mentioned,  the 
not  uncommon  observation  that  just  above  the 
boiling-point  vapours  have  a  greater  specific 
gravity  than  at  a  higher  temperature.  It  is  not 
probable  that  the  molecules  of  liquid  and  solid 
sulphur  contain  less  than  six  atoms.  The  exist- 
ence of  allotropic  modifications  of  the  solid  ele- 
ments sulphur  and  phosphorus  is  probably  best 
explained  by  assuming  that  the  molecules  of  the 
allotropic  modifications  contain  different  numbers 
of  atoms. 
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An  attempt  has  been  made  to  establish  a 
method  for  the  determination  of  the  molecular 
weights  of  solids  by  means  of  observations  upon 
the  freezing-points  of  solutions.  Many  obser- 
vations have  shown  that  there  is  a  definite  con- 
nexion between  the  molecular  weights  of  solids 
and  the  freezing-points  of  their  solutions,  and 
the  law  expressing  this  connexion  has  been 
stated  provisionally  by  Raoult,  who  finds  that 
quantities  of  chemically  similar  compounds  pro- 
portional to  the  molecular  weights  of  these  com- 
pounds generally  produce  equal  lowerings  of  the 
freezing-points  of  water  and  other  solvents. 
There  seem,  however,  to  be  exceptions  to  this  law. 

The  formulae  of  liquids  and  solids  are  not 
molecular  formulae  in  the  sense  in  which  the 
formula  of  a  gas  of  which  the  specific  gravity  is 
known  is.  Even  the  formula  of  water  H20  is 
strictly  applicable  only  to  water  in  the  state  of 
vapour.  Whether  on  condensing  to  the  form  of 
the  liquid  several  of  the  simple  molecules  unite 
to  form  more  complex  molecules,  we  cannot  posi- 
tively say,  but  probably  they  do.  So  also,  when 
the  liquid  water  becomes  solid  ice,  it  is  not  im- 
probable that  a  still  further  union  of  molecules 
takes  place. 

If  we  consider  the  case  of  a  solid  compound 
which  cannot  be  converted  into  vapour,  our 
formula  plainly  cannot  express  the  molecular 
weight  at  all.  In  writing  the  formula  of  sodium 
chloride  NaCl,  we  do  so  because  that  is  the 
simplest  formula  which  will  express  the  fact 
that  the  compound  consists  of  23  pts.  of  sodium 
and  35*5  pts.  of  chlorine.  But  the  formulae 
Na2Cl2,  Na3Cl3,  Na4Cl4,  &c.,  express  the  results 
of  analyses  just  as  well,  and  at  the  same  time 
are  probably  nearer  the  truth  than  the  simpler 
one.  The  time  may  come  when  it  will  be  neces- 
sary to  express  the  molecular  weights  of  solids 
and  liquids,  as  well  as  of  gases,  in  chemical  for- 
mulae. At  present,  so  far  as  the  facts  which  we 
generally  have  to  express  in  our  formulae  are 
concerned,  it  is  not  a  matter  of  any  special  im- 
portance whether  we  know  the  true  molecular 
weights  or  not.  Indeed,  it  is  not  improbable 
that,  even  though  the  molecules  of  solids  and 
liquids  are  comparatively  complex,  they  are  re- 
duced to  the  simple  forms  under  the  conditions 
under  which  chemical  action  takes  place.  Thus, 
when  a  solid  or  a  liquid  is  dissolved,  probably 
the  complex  molecules  of  which  it  is  composed 
are  broken  down  and  become  simple  in  the 
dilute  solutions.  This  would  be  in  accordance 
with  the  fact  that  solutions  act  readily  upon  one 
another ;  and  it  is  in  accordance  with  recent 
work  on  the  electrolytic  conduction  of  salts  in 
solution  (v.  PHYSICAL  METHODS). 

From  what  has  been  said  it  is  clear  that  we 
have  to  distinguish  between  molecular  formula 
and  composition- formula,  the  former  being  ap- 
plicable only  in  cases  of  gases,  the  latter  being 
used  in  cases  in  which  molecular  formulae  cannot 
be  written  owing  to  a  lack  of  knowledge  of  the 
facts.  In  both  these  kinds  of  formulae  the 
atomic  theory  is  involved. 

But  chemists  have  come  to  express  much 
more  by  their  formulae  than  the  composition 
and  the  molecular  weights  of  compounds.  They 
express  views  in  regard  to  the  arrangement  or 
relations  of  the  parts  which  are  in  combination. 
Neither  the  atomic  theory  nor  the  hypothesis  of 
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Avogadro  has  any  direct  connexion  with  the 
arrangement  of  the  parts  constituting  a  molecule. 
All  that  the  former  claims  is  that,  when  chemical 
action  takes  place,  it  takes  place  between  certain 
minute  particles  called  atoms ;  that  when  an  act 
of  chemical  combination  occurs  two  or  more 
atoms  combine.  The  hypothesis  of  Avogadro  goes 
one  step  further.  According  to  it  the  particles 
formed  by  the  combination  of  atoms,  i.e.  the  mole- 
cules, bear  such  relations  to  one  another  that  they 
always  require  the  same  space  for  the  same  num- 
ber, no  matter  what  their  composition  may  be. 

As  a  result  of  the  study  of  the  chemical 
changes  of  compounds,  however,  chemists  have 
come  to  hold  certain  views  in  regard  to  the 
relations  of  the  parts,  or  atoms,  which  enter 
into  the  composition  of  molecules.  Formulae 
which  express  these  views  are  called  in  general 
rational  formula,  or  constitutional  or  structural 
formula.  Eational  formulas  have  been  in  use 
in  chemistry  for  a  long  time.  Lavoisier's  studies 
on  oxygen  and  the  phenomena  of  combustion  led 
him  to  ascribe  to  that  element  a  degree  of  supreme 
importance.  According  to  him  the  oxygen  was 
the  chief  constituent  of  every  compound.  It  was 
oxygen  which  made  acids  what  they  are,  and 
oxygen  which  made  bases  what  they  are.  When 
a  salt  is  formed  the  acid  and  base  unite,  and  the 
salt  consists  of  the  two  parts  in  combination. 
Thus  potassium  nitrate  is  KO.N05,  sodium  sul- 
phate NaO.S03,  &c.  These  formulas  not  only  ex- 
press the  composition  of  the  compounds  which 
they  represent,  they  express  the  view  that  the 
salts  consist  of  two  parts,  each  of  which  contains 
oxygen.  The  same  view  was  extended  to  other 
compounds,  and  the  attempt  was  made  to  ^  ex- 
press the  constitution  of  every  compound  in  a 
similar  way.  The  constitutional  formulas  thus 
introduced  were  based  upon  the  hypothesis  of 
dualism.  They  were  called  dualistic  formula. 
The  dualistic  view  found  support  in  a  study  of 
the  action  of  the  electric  current  on  chemical 
compounds.  As  compounds  are  decomposed  by 
the  electric  current  into  two  parts,  one  going  to 
the  positive,  the  .other  to  the  negative,  pole,  the 
view  that  every  compound  consists  of  two  parts 
was  thus  plainly  strengthened.  The  introduc- 
tion of  the  electro-chemical  theory  by  Berzelius 
led  to  the  general  use  of  dualistic  formulas. 
These  formulas  were  intended  to  represent  the 
electro-negative  and  the  electro-positive  con- 
stituent of  each  compound.  For  a  long  time 
these  formulas  were  used  exclusively,  and  in 
some  books  even  at  the  present  day  they  are 
found,  though  many  facts  have  been  discovered 
which  show  that  the  electro-chemical  theory  is 
untenable— at  least,  in  the  form  in  which  it  was 
put  forward  by  Berzelius  (v.  DUALISM). 

Owing  to  the  complexity  of  the  compounds 
of  carbon,  and  the  fact  that  they  readily  undergo 
changes,  the  chief  studies  which  have  led  to  the 
views  at  present  held  have  been  made  with  regard 
to  these  compounds.  At  one  time  what  was  called 
the  theory  of  radicles  played  an  important  part, 
and  at  this  time  every  formula  expressed  the 
views  of  chemists  regarding  the  particular  radicle 
or  radicles  contained  in  a  compound.  These  radi- 
cles were  groups  of  atoms  which  could  be  trans- 
ferred from  one  compound  to  another  without 
undergoing  change  of  composition.  According 
to  the  theory  of  conjugate  compounds  (Theorie 


der  gepaarten  Verbindungen),  every  complex 
compound  is  made  up  of  some  simple  compound 
conjugated  with  a  complex  group.  Thus  aniline 
was  regarded  as  made  up  of  ammonia  conjugated 
with  a  group  C6H4,  as  represented  in  the  formula 
C6H4.NH3.  The  sulphonic  acids  were  in  the  same 
way  regarded  as  made  up  of  sulphuric  acid  con- 
jugated with  various  groups  of  carbon  and  hydro- 
gen. Next  came  the  theory  of  types,  which 
regards  all  compounds  as  built  according  to  a 
few  plans.  The  general  plans  of  all  compounds 
were  found  in  simple  compounds  like  hydro- 
chloric acid,  water,  ammonia,  and  marsh  gas. 
In  saying  that  alcohol,  for  example,  belongs  to 
the  water  type  it  was  meant  that  it  may  be 
regarded  as  derived  from  water  by  the  substitu- 
tion of  the  group  C2H5  for  a  part  of  the  hydrogen 
in  water.  The  relation  between  the  two  was 

represented  by  the  formulas  ^  j-  0  and    2  j|  j-  0. 

So,  too,  aniline  was  regarded  as  belonging  to  the 
ammonia  type,  and  the  relation  between  them 

H) 
was  represented    by  the    formulas    Hj-N  and 


) 

I  N. 
) 


It  will  be  seen  that  this  method  of  clas- 


sification  or  of  expressing  constitution  involves 
the  conception  of  substitution  and,  to  some  extent, 
the  conception  of  radicles  i.e.  of  complex  groups 
playing  the  part  of  single  atoms.  The  object  of 
a  typical  formula  was  to  show  to  which  of  the 
types  a  compound  was  related,  and  in  what  way 
it  was  regarded  as  derived  from  the  type.  It  was 
found  necessary  to  refer  many  compounds  to 
more  than  one  type,  and  this  led  to  what  was 
called  the  theory  of  mixed  types.  The  compound 
methylamine  may  serve  to  illustrate  this.  It 
may  be  regarded  as  derived  from  ammonia,  in 
which  case  it  must  be  represented  by  the  formula 
CH3< 
H  [  N,  or  it  may  with  equal  right  be  regarded 


as  derived  from  marsh  gas,  and  it  must  then  be 

NH2] 
H 


represented  by  the  formula 


H 
HJ 


C.  Both  these 


views  may,  however,  be  harmonised,  and  the 
compound    represented    as  belonging  to  both 

(H 
N|H 

types  thus       H| 

HI0' 

HJ 

It  is  thus  seen  that  chemists  for  more  than 
a  century  have  attempted  by  means  of  formulas 
to  express  their  views  in  regard  to  the  constitu- 
tion of  chemical  compounds  in  terms  of  prevail- 
ing hypotheses.  But  the  formulas  thus  framed 
were  in  most  cases  more  than  mere  expressions 
of  theory.  They  attempted  to  express  certain 
facts  that  were  known.  In  the  dualistic  formula) 
the  fact  was  expressed  that  compounds  are 
formed  by  the  union  of  two  parts.  In  the 
electro-chemical  formulas  the  fact  was  expressed 
that  compounds  break  down  into  two  parts 
under  the  influence  of  an  electric  current.  In 
the  formulas  representing  conjugate  compounds, 
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the  fact  that  some  of  the  compounds  thus  repre- 
sented have  properties  highly  suggestive  of  the 
fundamental  substance  supposed  to  be  contained 
in  them  was  recognised;  and  in  the  typical 
formulas  the  fact  that  the  general  conduct  of  the 
compound  represented  is  like  that  of  the  type  to 
which  it  is  regarded  as  belonging  is  intended  to 
be  expressed.  When  alcohol  is  represented  as 
belonging  to  the  water  type,  for  example,  the 
chemical  conduct  of  the  two  substances  is  the 
justification  for  the  view  expressed.  All  the 
constitutional  formulas,  then,  are  intended  to 
express  facts  established  by  study  of  the  com- 
pounds. Everything  learned  in  regard  to  a 
compound  must  be  in  accordance  with  the 
formula,  and  must,  if  possible,  find  an  interpre- 
tation in  the  formula.  It  would  be  absurd,  for 
example,  to  represent  a  marked  acid  as  belong- 
ing to  the  ammonia  type,  unless  it  could  be 
shown  that,  together  with  its  acid  properties, 
the  compound  also  has  certain  properties  which 
suggest  those  of  ammonia. 

Let  us  now  consider  the  constitutional  for- 
mulas used  by  most  chemists  of  the  present  day. 
These,  like  all  preceding  constitutional  formulas, 
are  intended  to  express  the  facts  in  terms  of  the 
prevailing  hypotheses.  The  type  theory  gave 
way  to  the  valency  hypothesis  which  was  first 
suggested  by  Frankland  and  afterwards  elaborated 
by  Kekule,  Couper,  Kolbe  and  others.  According 
to  this  the  cause  of  the  types  is  to  be  looked  for 
in  the  atoms  of  which  the  typical  compounds 
are  made  up.  Atoms  differ  from  one  another  in 
the  number  of  other  atoms  which  they  can  hold 
in  combination  at  the  same  time.  The  so-called 
types  are  simply  representative  compounds,  il- 
lustrating the  forms  of  compounds  possible  in 
the  case  of  monovalent,  divalent,  trivalent,  and 
tetravalent,  elements.  Just  as  the  atom  of  hy- 
drogen is  in  combination  with  chlorine  in  hydro- 
chloric acid,  so  each  atom  of  hydrogen  is  in  com- 
bination with  oxygen  in  water,  with  nitrogen  in 
ammonia,  and  with  carbon  in  marsh  gas.  This 
view  involves  the  conception  of  the  linkage  of 
atoms.  Instead  of  conceiving  each  molecule  of 
water,  of  ammonia,  and  of  marsh  gas,  as  made 
up  of  a  certain  number  of  atoms  all  in  direct 
combination,  we  now  conceive  that  in  these  mole- 
cules there  are  direct  connexions  between  some 
of  the  atoms  and  not  between  others.  While  in 
the  molecules  named  the  hydrogen  is  in  direct 
combination  with  oxygen,  with  nitrogen,  and 
with  carbon,  it  is  not  believed  to  be  in  direct 
combination  with  hydrogen.  These  views  are  ex- 
pressed by  the  following  formulas : — 

H— 0— H  or  **JO  or  H.O.H 
/H  |  H         .H 

\H  I H         -H 

XH      r 
TT  I    TT  TT          TT 

/-I  -X--EJ-    _../-<   )    -El    -_  Xl.«.-tl 


Each  of  the  formulas  for  water  expresses  exactly 
the  same  view,  and  so  do  the  different  formulas 
for  ammonia  and  for  marsh  gas.  The  facts 
which  lead  to  the  acceptance  of  the  valency 
.hypothesis  have  been  considered  pretty  fully  in 
the  article  EQUIVALENCY  (%.  v.)  and  they  need  not 
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be  repeated  here.  Suffice  it  to  say  that  the 
evidence  in  favour  of  the  view  that  there  are 
definite  lines  of  connexion  between  the  different 
parts  of  molecules  is  extremely  strong,  and  that 
without  this  view  it  appears  to  be  impossible  to 
explain  the  many  cases  of  isomerism  which 
present  themselves  in  the  field  of  organic 
chemistry.  In  our  constitutional  formulae  at 
present  we  endeavour  to  state  what  lines  of  con- 
nexion exist  in  the  molecules.  These  formulae 
are  based  upon  the  molecular  and  atomic  theory, 
the  hypothesis  of  the  linkage  of  atoms,  and  to 
some  extent  upon  the  valency  hypothesis. 

The  difference  between  a  typical  formula 
and  a  linkage-formula  is  very  slight  in  simple 
compounds,  and  when  the  linkage-formula  is 
written  without  the  use  of  lines  or  points  to  indi- 
cate the  connexions  between  the  atoms,  it  is  iden- 
tical in  appearance  with  the  typical  formula. 
It  is  nevertheless  intended  to  express  something 
which  the  typical  formula  did  not  express.  We 
may  write  methyl  alcohol : — 

ron         jo— H 

0  or  CH3— 0— H  or  Cs  |      or  C<3 

LH        \H 

Each  formula  is  intended  to  express  exactly  the 
same  thing,  and  that  is,  that  of  the  four  hydrogen 
atoms  contained  in  the  molecule  of  methyl 
alcohol,  three  are  in  direct  combination  with 
carbon  alone,  and  one  with  oxygen ;  while  the 
oxygen  is  in  direct  combination  with  carbon  as 
well  as  with  hydrogen.  The  formulae  also  ex- 
press the  relation  between  water  and  methyl  alco- 
hol, but  that  fact  is  not  regarded  as  the  principal 
one,  as  it  was  when  the  theory  of  types  was  the 
controlling  idea.  While  it  is  not  difficult  to  see 
how  by  means  of  such  formulae  it  is  possible  to 
express  the  constitution  of  compounds,  it  is  not 
so  easy  to  see  how,  when  more  than  one  formula 
is  possible  for  the  same  compound,  the  selection 
is  made.  It  is  thought  by  some  that,  in  order  to 
express  the  constitution  of  a  compound,  it  is 
only  necessary  to  know  the  valencies  of  the  atoms 
which  form  the  molecule  of  the  compound,  and  to 
arrange  these  atoms  in  such  a  way  as  to  satisfy  all 
the  hypothetical  affinities  or  bonds.  Thus  the  con  - 

stitution  of  sulphuric  acid  is  written  S^Q~Q~ 

by  some,  because  sulphur  and  oxygen  are  divalent 
and  hydrogen  is  monovalent.  In  this  case  to  be 
sure  there  are  two  other  ways  in  which  the  con- 
stitutional formula  may  be  written  on  the  above 
assumptions.  They  are  H— 0— S— 0— 0— 0— H 
and  H— S— 0— 0— 0— 0— H.  Such  formulas, 
however,  are  conventional  methods  of  expressing 
certain  matters  which  call  for  evidence.  They  are 
simply  the  results  of  the  application  of  the  hypo- 
thesis of  valency  and  express  something  in  regard 
to  which  we  know  nothing  until  the  subject  has 
been  investigated.  Who,  for  example,  can  tell 
without  investigation  whether  in  sulphuric  acid 
both  hydrogen  atoms  are  in  combination  with 
oxygen,  or  whether  one  is  in  combination  with 
oxygen  and  the  other  with  sulphur?  One  view  is 
just  as  probable  a  priori  as  the  other,  and  there 
is  nothing  in  the  hypothesis  which  will  enable 
us  to  decide  between  them.  And  so  in  most 
other  cases.  The  hypothesis  of  the  linkage  of 
atoms  affords  us  a  ready  method  of  expressing 
facts  which  are  known  to  us,  but  it  does  not  fur- 
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nish  us  with  the  facts.  What  kinds  of  facts  then 
can  be  expressed  by  means  of  the  hypothesis, 
and  how  can  we  become  acquainted  with  these 
facts  ? 

Answers  to  these  questions  will  best  be  given 
by  means  of  examples.  There  are  two  com- 
pounds known  which  by  the  usual  methods  can 
easily  be  shown  to  have  the  molecular  formula 
C2H3N.  Without  further  information,  any  attempt 
to  express  views  in  regard  to  the  structure  of 
these  substances  would  be  mere  speculation. 
By  studying  the  chemical  conduct  of  both  we 
soon  recognise  marked  differences  between  them. 
One  of  them  shows  a  tendency  to  decompose  in 
such  a  way  that  the  nitrogen  is  given  off  in  the 
form  of  ammonia,  while  the  two  carbon  atoms 
remain.  Thus,  under  proper  conditions  this  de- 
composition takes  place : 

C^N  +  2H20  =  C^HA  +  NH3. 
The  other  compound  breaks  down  in  an  entirely 
different  way,  the  nitrogen  remaining  in  combina- 
tion with  one  of  the  carbon  atoms,  and  the  other 
carbon  atom  being  given  off  thus  : 

C^BSN  +  2H20  =  CH5N  +  H,C02. 
These  facts  suggest  that  the  carbon  and  nitrogen 
in  these  two  compounds  are  held  together  in 
different  ways.  In  the  first  it  appears  probable 
that  the  connexion  is  as  represented  in  the  for- 
mula C— C— N ;  while  in  the  second  it  appears 
that  the  connexion  is  this,  C — N — C.  As  regards 
the  way  in  which  the  hydrogen  atoms  are  held 
in  combination,  it  can  be  shown  that  the  com- 
pounds formed  by  decomposition  of  the  two  bodies 
under  consideration  contain  the  methyl  group 
CH3,  which,  from  its  formation  from  marsh  gas, 
is  easily  shown  to  have  the  constitution  repre- 
H 

sented  by  the  formula  H— C — H;    or,  to  be 
more  strictly  accurate,  the  formation  from  marsh 
gas  shows  that  if  marsh  gas  has  the  formula 
H  H 

H— C— H,  methyl  is  H— C— H.     As  the  va- 


lency  of  the  carbon  atom  is  never  greater  than 
four,  so  far  as  is  known,  it  appears  that  the 
first  of  the  two  compounds  has  the  constitution 
H3C — C — N,  and  the  other  the  constitution 
H3C — N — C.  These  formulas  are  in  accordance 
with  the  decompositions  above  mentioned,  and 
they  suggest  the  conduct  of  the  substances. 
Again,  the  methods  of  formation  of  the  sub- 
stances confirm  the  conclusions  already  drawn 
in  regard  to  their  constitution.  Both  are  formed 
when  a  salt  of  hydrocyanic  acid  is  treated  with 
a  mono-halogen  derivative  of  marsh  gas  such  as 
methyl  iodide  CH3I.  According  to  the  prevailing 
notions,  for  which  there  is  abundant  evidence, 
methyl  iodide  is  marsh  gas  in  which  one  atom  of 
hydrogen  has  been  replaced  by  one  atom  of  iodine. 
Its  constitution  is  therefore  represented  thus  : 

H— C— L     When  this  is  treated  with  silver 

H 

cyanide  the  silver  and  iodine  unite  and  the 
residue  of  marsh  gas,  i.e.  methyl,  CH3,  unites 
with  the  cyanogen.  Thus  a  compound  is  formed 


which  is  represented  by  the  formula  &3C(CN). 
And,  just  as  the  silver  salt  is  called  silver 
cyanide,  so  this  compound  would  naturally  be 
called  methyl  cyanide.  But,  as  already  stated, 
there  are  two  compounds  formed.  One  is  called 
methyl  cyanide,  and  the  other  methyl  isocyanide. 
While  the  method  of  formation  plainly  indicates 
the  presence  of  methyl  in  both  compounds,  it 
does  not  give  any  clue  to  the  way  in  which  the 
carbon  and  nitrogen  of  the  cyanogen  are  united 
with  the  methyl.  According  to  all  we  know  con- 
cerning carbon  and  nitrogen,  either  may  act  as 
a  linking  element,  so  that  the  two  possibilities 
suggest  themselves  which  are  represented  by 
these  formula,  H3C— C— N  and  H3C— N— C. 
We  do  not  know  whether  silver  cyanide  has  the 
structure  Ag — C— N  or  Ag — N — C ;  as  both  the 
methyl  compounds  mentioned  are  formed  by 
treating  silver  cyanide  with  methyl  iodide,  it 
seems  not  improbable  that  the  salt  contains 
both  varieties.  However  this  may  be,  it  is  clear 
that  the  method  of  formation  of  the  methyl  com- 
pounds does  not  afford  us  any  clue  to  the 
structure  of  the  cyanogen  group.  Our  informa- 
tion in  regard  to  this  is  obtained  solely  by  a 
study  of  the  decompositions  of  the  compounds. 

For  the  two  formulae  under  discussion  we  have 
experimental  evidence,  and  the  formulae  express 
the  results  of  experiments.  These  results  are 
interpreted  in  terms  of  the  linkage -hypothesis. 
So  far  these  formulae  are  practically  independent 
of  the  hypothesis  of  valency.  The  conception 
that  the  molecule  of  marsh  gas  consists  of  one 
carbon  atom  in  combination  with  four  hydrogen 
atoms  is  a  necessary  consequence  of  the  view 
that  the  molecule  is  symmetrical,  and  this  view 
is  entirely  in  accordance  with  all  facts  known 
regarding  the  compound.  This  conception  is  not 
perhaps  so  much  a  result  of  the  application  of 
the  hypothesis  of  valency,  as  of  our  knowledge 
of  the  conduct  of  marsh  gas.  On  now  examining 
the  formulaa  for  methyl  cyanide  and  methyl  iso- 
cyanide in  the  light  of  the  hypothesis  of  valency, 
we  see  that  in  that  of  methyl  cyanide,  H3C— C — N, 
one  carbon  atom  is  represented  as  tetravalent, 
the  other  as  divalent,  and  the  nitrogen  as  mono- 
valent.  In  the  formula  of  the  isocyanide, 
H3C — N— C,  one  carbon  atom  appears  to  be  tetra- 
valent, one  monovalent,  and  the  nitrogen  divalent. 
But,  as  in  most  compounds  carbon  is  tetravalent 
i  and  nitrogen  either  tri valent  or  pentavalent,  it  is 
generally  held  that  in  these  compounds  they  also 
act  in  this  way,  and  the  formulaa  are  written  so  as 
to  indicate  this.  Methyl  cyanide  is  represented 
thus  H3C — C=N,  and  the  isocyanide  thus 
H3C—  N=C,  the  nitrogen  being  tri  valent  in  the 
former  and  pentavalent  in  the  latter.  It  will 
be  seen  that  the  chief  reason  for  writing  the 
formulae  in  this  way  is  to  account  for  the  dis- 
tribution of  the  hypothetical  bonds  or  affinities. 
No  experimental  evidence  has  been  furnished 
in  favour  of  these  formulae,  and,  so  far  as  our 
knowledge  of  facts  is  concerned,  the  simpler 
formulae  represent  just  as  much  as  the  more 
complex  ones. 

The  two  examples  discussed  will  give  a  fair 
idea  of  the  methods  in  use  for  determining  the 
structure  or  constitution  of  compounds  and  of 
expressing  the  results  by  means  of  formulae. 
The  results  reached  by  a  study  of  the  reactions 
of  a  compound  are  expressed  by  means  of  a 
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reaction-formula.  Those  reached  by  a  study  of 
the  method  of  synthesis  of  a  compound  are  ex- 
pressed by  means  of  a  synthesis-formula.  As  it 
is  found  that  in  most  cases  the  reaction-formula 
is  identical  with  the  synthesis-formula,  the  ex- 
pression is  called  a  structural  or  constitutional 
formula.  The  structure  or  constitution  may  be 
expressed  by  means  of  a  simple  linkage-formula 
in  which  the  connexions  between  the  atoms  as 
determined  by  experiments  are  pointed  out ;  or 
a  valency -formula  in  which  an  attempt  is  made 
to  express  different  kinds  of  connexions  between 
atoms.  The  linkage-formula  is  based  upon  ex- 
periments ;  the  valency-formula,  so  far  as  it 
expresses  more  than  the  linkage -formula,  is 
almost  wholly  an  expression  of  an  hypothesis. 

The  constitutional  formulae  of  all  the  great 
groups  of  chemical  compounds  have  been  deter- 
mined by  experiments,  and  they  are  of  great 
value  in  enabling  chemists  to  express  very  con- 
cisely in  intelligible  language  the  results  of  ex- 
periments. As  it  is  found  that  a  certain  kind  of 
constitution  carries  with  it  a  certain  set  of  pro- 
perties, the  formula  conveys  to  the  mind  at  once 
a  clear  impression  in  regard  to  the  general  pro- 
perties of  the  compound  represented.  It  has 
been  shown  by  experiment  that  in  every  alcohol 
hydrogen  is  linked  to  oxygen,  and  the  group 
thus  formed,  which  is  called  hydroxyl,  is  in  turn 
linked  to  a  hydrocarbon  residue.  Methyl  alco- 
hol, for  example,  is  represented  thusH3C — 0 — H. 
Now,  whenever  we  see  an  expression  of  this  kind 
E— 0— H,  in  which  E  is  any  hydrocarbon  residue, 
we  may  expect  that  the  substance  thus  repre- 
sented has  certain  general  properties  which  are 
characteristic  of  all  alcohols.  The  analogy  be- 
tween these  substances  and  water  and  the  me- 
tallic bases  is  also  clearly  indicated  by  their 
formulas.  Thus  we  have  this  series  : — 

H— 0— H  water, 

K — 0 — H  potassium  hydroxide, 
Na — 0 — H  sodium  hydroxide, 

M— 0— H  any  hydroxide  of  a  monovalent 

metal, 

H3C— 0— H  methyl  alcohol, 
H5C2— 0— H  ethyl  alcohol, 

E — 0 — H  any  alcohol  containing  a  mono- 
valent residue  of  a  hydrocarbon. 
A  very  interesting  piece  of  evidence  in  favour  of 
the  Unking  represented  in  these  formulae  is  fur- 
nished by  the  action  of  a  reagent  which  has  the 
power  of  removing  oxygen  and  putting  chlorine 
in  its  place.  Such  a  reagent  is  pentachloride 
of  phosphorus,  PC15.  When  it  is  brought  in 
contact  with  a  substance  containing  oxygen  this 
element  is  abstracted  and  two  chlorine  atoms 
from  the  pentachloride  take  the  place  of  each 
atom  of  oxygen.  If  the  oxygen  serves  the  pur- 
pose of  a  linking  element,  as  it  does  in  the  com- 
pounds above  represented,  the  compound  breaks 
down  in  such  a  way  that  the  parts  linked  to- 
gether by  the  oxygen  appear  in  separate  mole- 
cules. Thus,  replacing  the  oxygen  in  the  above 
compounds  by  chlorine,  we  should  have  this 


series  :— 
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H— 01 

K— Cl 
Na— Cl 

M— Cl 
H3C-C1 
H5C2-C1 

E— Cl 


Cl— H 
Cl— H 
Cl— H 
Cl— H 
Cl-H 
Cl-H 
Cl— H 


In  each  case  decomposition  takes  place,  and  two 
molecules  are  formed  from  one.  The  general  re- 
action in  the  case  of  metallic  hydroxides  is  : 
M—  0—  H  +  PC15  =  POC13  +  MC1  +  HC1;  and  in 
the  case  of  alcohols  it  is  : 

E-0—  H  +  PC15  =  POC13  +  EC1  +  HC1. 
It  is  evident  that  oxygen  has  some  power  which 
chlorine  does  not  possess.  It  can  link  together 
hydrogen  and  another  element,  while  in  the 
cases  mentioned  chlorine  cannot.  In  a  similar 
way  an  elaborate  study  of  acids  has  shown 
that  in  most  of  them  the  hydrogen  which  is 
replaceable  by  metallic  elements  is  in  combina- 
tion in  the  form  of  hydroxyl,  but  the  hydroxyl 
instead  of  being  in  direct  combination  with 
a  metal,  as  in  the  hydroxides  above  referred 
to,  is  generally  in  combination  with  some 
element  which  is  in  turn  in  combination  with 
oxygen.  The  constitution  of  nitric  acid,  for 
example,  has  been  found  to  be  probably  re- 
presented thus  02N  —  0—  H;  sulphuric  acid 


_  TT 

~     ;      permanganic     acid     thus 


thus 


03Mn—  0—  H;  chromic  acid  thus  02 

&c.,  &c.  So  too  the  carbonates  are  found  to 
be  derived  from  an  acid  which  probably  has 
the  structure  represented  by  the  formula 

OH 
OCXOH*    On  studying  the  acids  of  carbon,  or 

the  so-called  organic  acids,  most  of  them  are 
found  to  contain  hydroxyl  in  combination  with 
carbonyl,  forming  together  the  group  known  as 
carboxyl  which  has  the  structure  OC  —  0  —  H. 
The  greater  number  of  the  monobasic  carbon 

acids    may  be  represented    thus 


E.CO.OH.  These  formulae  show  the  relations 
which  exist  between  the  acids  in  question  and 
carbonic  acid.  If  in  the  latter  we  suppose  a 
hydroxyl  group  replaced  by  a  residue  like 
methyl,  ethyl,  &c.,  the  result  is  a  carbon  acid  or 

an  organic  acid.    Acetic  acid  is  O 


Pro- 


pionic    acid    is 


f  FT 

5 


5  or  these  formuto 


may  also  be  written  CH3.CO.OH  andC2H5.CO.OH 
respectively.    These  are  linkage-formulae  based 
upon   experiments.     If   we  write    them  thus 
O  O 

II  II 

H3C—  C—  0—  H  and  H5C2—  C—  0-H,  we  then 
have  to  deal  with  valency-formulae,  and  they,  as 
already  remarked,  convey  no  more  information 
than  the  linkage-formulae,  unless  by  further  ex- 
periments we  become  acquainted  with  facts 
which  justify  us  in  expressing  the  relation  be- 
tween the  hydroxylic  oxygen  and  carbon  in  a  dif- 
ferent way  from  that  in  which  we  express  the 
relation  between  the  carbonylic  oxygen  and  car- 
bon. In  this  case  we  are  certainly  justified  in 
making  the  distinction.  It  is  found  that  when 
the  oxygen  of  the  hydroxyl  is  replaced  by 
chlorine,  one  chlorine  atom  takes  the  place  of 
the  hydrogen  and  oxygen  of  the  hydroxyl,  and 
the  other  passes  off  in  combination  with  hydro- 
gen as  hydrochloric  acid.  It  appears  therefore 
that  but  one  chlorine  atom  can  enter  in  the 
place  formerly  occupied  by  the  hydroxylic  oxy- 
gen. This  is  represented  by  the  single  line 
C  —  0  —  H.  On  the  other  hand,  under  a  change 
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of  conditions,  it  is  found  possible  to  replace  the 
carbonylic  oxygen  by  chlorine,  and  in  this  case 
two  chlorine  atoms  enter  into  the  molecule  in 
place  of  the  oxygen.  This  we  may  represent  by 
two  lines  thus,  0=0.  In  this  case  then  the  for- 
0 

mula  — C — 0 — H  is  more  than  a  mere  applica- 
tion of  the  valency-hypothesis,  it  is  the  expres- 
sion in  a  particular  language  of  a  number  of 
facts,  among  which  are  some  which  justify  the 
use  of  the  double  line,  if  that  is  used  simply  as 
an  expression  of  the  facts. 

It  is  not  the  purpose  of  this  article  to  show 
how  the  structural  formulae  of  all  the  different 
classes  of  compounds  are  deduced  from  experi- 
mentally determined  facts,  but  rather  to  illustrate 
the  general  principles  which  are  made  use  of,  and 
to  show  in  what  way  the  formulae  express  the 
facts.  The  question  of  single  and  double  union 
has  just  been  touched  upon  in  connexion  with  the 
relations  existing  between  carbon  and  oxygen. 
The  same  question  has  frequently  been  discussed 
with  special  reference  to  the  relations  between 
carbon  atoms.  A  concrete  case  is  that  of  ethylene. 
As  is  well  known,  this  hydrocarbon  has  the  mole- 
cular formula  CJIr  It  is  obtained  from  ethane 
C-jHg  by  the  indirect  abstraction  of  two  atoms  of 
hydrogen,  or  from  alcohol  C2H5 — O — H  by  the 
abstraction  of  the  elements  of  water.  In  ethane  it 
is  assumed  that  the  linkages  occur  as  represented 
H  H 

by  the  formula  H— C—  C— H ;  and  in  alcohol  as 

H    H 

H    H 

represented  by  the  formula,  H— C— C — 0— H. 

H   H 

Now  when  hydrogen  is  abstracted  from  ethane, 
or  water  from  alcohol,  the  action  may  plainly 
take  place  in  two  ways  so  as  to  form  a  com- 
H 


pound  of  the  structure,  H— C — C — H,  or  one  of 

H   H 

the  structure  C— -C .      But  when    ethylene  is 
I      I 

H   H 

treated  with  chlorine  a  compound  of  the  formula 
C2H4C12  is  formed,  and  it  has  been  shown  that 
in  this  compound  each  chlorine  is  in  combina- 
tion with  a  different  atom,  as  represented  in  the 

H    H 

formula    Cl— C— C— Cl.    It  appears  from  this 


that  ethylene  is,  in  all  probability,  made  up  as 
H    H 

represented  in  the  formula  C— C.     So  far  this 


formula  expresses  all  that  we  have  learned,  and 
it  appears  that,  in  ethylene,  carbon  is  trivaleut. 


But  ethylene  has  a  power  which  ethane  has  not. 
It  can  take  up  two  atoms  of  hydrogen,  of  chlor- 
ine, bromine,  &c.  It  is  unsaturated.  We  may 

H    H 

represent  this  fact  by  the  formula  — C— C — , 

U 

which,  if  interpreted  in  terms  of  the  hypothesis 
of  valency,  means  that  two  of  the  affinities  of 
each  carbon  atom  are  employed  in  holding  hy- 
drogen in  combination,  one  of  each  in  holding 
the  two  carbon  atoms  together,  and  one  of  each 
is  unemployed.  There  are  several  objections  to 
this  view.  In  the  first  place  it  implies  that  a 
part  of  an  atom  can  be  acting  while  another  part 
is  doing  nothing,  a  state  of  things  which  it  is 
impossible  to  conceive.  In  the  next  place  if  a 
compound  with  free  affinities  can  exist,  why 
should  we  not  be  able  to  isolate  the  hydrocarbon 

CH2  ?    This  compound  cannot  be  isolated.    It  is 

necessary  to  have  a  molecule  containing  at  least 
two  carbon  atoms  before  it  is  possible  to  get  a 
compound  of  the  ethylene  series.  This  makes 
it  appear  probable  that  the  kind  of  unsaturation 
found  in  ethylene  is  dependent  upon  some  change 
in  the  relations  of  the  carbon  atoms.  The  differ- 
ence between  the  relation  in  ethane  and  in  ethyl- 
ene may  be  represented  by  the  signs  C — C  and 
C=C.  The  second,  or  ethylene  sign,  suggests  at 
once  the  sign  used  to  express  the  carbonyl  rela- 
tion between  carbon  and  oxygen.  On  com- 
paring the  reactions  of  ethylene  compounds  with 
those  of  carbonyl  compounds,  we  find  indeed 
that  they  have  certain  features  in  common. 
This  is  seen  in  their  conduct  under  the  influence 
of  nascent  hydrogen.  Ethylene  is  converted  by 
this  reagent  into  the  saturated  compound  ethane, 
the  action  being  represented  in  this  way : 
H  H  H  H 

I     !  II 

C=C  +  2H  =  H— C— C— H.      So  too  acetone, 

U          U 

which  may  be  taken  as  a  convenient  example  of 
carbonyl  compounds,  takes  up  two  atoms  of 
hydrogen  and  is  converted  into  the  saturated 
compound,  isopropyl  alcohol,  as  represented  in 
H  O  H 

the  equation   H— C— C— C— H  +  2H     =• 


H    H    H 
H— C— C— C  -  H.     While  then  it  i 


is  impos- 


sible at  present  to  say  what  relation  the  con- 
dition which  we  call  single  union  bears  to  that 
which  we  call  double  union,  still  we  cannot  avoid 
recognising  that  there  are  at  least  two  kinds  of 
relations  between  atoms,  and  these  two  kinds 
may  be  conveniently  expressed  by  the  signs 
under  discussion. 

A  similar  study  of  acetylene,  C2H2,  and  cer- 
tain cyanogen   derivatives,  shows  that,   if  we 
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recognise  the  distinction  between  single  and 
double  union,  we  must  also  recognise  a  third 
kind  of  relation,  which  by  analogy  we  should 
call  triple  union.  This  condition  is  most  dis- 
tinctly represented  in  acetylene.  It  carries  with 
it  the  power  to  take  up  four  monovalent  atoms, 
just  as  the  double  union  condition  carries  with 
it  the  power  to  take  up  two  monovalent  atoms. 
Acetylene  becomes  ethane  under  the  influence  of 
nascent  hydrogen  as  expressed  thus :  C2H2  +  4H 
=  C2H6.  The  same  power  is  seen  in  the  cyanides. 
Thus,  methyl  cyanide,  which,  assuming  the  con- 
dition of  triple  union  between  the  carbon  and 
nitrogen  in  the  cyanogen  group,  is  expressed 
thus,  CH3 — C=N,  takes  up  four  atoms  of  hydro- 
gen, and  is  converted  into  ethylamine;  thus 
CH3— C=N  +  4H  =  CH3—CH2— NH2;  a  trans- 
formation which  is  plainly  of  the  same  kind  as 
that  which  takes  place  when  acetylene  is  trans- 
formed into  ethane.  It  should  be  distinctly 
stated  that  the  signs  used  to  express  double 
union  and  triple  union  are  not  intended  to  con- 
vey the  idea  that  the  condition  of  single  union, 
whatever  that  may  be,  is  repeated  twice  or  three 
times.  They  simply  express  relations  different 
from  that  of  single  union,  relations  which  we 
recognise  by  means  of  definite  reactions.  The 
double  line  certainly  does  not  mean  that  the 
union  expressed  by  it  is  twice  as  strong  as  that 
expressed  by  the  single  line.  Indeed  it  is  clear, 
from  a  study  of  compounds  in  which  the  ethyl- 
ene  condition  exists,  that  the  double  union  is 
less  firm  than  the  single,  and  the  study  of  com- 
pounds of  the  acetylene  order  shows  equally 
plainly  that  triple  union  is  the  least  firm  of  the 
three. 

If  we  should  examine  all  the  linkage  formulae 
of  complex  compounds  which  have  been  deter- 
mined experimentally,  we  should  find  that,  in 
general,  the  linking  takes  place  in  accordance 
with  the  laws  of  valency.  In  many  cases,  how- 
ever, the  linkages  are  less  in  number  than  we 
should  be  led  to  expect  from  our  knowledge  of 
the  valencies  of  the  elementary  atoms.  In  these 
cases,  it  is  generally  found  that  the  compounds 
have  the  power  of  forming  additive  compounds 
in  which  each  element  acts  with  its  maximum 
valency. 

The  methods  for  determining  constitutional 
formulae  thus  far  considered  are  purely  chemical. 
They  are  based  upon  a  careful  study  of  the  de- 
compositions, syntheses,  and  transformations, 
of  the  compounds.  The  question  will  suggest 
itself,  whether  it  is  possible  by  a  study  of 
physical  properties  to  throw  any  light  upon 
structure.  Several  attempts  have  been  made  in 
the  direction  indicated.  The  methods  will  not 
be  considered  here  at  all  in  detail,  as  they  will 
form  the  subject  of  other  articles.  The  proper- 
ties which  have  been  most  elaborately  studied 
are;  specific  volume,  molecular  refraction, 
polarisation-phenomena,  magnetic  rotation,  and 
thermal  phenomena. 

The  specific  volume,  or  molecular  volume,  of 
a  substance  is  represented  by  a  figure  obtained 
by  dividing  the  molecular  weight  of  the  substance 
by  its  specific  gravity  in  the  liquid  form.  It  has 
been  shown  that  the  specific  volume  of  an  element 
in  combination  can  sometimes  be  determined  by 
studying  a  number  of  its  compounds,  the  general 
principle  made  use  of  being  this :  the  specific 


volume  of  a  certain  compound  is  determined  and 
then  that  of  another  compound  differing  from 
the  first  by  1  or  2  atoms  of  the  element  ;  the 
difference  between  the  two  specific  volumes  is 
regarded  as  the  specific  volume  of  1  or  2  atoms 
of  the  element  by  which  the  two  compounds  differ. 
It  appears  from  investigations  thus  far  carried 
out  that  the  specific  volume  of  oxygen  has  two 
values  according  as  it  is  in  the  hydroxylic  or  the 
carbonylic  condition.  Assuming  this  to  be  estab- 
lished, it  is  clear  that,  by  determining  the  spe- 
cific gravity  of  a  compound  in  liquid  form,  and 
without  studying  its  chemical  reactions,  we  might 
be  able  to  decide  whether  an  oxygen  atom  con- 
tained in  it  is  in  one  or  the  other  of  the  two 
conditions  mentioned.1 

As  regards  molecular  refraction,  it  has  been 
shown  that,  in  general,  compounds  of  the  same 
composition  have  the  same  refraction-equivalent. 
The  refraction  equivalent  is  represented  by  the 


expression 


in  which  P  is   the  mole- 


cular weight  of  the  substance,  n  the  index  of  refrac- 
tion, and  d  the  relative  density  of  the  substance.  A 
more  elaborate  study  of  this  subject  has  shown 
that  the  molecular  refraction  of  a  substance  is  in- 
fluenced by  the  presence  of  the  condition  of  double 
or  triple  union.  The  occurrence  in  a  compound  of 
one  double  linkage  causes  a  definite  increase  in 
the  molecular  refraction.  So,  also,  the  presence 
of  carbonyl,  CO,  causes  an  increase  in  the  mole- 
cular refraction  above  that  found  when  the  oxy- 
gen is  present  in  the  singly  linked  condition,  as 
in  hydroxyl  C—  0—  H.  If  these  rules  can  be 
proved  to  be  well  founded  we  have  a  method 
which  will  enable  us  to  determine  whether  double 
linkage  between  carbon  atoms,  or  between  car- 
bon and  oxygen,  exists  in  compounds  under  ex- 
amination. The  method  does  not,  however,  help 
us  at  present  to  understand  what  double  link- 
age is.  It  merely  puts  us  in  a  position  to  say 
that,  if  this  condition  is  assumed  in  certain 
compounds,  it  must  be  assumed  in  certain  other 
compounds  which  conduct  themselves  in  the 
same  way.1 

Eecently  some  facts  have  been  observed  in 
studying  the  magnetic  rotary  power  of  substances 
which  may  be  utilised  in  determining  constitu- 
tion. It  has  been  shown  that  the  addition  of 
CH2  to  a  compound  increases  the  molecular 
magnetic  rotation  by  a  definite  quantity.  So 
also  a  definite  effect  was  shown  to  be  produced 
by  the  introduction  of  methyl.  Other  results  of 
the  same  general  character  were  obtained.  It  is 
not  improbable  that  a  further  study  of  the  mag- 
netic rotary  power  of  chemical  compounds  may 
put  us  in  possession  of  a  method  of  consider- 
able value.  Up  to  the  present  the  method  as 
thus  far  developed  has  not  come  into  general 
use.  The  method  based  upon  a  study  of  the 
magnetic  rotary  power,  like  those  based  upon  a 
study  of  specific  volumes  and  molecular  refrac- 
tion, does  not  give  any  information  in  regard  to 
the  various  conditions  which  it  is  its  object  to 
detect.  It  merely  attempts  to  tell  us  in  which 
compounds  certain  conditions  exist,  without 
saying  anything  in  regard  to  the  nature  of  these 

1  The  connexions  between  specific  volume  and  constitu- 
tion, and  between  refraction  and  constitution,  are,  however, 
not  yet  anything  like  clearly  elaborated  (».  PHYSICAL 
METHODS).—  M.  M.  P.  M. 
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conditions.  It  is,  however,  quite  within  the 
range  of  probability  that  continued  study  of  all 
the  physical  properties  of  compounds  may  lead 
to  a  satisfactory  hypothesis  in  regard  to  the 
nature  of  those  conditions  of  which  we  now 
simply  recognise  the  existence.  Thus,  if  it  is 
found  that,  whenever  double  linkage  occurs  in 
a  compound,  certain  physical  properties  always 
appear,  it  may  be  possible  to  frame  a  satisfac- 
tory hypothesis  in  regard  to  the  nature  of  the 
condition  which  we  call  double  linkage.  If  then 
we  could  express  this  hypothesis  in  our  formulas, 
these  would  be,  more  strictly  than  those  now  in 
use,  constitutional  formula. 

The  chemical  methods  and  the  physical 
methods  thus  far  discussed  have  nothing  di- 
rectly to  do  with  the  relations  which  atoms  bear 
to  one  another  in  space.  The  formula  deter- 
mined by  means  of  them  do  not  attempt  to 
express  space-relations,  unless  the  fact  that 
two  atoms  are  represented  as  being  in  direct  com- 
bination with  each  other  implies  that  they  are 
nearer  each  other  than  two  atoms  in  the  same 
molecule  which  are  not  in  direct  combination  with 
each  other.  The  f  ormulae  simply  represent  con- 
nexions believed  to  exist  between  the  different 
parts  of  molecules.  We  know  nothing  in  regard 
to  the  forms  of  molecules,  and  the  arrangement 
of  atoms  in  space.  Nevertheless,  some  ingenious 
speculations  have  been  indulged  in  with  refer- 
ence to  these  space-relations.  One  which  has 
received  much  attention,  and  which  is  certainly 
worthy  of  serious  study,  was  suggested  by  obser- 
vations of  the  effects  produced  by  certain  sub- 
stances on  polarised  light.  There  are  three 
varieties  of  tartaric  acid  ;  one  of  these  turns  the 
plane  of  polarisation  of  a  ray  of  light  to  the 
right,  a  second  turns  it  to  the  left,  while  the 
third  is  optically  inactive.  The  third  is  formed 
by  the  union  of  the  first  and  second,  and  is, 
therefore,  probably  to  be  regarded  as  differing 
from  the  active  varieties  in  having  a  greater 
molecular  weight. 

The  difference  between  the  first  and  second 
tartaric  acids  cannot  be  expressed  by  means 
of  our  ordinary  linkage-formulas.  Both  are 
represented  probably  by  the  same  formula, 
CH(OH).CO.OH 

i,  which  is  in  accordance  with 
H(OH).CO.OH 

the  chemical  reactions,  decompositions,  and 
syntheses,  of  both.  Nevertheless  the  two  com- 
pounds differ.  Several  other  cases  of  the  same 
kind  are  known.  This  kind  of  isomerism, 
which  shows  itself  in  differences  in  the  physi- 
cal properties,  and  not  in  the  chemical  conduct, 
is  called  physical  isomerism.  To  account  for 
the  particular  kind  of  physical  isomerism 
here  referred  to,  Le  Bel  and  Van't  Hoff  have 
made  the  suggestion  that  it  may  be  due  to 
a  different  arrangement  in  space  of  certain 
parts  of  the  molecules.  If  the  four  affinities 
of  a  carbon  atom  be  supposed  to  be  exerted 
in  the  direction  of  the  angles  of  a  tetrahedron, 
the  carbon  atom  being  at  the  centre  of  the 
tetrahedron,  there  are  two  ways  in  which  four 
different  atoma  or  groups  can  be  conceived 
to  be  combined  with  the  carbon.  Arranging 
these  atoms  or  atomic  groups  in  any  way,  the 
other  possible  arrangement  is  found  by  regarding 
the  reflection  of  the  first  arrangement  in  a  mirror. 


These  two  kinds  of  arrangement  in  space  are 
possible  only  in  those  compounds  in  which  a 
carbon  atom  is  in  combination  with  four  differ- 
ent atoms  or  atomic  groups.  Such  a  carbon 
atom  is  called  an  asymmetric  carbon  atom.  Now, 
it  is  a  remarkable  fact  that  optically  active  com- 
pounds always  contain  one  or  more  asymmetrical 
carbon  atoms.  Some  attempts  have  been  made 
to  express  by  means  of  formulae  the  space - 
relations  suggested  in  the  above  hypothesis 
(v.  especially  Wislicenus,  K.  Sachsischen  Ges. 
der  Wissenschaften,  14, 1). 

It  has  been  pointed  out  by  Bruhl  that  the 
boiling-points,  densities,  and  indices  of  refraction, 
of  isomeric  compounds  vary  in  the  same  way ; 
that  for  isomeric  compounds  the  constants  of  that 
one  are  largest  which  consists  of  an  uninterrupted 
chain  of  hydrocarbon  residues,  and  that  the  con- 
stants become  smaller  the  more  the  structure  of 
the  molecule  is  branched,  and  deviates  from 
one  direction.  The  data  thus  far  in  our  posses- 
sion seem  also  to  show  that  the  shorter  the  mole- 
cule of  isomeric  compounds,  i.e.  the  more  they 
approach  the  spherical  form,  the  larger  is  the  mo- 
lecular volume.  The  words '  shorter,'  '  branched,' 
&c.,  used  in  these  statements,  have  primarily, 
of  course,  reference  to  the  appearance  of  the  for- 
mulae in  common  use,  and  which,  as  already 
explained,  are  not  intended  to  represent  the 
arrangement  of  atoms  in  space.  But,  assuming 
that  they  do  in  a  rough  way  represent  the  shapes 
of  the  molecules,  it  appears  that  there  probably 
exists  a  direct  connexion  between  the  variations 
in  the  physical  constants  of  isomeric  compounds 
and  the  shapes  of  their  molecules.  Thus,  the 
specific  gravity  of  compounds  with  long  mole- 
cules would  necessarily  be  greater  than  that  of 
compounds  with  branched  or  spherical  molecules, 
for  the  same  reason  that  we  can  get  more  rods 
in  a  given  space  than  spheres  of  the  same  weight. 
So  also  with  reference  to  the  boiling  -points.  The 
rod-shaped  molecules  offer  the  most  points  of 
contact,  the  spherical  the  fewest.  The  cohesion 
between  molecules  of  the  first  kind  will  hence  be 
the  greatest,  and  the  conversion  of  a  substance 
made  up  of  such  molecules  into  vapour  will  re- 
quire more  heat,  or  the  boiling-point  will  be 
higher,  than  in  the  case  of  a  substance  made  up 
of  molecules  of  the  branched  or  spherical  kind. 
It  will  thus  be  seen  that  we  have  faint  sugges- 
tions that  our  linkage-formulae  have  some  re- 
lation to  the  arrangement  of  atoms  in  space, 
though  primarily  they  are  not  intended  to  ex- 
press facts  of  this  order.  I.  B. 

FORMYL.  The  radicle  CHO,  the  lower 
homologue  of  acetyl.  The  term  was  at  one 
time  applied  to  the  radicle  CH  now  called 
methenyl.  The  formyl  derivatives  of  amines 
are  described  under  the  amines  from  which  they 
are  derived. 

FORMYL-CAMPHOR  CUH160  i.e. 

/CH.COH 
OgH,^  |  Camphor  aldehyde.  [76°-78°]. 

Formed  on  treating  camphor  with  formic  ether : 

<CH2 
|       +  COH.OEt 
CO 

.CH.COH 
=  C8H,/|  +EtOH. 
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Separated  by  solution  in  alkalis,  shaking  with 
ether,  acidifying  with  acetic  acid,  shaking  again 
with  ether  and  evaporating  (Bishop  a.  Claisen, 
B.  22,  533).  Crystalline.  Its  properties  are  like 
those  of  the  ketonic  aldehydes  B.CO.CHK'.COH. 
It  is  a  moderately  strong  acid,  v.  sol.  caustic 
alkalis.  FeClg  gives  a  dark  violet  solution. 

Salt.  —  A'2Cu:  bright  green  crystalline  pp.  ; 
si.  sol.  water  ;  v.  sol.  organic  solvents. 

Anilide  C10H15O.CH:N.Ph  :  [153°];  colour- 
less, crystallising  well. 

FORMYL-TRICARBOXYLIC   ACID    v.    ME- 

THANE -TRICABBOXYLIC  ACID. 

FOEMYL  CYANURAMIDE.  Described 
under  CYANIC  ACID  as  a  derivative  of  cyanur- 
amide. 

FORMYL-MELAMINE.  Described,  as  a  deri- 
vative of  cyanuramide,  under  CYANIC  ACID. 

FORMYL-PHENYL-ACETIC  ACID 
HCO.CHPh.C02H.  Ethyl  ether  EtA.'.  (145°) 
at  16  mm.  Formed  by  suspending  dry  NaOEt 
in  ether  (3  pts.),  adding  a  mixture  of  formic 
ether  and  phenyl-acetic  ether,  and  keeping  the 
whole  for  several  days  in  a  closed  vessel.  The 
product  is  shaken  with  water  at  0°,  acidified, 
and  extracted  with  ether  (Wislicenus,  B.  20, 
2930).  Oil.  Decomposed  by  boiling  with 
aqueous  NaOH  into  formic  and  phenyl-acetic 
acids.  The  alcoholic  solution  gives  a  bluish- 
violet  colouration  with  FeCl3.  Phenyl-hydra- 


zine   forms 


.    Formyl- 


phenyl-acetic  ether  changes  spontaneously,  es- 
pecially at  70°,  into  a  crystalline  isomeride  [70°]  ; 
this  isomeride  is  also  split  up  by  alkalis  into 
formic  and  phenyl-acetic  acids. 

DI-FORMYL-FHENYLENE-DIAMINE  v. 
PHEN  YLENE  -DIAMINE  . 

FORMYL-PROPIONIC  ACID 
HCO.CHMe.C02H.  (161°).  Formed  by  the 
action  of  NaOEt  on  a  mixture  of  formic  and 
propionic  ethers  (Wislicenus,  B.  20,  2930).  Oil. 
Gives  an  intense  reddish-violet  colour  with 
FeCl3. 

FORMYL-TJREA  v.  UREA. 

FORMYL-XYLIDINE  v.  XYLIDINE. 

FRAGARIANIN.  Said  to  occur  in  the  root  of 
the  strawberry  (Fragaria  vesca)  (Phipson,  C.  N. 
38,  135).  V.  si.  sol.  water,  alcohol,  and  ether  ; 
potash  -fusion  forms  from  itprotocatechuic  acid. 
Boiling  aqueous  HC1  splits  it  up  into  glucose 
and  an  amorphous  red  substance,  fragarin. 

FRANCEINS.  A  group  of  colouring  matters 
obtained  by  the  action  of  cone.  H2S04  upon  the 
haloid  derivatives  of  benzene.  From  the  penta- 
chloro-benzene  C6HC15,  the  franceine  has  the 
empirical  formula  CI8HC1503  (Istrati,  C.  E.  106, 
277  ;  Bl.  [2]  48,  35).  All  the  franceins  are  sol.  cone. 
H2S04,  some  are  sol.  water.  Many  of  them  dis- 
solve in  alkalis  forming  very  soluble  neutral 
salts.  They  all  dissolve  in  alcohol  forming 
highly-coloured  dichroic  solutions.  They  dye 
cotton,  linen,  and  especially  silk  with  shades 
varying  from  rose-colour  to  maroon.  The  depth 
of  colour  and  the  tinctorial  power  increases  with 
the  proportion  of  chlorine.  Two  franceins 
C,8HC1505  are  obtained  by  boiling  pentachloro- 
benzene  (300  g.)  with  Nordhausen  acid  (2000  c.c.) 
for  8  hours  a  day  during  15  days  ;  HC1  and  S02 
are  given  off.  At  the  end  of  15  days  the  acid  is 
decanted,  a  fresh  quantity  added,  and  the  heat- 


ing continued  for  another  fortnight.  During 
this  process  the  franceins  gradually  separate  as 
a  maroon-coloured  substance.  After  washing 
with  water,  the  francein  formed  in  greater  quan- 
tity is  dissolved  out  in  aqueous  KOH,  reppd.  by 
HC1,  and,  when  dried  at  60°,  exhibits  a  metallic 
green  lustre.  It  dissolves  in  alcohol  and  in  gly- 
cerine but  not  in  water.  Its  alcoholic  solution 
is  red  by  transmitted,  but  yellowish -green  by 
reflected,  light,  and  dyes  silk  a  rose-colour.  The 
K  salt  is  deep-brown  with  metallic  lustre,  and 
is  v.  sol.  water  forming  a  deep-red  non-dichroic 
solution  which  gives  pps.  with  salts  of  Ba,  Fe, 
Sn,  Hg,  Al,  Mg,  Cd,  Ni,  &c.  The  second  fran- 
cein, formed  at  the  same  time  in  much  smaller 
quantity  from  penta-chloro-benzene,  is  sol.  warm 
water  but  almost  insol.  KOHAq  and  is  less 
sol.  alcohol  than  its  isomeride.  It  dyes  silk  a 
peach  colour.  When  tetra-chloro-benzene  (200 
c.c.)  is  boiled  with  cone.  H2S04  (1,200  c.c.) 
for  105  hours  it  is  completely  dissolved  with 
evolution  of  water,  HC1,  and  S0.2.  No  sulphonic 
acid  is  formed,  but  on  treatment  with  water  a 
reddish-brown  solid  is  got.  This  solid  dissolves 
easily  in  KOHAq  and  in  alcohol ;  its  alcoholic 
solution  is  pale  brown  by  transmitted,  and  dull 
green,  by  reflected,  light.  According  to  Georgesco 
a.  Mincou  (BL  [2]  50,  623),  this  francein  is 
C,6H4C1306,  and  forms  an  insoluble  silver  salt 
C16Ag4Cl306. 

FRANGULIN  C^H^O,,  ?  (Schwabe,  Ar.  Ph. 
[3]  26,  560).  [230°].  A  yellow  crystallisable 
colouring  matter  contained  in  the  bark  of  the 
berry-bearing  alder  (Rhamnus  Frangula).  It  is 
accompanied  by  an  amorphous  yellow  resin,  and 
occurs  most  abundantly  in  the  older  branches, 
the  younger  branches  containing  more  of  the 
resin  (Casselmann,  A.  104,  77). 

Preparation. — The  bark  is  digested  for  three 
days  with  alcohol  (90  p.c.)  at  25°  to  30°  ;  the 
resulting  tincture  is  concentrated  by  evaporation 
and  freed  from  tannin  &c.  by  ppn.  with  lead 
acetate ;  lead  subacetate  is  added  to  the  filtrate, 
and  the  pp.  is  suspended  in  alcohol  and  decom- 
posed by  H2S.  The  boiling  liquid  is  filtered, 
and  on  cooling  deposits  crystals  of  frangulin 
(Faust,  A.  165,  229 ;  Z.  [2]  5,  17 ;  Liebermann 
a.  Waldstein,  B.  9,  1775). 

Properties. — Lemon-yellow  crystalline  mass 
with  dull  silky  lustre.  Insol.  water  ;  soluble  in 
160  pts.  of  warm  dilute  (80  p.c.)  alcohol,  nearly 
insol.  cold  alcohol,  si.  sol.  ether,  sol.  hot  fixed 
oils,  benzene,  and  oil  of  turpentine.  May  be 
partially  sublimed  as  minute  golden  needles  (C.). 
In  aqueous  alkalis  it  forms  a  deep  cherry-red 
solution  from  which  it  is  reppd.  by  acids  but 
not  by  metallic  salts.  Cone.  H,S04  forms  a 
dark-red  solution  which  becomes  brown  on  heat- 
ing ;  it  is  reppd.  by  water.  Boiling  cone.  HN03 
dissolves  it  without  decomposition  (C.).  Fuming 
HN03  forms  oxalic  acid  and  so-called  '  nitro- 
frangulic  acid'  C20HHN3p,8  ?  (Hesse,  A.  117, 
349)  which  crystallises  in  orange-red  needles 
(from  alcohol).  Frangulin  is  split  up  by  boiling 
dilute  HC1  into  glucose  and  emodin,  a  tri-oxy- 
methyl-anthraquinone  (Schwabe). 

FRAXIN  C16H180,0£aq.  Paviin.  A  sub- 
stance occurring  in  the  bark  of  the  common  ash 
(Fraxinus  excelsior),  and  also,  together  with 
sesculin,  in  the  bark  of  the  horse-chestnut 
i&ndi  in  various  species 
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of  Pavia  (Salm-Horstmar,  P.  97,  327,  637  ;  100, 
607  ;  Bochleder,  P.  107,  331 ;/.  pr.  90,  433 ; 
Stokes,  C.  J.  9,  17;  Keller,  Rep.  Pharm.  44, 
438 ;  Bochleder  a.  Schwarz,  A.  87,  186 ;  Sten- 
house,  P.  M.  [4]  7,  501). 

Preparation.  —  1.  A  decoction  of  ash-bark 
(taken  at  the  flowering-time)  is  ppd.  by  lead 
acetate ;  the  filtrate  is  ppd.  by  lead  subacetate, 
and  the  pp.  suspended  in  water  and  decomposed 
by  BLjS  (Salm-Horstmar).— 2.  The  aqueous  de- 
coction of  horse-chestnut  bark  is  mixed  when 
cold  with  such  a  quantity  of  FeCl3  that  on  add- 
ing ammonia  the  pp.  immediately  separates ; 
one-fourth  of  the  ammoniacal  filtrate  is  ppd.  by 
lead  acetate,  the  pp.  is  redissolved  in  HOAc,  the 
rest  of  the  filtrate  is  then  acidified  by  acetic 
acid,  the  two  portions  mixed  together,  and,  after 
again  adding  ammonia,  the  resulting  pp.  dis- 
solved in  acetic  acid,  freed  from  lead  by  H2S,  and 
left  to  crystallise. 

Properties.— -Tufts  of  colourless  needles;  it 
has  a  slightly  bitter  taste.  SI.  sol.  cold,  v. 
sol.  hot,  water;  si.  sol.  cold,  m.  sol.  hot  alco- 
hol ;  insol.  ether  (Salm-Horstmar).  Stokes 
(C.  J.  12, 17)  found  it  more  soluble  in  ether  than 
ffisculin.  It  gives  off  its  water  of  crystallisation 
at  110°  to  150°,  and  melts  at  a  higher  tempera- 
lure  (320°  according  to  Salm-Horstmar).  The 
concentrated  aqueous  solution  is  yellow,  and  has 
an  acid  reaction ;  when  largely  diluted  it  ex- 
hibits strong  bluish-green  fluorescence  ;  this 
fluorescence  is  increased  by  the  presence  of  a 
trace  of  alkali,  but  is  destroyed  by  acids.  The 
alcoholic  solution  is  likewise  fluorescent.  FeCl3 
colours  the  aqueous  solution  green,  and  then 
yields  a  lemon-yellow  pp.  Lead  acetate  also 
gives  a  yellow  pp.  in  its  ammoniacal  solution. 
Boiling  dilute  H2S04  splits  fraxin  up  into  glucose 
and  fraxetin. 

Fraxetin  C10H805-  S.  (cold)  -1 ;  (hot)  -33. 
Formed  as  above,  and  also  by  the  action  of  HC1 
on  a  lemon-yellow  crystalline  compound  C22H280J5, 
also  occurring  in  horse-chestnut  bark  (Bochleder, 
C.  C.  1864, 415).  Needles  (from  the  dilute  H2S04 
in  which  it  is  formed),  or  tables  (from  alcohol). 
Has  a  slightly  astringent  taste.  V.  si.  sol.  water, 
si.  sol.  alcohol  and  ether.  Melts  at  the  melting- 
point  of  tin,  without  turning  brown.  Cone. 
H2S04  forms  a  bright-yellow  solution,  whence 
after  dilution  and  addition  of  NH3  it  separates 
in  crystals.  HClAq  dissolves  it.  Cone.  HN03 
is  coloured  by  it  dark- violet,  changing  to  red  and 
yellow.  The  aqueous  solution  is  coloured  yellow 
by  NH3.  FeCl3  colours  its  aqueous  solution 
greenish-blue.  Acid  ammonium  sulphite  dis- 
solves fraxetin,  and  on  adding  NH3  the  liquid 
becomes  yellow,  but  does  not  turn  red  or  blue 
on  shaking  with  air  (difference  from  ffisculetin). 

FUCUS  ALDEHYDE  C5H402.  Fucusol.  (&)- 
Pyromucic  aldehyde.  (172°).  S.G.  i£*  1-150. 
S.  7  at  13°.  A  volatile  oil,  isomeric  or  possibly 
identical  with  furfurol,  obtained  by  distilling 
sea-weeds  (Fucus  nodosus,  F.  vesictdosus,  F. 
serratus,  &c.)  with  dilute  sulphuric  acid  (Sten- 
house,  P.  M.J3]  18,  122;  37,  226;  A.  35,  301; 
74,  278).  It  is  washed  free  from  accompanying 
acetone,  distilled  with  steam,  and  dried  over 
CaCl2.  Colourless  oil ;  turns  brown  on  keep- 
ing exposed  to  air.  H2S04  colours  it  yellowish- 
brown  ;  HClAq  turns  it  green  ;  when  impure  the 
colour  in  both  cases  is  purple-red.  KOHAq 


colours  it  yellow,  the  colour  afterwards  changing 
to  dark-red.  Fucusol  turns  the  skin  deep-yellow, 
the  spots  being  turned  rose-red  by  aniline  (as 
with  furfurol).  When  boiled  with  water  and 
moist  Ag20  the  silver  salt  of  (£) -pyromucic  acid  is 
formed  C5H3Ag03 ;  (£) -pyromucic  acid  prepared 
from  this  salt  crystallises  in  small  rhomboidal 
plates  [130°],  whereas  ordinary  pyromucic  acid 
forms  flat  needles  [133°]  (Stenhouse,  Pr.  20,  80). 
Ammonium  sulphide  converts  fucusol  into  thio- 
fucusol  C3H4SO,  which  resembles  its  isomeride 
thiofurfurol.  Moss  (Sphagnum)  and  various 
species  of  lichen  (Cetraria  islandica,  Usnea,  and 
Ramalina)  when  distilled  with  dilute  H2S04 
yield  an  oil  apparently  identical  with  fucusol. 

Fucusamide  C15H12N203.  S.  -04  at  8°.  This 
I  isomeride  of  furfuramide  is  obtained  by  the  ac- 
|  tion  of  ammonia  on  fucusol.  It  crystallises  from 
hot  alcohol  in  groups  of  long  needles.  Its  re- 
actions are  similar  to  those  of  furfuramide. 

Fucusine  C15HJ2N203.  When  fucusamide  is 
boiled  for  twenty  minutes  with  moderately  con- 
centrated aqueous  KOH  it  melts,  and  is  con- 
verted into  an  oil  which  solidifies  on  cooling  to 
a  yellowish  resin.  From  this  resin  HN03  ex- 
tracts the  base,  and,  on  cooling,  the  nitrate 
crystallises  out.  If  a  slight  excess  of  NH:!  be 
added  to  an  aqueous  solution  of  the  nitrate 
fucusine  slowly  separates  in  stellate  groups  of 
small  laminae. 

Salts.— B'HN03  :  stellate  groups  of  long 
prisms  (from  water),  or  large  trimetric  prisms 
(from  alcohol).  Decomposes  at  100°.  — 
B'2H2PtCl6  :  four-sided  prisms  (the  correspond- 
ing salt  of  furf urine  forms  needles). — B'H2C204: 
small  silky  needles ;  m.  sol.  cold  water. 

FULMINATES.      Described    under    CYANIC 

ACID. 

FULMINURIC  ACID.  Described  under 
CYANIC  ACID. 

FUMARAMIC  ACID  v.  Amide  of  FUMARIC 
ACID. 

FUMARANILIC  ACID  v.  Anilide  of  FUMAKIC 
ACID. 

FUMARIC  ACID  C4H404  i.e. 
C02H.CH:CH.C02H.  Allo-maleic  acid.  Mol.  w. 
116.  S.  -67  at  16-5°  (Carius,  A.  142,  153) ;  (cold 
70  p.c.  alcohol)  -48.  H.C.  318,176  (Louguinine, 
C.  R.  106,  1290).  Heat  of  solution  -5901  (Gal 
a.  Werner,  Bl.  [2]  47,  159).  Heat  of  neutralisa- 
tion (by  NaOH)  26599  (G.  a.  W.). 

Occurrence. — In  various  plants  and  fungi : 
fumitory  (Fumaria  officinalis),  Corydalis  bul- 
bosa,  Olaucium  flavum,  Iceland  moss  (Lichen 
islandicus),  Boletus  pseudo-ignarius,  and  Aga- 
ricus  piperatus  (Winkler,  Rep.  Pharm.  39,  48, 
368  ;  48,  39,  363 ;  A.  4,  230  ;  Wicke,  A.  87,  225 ; 
Probst,  A.  31,  248;  Pfaff,  Schw.  J.  47,  476; 
Dessaignes,  J.  Ph.  [3]  32,  48  ;  A.  89, 120 ;  Bolley, 
A.  86,  44 ;  Schodler,  A.  17,  148 ;  Trommsdorff, 
N.  Tr.  25,  2,  153). 

Formation. — 1.  Together  with  maleiic  acid  by 
the  dehydration  of  malic  acid  by  heat  (Lassaigne 
[1819],  A.  Ch.  [2]  11,  93  ;  Pelouze,  A.  Ch.  [2] 
56,  429 ;  A.  11,  265). — 2.  From  male'ic  acid  by 
heating  with  aqueous  HI,  HBr,  or  HC1  (Des- 
saignes, J.  1856,  463;  Kekule,  A.  130,  21; 
Suppl.  2,  85).— 3.  By  treating  calcium  malate 
withPC!5,  and  decomposing  the  resulting  chloride 
with  water  (Perkin  a.  Duppa,  A.  112,  24).— 
4.  By  fusing  sulpho-succinic  acid  with  potash 
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(Messel,  A.  157,  20). — 5.  By  heating  bromo-suo- 
cinic  acid.— 6.  By  the  action  of  aqueous  KI  and 
copper  upon  di-bromo-succinic  acid  and  its  iso- 
meride  (Swarts,  Z.  1868,  259).  Also  from  di- 
bromo-succinic  acid  and  thio-urea  (Nencki  a. 
Sieber,  J.  pr.  [2]  25,  72).— 7.  From  di-bromo- 
succinic  ether  by  treatment  with  finely  divided 
silver  and  saponification  of  the  product  (Goro- 
detzky  a.  Hell,  B.  21,  1802).— 8.  By  heating 
succinimide  with  bromine  at  130°  in  sealed 
tubes  (Kisielinski,  Site.  W.  74,  561).— 9.  By 
boiling  silver  nialonate  with  di-chloro-acetic  acid 
and  a  little  water  (Komnenos,  A.  218,  169).— 

10.  By  treating  asparagin  or  aspartic  acid  with 
Mel  and  KOH  (Korner  a.  Menozzi,  G.  13, 352).— 

11.  From  (S)-bromo-pyromucic  acid,  bromine,  and 
water  (Hill  a.  ganger,  A.  232,  53  ;  cf.  Limpricht, 
A.  165,  289).— 12.  By  treating  0-di-chloro-pro- 
pionic  ether  with  KCy,  and  decomposing  the 
product  by  KOH  (Werigo  a.  Tanatar,  A.  174, 
368). — 13.  By  boiling  chloro-ethane-tricarboxylic 
ether  (prepared  by  the  action  of  Cl  on  ethane 
tricarboxylic  ether  (C02H)CH2.CH(C02H)2  with 

HC1   (Bischoff,   B.    13,    2162) 14.    According 

to  Muhlhauser  (A.  101,   171)  fumaric  acid  is 
among  the  products  of  the  action  of  aqua  regia 
on  proteid  compounds. — 15.  By  heating  ethylene 
tetra-carboxylic  acid  (Conrad  a.  Guthzeit,  B.  13, 
2632). 

Preparation. — Malic  acid  is  heated  at  150°, 
and  finally  to  180°,  in  a  current  of  air  as  long  as 
water  and  malei'c  acid  distil  out.  The  residue  is 
washed  with  a  little  cold  water  and  dried  at 
100°.  250  g.  malic  acid  treated  in  this  way  give 
160  g.  fumaric  acid  (Purdie,  C.  J.  39,  346 ;  cf. 
Baeyer,  B.  18,  676). 

Properties.— Small  prisms,  needles,  or  plates. 
Sublimes  at  200°,  and  when  strongly  heated  it 
gives  some  maleic  anhydride.  It  burns  with  a 
pale  flame.  The  initial  rate  of  etherification  of 
fumaric  acid  (32'7)  is  less  than  that  of  maleic 
acid  (51'5),  but  ultimately  the  same  proportion 
of  each  (72-6  p.c.)  is  etherified  by  isobutyl  alcohol 
(Menschutkin,  B.  14,  2630). 

Reactions. — 1.  Reduced  to  succinic  acid  by 
adding  sodium-amalgam  to  its  aqueous  solution, 
or  by  heating  with  HIAq. — 2.  Heated  with 
HBrAq  at  120°  it  is  slowly  transformed  into 
bromo-succinic  acid. — 3.  It  combines  very  slowly 
with  bromine  in  the  cold,  but  when  heated  with 
bromine  and  water  at  100°  di-bromo-succinic 
acid  is  formed  in  a  few  minutes  (Kekule,  A.  Suppl. 
1, 129 ;  Petrie,  A.  195,  56).— 4.  Zinc  dissolves  in 
aqueous  fumaric  acid,  forming  zinc-f umarate,  and 
giving  off  hydrogen  (Kekule,  A.  Suppl.  2,  108). 
When  zinc  and  fumaric  acid  are  placed  together 
in  cold  water  hydrogen  is  not  evolved,  but  zinc 
fumarate  is  formed,  while  succinic  acid  remains 
in  solution  (Von  Victor,  Z.  [2]  4,  454).  When 
fumaric  acid  is  gently  heated  with  zinc  and 
excess  of  potash-solution  it  is  reduced  to  suc- 
cinic acid  (K.).— 5.  Fumaric  acid  is  not  oxidised 
by  boiling  HN03,  by  water  and  Pb02,  or  by 
K2Cr207.  Aqueous  KMnO4  oxidises  it  to  race- 
mic  acid. — 6.  Electrolysis  of  an  aqueous  solution 
of  sodium  fumarate  gives  acetylene,  CO.,,  and 
hydrogen  (Kekul4,  A.  131, 85).— 7.  Chlorine  forms 
di-chloro-succinic  and  tri-chloro-acetic  acids 
(Petrieff,  Bl.  [2]  41,  309).— 8.  Hypochlorous  acid 
forms  a  compound  (CO,H.CHC1.CH(OH).C02H), 
which  yields  inactive  malic  acid  when  reduced  by 


sodium-amalgam  (P.). — 9.  Aqueous  NaOH  at 
100°  slowly  forms  inactive  malic  acid. — 10.  Water 
in  large  quantity  at  150°  also  forms  inactive 
malic  acid  (Jungfleisch,  B.  12,  370 ;  Pictet,  B.  14, 
2648).— 11.  Boiling  aqueous  K2S03  forms  potas- 
sium sulpho-succinate.— 12.  Acetyl  chloride,  in 
presence  of  HOAc  at  100°,  dissolves  fumaric  acid 
in  twenty-four  hours,  the  product  being  maleic 
anhydride  (Perkin,  C.  J.  39,  560  ;  41,  268),  while, 
according  to  Anschiitz  (B.  10,  1881 ;  14,  2792), 
pure  AcCl  has  no  action  on  fumaric  acid.  By 
heating  fumaric  acid  with  pure  AcCl  at  140° 

I  Perkin  (B.  15,  1073)  obtained  maleic  anhydride 
and  a  little  chloro-succinic  anhydride ;  the  latter 

|  being  probably  an  intermediate  body  in  the 

I  formation  of  maleic  anhydride  (Anschiitz  a. 
Bennert,  B.  15,  640).— 13.  Fumaric  chloride 

\  alone,  or  dissolved  in  benzene,  reacts  with 
silver  fumarate,  forming  maleic  anhydride. 
Fumaric  chloride,  dissolved  in  light  petroleum, 
is  converted  by  Na2C03  into  maleic  anhy- 
dride. It  is  evident,  therefore,  that  there  is 
but  one  anhydride  for  the  two  isomeric  acids, 
fumaric  and  maleic. — 14.  A  dilute  aqueous  solu- 
tion containing  fumaric  acid  and  aniline  in  pro- 
portion to  form  the  acid  aniline  salt  gives,  on 
heating,  no  anilide  (difference  from  maleic  acid) 
(Michael,  Am.  9, 180).— 15.  Excess  of  alcoholic 
ammonia  at  150°  for  twenty  hours  forms  inactive 
aspartic  acid  (Engel,  C.  B.  104,  1805). 

Salts. — None  of  the  fumarates  dissolve  in 
alcohol.  Solutions  of  the  alkaline  fumarates 
are  not  ppd.  by  salts  of  Zn,  Al,  or  Cr.— (NH4)2A"  : 
v.  sol.  water,  converted  into  the  acid  salt  by 
evaporation. —  (NH4)HA'':  monoclinic  prisms 
(Delffs,  P.  80,  435  ;  Pasteur,  A.  Ch.  [3]  31, 91).— 
K2A"2aq :  large  transparent  trimetric  tables  and 
four-sided  prisms  or  radiating  groups  of  laminae. 
V.  sol.  water ;  from  a  concentrated  solution 
acetic  acid  throws  down  the  acid  salt. — KHA" : 
tufts  of  needles,  si.  sol.  cold,  v.  sol.  hot,  water 
(Carius,  B.  4,  929;  A.  142,  153).— K^A",: 
acicular  prisms.  S.  2-66  at  19-5°.— Na2A"  aq : 
crystalline  powder ;  ppd.  by  adding  alcohol  to 
its  aqueous  solution. — Na2A"  3aq  :  needles  and 
prisms.  V.  sol.  cold  water.— Ag-jA"  :  fine  white 
powder,  thrown  down  by  adding  AgN03  to  a 
solution  of  (even  1  pt.  in  200,000  of)  fumaric  acid. 
Deflagrates  when  heated.  Insol.  water,  sol. 
HN03Aq  and  NH3Aq.~ Ag-jA"  aq  (Carius)  :  sol. 
hot  water. — BaA".  Obtained  by  dissolving 
fumaric  acid  in  a  hot  solution  of  barium  acetate 
(fumaric  acid  does  not  ppt.  baryta  water).  Crys- 
talline grains.— BaA"  l|aq.  From  K2A"  and 
BaClo.  Small  efflorescent  prisms.  S.  (of  BaA") 
•966  at  17°.— BaA"  3aq :  small  white  prisms. 
Converted  by  boiling  with  water  into  insoluble 
grains  of  BaA"  (Anschiitz,  B.  12,  2282).— 
Sr A"  3aq :  from  fumaric  acid  and  Sr02Ac2.  Crys- 
talline powder,  si.  sol.  water. — CaA"  3~aq.  Occurs 
in  fumitory.  From  K2A"  and  CaO.>Ac2.  Shining 
scales,  si.  sol.  water,  permanent  in  the  air.  Gives 
calcium  succinate  when  exposed  in  contact  with 
fermenting  cheese  to  the  air. — CaA"  l|aq  (dried 
over  H2S04).— MgA' '  4aq :  white  powder.— Hg2A": 
white  crystalline  pp.  (Eieckher,  A.  49,  31). — 
PbA"  2aq.  Formed  by  heating  lead  malate  to 
200°  (R.).  Also  from  K-jA"  and  aqueous  Pb02Ac2 
acidulated  with  HOAc.  Tufts  of  shining  needles. 
Nearly  insol.  cold,  sol.  hot,  water  ;  insol.  HOAc ; 
sol.  HN03Aq.— PbA"  3aq  (Pelouze).— A"(PbOH)3 
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(at  100°).  Ppd.  by  adding  ammonic  fumarate 
to  boiling  aqueous  lead  subacetate  (Otto,  A.  127, 
178).-(PbA")2PbO  zaq  (B.).— Pbl"(PbO),  araq 
(R.). — CuA"  3aq.  From  Cu02Ac2  and  fumaric  acid. 
Bluish-green  crystalline  powder ;  si.  sol.  water, 
v.  sol.  HNOaAq.— A"FeOH.  Pale  brownish-red 
pp.  formed  by  adding  FeCl3  to  ammonium  fuma- 
rate: insol.  excess  of  ammonium  fumarate 
(difference  from  succinate) ;  insol.  NH3Aq,  sol. 
mineral  acids. — NiA"  4aq :  pale-green  powder, 
sol.  water  and  ammonia  solution. — CoA"3aq. 
Obtained  by  adding  alcohol  to  a  concentrated 
solution  of  fumaric  acid  in  aqueous  Co02Ac2. 
Hose-coloured  powder,  v.  sol.  water  and  NH3Aq. 
— MnA"  3aq.  From  fumaric  acid  and  Mn02Ac2. 
White  powder,  si.  sol.  water. — ZnA"  3aq  :  large 
prisms  (from  hot  solutions),  v.  sol.  water. — 
ZnA"4aq:  efflorescent  crystals  (by  spontaneous 
evaporation). 

Methyl  ether  Me.^A".    [103°].    (192°  i.  V.). 

Formation.— 1.  By  the  action  of  HC1  or 
H2S04  on  fumaric  acid  in  MeOH  (Anschiitz, 

B.  12,  2282  ;  Ossipoff,  J.  R.  11,  288).— 2.  By  the 
action  of  iodine  on  methyl  maleate.— 3.  From 
methyl  bromo- succinate  by  treatment  with  KCy 
in  ether,  or  by  subliming  the  same  ether  with 
NaOAc  and  CaC03  (Volhard,  A.  242,  160).— 4. 
By  the  action  of  NaOMe  on  a  solution  of  fumaric 
ether  in  MeOH  (Purdie,  C.  J.  51,  627).— 5.  By 
boiling  methyl  diazo-succinate  with  water  or 
MeOH  (Curtius  a.  Koch,  B.  18,  1296). 

Properties. — Triclinic  prisms  (Bodewig,  Z.  K. 
6,  563).  SI.  sol.  water,  alcohol,  ether,  and  CS2 
in  the  cold.  Combines  with  bromine  forming 
methyl  di-bromo-succinate  [62°].  With  an 
equivalent  quantity  of  diazo-acetic  methyl  ether 

C02Me.CH.Nx 
it    forms  >CH.C02Me,    an     oil, 

C02Me.CH.N/ 

whence  the  corresponding  acid  [220°]  may  be  | 
obtained  (Buchner,  B.  21,  2637). 

Mono-ethyl  ether  EtHA".  Formed  by 
heating  fumaric  acid  (2  pts.)  with  alcohol  (3  pts.) 
at  120°  (Laubenheimer,  A.  164,  297).  Plates, 
si.  sol.  water,  v.  e.  sol.  alcohol  and  ether. — 
AgEtA",  S.  -3  at  12°.  Crystalline  pp. 

Di- ethyl  ether  Et2A".  (215°  uncor.)  (P.) ; 
(218°  i.  V.)  (A.).  S.G.  i™  1-052  (A.) ;  li  1-106 
(H.).  V.D.  85-5  (calc.  86).  M.M.  10-119  (Perkin, 

C.  J.  Proc.  3,  98). 

Formation. — 1.  By  treating  an  alcoholic 
solution  of  fumaric  or  malic  acid  with  HC1 
(Hagen,  A.  38,  274).  Some  chloro-succinic  ether 
is  formed  at  the  same  time.— 2.  By  boiling 
fumaric  acid  (149  g.)  with  alcohol  (450  g.)  and 
H2S04  (15  g.),  ppg.  by  water,  drying  over  CaCl2, 
and  distilling.  The  yield  is  good  (123  g.) 
(Purdie,  C.  J.  39,  346). — 3.  From  malic  ether 
and  PC15  (Henry,  A.  156,  177).— 4.  From  EtI 
and  silver  fumarate  (Anschiitz,  B.  11, 1644  ;  12, 
2282). — 5.  By  the  action  of  finely  divided  silver 
on  di-bromo-succim'c  ether  (Gorodetzky  a.  Hell, 
B.  21,  1802). 

Reactions. — 1.  Combines  with  bromine  form- 
ing di-bromo-succinic  ether  [58°]  (Ossipoff). — 2. 
Combines  with  NaOEt  (in  alcoholic  solution) 
forming  C02Et.CHNa.CH(OEt).CO2Et.  If  the 
product  is  boiled  with  aqueous  NaOH,  neutral- 
ised with  acetic  acid  and  treated  with  Pb(OAc)2, 
lead  fumarate  is  ppd.  The  filtrate  is  acidulated 
with  HN03,  neutralised  with  NH3,  and  treated 


with  Pb(N03)2,  when  a  lead  salt  is  ppd.,  whence 
H2S  liberates  a  crystalline  acid  C6H10O5  or 
CO,H.CH2.CH(OEt)C02H,  [86°]  (v.  MALIC  ACID) 
(Purdie,  C.  J.  39,  347).  Sodium  fumarate  differs 
from  ethyl  fumarate  in  not  combining  with 
NaOEt.— 3.  NaOMe  (in  methyl  alcoholic  solution) 
reacts  in  a  similar  way  forming  first  methyl 
fumarate  and  then  C02Me.CH,.CH(OMe).C02Me 
or  its  sodium  derivative  (Purd'ie,  C.  J.  47,  855). 
4.  By  heating  with  alcoholic  NH3  in  sealed 
tubes  there  is  formed  aspartic  ether  (152°  at 
25  mm.)  together  with  a  compound  C4H6N202 
[c.  250°],  possibly  an  imide  of  aspartic  acid 
(Korner  a.  Menozzi,  G.  17,  226). 

Iso-butyl  ether  (PrCH,)^".  (170°)  at 
160  mm.  From  silver  fumarate  and  isobutyl 
iodide  (Purdie,  C.  J.  39,  353).  Not  obtained 
quite  pure.  Combines  with  sodic  isobutylate  in 
presence  of  isobutyl  alcohol  forming  a  product 
whence,  on  saponification,  the  isobutyl  deriva- 
tive of  malic  acid  (q.  v.)  is  got. 

Phenyl  ether  (C6H5)2A".  [162°].  From 
fumaryl  chloride  and  phenol.  White  needles, 
si.  sol.  alcohol.  On  heating  it  evolves  C02, 
yielding  phenyl  cinnamate  and  finally  stilbene 
C6H5.C2H2.C6H5  (Anschiitz  a.  Wirtz,  B.  18,  1948; 
C.  J.  47,  898). 

p-Tolyl  ether  (C.H,)^"  :  [162°] ;  v.  si.  sol. 
alcohol.  On  heating  it  gives  s-di-tolyl-ethylene 
C7H7.C2H2.C7H7  [179°],  and  a  substance  crystal- 
lising in  scales  [79°]  (A.  a.  W.). 

Chloride  C2H2(COC1)2  or 

Maleyl  chloride.  (160°).  From  malic  acid  and 
PC15  (Perkin  a.  Duppa,  A.  112,  26).  Formed 
also  by  the  action  of  PC15  on  fumaric  acid  or 
maleic  anhydride  (Kekul6,  A.  Suppl.  2,  86; 
Perkin,  B.  14,  2548).  Bromine  at  150°  combines 
with  it,  forming  di-bromo-succinyl  chloride. 

Mono-amide  C02H.CH:CH.CONH2.  Fu- 
maramic  acid.  Anhydro-aspartic  acid.  [217°]. 
Prepared  by  the  action  of  methyl  iodide  and 
caustic  potash  on  asparagine  C4H8N2O3  +  4MeI 
=  C4H5O3N  +  NMe4I+  3HI  (Griess,  B.  12,  2117  ; 
Michael  a.  Wing,  Am.  6,  420).  Leaflets,  sol. 
hot  water  and  hot  alcohol,  almost  insol.  ether. 
Decomposed  by  alkalis  or  acids  into  NH3  and 
fumaric  acid.  Combines  with  bromine  (1  mol.). 
Salts, — BaA'2  6aq  :  plates,  si.  sol.  water. — 
AgA' :  small  needles  or  leaflets,  sol.  hot  water. 
Methyl  ether  A'Me:  [162°];  small  colour- 
less tables  ;  sublimable ;  si.  sol.  cold  water,  v. 
sol.  alcohol.  Formed  by  the  action  of  cold, 
slightly  acidulated,  water  on  methyl  diazo-suc- 
cinamate  C02Me.CH2.CN2.C02Me  (Curtius  a. 
Koch,  B.  19,  2461). 

Amide  C4H6N202i.e.  CONH2.CH:CH.CONH2. 
[232°].  From  fumaric  ether  and  cold  aqueous 
ammonia  (Hagen,  A.  38,  275).  Small  white 
needles  (Curtius  a.  Koch,  B.  18,  1296).  Insol. 
cold,  sol.  hot  water,  insol.  alcohol.  When  heated 
for  some  time  with  water  it  is  converted  into 
ammonium  fumarate.  HgO  is  converted  by 
boiling  with  its  aqueous  solution  into  a  white 
powder  C4H6N202HgO  (Dessaignes,  A.  82,  233). 
CH.COV 

Imide  ?  C4NH302  i.e.  \\  >>NH?  Formed 

by  heating  acid  ammonium  malate  at  160°  to 
200°  (Dessaignes,  C.  R.  30,  324 ;  Wolff,  A.  75, 
293).  White  powder ;  sol.  hot  cone.  HClAq  and 
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reppd.  by  water.  By  heating  for  6  hours  with 
HClAq  it  is  converted  into  aspartic  acid.  Acid 
ammonium  maleate  and  fumarate  yield  on  heat- 
ing to  180°  substances  resembling  this  so-called 
«fumarimide '  (Pasteur,  A.  Ch.  [3]  34,  30). 

Di-ethyl-amide  C2H2(CO.NHEt)2.  [183°]. 
White  scales;  may  be  sublimed  (Wallach  a. 
Kamenski,  B.  14,  170). 

Mono-anilide  C02H.CH:CH.CO.NHPh. 
Fumaranilic  acid.  [187°].  From  the  phenyl- 
imide  of  maleic  acid  by  treatment  with  baryta- 
water  at  35°  (Anschiitz  a.  Wirtz,  Am.  9,  240 ;  A. 
239, 137).  Formed  also  when  maleic  anhydride, 
dissolved  in  ether,  is  mixed  with  aniline  (An- 
schiitz, B.  20,  3214).  Prisms,  si.  sol.  water.  Con- 
verted by  alcoholic  KOH  into  potassium  fuma- 
rate. 

Di-anilide  C2H2(CO.NHPh)2.  Formed  by 
the  action  of  aniline  upon  f  umaryl  chloride,  both 
being  in  ethereal  solution  (Anschiitz  a.  Wirtz, 
Am.  9,  236).  Minute  white  needles,  browning 
at  275°,  v.  si.  sol.  ether,  si.  sol.  alcohol  and  glacial 
acetic  acid.  Heated  at  100°  with  alcoholic  KOH 
it  gives  aniline  and  fumaric  acid.  Takes  up  Br 
(1  mol.),  forming  a  white  powder ;  not  melted  at 
100°. 

Di-phenyl-amic  acid 

CONPh2.CH:CH.C02H.  Di-phenyl-fumaramic 
acid.  [120°].  Formed  by  heating  fumaric  or 
malic  acid  with  di-phenyl-amine  at  210° ;  ex- 
tracting the  product  with  ether,  shaking  the 
ethereal  solution  with  dilute  NH3,  and  ppg.  by 
HC1  (Piutti,  G.  16,  22,  133).  Small  needles ; 
sol.  alcohol  and  cone.  H2S04,  the  solution  giving 
with  nitric  acid  the  blue  reaction  of  diphenyl- 
amine.  Decomposed  by  KOH  into  fumaric  acid 
and  diphenylamine.  Unites  with  Br  forming  a 
crystalline  product.  Its  alkaline  solution  gives 
a  light  green  pp.  with  cupric  salts. 

CH.CO v 

Di-phenyl-imide?  \\  >0.  [275°]. 

CH.C(NPh2)/ 

Formed  by  heating  fumaric  or  maleic  acid  with 
di-phenyl-amine  at  225C  as  long  as  water  is  given 
off  (Piutti).  Glistening  needles,  sol.  HOAc. 
With  cone.  HNO3  it  yields  a  nitro-  compound 
giving  a  violet  colouration  with  alcoholic  KOH. 

Phenyl-methyl-amic  acid 
CONMePh.CH:CH.C02H.  [128°].  Formed  by 
heating  malic  acid  (1  mol.)  with  methyl-aniline 
(not  more  than  2  mols.)  at  150°  (Piutti,  G.  16, 
24).  It  is  also  one  of  the  products  of  the  action 
of  NH3  on  phthalyl-aspartie  acid.  Long  tabular 
prisms  (containing  aq) ;  melting  at  100°  when 
hydrated,  and  at  128°  when  anhydrous.  Insol. 
water,  sol.  alcohol  and  ether.  Its  alkaline  salts 
are  very  soluble  ;  its  silver  salt  forms  small  glis- 
tening prisms.  Its  di-bromo-  derivative 
[178°]  forms  glistening  prisms,  partly  decom- 
posed on  recrystallisation. 

Phenyl-methyl-imide?    C18Hi8N202  i.e. 

CH.CO v 

||  \O.    [187°].  Formed  by  heating 

CH.C(NMePh)/ 

malic  acid  with  methyl -aniline  at  200°.  It  is 
also  one  of  the  products  of  the  action  of  phenyl- 
methyl-amine  on  phthalyl-aspartie  acid  at  240°. 
Glistening  prisms,  sol.  hot  alcohol  and  chloro- 
form. When  heated  with  cone.  HClAq  at  180° 
it  yields  fumaric  acid  and  methyl-aniline.  Br 


in  chloroform  forms  a  di-bromo-  derivative 
C18H16Br2N202  [c.  207°]. 

Constitution.— Inasmuch  as  both  fumaric 
and  maleic  acids  are  dibasic  acids  formed  from 
malic  acid  by  elimination  of  water,  and  capable 
of  reduction  to  succinic  acid,  they  ought  both  to 
be  represented  by  the  formula  C-jH^CO-jH)^  One 
or  both  of  them  would  then  beC02H.CH:CH.C02H. 
The  usual  interpretation  given  to  structural  for- 
mulas will  not  in  this  case  account  for  the  iso- 
merism,  and  it  will  be  necessary,  if  we  assign  the 
formula  CO2H.CH:CH.C02H  to  both  maleic  and 
fumaric  acid,  to  consider  that  the  difference  in 
structural  formula  is  one  that  cannot  be  repre- 
sented on  a  plane  surface  but  only  in  space. 
Various  attempts  have  been  made  to  express  a 
difference  in  structure  upon  paper.  Thus  while 
the  formula  CO,H.CH:CH.C02H  has  commonly 
been  assigned  to  fumaric  acid,  maleic  acid  has 
been  represented  by  C02H.CH2.C.C02H  (Fittig, 
A.  188,  42;  cf.  Hiibner,  B.  14,  210),  by 

CH.C(OH)2X  CH.C(OH) \ 

||  >0,    and    by    ||  >Q     V> 

CH.CO /  CH.C(OH) / 

(Anschiitz,  A.  239,  161;  Am.  9,  253  ;  W.  Koser, 
A.  240, 133).  Erlenmeyer,  on  the  contrary,  sug- 
gests that  maleic  acid  is  COgH.CHrCH.COjjH, 
while  fumaric  acid  may  have  the  double  formula 

C02H.CH:CH.C(OH)<^>C(OH).CH:CH.C02H 

(B.  19,  1936),  although  Eaoult's  method  of 
determining  molecular  weights  indicates  that 
this  is  not  the  case  (Paterno,  B.  21,  2158). 
Maleic  acid  is  much  more  prone  to  react 
with  other  bodies  than  fumaric  acid,  and 
this  would  be  represented  by  the  formula 
CO2H.CH2.C.C02H,  containing  a  divalent  carbon 
atom,  and  perhaps  also  by  the  anhydride  formula 
CH.C(OH)2x 
||  \0  of  Anschiitz.  Thus  maleic  acid 

CH.CO / 

combines  at  once  with  HBr  and  with  bromine, 
whereas  fumaric  acid  requires  to  be  heated  (in 
the  case  of  Br  the  products  are  different).  Again 
acid  aniline  maleate  readily  splits  off  water  when 
its  aqueous  solution  is  left  to  stand  for  a  few 
days,  or  when  it  is  boiled,  a  crystalline  pp.  of  the 
acid  anilide  C02H.C2H2.CONHPh  being  formed; 
under  these  conditions  the  acid  aniline  fumarate 
is  quite  stable  (Michael,  B.  19, 1372).  The  che- 
mical differences  here  noted  between  fumaric 
and  maleic  acids  hold  good  also  between  citra- 
conic  and  mesaconic  acids,  and  between  (a)-cou- 
maric  and  (j8)-coumaric  acids.  There  is  also  but 
one  anhydride  to  each  of  these  pairs  of  acids. 
The  fact  that  fumaric  acid,  on  oxidation  by 
KMn04,  gives  racemic  acid,  while  maleic  acid 
gives  inactive  tartaric  acid,  has  been  explained 
by  Le  Bel  by  the  aid  of  formulae  represented  in 
three  dimensions  (v.  also  Lossen,  B.  20,  3310 ; 
Anschiitz,  B.  21,  518).  According  to  Knops  (A. 
248,  175)  the  molecular  refraction  of  fumaric  and 
maleic  acids  and  their  ethers  indicates  that  both 
these  acids  contain  the  group  C:C.  The  term 
'  allo-isomerism '  has  been  applied  to  such  cases  of 
isomerism  as  that  here  described  :  fumaric  acid 
may  be  called  allo-maleic  acid. 

References. —  MALEIC  ACID,  BBOMO-FUMARIC 
ACID,  and  CHLORO-FUMARIC  ACID. 

FUMABINE.  An  alkaloid  contained  in  fu- 
mitory (Fumariaofficinalis)  (Peschier ;  Hannon, 
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J.  Chim.  Med.  [3]  8,  705 ;  Preuss,  Z.  [2]  2,  414  ; 
BL  [2]  7, 453).  The  plant  gathered  in  full  flower 
may  contain  5  p.c.  of  fumarine.  The  plant  is 
extracted  by  dilute  acetic  acid  at  100°,  the  ex- 
tract evaporated,  the  syrupy  residue  dissolved  in 
alcohol,  and  decolourised  by  animal  charcoal. 
Fumarine  acetate  crystallises  from  the  alcoholic 
solution  in  slender  needles.  Aqueous  KOH  and 
Na2C03  separate  fumarine  from  its  salts  as  a 
curdy  pp.  It  crystallises  in  six-sided  irregular 
monoclinic  prisms,  si.  sol.  water,  insol.  ether, 
sol.  alcohol,  chloroform,  benzene,  and  CS2.  Its 
solution  has  a  bitter  taste  and  alkaline  reaction. 
Cone.  HN03  does  not  colour  it.  Cone.  H2S04 
forms  a  dark- violet  liquid.  Itshydrochloride 
and  sulphate  crystallise  in  prisms,  si.  sol. 
water;  its  platinochloride  and  aurochlor- 
ide  crystallise  in  octahedra. 

FUMARYL  CHLOEIDE  v.  Chloride  of  FUMA- 

BIC  ACID. 

FURFURACROLEIN   v.    FUBFUBYL-ACBYLIC 

ALDEHYDE. 

FURFURACRYLIC  ACID  v.  FUBFUBYL-ACBY- 

LIC  ACID. 

FURFURAL  v.  FUBFUBALDEHYDE. 
FURFURAL-cowpownds     v.     FUBFUBYL-ME- 

THYLENE  Compounds. 

FURFURAL-ACETOACETIC  ETHER.  De- 
scribed under  ACETO-ACETIC  ACID. 

FURFURAL-ACETONE    v.  FUBFUBYL-VTNYL 

METHYL  KETONE. 

FURFURAL-BENZYLIDENE-ACETONE     v. 

FUBFUBYL- VINYL  STYBYL  KETONE. 

FURFURAL-CARBAMIC  ETHER  v.  FUBFU- 

BYL-METHYLENE-DICABBAMIC  ETHEB. 

FURFURALCOHOL  v.  FUBFUBYL-CABBINOL. 
FURFURALDEHYDE  C5H402  i.e.  C4H3O.CHO. 

Pyromucic  aldehyde.  Furfural.  Furfural.  Fur- 
furane-carboxylic  aldehyde  (Furfur  =  bYa,n). 
Mol.  w.  96.  (162°)  (Briihl,  A.  235,  7).  V.D.  3-34 
(calc.  3-32).  S.G.  \°  1-1594  (B.).  S.  9  at  13° 
(Stenhouse) ;  8-3  at  15-6°  (Fownes).  /tD  1-5261 
(B.).  S.V.  95-53  (B.  Schiff,  A.  220,  103) ;  103 
(Kamsay).  H.F.p.  5985  (Kamsay,  C.  J.  35,  703). 
Dispersion  value :  Briihl,  A.  236,  259. 

Occurrence. — Has  been  observed  in  brandy 
(Morin,  C.  R.  105,  1019),  and  is  a  constant  im- 
purity in  isoamyl  alcohol  prepared  from  fusel 
oil  (Udransky,  H.  13,  248). 

Formation. — 1.  A  general  product  of  the  de- 
structive distillation  of  the  carbohydrates  or  of 
substances  containing  them,  such  as  wood. 
Formed  also  in  the  torref action  of  coffee  and 
cocoa  and  occurs  in  tobacco  smoke  (Volckel,  A. 
85,65;  Hill,  Am.Z,  36;  H.  Schiff,  O.  17,  355; 
Gaus,  Stone,  a.  Tollens,  B.  21,  2148 ;  V.  Meyer, 
B.  11, 1870  ;  Forster,  B.  15,  322 ;  Jorisson,  B.  15, 
574). — 2.  By  distilling  the  following  substances 
with  dilute  sulphuric  acid :  bran,  starch,  oatmeal, 
sugar,  madder,  sawdust,  linseed  cake,  cocoa-nut 
shells,  mahogany,  and  even,  according  to  Udran- 
sky (H.  12,  377),  of  proteiids  (Doebereiner  [1831] 
Schw.  J.  63,  368  ;  A.  3,  141 ;  Stenhouse,  P.  M. 
[3]  18,  122  ;  37,  226  ;  A.  35,  301 ;  74,  278 ;  156, 
197  ;  Fownes,  Tr.  1845,  253 ;  A.  54,  52 ;  Ph.  8, 
113 ;  Cahours,  A.  Ch.  [3]  24,  277 ;  Emmet, 
Am.  8.  32, 140 ;  Gudkoff ,  Z.  1870,  362  ;  Guyard, 
BL  [2]  41,  289).— 3.  By  distilling  sugar  with 
Mn02  and  dilute  sulphuric  acid. — 4.  By  heating 
bran  with  a  very  strong  solution  of  ZnCl2  (Von 
Babo,  A.  85,  100). — 5.  By  heating  wood  shavings 


with  water  for  four  hours  at  200°  (Greville 
Williams,  C.  N.  26,  231,  293;  H.  Miiller,  C.  N. 
26,  247). — 6.  Formed  in  small  quantity  by  boil- 
ing sugar  with  water;  this  accounts  for  its 
occurrence  in  brandy  (Forster,  B.  15,  230,  322). 
7.  One  of  the  products  obtained  by  heating 
(a)-acrosone  to  140°  (E.  Fischer  a.  Tafel,  B.  22, 
99).  Obtained  also  by  heating  a  dilute  aqueous 
solution  of  glucosone  in  a  sealed  tube  at  140°  (E. 
Fischer,  B.  22,  93).— 8.  By  heating  a  5  p.c. 
aqueous  solution  of  mannite  in  a  closed  tube  for 
4  hours  at  140°  (E.  Fischer  a.  Hirschberger,  B. 
22,  369). 

Preparation. — 1.  By  distilling  sugar  (1  pt.) 
with  Mn02  (3  pts.),  H2SO4  (3  pts.),  and  water 
(5  pts.) ;  the  distillate  is  neutralised  by  Na2C03, 
redistilled,  and  saturated  with  CaCl2  (Doebe- 


reiner).—2.  H2S04  (100  pts.),  water  (300  pts.), 
arid  bran  (100  pts.)  are  distilled  together. 


The 


product  is  neutralised  by  Na2C03,  redistilled, 
saturated  with  NaCl  and  re-distilled  (Schwanert, 
A.  116, 257).  The  yield  is  small  (less  than  3  pts.). 
The  crude  furfuraldehyde  is  treated  with  dilute 
H2S04  and  a  little  K2Cr207  to  remove  'meta- 
furfural,'  dried  over  CaCl2,  and  rectified. — 3.  An 
abundant  source  of  furfuraldehyde  is  in  the  pre- 
paration of  '  garancin '  by  boiling  madder  with 
dilute  sulphuric  acid. 

Imparity.— Crude  furfuraldehyde  is  liable  to 
contain  a  readily  oxidisable  oil  of  higher  boiling- 
point,  which  is  for  the  most  part  resinified 
during  the  distillations.  When  this  '  metafur- 
furol'  is  present  the  furfuraldehyde  gives  a 
purple  colour  when  mixed  with  a  few  drops  of 
cone.  H2S04,  of  HClAq,  or  of  HN03;  in  this 
case  also  the  aldehyde,  after  boiling  with 
aqueous  KOH,  turns  red  on  acidification. 

Properties. — Colourless  oil  which,  except 
when  quite  pure,  slowly  turns  brown  when  ex- 
posed to  light.  Its  odour  resembles  that  of  a 
mixture  of  the  oils  of  cinnamon  and  of  bitter 
almonds.  It  burns  with  a  smoky  flame.  Fur- 
furaldehyde when  present  in  a  liquid  imparts  a 
rose-red  colour  to  paper  saturated  with  aniline 
acetate  (Guyard,  BL  [2]  41,  289) ;  but  its  pre- 
sence is  best  detected  by  a  mixture  of  equal 
volumes  of  xylidine  and  glacial  acetic  acid  to 
which  a  little  alcohol  is  added  when  the  intense 
red  colour  of  C4H3O.CH(C6H2Me.2NH2)2  is  pro- 
duced :  this  reaction  is  exhibited  by  the  product 
of  the  distillation  of  -00005  g.  sugar  (H.  Schiff, 
G.  17,  355 ;  B.  20,  540).  Furfuraldehyde  may 
be  substituted  for  sugar  in  Pettenkof er's  reaction ; 
thus  a  drop  of  a  solution  of  furfuraldehyde  (1  pt.) 
in  water  (20,000  pts.)  gives  a  crimson  colour  on 
the  addition  of  cholic  acid  and  H2S04.  The 
following  substances  also  give  the  red  colour 
with  H2SO4  and  furfuraldehyde :  isobutyl  alco- 
hol, allyl  alcohol,  ter^-butyl  alcohol,  tertf-amyl 
alcohol,  isoamyl  alcohol,  olei'c  acid,  petroleum, 
acetal,  aldehyde,  aceto-acetic  ether,  acetone, 
glycol,  malic  acid,  alizarin,  aniline,  anthracene, 
anthraquinone,  atropine,  benzoic  aldehyde, 
borneol,  pyrocatechin,  brucine,  quinic  acid, 
cholesterin,  cinchonine,  codeine,  coniferin, 
coniine,  coumarin,  cymene,  digitalin,  di-methyl- 
aniline,  di-phenyl-amine,  gallic  acid,  cresol, 
mesitylene,  methyl  alcohol,  methyl-aniline, 
morphine,  naphthalene,  (a)-naphthol,  orcin, 
paraffin,  phenanthrene,  phenol,  phenyl-hydra- 
zine,  phloroglucin,  propionic  aldehyde,  proto- 
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catechuic  acid,  pyrogallol,  resoroin,  salicylic 
acid,  scatole,  stearic  acid,  strychnine,  toluene, 
thymol,  tyrosine,  veratrine,  and  xylene,  and  (to 
a  slight  extent)  isopropyl  alcohol.  The  follow- 
ing do  not  give  the  red  colour:  alcohol,  propyl 
alcohol,  acetic  acid,  isobutyric  acid,  acrolem, 
benzene,  acetamide,  acetophenone,  alloxan, 
aspartic  acid,  benzonitrile,  benzoic  acid,  succinic 
acid,  pyruvic  acid,  butyric  acid,  caffeine,  quinine, 
quinoline,  quinone,  quinoxaline,  chloral  hydrate, 
chloroform,  citric  acid,  crotonic  acid,  cyanamide, 
dextrin,  dulcite,  fumaric  acid,  lactic  acid,  gly- 
cerin, glycocoll,  glycollic  acid,  uric  acid,  urea, 
hippuric  acid,  isatin,  malic  acid,  maltose,  man- 
delic  acid,  mannite,  methylamine,  oxalic  acid, 
phenylene-m-diamine,  phenyl-acetic  acid,  picric 
acid,  piperidine,  pyridine,  hydroquinone,  mucic 
acid,  starch,  glucose,  tannin,  tartaric  acid,  and 
cinnamic  acid  (Mylius,  H.  11,  492 ;  Udransky, 
H.  12,  355). 

Reactions. — 1.  When  its  aqueous  solution 
is  boiled  with  Ag20  silver  is  deposited,  and  silver 
pyromucate  crystallises  out  of  the  cooled  fil- 
trate.—2.  Hot  nitric  acid  forms  oxalic  acid. — 3. 
Cold  cone.  H2S04  dissolves  it  unaltered  and 
without  becoming  coloured  ;  carbonisation  sets 
in  on  heating.— 4.  Aqueous  KOH,  even  in  the 
cold,  forms  resinous  products.  Alcoholic  KOH 
forms  pyromucic  acid  and  furfuryl-carbinol 
(Ulrich,  C.  N.  3, 116  ;  Limpricht,  Z.  [2]  5,  599). 
5.  Converted  into  furoi'n  C10H804  by  heating 
with  aqueous  KCy. — 6.  When  mixed  with  ben- 
zoic aldehyde  (1  equivalent)  and  treated  with 
KCy  it  gives  benzfurom  C12H10O3.  [139°] 
(Fischer,  A.  211,  228).— 7.  With  nitro-ethane 
and  aqueous  KOH  it  gives  furf  uryl-nitro-ethyl- 
ene  C4H3O.CH:CH.N02  [75°]  which  crystallises 
in  long  yellow  prisms  (Priebs,  B.  18,  1362).— 8. 
ZnEt2  followed  by  water  forms  furfuryl-propvl^ 
alcohol  C4H3O.CH(OH).C,H5  (180°)  (Pawlinoff 
a.  Wagner,  B.  17,  1968)"— 9.  Condenses  with 
acetone  in  presence  of  alkalis  forming  furfuryl- 
vinyl  methyl  ketone  C4H3O.CH:CH.CO.CH3  and 
di-furfuryl-di-vinyl  ketone  (C4H3O.CH:CH)2CO 
(Claisen  a.  Ponder,  A.  223,  145).— 10.  By  add- 
ing  aqueous  NaOH  to  mixed  aqueous  solutions  of 
furfuraldehyde  and  chloro -acetic-aldehyde  there 
is  formed  C4H3O.CH:CC1.CHO  which  crystal- 
lises in  broad  yellow  needles  [79°J  sol.  hot  water, 
ether,  and  alcohol.  This  aldehyde  forms  a 
phenyl-hydrazide  [157°]  and  an  oxim  [165°] ; 
moist  Ag20  oxidises  it  to  et-chloro-furfuryl- 
acrylic  acid  C4H3O.CH:CC1.C02H  which  crystal- 
lises in  tufts  of  white  needles  [142°].  The  a- 
chloro-furfuryl-acrolem  is  converted  by  boiling 
with  sodium  acetate  and  silver  oxide  into 
C4H3O.CH:CC1.CH:CH.CO,H  which  forms  yel- 
low interlacing  needles  [168°]  (Mehne,  B.  21, 
423). — 11.  When  furfuraldehyde  is  adminis- 
tered to  dogs  or  rabbits  in  doses  of  5g.  daily 
little  toxic  effect  is  produced ;  the  urine  is  found 
to  contain  pyromucic  acid,  pyromucuric  acid 
(glycocoll  pyromucate)  C7H7N04  [165°],  and 
glycocoll  furfuryl-acrylate  C9H9N04  [215°]. 
Boiling  baryta-water  splits  up  the  two  last- 
named  compounds  into  glycocoll  and  pyromucic 
or  furfuryl-acrylic  acids  respectively.  Fowls  are 
soon  killed  by  taking  1  g.  of  furfuraldehyde  per 
day;  their  excreta  then  contain  pyromucorni- 
thuric  acid  C15H16N206  [186°]  (Jaffe  a.  Cohn,  B. 
20,  2311 ;  21,  3461).— 12.  A  mixture  of  pyruvic 


acid  and  aniline  dissolved  in  cold  ether  or  alco- 
hol forms  the  compound  C20H,6N202  [185°] 
which  crystallises  in  needles,  insol.  water,  ether, 
acids,  and  alkalis,  si.  sol.  cold,  m.  sol.  hot, 
alcohol;  v.  sol.  HOAc.  This  compound  gives 
off  aniline  when  warmed  with  acids  or  alkalis 
(Doebner,  A.  242,  284).  —  13.  A  mixture  of  pyru- 
vic acid  and  aniline  in  warm  alcoholic  solu- 
tion forms  furfuryl-quinoline  carboxylic  acid 
C4H3O.C9NH5.C02H  [210°-215°]  (Doebner).— 

14.  Furfuraldehyde  may  be  substituted  for  ben- 
zoic aldehyde  in  Perkin's  reaction.     Thus  with 
NaOAc  and  Ac20  it  gives  furfuryl-acrylic  acid.  — 

15.  Thioglycollic  acid  reacts  with  formation  of 
C4H3O.CH(S.CH2.C02H)2    [105°]   (Bongartz,  B. 
21,  478).  —  16.  Aqueous  ammonia    in  the  cold 
converts  furfuraldehyde  in   a   few   hours  into 
«  furfurarnide  '  (C4H3O.CH)3N2  [117°]  a  crystal- 
line body  analogous  to  hydrobenzamide.  Boiling 
aqueous  KOH  converts  furfuramide  into  a  base, 
furfurine   C15H12N203.  —  17.   Combines  with  se- 
condary and  primary  amines  or  with  1  mol.  of 
each  to  form  coloured  compounds.    Thus  with 
mono-methyl-aniline   it    gives    the    compound 
C5H4022C6H5.NHMe,       whose       hydrochloride 
(B'HCl)   forms   splendid   violet  crystals    [94°] 
which   dissolves  to  deep-red   solutions.     With 
aniline    and    mono-methyl-aniline     it     gives 

C5H402    c6H5  NHMe'    With  aniline  and  tolylene 

With 


diamine  it  gives  (C5H402)2  { 
aniline  and  benzidine  it  gives 


The  hydrochlorides 

of  these  bases  crystallise  in  bronzy  metallic 
crystals  which  dissolve  in  alcohol  with  violet 
colour.  With  aniline  and  amido-benzoic  acid  or 
with  aniline  and  naphthylamine-sulphonic  acid 
f  urfurol  yields  the  compounds  : 

and 


'    With  the  ammo- 


nium  salt  of  di-nitro-amido-phenol  (picramic 
acid)  it  gives  {C5H40,}{C6H2(N02)2(NH2)(OH)} 
whose  ammonium  salt  crystallises  in  glistening 
golden  needles.  Weak  acids  decompose  it  into  its 
constituents  (Schiff,  B.  19,  847  ;  cf.  Stenhouse, 
A.  156,  199).  Furfuraldehyde  combines  directly 
with  one  equivalent  of  w-amido-benzoic  acid,  of 
amido-salicylic  acid,  and  of  amido-cuminic  acid 
forming  dichroic  needles  with  neutral  proper- 
ties (Schiff,  A.  201,  355  ;  Q.  10,  67).  The  com- 
pound of  furfuraldehyde  with  w-amido-benzoic 
acid  may  be  represented  on  the  rosaniline  type 
thus:  C4H3O.CH(OH).C6H3(C02H)NH2  (Schiff,  G. 
17,  329).  —  18.  An  alcoholic  solution  of  aniline  (46 
pts.)  and  aniline  hydrochloride  (65  pts.)  reacts 
upon  furf  urol  (48  pts.)  forming  the  hydrochloride 
of  '  f  urf  uraniline  '  C5H402(NH,Ph)2HCl  (v. 
supra),  which  crystallises  from  alcohol  in  purple 
needles,  insol.  water.  The  free  '  furfuraniline  ' 
is  an  unstable  brown  amorphous  mass.  —  19. 
m-Nitro-aniline  forms  C6H4(N02)NH2(C5H402) 
[100°-120°]  which  crystallises  from  alcohol  in 
lemon  -  yellow  crusts.  Its  hydrochloride 
CUH,0N204HC1  forms  copper-coloured  plates  and 
gives  a  crimson  solution  in  alcohol.—  20.  Di~ 
phenylamine  (2  mols.)  at  150°  forms  a  com- 
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pound  whose  hydrochloride  is  copper-coloured 
and  forms  a  crimson  solution  in  alcohol.  Di- 
phenylamine  hydrochloride  gives  the  same  body. 
21.  p-Amido-phenol  in  dilute  aqueous  solution 
reacts  with  elimination  of  water,  depositing 
after  some  time  small  yellow  prisms  of  '  oxyf  ur- 
furaniline  '  C4H3O.CH:N.C6H4OH  [182°]  which  is 
sol.  alcohol,  and  forms  a  hydrochloride  that 
crystallises  from  alcohol  containing  NH4C1  in  a 
form  resemblingrosaniline  hydrochloride  (Schiff, 
G.  10,  60;  A.  201,  358).  —  22.  Phenylene- 
o-diamine  hydrochloride  solution  forms 
(C4H3O.CH)2N2C6H4  [96°]  (Ladenburg  a.  Engel- 
brecht,  B.  11,  1653).— 23.  Tolylene-m-diamine 
forms  (C5H402)2C6H3Me(NH2)2  a  crystalline  sub- 
stance, decomposed  at  125°  without  melting. 
Its  hydrochloride  forms  an  intense  crimson 
solution  in  alcohol,  but  is  much  less  stable 
than  the  corresponding  compound  with  tolylene- 
o-diamine  (Schiff ;  c/.  Ladenburg,  B.  11,  595).— 
24.  Benzidine  in  alcoholic  rclution  forms  yel- 
low needles  of  (C4H3O.CH:NH)2C)2H8 ;  which 
gives  a  hydrochloride  crystallising  in  copper- 
coloured  scales,  and  a  platinochloride  separa- 
ting as  a  yellow  crystalline  powder. — 25.  When 
triturated  with  m-amido-benzoic  acid  it  com- 
bines to  form  (C5H402)C6H4(NH2).C02H  which 
crystallises  in  small  dichroic  scales  resembling 
a  salt  of  rosaniline.  Its  hydrochloride  forms 
red  velvety  crystals  and  gives  crimson  solutions 
in  alcohol  and  HO  Ac.  It  dissolves  in  Na2C03Aq 
without  evolution  of  C02.— 26.  A  mixture  of 
aniline  hydrochloride  and  methyl-aniline  give  a 
ruby-red  colouration  turning  green  and  finally 
violet;  the  body  formed  in  this  reaction 
C5H402(NH2Ph)(NHMePh)HCl  is  a  crystalline 
mass,  v.  sol.  alcohol,  insol.  water. — 27.  (&)-Naph- 
thylamine  forms,  with  elimination  of  water, 
C4H3O.CH:N.C10H7  [85°].  It  crystallises  from 
alcohol  in  colourless  scales.  Its  hydrochloride 
B'HCl  forms  yellow  needles  dissolving  in  alco- 
hol with  a  deep  red  colour  (Schiff,  G.  17,  340). — 
28.  Di-methyl-aniline  and  ZnCl2  heated  with  fur- 
furaldehyde  form  C2,H24N20  [83°]  which  crys- 
tallises from  ligroi'n  in  needles.  It  forms  a  crys- 
talline platinochloride  B"H2PtCl6  and  picrate 
B"(C6H2(N02)3OH)2  (Fischer,  A.  206,  141).— 29. 
(Py.S)-Methyl~guinoline  heated  with  an  equi- 
valent of  furf uraldehyde  at  100°  together  with 
a  small  quantity  of  ZnCl2  forms  a  base  C15HnNO 
which  crystallises  from  ligrom  in  needles  or 
tables  that  turn  black  in  daylight.  Its  salts 
B'HCl,  B'HN03,  B'H2S04  aq,  B'2H2PtCl62aq,  and 
B'C6H2(N02)3OH  are  crystalline  (Srpek,  B.  20, 
2044). — 30.  Carbamic  ether  in  presence  of  HC1 
forms  C4H3O.CH(NH.C02Et)2  [169°]  which  may 
be  sublimed  as  long  thin  needles,  insol.  water, 
v.  e.  sol.  alcohol  and  ether  (Bischoff,  B.  7, 1081). 
31.  A  solution  of  urea  nitrate  is  coloured 
violet  by  furfuraldehyde  and  the  solution  gradu- 
ally deposits  a  black  substance  (Schiff,  B.  10, 
773). — 32.  Ammonium  sulphide  forms  thiofur- 
f uraldehyde  C4H3O.CHS  (Cahours,  A.  Ch.  [3] 
24,  281),  which  is  a  yellow  crystalline  powder. 
When  heated  thiofurf uraldehyde  gives  off  an  un- 
pleasant odour  and  yields  a  sublimate  of  a  poly- 
meride  of  furfuraldehyde  [98°]  (Schwanert,  A. 
134,  61).— 33.  With  benzil  and  alcoholic  NH3  it 
forms  two  compounds  of  the  formula  C24H.,0N,04 
[246°]  and  [above  300°]  (Japp  a.  Hooker,' C.  J. 
45,  684).— 34.  With  phenanthraquinone  and 


NH3  it  gives  C)4H8<°>C.C4H30  [231°]  (Japp 
a.  Wilcock,  C.  J.  39,  217). 

Combination.  C4H3O.CH(OH).S03Na. 
Formed  by  adding  alcohol  to  a  solution  of  fur- 
furaldehyde in  cone.  NaHS03Aq.  White  laminae, 
with  fatty  lustre. 

Oxim  C4H3O.CH:NOH.  [89°].  (201°-208°). 
Formed  by  the  action  of  hydroxylamine  (base) 
on  furfuraldehyde  (Odernheimer,  B.  16,  2988). 
Long  thin  white  needles.  By  heating  with  HC1 
it  is  resolved  into  its  constituents.  Salts. — 
C5H4O.NOH,HC1 :  white  crystalline  powder,  sol. 
water  and  alcohol.— C5H4O.N(ONa)  3aq  :  white 
scales.  It  gives  characteristic  pps.  with  the 
salts  of  the  heavy  metals. 

Ethyl  ether  C5H4O.N(OEt) :  colourless 
liquid,  volatile  with  steam,  lighter  than  water,  in 
which  it  is  slightly  soluble. 

Phenyl  hydr aside  C4H3O.CH:N.NHC6H5. 
[98°].  Formed  by  adding  a  solution  of  phenyl  - 
hydrazine hydrochloride  (q.v.)  and  sodium  acetate 
to  an  aqueous  solution  of  furfuraldehyde ;  1  pt. 
of  furfuraldehyde  in  10,000  pts.  of  water  gives  a 
distinct  crystalline  pp.  (Fischer,  B.  17,  574). 
Fine  colourless  plates.  Insol.  water,  sol.  ether, 
from  which  solution  it  is  ppd.  in  crystals  by 
adding  ligrom. 

Di-phenyl-hydrazide  C4H3O.CH(NPh)2. 
[59°]  (Cornelius  a.  Homolka,  B.  19,  2240). 

FUBFUBAMIBE  C15H12N20S  i.e.  (C5H40)3N2. 
[117°].  Formed  as  a  crystalline  mass  by  allow- 
ing furfuraldehyde  to  stand  for  some  hours  with 
(5  times  its  volume  of)  cone.  NH3Aq  (Fownes, 
Tr.  1845,  253  ;  A.  54,  55  ;  B.  Schiff,  B.  10,1188). 
Tufts  of  needles  (from  alcohol).  Insol.  cold 
water,  v.  sol.  alcohol  and  ether.  When  heated 
with  water  it  is  slowly  resolved  into  ammonia 
and  furfuraldehyde;  this  change  is  instantly 
produced  by  acids.  H2S  yields  thiofurfuralde- 
hyde  (v.  supra).  Boiling  dilute  KOH  converts 
furfuramide  into  the  isomeric  furfurine.  When 
heated  with  an  alcoholic  solution  of  phenyl 
thiocarbimide  it  forms  a  crystalline  compound 
Cjj-jHjgNgSO^  insol.  water,  si.  sol.  cold  alcohol. 

FURFURANE  C4H40.  Furane.  Tetra- 
phenol.  Tetrol.  Tetrane.  (31°).  V.D.  2-4. 
S.G.  2  -964;  ^  -944.  Formed  by  distilling 
barium  pyromucate  with  soda-lime  (Bohde, 
B.  3,  90  ;  Limpricht,  A.  165,  281).  Formed  also 
by  the  action  of  PC15  on  its  dihydride.  The 
product  is  washed  with  KOHAq,  dried  by  K2CO.,, 
and  rectified  (Henninger,  A.  Ch.  [6]  7,  222).  It 
is  a  liquid.  Unacted  upon  by  KHO,  aniline,  or 
hydroxylamine.  Colours  pine-wood  moistened 
with  HC1  emerald  green  (Canzoneri  a.  Oliver!, 
G.  16,  490).  HC1  converts  it  into  a  yellow- 
black  compound.  PC15  forms  with  it  a  black 
compound.  With  Br,  C4H3OBr,  and  C4H2OBr2 
[5°]  (65°)  at  80  mm.  are  formed. 

Furfurane  dihydride  C4H60.  (67°).  S.G. 
fi  -967  ;  is  -95.  V.D.  2-35. 

Preparation. — A  product  of  the  action  of 
formic  acid  on  erythrite.  Separated  from  the 
crotonic  aldehyde,  which  is  also  formed,  by  frac- 
tional distillation  (Henninger,  A.  Ch.  [6]  7,  218). 

Properties. — Very  stable  liquid;  does  not 
blacken  nor  polymerise.  Forms  a  dibromide 
C4H6Br20.  [12°].  (95°  at  30  mm.).  Yields  fur- 
furane  (31°)  when  heated  with  PC15.  Cone.  HI 
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and  yellow  phosphorus  give  sec-butyl  iodide 
(120°). 

DERIVATIVES  OF  FURFURANE.  —  Furfurane 
(C4H4)O  is  the  oxygen  analogue  of  thiophene 
(C4H4)S  and  pyrrole  (C4H4)NH,  and  all  three 
compounds  are  doubtless  constituted  in  an  ana- 
logous manner.  Since  in  their  reactions  they 
resemble  benzene  and  its  derivatives  rather  than 
the  fatty  group,  it  is  generally  held  that  their 
molecules  should  be  represented  by  ring  formulae. 
When  pyromucic  acid  is  distilled  with  lime  and 
ammonia-zinc  chloride,  it  yields  pyrrole  as  well 
as  furfurane.  In  this  reaction  we  may  suppose 
the  0  of  the  furfurane  directly  displaced  by  NH 
(Canzoneri  a.  Oliveri,  0. 16,  486).  When  a  mix- 
ture of  pyromucic  acid,  aniline,  and  ZnCl2  is 
heated  (a)-naphthylamine  is  produced.  In  this 
reaction  the  (nascent)  furfurane  acts  (like  an 
alcohol,  phenol,  or  glycide)  as  if  it  were  the  an- 
hydride of  the  alcohol  CH(OH):CH.CH:CH(OH), 
the  reaction  being : 

CH:CHX        CH.CH=CH 

>o+H 

CH:CH/        CH.C(NH2):CH 

CH:CH.C.CH=CH 
=  1  II  I     +H20 

CH:CH.C.C(NH2):CH 

(C.  a.  0.).  As  another  instance  of  the  analogy 
of  furfurane  with  thiophene  and  pyrrole,  we 
may  take  the  condensation  of  acetophenone- 
acetone  Ph.CO.CH2.CH2.CO.Me  or  the  alternative 
Ph.C(OH):CH.CH.C(OH).Me,  which  by  treatment 
with  P205  loses  H20,  giving  phenyl-methyl- 

CH-HC 
furfurane       |  |       .  In  an  analogous  man- 

MeC— 0— CPh 
ner,  when  heated  with  P2S5,  it  gives  phenyl- 

CH— HC 
methyl-thiophene       |  |      ;  and  with  alco- 

MeC-S— CPh 
holic  NH3  it  gives  phenyl-methyl-pyrrole 

CH HC 

|       (Paal,  B.  18,  367).    Just  as 
MeC— NH— CPh 

Ph.CO.CH2.CH2.CO.Me  yields  a  furfurane  deriva- 
tive by  condensation,  so  acetonyl-acetone 
MeCO.CH2.CH2.CO.Me,  di-acetyl-succinic  ether 
Me.CO.CH(C02Et).CH(C02Et).CO.Me,  acetonyl- 
aceto-acetic  ether  Me.CO.CH2.CH(C02Et).CO.Me, 
and  di-tolyl-ethylene  C7H7.CO.CH2.CH2.CO.C7H7 
yield  corresponding  derivatives  of  furfurane. 
Diketones  of  the  form  BCO.CB'(OH).CH,.CO.B" 
and  B.CO.CB'fCH.CO.B"  yield  on  reduction  fur- 

CB'.CH 
furane  derivatives     /       \       (Jappa.Klinge- 

BC— O— CB" 
mann,  B.  21,  2932). 

Furfurane  being  analogous  to  benzene,  the 
radicle  C4H30  will  resemble  phenyl  in  its  general 
character.  Baeyer  proposed  to  call  this  radicle 
•  furfur ' ;  but  it  is  called  furfuryl  in  this  Dic- 
tionary. 
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FUKANE,  vol.  i.  p.  572 ;  DI-METHYL-FURFURANE, 
METHYL-FURFUBANE  CARBOXYLIC  ACIDS,  DI-PHENYL- 

FUBFUBANE  and  Its  CARBOXYLIC  ACID,  PHENYL- 
METHYL-FURFURANE  and  its  CABBOXYLIC  ACID, 

PHENYL-DI-METHYL-FURFUBANE  DI-CABBOXYLIC 
BTHBB,  vol.  i.  p.  495 ;  DI-TOLYL-FURFUBANE,  and 
PYROMUCIC  ACID. 


FUEFUBANE-CAEBOXYLIC  ACID  v.  PYBO- 

MUCIC  ACID. 

Furfurane    di-carboxylic  acid    v.  Dehydro- 

MUCIC  ACID. 

FUEFUBANGELIC  ACID  v.  FUBFURYL-ANGE- 

LIC   ACID. 

FUEFUEBUTYLENE  v.  FURFURYL-BUTYLKNE. 
FTJEFUE-CBOTONIC  ACID  v.  FURFURYL-CBO- 

TONIO  ACID. 

FUEFUE-CYANIDE    v.    Nitrile   of    PYBO- 

MUCIC  ACID. 

FUEFUEINE  C15H1203N2.  [116°].  S.  -75  at 
100°  ;  -021  at  8°. 

Preparation. — Furfuraldehyde,  obtained  by 
distilling  bran  with  dilute  H2SO4,  is  converted  by 
strong  NH3  into  furfuramide.  Furfuramide  is 
boiled  with  very  dilute  KOH  for  10  minutes,  on 
cooling  furfurine  separates  as  slender  needles. 
These  are  boiled  with  excess  of  oxalic  acid,  the 
solution  is  decolourised  by  animal  charcoal  and 
allowed  to  crystallise.  The  acid  oxalate  then 
separates.  It  is  decomposed  by  NH3  (Bahrmann, 
J.pr.  [2]  27,311;  cf.  Fownes,  Tr.  1845,  253; 
Stenhouse,  A.  74,  289  ;  Svanberg  a.  Bergstrand, 
J.pr.  66,  239 ;  Bertagnini,  A.  88, 128). 

Properties. — Soft  white  silky  needles.  Per- 
manent in  the  air  when  dry,  but  turns  brown 
when  exposed  to  moist  air.  SI.  sol.  water,  v.  e. 
sol.  alcohol  and  ether.  Its  solutions  exhibit 
alkaline  reaction. 

Reactions. — 1.  Acetyl  chloride  added  to  an 
ethereal  solution  of  furfurine  appears  to  form  a 
molecular  compound,  which,  however,  is  decom- 
posed by  alcohol  into  furfurine  hydrochloride  and 
acetyl  furfurine,  thus  :  2C15H1203N2  +  AcCl 
=  C15H1203N2,HC1  +  C15HMAc03N2.  —  2.  Benzoyl 
chloride  appears  also  to  form  an  unstable  mole- 
cular compound,  it  is  decomposed  by  warm  alco- 
hol, and  the  product  may  be  C15H10(OEt)Bz03N2. 
3.  Chloroformic  ether,  ClCG-jEt,  added  to  an 
ethereal  solution  of  furfurine,  forms  furfurine 
carboxylic  ether  :  C15Hu(C02Et)03N2  [124°] 
(Bahrmann,  J.  pr.  [2]  27,  311).— 4.  Furfurine 
separates  iodine  from  aqueous  periodic  acid 
(Bodeker,  A.  71,  64).— 5.  A  very  dilute  solution 
of  KN02,  added  to  one  of  furfurine  sulphate, 
gives  a  pp.  of  thenitrosamineC15Hn(NO)N2O3 
which  separates  from  ether  in  golden  triclinic 
crystals  [112°]  insol.  water,  m.  sol.  alcohol  and 
ether  (B.  Schiff,  B.  11,  1250).  But  if  the  solution 
of  furfurine  sulphate  be  not  very  dilute,  a  com- 
pound C30H27N50,5  [95°]  separates  after  some 
time.  This  is  yellow  and  crystalline,  and  is  also 
formed  by  saturating  an  alcoholic  solution  of 
furfurine  sulphate  with  nitrous  gas.  It  is  insol. 
water  and  ether,  v.  sol.  alcohol,  and  forms  a 
platinochloride(C30H27N5015)2H.2PtCl6. 

Salts. — Furfurine  expels  NH3  from  boiling 
aqueous  NH4C1,  but  is  itself  ppd.  by  NH3  from 
its  salts  in  the  cold.  The  salts  of  furfurine  have 
an  extremely  bitter  taste.  They  are  ppd.  by 
HgCl2  and  by  HjPtCl,,.— B'HCl  aq :  tufts  of  silky 
needles,  v.  sol.  water,  m.  sol.  HClAq.  Neutral 
in  reaction.  Does  not  effloresce  over  H.,S04. — 
B'2H2PtCl6 :  long  light-yellow  needles.— B'HI  aq  : 
slend'er,  oblique,  four-sided  prisms.  S.  18  in  the 
cold. — B'HBr  aq :  short  prismatic  needles.  S.  3-9 
(Davidson,  Ed.  N.  Phil.  J.  [2]  2,  284).— 
B'2H2Cr207 :  orange-yellow  powder,  si.  sol.  cold 
water  (D.). — B'HN03:  trimetric  prisms  (from 
alcohol).— B'HC104  aq  :  long  thin  trimetrio 
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prisms  [150°-160°].  Effloresces  at  60°.  V.  sol. 
water  and  alcohol  (Bodeker,  A.  71,  63  ;  Dauber, 
A.  71,  67).— B'H2S043|aq:  prisms,  v.  sol.  water, 
m.  sol.  alcohol  and  ether,  si.  sol.  dilute  H2S04. 
Efflorescent. — B'H3P04 :  four-sided  trimetric  la- 
minae. [200°-215°].  V.  sol.  hot  water  and  alco- 
hol, insol.  ether.—  B'2H3P04 :  glittering,  oblique, 
four-sided  prisms  :  v.  sol.  boiling  water  and  al- 
cohol, nearly  insol.  ether.  Neutral  in  reaction. — 
B'3H3P04 :  long,  oblique,  four-sided  prisms  with- 
out lustre ;  permanent  in  the  air ;  v.  sol.  water 
and  alcohol,  si.  sol.  ether.  Has  an  alkaline  re- 
action.— B'4H4P207aq:  glassy  crystalline  crust; 
v.  sol.  water  and  alcohol ;  neutral  in  reaction. — 
B'H2C204 :  thin  tables,  v.  si.  sol.  cold  water. 

Acetyl  derivative  C15HHAcN203.  [c.  250°]. 
From  furfurine  and  Ac20  by  gently  warming 
(E.  Schiff,  B.  10,  1188).  White  flocculent  micro- 
crystalline  mass  (from  boiling  alcohol).  Insol. 
water,  m.  sol.  alcohol  and  ether.  Not  saponified 
by  boiling  aqueous  KOH.  Does  not  combine 
with  acids.  With  bromine  in  HOAc  it  forms  a 
hexabromide  C15HHBr6AcN203  which  is  ppd. 
on  adding  water. 

Ethyl-furfurine  C^HnEtN^.  The  hydriod- 
ide  is  formed  by  heating  an  alcoholic  solution  of 
f  urf  urine  with  EtI  at  100°  (Davidson).  It  separates 
by  evaporation  of  the  cold  alcoholic  solution  in 
prisms.  S.  2*8.  M.  sol.  alcohol  and  ether.  Moist 
Ag2O  converts  it  into  a  syrupy  alkaline  hy- 
droxide which  forms  a  platinochloride 
(C15HHEtN203)2H2PtCl6. 

Isoamyl  furfurine  C15H11(C5HI1)N2O3.  The 
hydro-iodide  prepared  by  heating  furfurine  with 
isoamyl  iodide  is  a  radio-crystalline  mass.  The 
platinochloride  B'-jHjPtCls  is  a  yellow  pow- 
der, si.  sol.  water. 

FTJRFURO-BENZIDINE  v.  FUBFUBALDEHYDE, 
Reaction  23. 

FURFUROL  v.  FUBFUBALDEHYDE. 

FURFURO-(|8)-NAPHTHYLAMINE  v.  FUB- 
FUBALDEHYDE, Reaction  26. 

FURFURONITRILE  v.  Nitrile  of  PYBOMUCTO 
ACID. 

FURFTJRYL-ACROLEIN  v.  FUBFUBYL-ACBY- 

LIC  ALDEHYDE. 

FURFURYL-ACRYLIC  ACID  C7H603  i.e. 
C4H3O.CH:CH.C02H.  Furfuracrylic  acid. 
[136°].  S.  -2  (in  the  cold).  Formed,  by  Perkin's 
reaction,  by  heating  furfuraldehyde  (1  pt.)  with 
NaOAc  (2  pts.)  and  Ac20  (2  pts.)  at  250°  for  11 
hours;  the  solution  solidifies  on  cooling,  and 
after  dissolving  in  Na2C03Aq,  the  acid  is  ppd. 
by  HC1.  The  yield  is  80  p.c.  of  the  theoretical 
(Baeyer,  B.  10,  355 ;  Marckwald,  B.  20,  2811). 
Formed  also  by  oxidation  of  the  corresponding 
aldehyde,  furfuryl-acrylic  aldehyde,  by  Ag20  (J.  G. 
Schmidt,  B.  13,  2344).  Formed,  together  with 
glycocoll,  by  the  action  of  boiling  baryta- water  on 
furfuryl-acryluric  acid,  which  is  in  the  urine  of 
dogs  that  have  taken  furfuraldehyde  (q.v.).  Long 
white  needles  (from  water) ;  volatile  with  steam. 
The  Ag  salt  is  m.  sol.  hot  water. 

Reactions. — 1.  Reduced  by  sodium-amalgam 
to  furfuryl-propionic  acid.— 2.  Bromine  acting 
on  furfuryl-acrylic  acid  forms  crystalline 
C7H5Br308,  which  is  decomposed  by  water  into 
di-bromo-furfuryl-ethylene  and  C02  (Hill,  B.  20, 
3359).— 3.  When  furfuracrylio  acid  is  heated 
with  95  p.c.  alcohol  (3'5  pts.)  and  saturated  with 
HOI  there  is  formed  an  ether  C 


(286°),  possibly  (C02Et.CH2.CH2)2CO  (since  it 
forms  a  phenyl  hydrazide  [115°]  and  an  oxim 


[38°]) ;  it  is  a  heavy  oil,  and  the  corresponding 
acid  forms  thin  prisms  [138°],  and  has  a  crys- 
talline silver  salt.  The  acid  C5H80(C02H)2does 
not  combine  with  Br,  is  not  reduced  by  sodium- 
amalgam,  and  yields  succinic  acid  when  oxidised 
by  HN03  (Marckwald,  B.  20,  2811 ;  21,  1398). 
The  acid  ether  C5H8O(C02H)(C02Et)  [68°]  forms 
a  crystalline  oxim  [112°]. 

E  thy  I  ether  EtA'.    (229°).     Oil. 

o-Chloro-furfuryl-acrylic  acid 
C4H3O.CH:CC1.C02H.    [142°].    Prepared  by  di- 
gesting o-chloro-furfuryl-acrolein  with  Ag20. 

Properties. — Rosettes  of  white  crystals,  sol. 
hot  water,  alcohol,  ether,  benzene,  and  chloro- 
form, insol.  light  petroleum.  It  agglomerates 
before  melting.  Cone.  H^SC^  gives  a  red  colour 
changing  to  yellow  on  dilution. 

Salts.— Cu  salt  is  a  greenish  pp.  dissolving 
in  ammonia  with  blue  colour. — Pb  and  Hg  salts 
are  white  pps.,  sol.  hot  water. — Fe  salt  is  a  red- 
brown  pp.— Zn  salt  a  white  gelatinous  pp. — Al- 
kaline and  alkaline  earth  salts  are  v.  sol.  water 
(P.  Mehne,  B.  21,  426). 

FURFTJRYLACRYLIC  ALDEHYDE  C7H602 
i.e.  C4H3O.CH:CH.CHO.  [51°].  (above  200°). 
Prepared  by  the  action  of  aldehyde  or  paralde- 
hyde  and  aqueous  KOH  on  furfurol  (Schmidt, 
B.  13,  2342).  Very  volatile  with  steam.  Long 
colourless  needles.  V.  sol.  hot,  si.  sol.  cold,  water. 

Reactions. — With  aniline  dissolved  in  acetic 
acid  it  gives  an  intense  green  colouration.  Re- 
duces Ag20  forming  furfurylacrylic  acid. 

a-Chloro-furfuryl-acrylic  aldehyde 
C4H3O.CH:CC1.CHO.  [79°].  From  furfuralde- 
hyde, chloro-acetic  aldehyde,  and  aqueous  NaOH 
(Mehne).  Broad  yellow  needles,  sol.  hot  water, 
ether,  and  alcohol.  Forms  a  phenyl-hydrazide 
[157°]  and  an  oxim  [165°]. 

FURFURYLAMINE  v.  FUBFUBYL-CABBINYL 
AMINE. 

FURFURYL-ANGELIC  ACID  C9H1003  i.e. 
C4H3O.CH:CEt.C02H.  [88°].  Formed  by  gradu- 
ally heating  furfuraldehyde  with  n-butyric  an- 
hydride and  sodium  n-butyrate  in  an  open  vessel 
to  180°  (Baeyer,  B.  10,  1364 ;  Tonnies,  B.  12, 
1200).  Silky  needles  (from  hot  water).  Re- 
duced by  sodium-amalgam  to  furfuryl-valeric 
acid. 

FTJRFURYL-BUTYLENEC4H3O.CH:C(CH3)o. 
(153°).  V.D.  =  4-27.  S.GK±|  =  -9509.  Prepared 
by  cohobating  a  mixture  of  furfuraldehyde 
(3  pts.),  isobutyric  anhydride  (7  pts.)  and  fused 
sodium  acetate  (4  pts.)  for  twelve  hours.  Sodium 
isobutyrate  used  instead  of  acetate  gives  the 
same  product. 

Addition  product  with  N203.  —  C8HI004N2 
[94°] ;  large  glistening  tables ;"  easily  soluble  in 
ordinary  solvents.  It  decomposes  at  145°-150° 
into  its  constituents.  On  reduction  with  tin  and 
HC1  it  gives  a  mixture  of  furfurylbutylene  oxide 
C4H3O.CH:C(CH3)2  (a  liquid  (186°),  sol.  water 

O 

and  volatile  with  steam)  and  amido-furfurylbutyl- 
ene  oxide  (g.v.)  C4H3O.C(NH2):C(CH8)3  (Tonnies 

0 

a.  Staub,  B.  17,  851;  cf.  B.  11, 1511). 
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FURFURYL-CARBINOL  C5H602  i.e. 
C4H3O.CH2OH.  Formed  by  reducing  f  urf  uralde- 
hyde  with  sodium-amalgam  (Beilsteina.  Schmelz, 
A.  Suppl.  3,  275).  Formed  also,  together  with 
pyromucic  acid,  by  the  action  of  alcoholic  KOH 
on  furfuraldehyde  (Limpricht,  Z.  [2]  5,  599). 
Syrup  drying  up  to  an  amorphous  resin ;  cannot 
be  distilled.  HClAq  colours  it  green.  Gives 
succinic  acid,  HOAc,  formic  acid,  and  C02  on 
fusion  with  KOH.  Aniline  added  to  its  aqueous 
solution  gives  a  yellow  flocculent  pp.  of  CnHMNO. 
Aniline  hydrochloride  added  to  its  alcoholic 
solution  ppts.  reddish-green  scales  of 
CnHnNO,NH2PhHCl  (H.  Schiff,  B.  19,  2154). 

FURFURYL-CARBINYL-AMINE 
C4H3O.CH,.NH2.  (146°)  (C.  a.  D.) ;  (135°)  (T.). 
V.D.  =  49'1  (obs.).  Prepared  by  reduction  of 
pyromuco-nitrile  with  zinc  and  dilute  H.J304. 
The  product  is  distilled  with  steam,  the  distil- 
late acidified  and  evaporated  to  a  small  bulk ; 
on  adding  solid  KOH  the  base  separates  (Cia- 
mician  a.  Dennstedt,  B.  14,  1475  ;  O.  11,  332). 
Obtained  also  by  reducing  the  phenyl-hydrazide 
of  furfuraldehyde  (45  g.)  dissolved  in  alcohol 
(600  g.)  with  2|  p.c.  sodium-amalgam  (1350  g.) 
in  the  cold  (below  3°)  (Tafel,  B.  20, 398).  Liquid. 
Miscible  with  water.  Strong  smell.  Powerful 
base.  Absorbs  C02  from  the  air  forming  a  crys- 
talline mass  [75°]. 

Salts. — B'HCl:  colourless  soluble  prisms  or 
needles.  (B'HCl)2PtCl4 :  orange-yellow  trimetric 
plates,  soluble  in  hot  water,  sparingly  in  cold. — 
B'H2C204|aq:  narrow  scales. — The  sulphate 
forms  minute  needles. — The  pier  ate  forms 
golden  prisms  decomposing  at  150°  without 
fusion. 

FURFURYL-CROTONIC  ACID  C8H803  i.e. 
C4H3O.CH:CMe.C02H.  [107°].  Formed  by  oxi- 
dising the  corresponding  aldehyde  with  Ag20 
(J.  G.  Schmidt,  B.  14,  575).  Glittering  plates 
(from  hot  water)  or  slender  needles  (by  sublima- 
tion). Cone.  H2S04  forms  with  it  a  red  solution. 

FURFTJRYL-CROTONIC  ALDEHYDE 
C8H8O2  i.e.  C4H3O.CH:CMe.CHO  (?)  (120°  at 
110  mm.).  Prepared  by  adding  NaOH  to  an 
aqueous  solution  of  propionic  aldehyde  and  fur- 
furaldehyde (J.  G.  Schmidt,  B.  14,  574).  Colour- 
less  liquid.  Volatile  with  steam.  Gives  a  green 
colouration  with  aniline  and  acetic  acid,  and  a 
yellow  passing  into  violet  with  magenta  de- 
colourised with  S02.  By  Ag20  it  is  oxidised  to 
furfuryl-crotonic  acid. 

FURFURYL-ETHYL-CARBINOL     v.     FUR- 

FURYL-PROPYL  ALCOHOL. 

FTJRFURYL-ETHYL-PYRIDINE 

Hexahydride  C4H3O.CH2.CH2.C5H10N. 
(246°).  From  furfuryl-vinyl-pyridine  and  sodium 
in  presence  of  alcohol  (Merck,  B.  21,  2709). — 
B'HCl :  [145°-148°].— B'HBr.  [c.  135°].— B'HI. 
[c.  121°]. 

FURFURYLIDENE-ACETONE  v.  FURFURYL- 

VINYL    METHYL  KETONE. 

FURFURYL  -  METHYLENE  -  DI  -C  ARE  AMIC 
ETHER  C4H3O.CH(NH.C02Et)2.  [169°].  Sepa- 
rates immediately  on  adding  a  drop  of  HClAq  to 
a  mixture  of  furfuraldehyde  and  carbamic  ether 
(Bischoff ,  B.  7,  1081).  Silky  needles  (from  alco- 
hol) ;  insol.  water,  v.  sol.  alcohol  and  ether. 

FURFURYL-METHYLENE-MALONIC  ACID 
C4H3O.CH:C(C02H)2.  [187°].  From  its  ether. 
Prisms  (from  ether,  alcohol,  or  HOAc) ;  v.  sol. 


water,  insol.  benzene,  light  petroleum,  and 
chloroform.  Split  up  by  heat  into  C02  and  fur- 
furyl-acrylic  acid.  Reduced  by  sodium-amalgam 
to  furfuryl-isosuccinic  acid. 

Mono-ethyl  ether  EtHA".  [103°]. 
Formed  by  gently  heating  the  diethyl  ether  with 
potash.  Trimetric  prisms  (from  benzene).  V. 
si.  sol.  cold,  m.  sol.  hot,  water,  m.  sol.  benzene 
and  chloroform,  insol.  light  petroleum.  Split 
up  by  distillation  into  C02  and  furfuryl-acrylic 
acid. 

Di-ethyl  ether  Et^A".  Formed  by  heating 
a  mixture  of  furfuraldehyde  and  malonic  ether 
with  Ac20  (Marckwald,  B.  21,  1080).  Oil;  mis- 
cible  with  alcohol. 

Amide  C4H3O.CH:C(CONH2)2.  [180°]. 
Needles  (from  alcohol) ;  m.  sol.  hot  water,  v.  e. 
sol.  HOAc,  insol.  ether. 

FURFURYL  -  DI  -  METHYL  -  PYRIDINE-DI  - 
HYDRIDE  DI-CARBOXYLIC  ETHER  C17H21N05 


or  EtcyjV  \H-OWM  [1640]- 

CHS-C          CH-C4HS0 

V 

by  heating  a  mixture  of  furfuraldehyde  and 
aceto-acetic  ether  with  alcoholic  NH3.  Colour- 
less crystals.  On  oxidation  it  gives  furfuryl-di- 
methyl-pyridine  di-carboxylic  acid  (B.  Schiff  a. 
Puliti,  B.  16,  1608). 

FURFURYL-NITRO-ETHYLENE 
C4H3O.CH:CH(N02).  [75°].  Formed  by  the  action 
of  furfuraldehyde  upon  an  alkaline  solution  of 
nitromethane  (Priebs,  B.  18,  1362).  Long  yellow 
prisms.  Easily  volatile  with  steam.  Gives  on 
nitration  C4H2(N02)O.CH:CH(N02)  [144°]  which 
forms  a  crystalline  dibromide  [1110]  and  is  oxi- 
dised by  Cr03  to  nitro-pyromucic  acid. 

FURFURYL-PROPIONIC  ACID 
C^O.CHMe.CO-jH.  [51°].  From  furfuryl- 
acrylic  acid  by  sodium  amalgam  (Baeyer,  B.  10, 
357).  Sol.  water  and  ether.  Coloured  yellow 
by  HC1.  Converted  into  furonic  acid  by  suc- 
cessive treatment  with  Br  and  Ag20. 

Amide  C^O.CHMe.CONK,.  [98°].  (270°). 
Formed  by  heating  the  ammonium  salt  in  a 
closed  tube  for  some  hours  at  220°  (Marckwald, 
B.  20, 2811).  Needles,  sol.  water,  alcohol,  ether, 
and  benzene,  si.  sol.  light  petroleum. 

FURFURYL-PROPYL  ALCOHOL 
C4H3O.CH(OH).C2H5.  Furfuryl-ethyl-carbinol. 
(180°  at  750  mm.).  S.G.  jf  1-066 ;  *<?  1-053. 
Formed  by  the  action  of  zinc  ethyl  on  furfur- 
aldehyde and  treatment  of  the  product  with 
water.  Thick  liquid  (Pawlinoff  a.  Wagner,  B. 
17, 1968). 

(Py.  3)-FURFURYL-QUINOLINE 
C9H6NC4HS0.  [92°].  (above  300°).  Formed  by 
heating  its  carboxylic  acid  above  its  melting- 
point  (Dobner,  A.  242,  287).  Long  needles. 
Insol.  cold,  v.  si.  sol.  hot,  water,  v.  e.  sol.  other 
ordinary  solvents. 

Salt  s.— (B'HCl) 2PtCl4  2aq  :  small  yellow 
needles;  si.  sol.  cold,  v.  sol.  hot,  water.— 
B'HClAuCl3 :  lemon-yellow  needles ;  sol.  hot 
water. — B'BL,Cr2O7 :  orange-red  needles  ;  sol.  hot 
water.— Pier  ate:  [186°];  large  yellow  plates. 
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(Py.  3)-FUEFUBYL-QUINOLINE  (Py.  1)- 
CAEBOXYLIC  ACID  C9H5N(C4H30)C02H.  (Py. 
3)-Furfuryl-cinchonic  acid.  [c.  215°].  Formed 
by  heating  together  furfuraldehyde,  pyruvic 
acid,  and  aniline  in  alcoholic  solution  (Dobner, 
,4.242,285).  Greenish-yellow  needles.  SI.  sol. 
cold,  v.  sol.  hot  water,  v.  e.  sol.  alcohol,  ether, 
and  benzene.  Heated  above  its  melting-point  it 
yields  (Py.  3)-furfuryl-quinoline. 

Salts. — The  Ag,  Pb,  and  Cu  salts  are  si.  sol. 
water.  The  chloride,  nitrate,  and  sul- 
phate, are  v.sol.  water.— (B'HCl)2PtCl4:  orange- 
yellow  needles  ;  si.  sol.  cold,  v.  sol.  hot,  water. — 
(B'HClJ-jAuCl,, :  lemon-yellow  needles. 

FUBFUEYL-ISOSUCCINIC  ACID 
Ct-aaO.CH.2.GK(COJI)2.  [125°].  Formed  by  re- 
ducing furfuryl-methylene-malonic  acid  with 
sodium-amalgam  (Marckwald,  B.  21, 1080).  Long 
slender  needles,  v.  sol.  water,  ether,  HO  Ac,  and 
alcohol ;  almost  insol.  light  petroleum.  Split  up 
by  distillation  into  C02  and  furfuryl-propionic 
acid. 

FUEFUEYL-VALEEIC  ACID  C9H1203  i.e. 
C4H3O.CH2.CHEt.C02H.  Formed  by  reducing 
furfuryl-angelic  acid  by  sodium-amalgam  (Baeyer 
a.  Tonnies,  B.  10,  1364;  12,  1200).  Oil.  By 
successive  treatment  with  Br  and  Ag20  it  is  con- 
verted into  '  butyro-furonic  acid  '  C9H,205. 

DI-FUEFUBYL-DI-VINYL  KETONE 
(C4H3O.CH:CH)2CO.  Di-furfural-acetone.  [61°]. 
From  furfuraldehyde  (20  g.),  acetone  (6  g.),  water 
(400  g.),  alcohol  (300  c.c.),  and  NaOH  (3  g.)  dis- 
solved in  water  (27  g.).  Flat  lemon-yellow  prisms, 
turning  brown  in  air.  V.  sol.  alcohol,  ether, 
and  chloroform,  less  sol.  light  petroleum.  With 
cone.  H2S04,  AcCl,  or  fuming  HC1  it  gives  dark- 
red  solutions  (Claisen  a.  Ponder,  A.  223,  146). 

FUEFUEYL-VINYL  METHYL  KETONE 
C4H3O.CH:CH.CO.Me.  Furfural-acetone.  [40°]. 
(135°-137°)  at  34mm. ;  (229°)  at  760  mm.  From 
furfuraldehyde  (20  g.),  acetone  (30  g.),  water 
(1000  g.),  and  dilute  (10  p.c.)  NaOH  (30  g.)  left 
24  hours  in  the  cold,  then  extracted  with  ether 
and  distilled.  Yellow  oil,  smelling  of  cinnamon 
and  of  furfuraldehyde,  but  soon  solidifies  to  thick 
prisms.  V.  sol.  alcohol,  ether,  and  chloroform, 
less  sol.  petroleum.  In  H2S04  it  forms  a  brown- 
ish-yellow colour  turning  wine-red  on  heating. 
AcCl  forms  an  orange  liquid  turning  emerald- 
green  (Claisen  a.  Ponder,  B.  14,  2468 ;  A.  223, 
145 ;  J.  G.  Schmidt,  B.  14,  1459). 

FUEFUEYL-(P?/.  3)-VINYL-PYEIDINE 
C4H3O.CH:CH.C5H4N.  [51°-53°].  From  furfur- 
aldehyde and  (o)-methyl-pyridine  at  165°  in 
presence  of  a  little  ZnCl2  (Merck,  B.  21,  2709). 
Needles  (from  water) ;  blackens  in  air ;  v.  sol. 
alcohol  and  ether.  —  B  HHgCl3  aq  [133°].— 
B'2H2PtCl62aq.  [155°].— B'C6H2(N02)3OH.  [185°- 
190°];  yellow  needles. 

FUEFUEYL-VINYL  STYEYL  KETONE 
C4H3O.CH:CH.CO.CH:CH.Ph.  Furfural-benzyl- 
idene-acetone.  [56°].  From  benzylidene-acetone 
(10  g.)  and  furfuraldehyde  (7g.),  or  from  fur- 
fural-acetone (10  g.)  and  benzoic  aldehyde  (8  g.) 
in  presence  of  water  (200 g.),  alcohol  (130  g.),  and 
dilute  (10  p.c.)  NaOH  (10  g.). 

Properties.— Straw-yellow  plates  (from  boil- 
ing light  petroleum).  V.  sol.  alcohol,  ether, 
benzene,  and  chloroform,  less  sol.  petroleum. 
Cone.  H2S04  forms  a  dark  red,  AcCl  an  orange 
solution  (Claisen  a.  Ponder,  A.  223,  147). 


FUEIL    C10H604    i.e.    C4H3O.CO.CO.C4H30. 

[162°].  Prepared  by  passing  a  stream  of  air 
through  a  solution  of  furoin  in  alcoholic  NaOH 
(E.  Fischer,  B.  13,  1337  ;  A.  211,  221).  Yellow 
needles.  Insol.  water,  si.  sol.  alcohol  and  ether, 
v.  sol.  chloroform.  By  sodium-amalgam  it  is  re- 
duced to  furoin.  By  aqueous  KOH(1:2)  it  is  con- 
verted into  furilic  acid.  According  to  Jourdain 
(B.  16,  659)  alcohol  containing  a  little  KCy  gives 
furfuraldehyde  and  pyromucic  ether. 

Furil-octo-bromide  C10H604Br8.  [185°].  Crys- 
talline. SI.  sol.  alcohol,  m.  sol.  chloroform.  Pre- 
pared by  the  action  of  an  excess  of  bromine  on 
f uril.  On  fusion  it  evolves  Br  and  HBr,  forming 
dibromo-furil  and  a  small  quantity  of  broino- 
furil. 

Bromo-furil  CI4H5Br04.  [110°]?  Yellow 
plates. 

Di-bromo-furil  C10H4Br204.  [184°].  Subli- 
mable.  Golden  yellow  plates. 

Benz-furil  v.  vol.  i.  p.  462. 

FUEILIC  ACID  (C4H30)2C(OH).CO,H. 
Formed  by  rubbing  furil  with  warm  KOHAq, 
adding  dilute  H^SO,,,  filtering  from  a  separated 
resin,  and  extracting  the  filtrate  with  ether 
(E.Fischer,  4.211,  220).  Unstable  needles ;  de- 
composed at  100° ;  m.  sol.  cold  water,  v.  sol.  al- 
cohol and  ether.  A  resin  slowly  separates  from 
the  aqueous  solution. 

Di-bromo-furilic  acid  C10H6Br205.  Formed 
by  the  action  of  baryta-water  on  di-bromo-furil. 
Its  alcoholic  solution  is  turned  red  by  warming 
after  addition  of  some  dilute  HjSO^— BaA'2 : 
slender  needles. 

FUEOlN  C10H804.  [135°].  Prepared  by 
boiling  furfuraldehyde  (40  g.),  alcohol  (30  g.), 
water  (80  g.),  and  potassium  cyanide  (4g.)  for 
half  an  hour  in  a  flask  with  inverted  condenser. 
Crystallised  from  toluene  or  alcohol  (E.  Fischer, 

A.  211, 218 ;  B.  13, 1334).    Prisms.    Distils  un- 
changed.    SI.  sol.  hot  water,  alcohol,  and  ether. 
Cone.  H2S04  forms  a  bluish-green  colour.  Weak 
acid.    Gives  an  absorption  spectrum.    The  solu- 
tion in  alcoholic  NaOH  is  bluish-green,  and  is 
oxidised  by  the  air  to  furil. 

Acetyl  derivative  C10H7Ac04.  [76°]. 
Needles. 

FUEONIC  ACID  C7HS05.  [180°].  Formed 
by  adding  bromine  (1  mol.)  to  an  aqueous  solu- 
tion of  furfuryl-propionic  acid  (1  mol.),  and 
treating  the  product  with  Ag20  (6  mols.)  (Baeyer, 

B.  10,  696,  1358).    Colourless  needles  (from  hot 
water).    SI.  sol.  cold  water  and  ether.    Cone. 
H2S04  forms  a  reddish-yellow  solution.    HClAq 
is  not  coloured  by  it.    Hydriodic  acid  and  red 
phosphorus  at  200°  reduce  it  to  n-pimelic  acid 
C02H.CH2.CH2.CH2.CH2.CH2.C02H  ?       Sodium- 
amalgam  gives    hydrofuronic  acid  C7H1005. — 
Ag2A". 

Hydrofuronic  acid  C7H,005.  [112°].  Formed 
as  above.  Needles. — Ag2A" :  m.  sol.  hot  water. 

FUSCO-SCLEEOTIC  ACID  C14H2407.  An  acid 
extracted  by  Dragendorff  (C.  C.  1878,  125,  141) 
from  ergot  by  ether,  the  ergot  having  previously 
been  treated  with  a  solution  of  tartaric  acid.  It 
may  be  separated  from  '  picrosclerotic  acid '  by 
HjSO^  in  which  it  is  soluble  (Blumberg,  Ph.  [3] 
9,  23).  Its  alkaline  salts  are  soluble. 

FUSEL  OIL.  A  volatile  liquid  present  in  the 
product  of  the  alcoholic  fermentation  of  the 
saccharine  liquids  derived  from  potatoes,  wheat, 
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&c.,  and  of  the  juice  of  grapes,  beet,  &c.  It 
passes  over  in  the  latter  portion  of  the  distillate 
when  these  liquids  are  rectified.  Fusel  oil  always 
contains  amyl  and  ethyl  alcohols,  usually  iso- 
butyl  and  rc-propyl  alcohols,  some  fatty  acids, 
and  some  ethers. 

Fusel  oil  from  potatoes  consists  chiefly  of 
isoarnyl  alcohol  (q.  v.) ;  it  often  contains  iso- 
butyl  alcohol  and  decoic  acid  (Dumas,  A.  13, 
80  ;  Wurtz,  C.  R.  35,  310 ;  A.  85,  197 ;  Johnson, 
J.  pr.  67,  262).  Eeibstein  (C.  R.  87,  501)  found 
the  following  compounds  in  a  litre  of  potato  fusel 
oil :  275  c.c.  isoamyl  alcohol  ;  170  c.c.  of  pro- 
ducts boiling  above  132°  and  still  containing 
amyl  alcohol ;  150  c.c.  isopropyl  alcohol ;  125 
c.c.  water  ;  75  c.c.  of  a  mixture  of  aldehyde,  ethyl 
alcohol,  and  ethyl  acetate ;  65  c.c.  w-butyl  alco- 
hol ;  60  c.c.  sec-amyl  alcohol ;  50  c.c.  isobutyl 
alcohol ;  and  30  c.c.  n-propyl  alcohol. 

Fusel  oil  from  molasses  contains  isoamyl  and 
isobutyl  alcohols  (Wurtz,  A  93,  107),  together 
with  palmitic  (?)  and  heptoic  acids  and  heptoic 
ether  (Mulder,  J.  1858,  302).  Eowney  (C.  J.  4, 
372)  found  isoamyl  decoate  as  well  as  isoamyl 
alcohol,  water,  and  EtOH  in  the  fusel  oil  from 
the  Scotch  whisky  distilleries. 


In  fusel  oil  obtained  in  preparing  alcohol, 
partly  from  wheat,  partly  from  maize,  Wetherill 
(Chem.  Oaz.  1853,  281)  found  acetic  and  octoic 
acids,  isoamyl  alcohol,  but  no  butyl  alcohol. 

In  the  fusel  oil  from  beet-root  molasses  Feh- 
ling  (J.  Ph.  [3]  25,  74)  found  octoic  and  decoic 
acids  and  an  ether  of  decoic  acid.  In  a  fusel 
oil  from  the  same  source  Perrot  (C.  R.  45,  309 ; 
A.  105,  64)  found  ethyl,  butyl,  and  isoamyl  al- 
cohols, compound  ethers  of  the  above  alcohols 
with  caproic,  heptoic,  octoic,  and  ennoic  acids 
(cf.  Miiller,  J.  pr.  56,  103).  Schrotter  (B.  12, 
1431)  found  in  this  fusel  oil  a  liquid  base  C8H)2O2 
(180°-230°)  which  forms  a  crystalline  sulphate 
B'H2S04.  He  also  observed  another  base 

C*      TT     XT 

'10  FUSIBLE  METAL.    An  alloy  of  Bi,  Pb,  and 
Sn,  which  melts  at  93-7°  (v.  vol.  i.  p.  511). 

FUSTIC.  Two  yellow  dyes  are  known  by 
this  name,  viz.  old  fustic  obtained  from  Morus 
tinctoria  and  young  fustic  from  Rhus  calamus. 
The  latter  contains  a  glucoside  '  fustin ' 
C5SH46023?  crystallising  from  water  in  needles 
[219%  and  split  up  by  dilute  H2S04  into 
a  sugar  and  FISETIN  (a.  v.)  (Schmid,  B.  19, 
1735). 
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GALACTIN.  This  name  was  given  by  Morin 
to  a  nitrogenous  body  resembling  gelatin,  said 
to  occur  in  milk,  blood,  &c.  (J".  Ph.  [3]  25,  423 ; 
[4]  14,  11).  Wynter  Blyth  (C.  /.  35,  531),  after 
freeing  milk  from  casein  and  albumen,  and 
adding  mercuric  nitrate,  obtained  a  pp.  whence, 
after  removal  of  mercury  as  sulphide,  and  ppg. 
a  second  time  by  lead  acetate,  a  compound 
(PbO)23C54H78N4045  ?  was  formed.  After  remov- 
ing the  lead  an  amorphous  alkaloid  was  left,  called 
by  Blyth  galactin.  More  recently  the  same  name 
has  been  given  by  Muntz  (C.  R.  94,453  ;  A.  Ch. 
[5]  26, 121;  Bl.  [2]  37,  409)  to  a  non-nitrogenous 
carbohydrate  C6H1005  occurring  in  the  seeds,  of 
leguminous  plants.  Muntz  obtained  it  by  ex- 
hausting powdered  lucerne  seeds,  Medicago  sativa, 
with  water  containing  a  little  Pb(OAc)2;  ppg. 
excess  of  lead  by  oxalic  acid  ;  diluting  with  al- 
cohol (1£  vols.)  and  purifying  the  pp.  by  redis- 
solving  in  water  and  reppg.  with  alcohol.  When 
dried  in  the  air  it  forms  transparent  nodules, 
which  swell  up  in  water  and  dissolve  slowly  like 
gum  arabic,  forming  a  sticky  solution  which  is 
ppd.  by  basic,  but  not  by  normal,  lead  acetate, 
and  behaves  generally  towards  metallic  salts  like 
a  solution  of  gum  arabic.  It  is  dextrorotatory, 
[o]D  =-  84-6°.  HN03  oxidises  it  to  mucic  acid. 
Very  dilute  mineral  acids  at  100°  give  galac- 
tose  and  a  non-crystalline  sugar.  Galactin  is 
not  inverted  by  saliva  or  pancreatic  juice.  A 
substance  resembling  this  galactin  occurs  in 
agar-agar  (Bauer,  J.pr.  [2]  30,  381). 

Faragalactin.  This  name  is  given  by  Schulze 
a.  Steiger  (B.  20,  290)  to  the  (impure)  substance 
left  after  exhausting  finely-powdered  lupin  seeds 
(Lupinus  luteus)  by  ether,  followed  by  very  di- 
lute cold  potash.  It  constitutes  25  p.c.  of  the 
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seed,  is  somewhat  gelatinous,  and  is  converted 
into  galactose  by  boiling  dilute  acids.  After 
treatment  with  hot  10  p.c.  aqueous  KOH  alcohol 
gives  a  gelatinous  pp.  whence  an  acetyl  deriva- 
tive C6H7Ac305  can  be  obtained. 

GALACTONIC  ACID  CaH1207.  Lactonic  acid. 
Small  colourless  deliquescent  needles. 

Formation.  —  By  oxidation  of  milk-sugar 
(Barth  a.  Hlasiwetz,  A.  122,  96;  158,  259),  ara- 
binose,  or  galactose  (Kiliani,  B.  13,  2307  ;  14, 
651,  2529  ;  18,  1552)  with  bromine. 

Preparation.— A.  solution  of  100  grms.  of 
milk-sugar  in  400  c.c.  of  5  p.c.  sulphuric  acid  is 
boiled  for  4  hours  and  freed  from  H2S04  by 
Ba(OH)2.  The  filtrate  concentrated  to  300  c.c. 
and  cooled  to  about  35°  is  oxidised  by  treatment 
with  200  grms.  of  bromine  ;  the  yield  is  70  p.c. 
of  the  theoretical. 

Reactions. — By  heating  to  100°  it  is  converted 
into  its  lactone  C(iH10Oti  by  loss  of  H20.  It  is 
reduced  by  HI  to  the  lactone  of  7-oxy-n-hexoic 
acid.  HN03  oxidises  it  to  mucic  acid.  Potash- 
fusion  gives  oxalic  and  acetic  acid.  Galactonic 
acid  is  slightly  laevorotatory.  It  does  not  reduce 
Fehling's  solution. 

Salts.—  A'Na  2aq.— A'(NH4).— A'2Ca  5aq.— 
A'2Cd  aq :  monoclinic  needles  (B.  a.  H.).  — 
A'2Cd  4aq. 

GALACTOSE  v.  SUGABS. 

GALANGIN  C15H1005.  [215°].  Occurs,  to- 
gether with  camphoride  and  alpinin,  in  the 
galanga-root  (Jahns,  B.  14,  2807).  Sublimes  in 
part.  Light-yellow  tables  or  flat  prisms  (con- 
taining |C2H5OH)  ;  needles  (containing  H20). 
Sol.  ether;  S.  (90  p.c.  alcohol)  1'5 ;  nearly  insol. 
water.  Dissolves  in  alkalis  forming  a  yellow  so- 
lution. Eeduces  alkaline  silver  and  copper  solu- 
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tions.  On  oxidation  with  HNOS  it  gives  benzoic 
and  oxalic  acids.  —  Ci5H805Pb  :  amorphous 
PP 


^ri-acetyl  derivative  C15H702(OAc)3 : 
[142°] ;  colourless  needles.  Sol.  alcohol,  insol. 
water. 

Di-bromo-  derivative  C15H8Br205.  Yellow 
needles. 

GALBANUM.  A  gum  resin  supposed  to  be 
the  produce  of  Babon  Galbanum  or  Ferula  eru- 
bescens,  and  imported  from  Africa  and  Persia. 
Yellowish  mass  with  bitter  taste  and  strong 
smell.  It  gives  a  yellowish-red  or  violet  colour 
with  hydrochloric  acid,  and  an  orange  colour 
with  a  solution  of  bleaching  powder  (Hirschsohn, 
C.  C.  1877,  182).  Yields  on  distillation  with 
water  a  small  quantity  (7  p.c.)  of  terpene,  S.G.  - 
•814,  (160°),  [o]=--18  (Mossmer,  A  119,  257). 
According  toWallach  (4.238, 81)  oil  of  galbanum 
contains  a  sesquiterpene  C15H24  whose  hydro- 
chloride  C]5H24H2C12  melts  at  118°.  Potash- 
fusion  forms  resorcin.  Contains  about  66  p.c. 
resin,  sol.  alcohol,  ether,  and  ligroin,  and  25  p.c. 
gum,  sol.  water.  The  resin  contains  72  to  74  p.c. 
carbon,  and  8  to  8'5  p.c.  hydrogen,  and  is  sol. 
lime-water.  Alcoholic  HC1  acting  on  the  resin 
at  100°  forms  umbellif  eron ;  this  body  is  also 
formed  by  the  dry  distillation  of  galbanum  and 
other  resins  formed  by  umbelliferous  plants 
(Sommer,  Ar.  Ph.  [2]  98,  1).  The  oily  distillate 
from  galbanum,  when  freed  from  umbellif  eron 
by  dilute  KOHAq,  has  a  splendid  blue  colour 
(289°) ;  it  is  sol.  alcohol,  insol.  aqueous  alkalis, 
coloured  green  by  alcoholic  FeCl3,  resinified  by 
Br,  and  coloured  yellowish-red  by  HN08.  This 
blue  oil  appears  to  be  identical  with  oil  of  cha- 
momile  (q.  v.)  (Kachler,  B.  4,  36). 

GALIPEINE  C20H21N03.  [116°].  An  alka- 
loid present  in  the  Angustura  bark.  On  evapora- 
tion of  the  mother  liquor  from  the  oxalate  or 
sulphate  of  cusparine  the  salts  of  galipeine  sepa- 
rate out.  White  prisms,  soluble  in  petroleum, 
ether,  and  alcohol.  Its  salts  are  more  soluble 
than  those  of  cusparine ;  their  solutions  are  of 
a  greenish-yellow  colour  resembling  uranium 
salts.  —  B'2H2S04  7aq  :  [50°] ;  greenish  -  yellow 
prisms. — Hydrochloride :  prisms  with  tri- 
angular base.— B'2H2PtCl6 :  bright  yellow  pp. 
(Korner  a.  Bohringer,  O.  13,  365). 

GALITANNIC  ACID  C7H805|aq.  A  variety 
of  tannin  said  to  occur  in  Galium  verum  and 
O.  Aparine  (Schwarz,  A.  83,  57). 

GALLACETONINE  v.  PYBOGALLOL. 

GALLACETOPHENONE    v.    TBI-OXY-ACETO- 

PHENONE. 

GALLACTIC  ACID  C14H,009  ?  Formed  by 
boiling  milk-sugar  (200  g.)  with  cupric  sulphate 
(l,200g.)  and  NaOHAq  (Boedeker  a.  Struckmann, 
A.  100,  267).  Yellow  syrup,  miscible  with  water 
and  alcohol,  insol.  ether.  Ppd.  by  lime-water 
and  by  Pb(OAc)2.— Ca2Aiv  3aq  :  flocculent  pp.— 
Hg2Aiv3aq:  amorphous  pp. — PbgA'^aq  :  powder. 

GALLE1N  C20H1007  i.e. 

H) ^ 

gallol-phthalein. 

Preparation. — By  heating  phthalic  anhydride 
(Ipt.)  with  pyrogallol  (2pts.)  at  190°-200°;  the 
fused  mass  is  dissolved  in  alcohol,  filtered,  and 
water  added  to  ppt.  the  gallein  ;  it  is  best  puri- 


fied by  means  of  the  acetyl-derivative  (Baeyer, 
B.  4,  457,  555,  663  ;  Buchka,  A.  209,  249). 

Properties.  —  Brownish-red  powder  or  glisten- 
ing, minute  crystals  with  green  reflex;  si.  sol. 
hot,  insol.  cold,  water,  sol.  alcohol,  si.  sol.  ether, 
insol.  benzene.  It  dissolves  in  cone,  sulphuric 
acid  with  dark-red  colouration.  Its  solution  in 
NH3Aq  and  in  lime-  and  baryta-water  is  violet. 
Dyes  fabrics  mordanted  with  iron  or  alumina  a 
bluer  shade  than  logwood. 

Beactions.—l.  With  alkalis  it  forms  salts, 
which  separate  in  metallic  glistening  green  crys- 
tals ;  with  excess  of  alkali  a  blue  or  blue-violet 
colouration  is  produced;  but  acids  reppt.  un- 
altered gallein  from  this  solution.  —  2.  On  reduc- 
tion with  potash  and  zinc-dust  it  yields  at  first 
hydrogalleiin,  and  then  gallin.  —  3.  On  reduction 
in  acid  solution  gallol  C20H1207  is  formed.  — 
4.  Fused  with  potash  anhydro-pyrogallolketone 

CO<C6H2(OH)2>°  is  Produced.-5.  With  con- 
centrated  sulphuric  acid  at  190°  it  yields  cceru- 
lein  (q.v.).—  6.  HN03  oxidises  it  to  phthalic  acid. 

Tetra-chloro-gallein  C20H6C1407  2aq  (at  100°). 
Formed  by  heating  tetra-chloro-phthalic  anhy- 
dride with  pyrogallol  at  195°  (Graebe,  A.  238, 
337).  Violet  powder. 

Di-bromo-gallein  C20H8Br207.  Formed  by 
adding  Br  to  a  solution  of  gallein  in  HO  Ac. 
Golden  crystals  with  metallic  lustre,  v.  sol. 
alcohol,  si.  sol.  benzene.  Its  solution  in  NaOHAq 
is  brilliant  blue. 

Constitution    of    Gallein.       The    formula 

CO<C60H4>C[C6H2(OH)2]20  was  at  first  assigned 

to  gallein  from  its  analogy  in  its  method  of  pre- 
paration to  phenol  -phthalein,  and  the  formation 
of  a  tetracetyl  derivative.  But  its  behaviour 
with  reducing  agents  is  not  thus  explained  ;  in 
contact  with  potash  and  zinc-dust  it  takes  up 
two  atoms  of  hydrogen,  and  the  product  should, 
were  the  above  formula  correct,  be  analogous 
to  phenol-phthalin  and  possess  acid  properties, 
But  the  hydrogallem  shows  no  acid  properties, 
though  on  further  reduction  it  yields  an  acid 
substance,  converted  by  sulphuric  acid  into  cceru- 
lin,  the  analogue  of  phenol-phthalidin.  Gallein 
is  thus  possibly  a  peroxide,  a  view  confirmed  by 
the  fact  that  the  tetracetyl  derivatives  of  gallem 
and  hydrogallem  are  identical  (Buchka,  A.  209, 
249). 

Hydrogallem  C20Hi207  i.e. 


co<c-0H<>c 


Formed 


reduction  of  gallein  (v.  supra).  Crystalline  pow- 
der, sol.  alcohol  and  HOAc,  si.  sol.  water,  insol. 
benzene.  It  dissolves  in  alkalis  with  blue 
colouration  ;  the  solution  becomes  red  through 
oxidation  if  boiled  for  a  long  time. 

Tetra-acetyl  derivative  C20H8Ac407. 
[248°].  Formed  by  boiling  hydrogallem  with 
Ac20,  or  by  heating  gallein  with  NaOAc  and 
Ac20.  Small  rhombohedra  (from  benzene)  ;  sol. 
alcohol  and  HOAc,  insol.  ether.  Gives  with  Br 
in  HOAc  a  di-bromo-  derivative  C.,0H6Br2Ac407. 
[234°]. 

Tetra-benzoyl  derivative  C20H8Bz407. 
;231°].  Formed  by  boiling  gallem  with  BzCl. 
Slender  needles  (from  acetone)  ;  sol.  alcohol  and 
benzene. 
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Gallin  C20H1407  i.e. 


.    Formed  by 

reduction  of  gallei'n  (q_.v.).  Small  colourless 
needles,  turning  red  on  exposure,  sol.  alcohol 
and  acetone,  si.  sol.  water.  Decomposes  car- 
bonates ;  converted  by  cone,  sulphuric  acid  into 
ccerulem. 

Tetra-acetyl  derivative  C20H10Ac,O7  : 
[220°]  ;  colourless  leaflets  (Buchka,  A.  209,  268). 

Gallei'n  and  gallin  dye  mordanted  fabrics  like 
barwood  and  logwood. 

GALLIC  ACID  C7H605  i.e.  CaH2(OH),(C02H) 
[5:4:3:1].  Mol.  w.  170.  [220°-240°].  S.  1  (in 
the  cold)  ;  33  at  100°  ;  S.  (ether)  2-5  at  15°  ; 
S.  (alcohol)  28  at  15°.  S.G.  ±  1-694  (Schroder). 

Occurrence.  —  In  gall-nuts,  in  sumach,  in 
hellebore  root,  in  dividivi,  in  the  acorns  of 
Quercus  dSgilops,  in  green  and  black  tea,  in 
leaves  of  Arctostaphylos  uva-ursi,  in  sandal- 
wood,  in  colchicum,  in  strychnos  bark,  walnuts, 
and  in  most  astringent  parts  of  plants  (Scheele  ; 
Stenhouse,  A.  45,  9  ;  Kawalier,  Sitz.  W.  9,  290  ; 
Hlasiwetz  a.  Malin,  Z.  1867,  271;  Phipson, 
C.  N.  20,  116  ;  Bolley  a.  Bahr,  Z.  [2]  4,  501). 

Formation.  —  1.  By  exposing  powdered  gall- 
nuts  to  the  air  for  a  month  at  20°  to  25°  ;  the 
powder,  which  must  be  kept  moist,  becomes 
covered  with  mould,  which  must  be  constantly 
removed,  and  the  product,  as  soon  as  the  aqueous 
extract  ceases  to  ppt.  a  solution  of  gelatin,  is  ex- 
hausted with  water  (Scheele  ;  Steer,  Sitz.  W.  22, 
249  ;  Wittstein,  Ph.  12,  444  ;  cf.  Tieghem,  C.  R. 
65,  1091  ;  Weber,  Ph.  [3]  10,  754).—  2.  A  solu- 
tion of  tannin  is  ppd.  by  cone.  H2S04  and  the 
pp.  added  to  boiling  dilute  H2S04  ;  after  a  few 
minutes  gallic  acid  is  deposited  in  crystals 
(Liebig).—  3.  By  the  action  of  hot  cone.  KOHAq 
on  di-iodo-  salicylic  acid  ;  a  considerable  portion 
of  the  gallic  acid  being,  however,  converted  into 
pyrogallol  (Lautemann,  A.  120,  317).  Demole 
(B.  7,  1441)  could  not  obtain  gallic  acid  in 
this  way.—  4.  By  the  action  of  aqueous  KOH  on 
bromo-veratric  acid  (Matsmoto,  B.  11,  139). 
The  acid  so  prepared  melted  at  197°-  200°.— 
5.  By  potash-fusion  from  di-iodo-^-oxy-benzoic, 
bromo  -  protocatechuic,  and  bromo  -  s  -  di  -  oxy  - 
'benzoic  acids  (Barth  a.  Senhofer,  B.  8,  754,  1477; 
A.  142,  247  ;  164,  118).—  6.  By  heating  gum  kino 
with  cone.  HClAq  at  120  (Etti,  B.  11,  1882). 

Separation  from  tannin.  —  An  infusion  of  a 
plant  which  contains  tannin  and  gallic  acid  is 
ppd.  by  gelatin  ;  the  nitrate  is  evaporated  to 
dryness  and  exhausted  with  alcohol  ;  the  alco- 
holic extract  is  evaporated  and  the  residue 
crystallised  from  water,  being,  if  necessary, 
treated  with  animal  charcoal. 

Properties.  —  Long  silky  needles  or  triclinic 
prisms  (containing  aq).  Astringent  taste  but 
no  smell.  Its  solution  is  strongly  acid.  At 
100°-120°  it  gives  off  its  water  of  crystallisation; 
at  215°  it  begins  to  decompose  into  C02  and 
pyrogallol  ;  but  if  rapidly  heated  to  250°  there 
is  formed,  instead  of  pyrogallol,  a  black  lustrous 
insoluble  mass,  soluble  in  alkalis  (so-called 
'  Metagallic  acid  ').  An  aqueous  solution  of  gallic 
acid  does  not  change  if  excluded  from  the  air, 
but  in  the  presence  of  oxygen  C02  is  evolved  and 
a  black  substance  is  deposited.  This  decom- 
position is  hastened  by  the  presence  of  alkalis. 
Boiling  with  excess  of  KOH  gives  a  black  sub- 


stance, the  so-called  '  tauromelanic  acid.'  Di- 
lute alcoholic  KOH  gives  '  galloflavin.'  A  solu- 
tion of  ammonium  picrate  gives  a  red  colour 
changing  to  a  beautiful  green  (Dudley,  Am.  2, 
48).  Gallic  acid  reduces  Fehling's  solution  and 
ammoniacal  AgN03.  Ferric  chloride  gives  a 
bluish-black  pp.  (Chevreul,  P.  17,  176) ;  the  pp. 
dissolves  in  excess  of  FeCl3  giving  a  green  solu- 
tion (Wackenroder,  A.  31, 78 ;  Etti,  B.  11, 1882) ; 
on  heating  C02  is  evolved,  the  liquid  becomes 
colourless  and  contains  ferrous  salt.  Pure  fer- 
rous sulphate  gives  no  colour  at  first,  but  the 
liquid  presently  becomes  blue.  With  a  mixture 
of  FeCl3  and  K3FeCy6  gallic  acid,  like  other  re- 
ducing agents,  ppts.  Prussian  blue.  Pure  gallic 
acid  does  not  ppt.  gelatin  nor  alkalis ;  but  when 
mixed  with  gum  it  gives  a  pp.  with  gelatin.  It 
gives  no  pps.  with  albumen,  gelatinised  starch  or 
alkaloids,  but  tartar  emetic  and  NH4C1  give  a 
heavy  white  pp.  (Meissner,  Ph.  1889,  626).  A 
solution  of  gallic  acid  containing  CaC03  dis- 
solved in  C02  becomes  blue  when  exposed  to  the 
air.  A  solution  of  barium  gallate  gives  with 
excess  of  AgN03  a  black  pp.  of  silver,  and  the 
filtrate  contains  an  acid  resembling  quercitannic 
acid  (Lowe,  J.pr.  102,  111;  Barfoed,  J.pr.  102, 
314).  If  a  solution  of  barium  gallate  BaA'2  be 
treated  with  excess  of  baryta-water  a  white  pp. 
is  formed  which  quickly  turns  blue  in  contact 
with  the  air ;  but  if  the  ppn.  and  washing  be 
done  with  de-aerated  water  in  an  atmosphere 
of  hydrogen,  the  pp.  quickly  dried  in  vacuo  ex- 
hibits the  composition  BaC7H205  5aq  (Hlasiwetz, 
J.pr.  101,  113).  An  aqueous  or  alcoholic  solu- 
tion of  gallic  acid,  containing  Na2S04,  is  coloured 
by  iodine  a  transient  purple-red  (Nasse,  B.  17, 
1166).  KCy  colours  an  aqueous  solution  of 
gallic  acid  red  (difference  from  tannin) ;  the 
colour  disappears  on  standing  but  reappears 
again  on  shaking  with  air  (Young,  Fr.  23,  227). 
Reactions. — 1.  The  crystallised  acid  is  un- 
acted on  by  cold  acetic  anhydride  and  even 
at  100°  2  g.  require  2  hours  for  complete  solu- 
tion. The  anhydrous  acid  behaves  similarly 
towards  cold  anhydride,  but  the  same  quantity 
only  requires  f-hour  for  solution  at  100°. 
The  products  are  in  the  first  case  almost 
entirely  the  triacetyl  derivative  of  gallic  acid, 
whereas  in  the  second  case  there  is  formed  in 
addition  to  this  a  body  [151°]  having  the  pro- 
perties of  the  pentacetyl  derivative  of  tannin 
(Bottinger,  A.  246,  125). — 2.  Aqueous  KMn04  is 
quickly  decolourised  by  gallic  acid,  so  that  it  may 
be  estimated  volumetrically  in  the  same  way  as 
oxalic  acid  (Morin,  C.  R.  46,  577).  When  rubbed 
with  dry  KMnO,  it  even  takes  fire  (Bottger, 
P.  Jubelband,  156).  Dilute  H2S04  and  KMn04 
in  the  cold  give  C14H,0O8  « hydrorufigallic  acid  ' 
a  golden  crystalline  compound  which  gives  a 
crimson  colour  with  the  alkalis  and  their  car- 
bonates (Oser  a.  Kalmann,  M.  2,  50). — 3.  Com- 
pletely oxidised  to  CO  and  C02  by  electrolytic 
oxygen  (Bourgoin,  /.  Ph.  [4]  13,  376).  Chromic 
acid  mixture  acts  in  like  manner  (Eemsen,  Am. 
S.  [3]  5,  354).— 4.  An  aqueous  solution  of  KC103 
and  HC1  gives  iso-trichloro-glyceric  acid 
CSH3C18O4  (Schreder,  A.  177,  282).  If  the 
mother-liquor  from  which  the  iso-trichloro- 
glyceric  acid  has  crystallised  be  boiled  with  tin 
and  HC1,  the  tin  ppd.  by  H2S,  and  the  liquid 
extracted  by  ether,  prisms  of  C5H4C1.,04  are  got. 
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It  forms  the  salts:  CaELjA",, :  minute  needles; 
BaA"aq;  and  BaH^  l|aq.— 5.  By  heating 
with  bromine  at  100°  it  is  converted  into  tri- 
bromo-pyrogallol  (Stenhouse,  A.  177,  189).— 6. 
Soda-fusion  gives  pyrogallol,  hexa-oxy-diphenyl, 
and  some  phloroglucin  (Earth  a.  Schreder,  jB. 

12,  1259  ;  M.  3,  649).— 7.  Hot  H2S04  converts  it 
into  rufigallic   acid    C]4H8Og   (v.  HEXA-OXY-AN- 
THBAQUINONE).— 8.  K2S2O7  acting  upon  a  solution 
of  gallic  acid  in  concentrated  aqueous  KOH  forms 
CtiH,(OH)2(O.S02.OK)(C02K)  which  crystallises 
in  slender  needles  (Baumann,  B.  11,  1916).    A 
mixture  of  gallic  and  benzoic  acids  is  converted 
by  11,804  into  anthragallol  C14H805  (Seuberlich, 
B.  10,  38),  v.  TRI-OXY-ANTHRAQUINONE. — 9.  Gallic 
acid  is  converted  by  warming  with  phosphorus 
oxychloride  for  some  hours  into  digallic   acid 
CtiH2(OH)s.CO.O.C6H2(OH)2C02H  which  is  pro- 
bably identical  with  tannin  (Schiff,  A.  170, 49).— 
10.  Gallic  acid  (12  pts.)  is  converted  by  heating 
with  cinnamic  acid  (10  pts.)  and  H2S04  (150  pts.) 
at  50°  into  styrogallol  C16H1005  (E.  Jacobsen  a. 
Julius,  B.  20,  2588). — 11.  By  heating  with  am- 
monium carbonate  in  a   sealed  tube   an  acid 
C8Ha07  is  formed. — 12.  Formic  aldehyde  forms 
C16H12010  and  C16H140U  (Baeyer,  B.  5,  1096).— 

13.  By  heating  with  arsenic  acid  to  120°  ellagic 
acid  C14H6O8  is  formed  (Lowe,  Z.  [2]  4,  603).    If 
the  product  insoluble  in  water  and  consisting 
chiefly  of  ellagic  acid  be  treated  with  sodium  - 
amalgam,  acidified,  and  shaken  with  ether,  several 
substances  are  extracted,  viz. :  two  crystalline 
substances  C14H,007  and  C12H,0O8,  both  si.  sol. 
water,  and  a  more  soluble  crystalline  body  (Bem- 
bold,  A.  156,  116). 

Salts.  —  NH4A'aq  :  slender  needles  (from 
water).  Obtained  by  passing  NH3  into  an  alco- 
holic solution  of  gallic  acid. — K2HA'3aq :  pre- 
pared by  adding  an  alcoholic  solution  of  KOH 
gradually  to  an  alcoholic  solution  of  gallic  acid 
until  the  pp.  begins  to  be  permanent ;  the  liquid 
is  then  shaken,  when  a  flaky  pp.  separates.  The 
pp.  is  washed  with  alcohol,  dissolved  in  water, 
concentrated,  and  ppd.  by  alcohol  in  colourless 
needles  (Biichner,  A.  53,  187).  —  NaA'3aq  : 
slender  needles  ;  prepared  as  the  K  salt. — 
BaA'23aq  :  prepared  by  neutralising  a  boiling 
solution  of  gallic  acid  with  BaC03,  filtering,  and 
rapidly  concentrating.  Small  plates ;  si.  sol. 
water,  insol.  alcohol. — Ba2C7H205  5aq :  v.  supra. — 
SrA'24aq  :  small  needles  ;  prepared  like  the  Ba 
salts  ;  si.  sol.  water,  insol.  alcohol. — CaA'2  2aq  : 
crusts  of  adherent  needles ;  prepared  like  the 
Ba  salt. — MgC7H4052aq:  obtained  by  boiling 
magnesium  acetate  with  excess  of  gallic  acid, 
evaporating  to  dryness,  and  treating  with  alco- 
hol to  remove  free  gallic  acid.  Light  white 
powder  ;  si.  sol.  water. — Mg3(C7H305)2  6aq. — 
Al,(C7H205)34aq?  Flocculent  pp.  S.  2-02  at 
20° ;  -84  at  100°  (Lidoff,  J.  E.  1882,  195  ;  C.  J. 
42,  849).— ZnC7H405ZnO  ;  deposited  as  a  bulky 
white  pp.  when  gallic  acid  is  added  to  a  solution  of 
zinc  acetate. — CoC7H4O53aq:  crimson  powder. — 
MnC7H4O5aq:  crystalline  powder,  turns  brown 
in  air.— PbC7H4O5iaq  ;  obtained  as  a  white  pp. 
which  becomes  crystalline  by  adding  lead  acetate 
to  an  excess  of  a  boiling  solution  of  gallic  acid 
(Liebig,  A.  26,  128).-Pb3(C7H,05)2PbO  :  yellow 
crystalline  salt ;  formed  by  boiling  the  preced- 
ing pp.  in  its  mother  liquor.— SnC,H403SnO  : 
white  crystalline  powder,  obtained  by  adding 


gallic  acid  to  a   solution  of   SnCl4  previously 
neutralised  by  NH3. 

Acetyl  derivative  C6H2(pAc)3.C02H. 
[166°].  Formed  by  boiling  gallic  acid  with  AcCl 
or  Ac20  (Nachbaur,  J.  pr.  72,  431 ;  Schiff,  A. 
163,  209  ;  Bottinger,  A.  246, 125).  Prisms  (from 
water) ;  si.  sol.  hot  water,  v.  sol.  alcohol  and  ether. 
Gives  no  colour  with  FeCl3. 

Bromo-acetyl    derivative 
C6H2(OH)2(O.C2H2BrO).C02H.    From  gallic  acid 
and  bronio-acetyl  bromide  (Priwoznik,  B.  3,  644). 
Amorphous. 

Benzoyl  derivative  C6H2(OBz)3C02H. 
Amorphous ;  softens  at  85°  (Schiff). 

Methyl  ether  CsH2(OH)3.C02Me.  [192°]. 
V.  sol.  water  and  alcohol  (Will,  B.  21,  2020). 

Tri-methyl   derivative 
C6H2(OMe)3.C02H.   [167°].    Needles  (from  ether 
or  water)  (W.). 

Methyl  ether  of  the  trimethyl  de- 
rivative C6H2(OMe)3.C02Me.  [81°].  (275°).  (W.). 

Ethyl  ether  C6H2(OH)3.C02Et.  [141°] 
(Etti,  B.  11,  1882) ;  [150°]  (E.  a.  Z.) ;  [158°] 
(G.).  Formed  by  passing  HC1  into  a  solution 
of  gallic  acid  (1  pt.)  in  alcohol  (4  pts.  of  80  p.c.), 
evaporating  at  70°  until  the  liquid  gets  thick, 
adding  BaC03,  and  extracting  the  solid  mass 
with  ether  (Grimaux,  Bl.  [2]  2,  94  ;  Schiff,  A.  163, 
217).  Prisms  (containing  2^  aq)  or  anhydrous 
crystals  (from  chloroform)  (Ernst  a.  Zwenger, 
A.  159,  28).  [90°]  when  hydrated  ;  [140°-158°] 
when  anhydrous.  SI.  sol.  cold,  v.  sol.  hot,  water ; 
v.  sol.  alcohol  and  ether ;  v.  si.  sol.  CHC13.  Gives 
a  blue  pp.  with  FeCl3.  Eeduces  ammoniacal 
AgN03  and  AuCl3.  Split  up  by  dry  distillation 
into  alcohol,  C02,  and  pyrogallol.  An  aqueous 
solution  saturated  by  NaHC03  gives  small 
crystals  of  C7H4NaEt05,C7H5Et05.  SI.  sol.  cold 
water;  on  heating  with  water  sodium  ellagate 
CJ4H5NaO8  separates.  Gallic  ether  gives  a  pp. 
with  aqueous  Pb(OAc)2,  which  when  dried  at 
100°  has  the  composition  Pb3(C7H2Et05)2. 

Tri-acetyl  derivative  of  the  ethyl 
ether  C6H2(OAc)3C02Et.  Oil,  slowly  becoming 
crystalline.  Forms  no  pp.  with  lead  salts. 

Isoamyl  e^erC6H2(OH)3.C02C5Hn.  [139°]. 
Slender  glittering  needles ;  si.  sol.  cold  water, 
v.  sol.  alcohol  and  ether. 

Tri-ethyl-gallic  acid  C6H2(OEt)3.C02H. 
[112°].  Colourless  crystals.  Sol.  hot,  si.  sol. 
cold,  alcohol.  Formed  by  boiling  its  ethyl-ether 
with  alcoholic  KOH.  Salts .— A'Ag :  [c.  200°] ; 
crystalline  solid;  si.  sol.  cold  water. — A',Ba: 
very  soluble  crystals.  Ethyl  ether 
C6H2(OEt)3C02Et :  [51°]  ;  glistening  needles  ;  v. 
sol.  alcohol,  ether,  and  benzene.  Formed  by 
heating  the  ethyl-ether  of  gallic  acid  with  ethyl 
iodide  and  alcoholic  KOH  (Will  a.  Albrecht,  B. 
17,  2099). 

Amide  C6H2(OH)3CONH2.  [243°].  Formed 
by  the  action  of  ammonia  and  ammonium  sul- 
phite on  a  moderately  concentrated  alcoholic  solu- 
tion of  tannin,  the  crude  product  being  fraction- 
ally crystallised  from  hydrochloric  acid  (A.  a.  W. 
Knop,  J.  pr.  56,  329 ;  H.  Schiff  a.  Pons,  G.  15, 
177 ;  B.  18, 487).  Large  plates  (containing  1| aq); 
si.  sol.  cold  water.  Completely  decomposed  at 
245°.  Does  not  combine  with  HC1.  Decomposed 
by  boiling  with  acids  or  alkalis  into  gallic  acid 
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and  NH3.  The  lead  compound  is  a  heavy  white 
powder,  the  copper  compound 

CtiH2(OH)(02Cu).CONH2 

is  an  azure-blue  powder.  The  acetyl  derivative 
C6H2(OAc)3.CONH2  forms  aggregates  of  colour- 
less crystals,  [c.  150°]  sol.  water,  alcohol,  HO  Ac, 
and  benzene. 

Bromo-gallic  acid  C6HBr(OH)3C02H.  [above 
200°].  Formed,  together  with  the  di-bromo-  acid, 
by  rubbing  gallic  acid  with  bromine  (Grimaux, 
Bl.  [2]  7,  479  ;  Hlasiwetz,  A.  142,  250).  Mono- 
clinic  plates  or  needles  (from  water) ;  si.  sol.  cold 
water.  Coloured  by  lime  or  baryta-water  suc- 
cessively red,  greenish,  and  orange.  FeCl3  colours 
it  blue-black ;  alkalis  give  an  orange-yellow 
colour. 

Di-bromo-gallic  acid  C,.Br2(OH)3C02H.  [140°] 
(G.) ;  [150°]  (Etti).  Formed  as  above,  using 
excess  of  Br.  Long  brittle  needles  or  plates 
(containing  aq  at  100°).  SI.  sol.  cold  water; 
coloured  successively  rose,  light  green,  and  dark 
red  by  lime  or  baryta-water.  Its  ethereal  solu- 
tion is  turned  indigo-blue  by  baryta-water.  Al- 
kalis form  an  orange  solution,  turned  rose-red  on 
dilution.  FeCl3  gives  a  blue-black  solution.  With 
Ag20  it  gives  C02  and  pyrogallol  (Priwoznik,  B. 
3,  644).  AcCl  gives  a  tetra  (?  tri-  )  acetyl  deri- 
vative crystallising  in  needles  [91°]  (P.). 

GALLIN  v.  GALLEIN. 

GALLISIN:  c,2H24o10    [op- 77-3-82-7.  The 

cupric  reducing  power  of  10'98  grams  =  that  of 
5  grams  of  glucose.  Occurs  in  commercial 
glucose  (starch  sugar),  from  the  unfermentable 
residue  of  which  it  is  obtained  by  evaporating 
to  a  syrup  and  repeatedly  treating  with  absolute 
alcohol,  and  finally  with  a  mixture  of  alcohol 
and  ether,  till  all  the  water  has  been  removed, 
leaving  the  substance  as  a  fine  powder.  White 
amorphous  powder.  Very  deliquescent.  Not  fer- 
mentable by  yeast.  Slightly  sweet  insipid  taste. 
It  is  insoluble  in  ether,  very  slightly  in  absolute 
alcohol,  more  easily  in  methyl  alcohol  and  acetic 
acid.  It  gives  no  pps.  with  Pb(OAc)2,  HgCl2, 
Fe2Cl6,  or  BaCl2.  It  reduces  AgN03  and  Feh- 
ling's  solution.  By  heating  with  acids  it  is  con- 
verted into  glucose. 

Salts. — C24H22BaOi0  3aq  :  white  pp.  formed 
by  adding  baryta  to  gallisin  in  aqueous  alcoholic 
solution. — C,2H23K010 :  hygroscopic  powder. — 
Ci2H22PbOi0PbO :  easily  soluble  white  powder. 

Hexa-acetyl  derivative  Ci2Hi804(OAc)6 : 
colourless  glassy  mass,  insol.  water,  e.  sol.  alco- 
hol, ether,  benzene,  CS2»  &c.  (Schmitt  a.  Cobenzl, 
B.  17,  1000,  2456). 

GALLIUM  Ga.  At.  w.  69'9.  Mol.  w.  unknown 
as  V.D.  of  element  has  not  been  determined. 
[30-15°].  S.G.  g°  5-96  solid ;  6-07  liquid.  S.H. 
•079  solid ;  -0802  liquid.  Latent  heat  of  fusion 
=  1911  gram-units.  Melted  Ga  remains  liquid 
at  temperatures  considerably  under  the  M.P.,  but 
solidifies  by  contact  with  a  trace  of  solid  Ga ; 
other  metals  do  not  cause  solidification.  The 
metal  crystallises  in  quadratic  octahedra.  Cha- 
racteristic lines  in  the  emission-spectrum  are 
4170  and  4031 ;  both  lines  have  been  reversed 
by  Liveing  and  Dewar  (Pr.  28,  471). 

Gallium  was  discovered  by  Lecocq  de  Bois- 
baudran  in  August  1875  in  zinc-blende  from 
Pierrefitte  (Hautes-Pyrendes) ;  the  observation 
of  two  violet  lines  in  the  spark-spectrum  of  this 


blende  led  to  the  discovery  of  the  new  element. 
The  properties  of  Ga  were  found  to  be  those  of 
the  element  eka-aluminium  as  predicted  by  Men- 
delejeff  (v.  Chemical  relations  of  Gallium). 

References. — The  memoirs  of  Lecocq  de  Bois- 
baudran  are  contained  in  C.  R.  81,  493,  1100 ; 
82,  168,  1036, 1098 ;  83,  611,  636, 663, 824, 1044  ; 
86,  756,  941,  1240;  93,  294,  329,  816;  94,  695, 
1154,  1227,  1439,  1625 ;  95,  18,  157,  410,  503, 
703,  1192,  1332 ;  and  with  Jungfleisch  in  C.  R. 
86,  475,  577.  There  are  also  memoirs  by  Ber- 
thelot  in  C.  R.  86,  786  ;  Dupre,  C.  R.  86,  '« *\)  , 
Mendelejeff,  C.  R.  81,909;  Nilson  a.  Pettersson, 
C.  R.  91,  232.  A  general  account  of  gallium  13 
given  by  de  Boisbaudran  in  Fremy's  Encyclo- 
pedie  Chimique,  tome  iii.  cahier  5,  pp.  202  et 
seq.  [1884]. 

Occurrence. — In  very  small  quantities  in  va- 
rious zinc-blendes,  and  in  many  specimens  of 
commercial  zinc.  The  best  source  of  the  metal 
is  the  blende  from  Bensberg  on  theEhine;  de 
Boisbaudran  and  Jungfleisch  obtained  52  grams 
of  pure  gallium  from  4300  kilos,  of  this  blende. 

Testing  blendes  for  gallium. — The  blende  is 
treated  with  aqua  regia,  the  solution  is  heated 
to  remove  nitric  acid ;  when  cold,  zinc  (free  from 
Ga)  is  added ;  various  metals  are  thus  ppd. ; 
while  H  is  still  being  evolved  the  liquid  is  poured 
through  a  filter  ;  large  excess  of  Zn  is  added,  and 
the  liquid  is  boiled  until  a  white  pp.  forms  ;  this 
pp.  is  collected,  washed,  and  dissolved  in  HClAq  ; 
the  solution  is  concentrated  to  a  small  volume, 
and  examined  by  causing  a  small  induction- 
spark  to  play  over  the  surface  of  the  liquid,  and 
passing  the  light  through  a  spectroscope.  10 
grams  of  a  gallium-containing  blende  is  sufficient 
to  give  the  chief  spectral  lines  of  Ga. 

Preparation. — 1.  The  powdered  blende  is 
treated  with  aqua  regia,  excess  of  blende  being 
always  present  in  order  to  saturate  the  nitric 
acid  ;  to  the  filtered  liquid,  when  cold,  Zn  (free 
from  Ga)  is  added ;  Sb,  As,  Bi,  Cd,  Cu,  Au,  In, 
Pb,  Hg,  Ag,  Tl,  Sn,  and  Se  if  present,  are  thus 
ppd. ;  while  H  is  still  coming  off,  the  liquid  i,; 
filtered ;  the  filtrate  is  boiled  with  a  large  excess 
of  Zn  until  a  white  pp.  appears ;  this  pp.  con- 
tains all  the  Ga  as  hydrated  oxide  (or  as  a  basic 
salt)  mixed  with  A1203,  basic  salts  of  Fe,  Zn,  Cr, 
Co,  and  some  Si02.  The  pp.  is  dissolved  in 
HClAq,  and  H2S  is  passed  into  the  liquid ;  the 
pp.  is  removed  by  filtration ;  NH4C2H302Aq  or 
NaC2H302Aq,  and  acetic  acid  are  added  to  the 
filtrate,  which  is  then  ppd.  by  H2S  ;  it  is  advi- 
sable to  ppt.  fractionally  and  to  continue  until 
the  filtered  liquid  ceases  to  show  Ga  lines  in  the 
spectroscope  ;  if  the  filtrate  from  the  last  batch 
of  pp.  shows  the  lines  of  Ga,  a  zinc  salt  must  be 
added  and  the  process  of  ppn.  repeated.  The 
pp.  by  H2S,  which  contains  all  the  Ga,  is  well 
washed  and  then  dissolved  in  HClAq  ;  the  Ga  is 
then  ppd.  by  one  of  the  following  methods  :  (1) 
the  solution  is  boiled  with  as  small  an  excess  of 
Zn  as  suffices  to  ppt.  the  Ga ;  (2)  the  solution  is 
boiled  till  H2S  is  all  off,  and  then  fractionally 
ppd.  by  NH3Aq  or  NaOHAq ;  (3)  H2S  is  removed, 
and  Ga  oxide  is  ppd.  by  addition  of  BaC03  or 
CaC03.  The  crude  Ga  oxide  obtained  by  one  of 
these  methods  is  washed  and  dissolved  in  HClAq ; 
some  Na2S03  is  added  (to  reduce  FeCl3  to  Fed,), 
and  the  liquid  is  boiled  for  some  time  ;  excess  of 
CaC03  is  then  added,  and  the  liquid  is  filtered  at 
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once,  as  far  as  possible  out  of  contact  with  air ; 
this  treatment  is  repeated  twice ;  the  greater 
part  of  the  impurities  is  thus  removed.  The 
ppd.  Ga  oxide  mixed  with  CaC03  is  dissolved  in 
HClAq ;  NH3Aq  is  added  in  excess,  and  the  liquid 
is  boiled  until  it  shows  an  acid  reaction,  water 
being  added  from  time  to  time ;  the  pp.  is  dis- 
solved in  H2S04Aq,  and  the  liquid  is  evaporated 
until  white"  fumes  come  off;  the  last  traces  of 
chlorides  are  thus  removed.  To  the  sulphate  is 
added  considerable  excess  of  pure  KOH  (free 
from  chloride).  After  gentle  warming  the  liquid 
is  filtered  (oxides  of  Fe  and  In  are  thus  removed), 
and  the  strongly  alkaline  liquid  is  electrolysed, 
Pt  electrodes  are  used,  and  the  positive  plate 
should  be  6  to  10  times  larger  than  the  negative. 
The  Ga  is  removed  by  the  finger  from  the  Pt 
plate  under  warm  water,  and  allowed  to  stand  for 
an  hour  or  two  in  water  acidulated  with  pure 
HC1,  and  then  in  dilute  pure  potash  solution  for 
a  little  at  50°-60° ;  it  is  then  washed  with  water. 
2.  Iron  may  be  used  in  place  of  zinc  to  effect  the 
reduction  of  the  solution  of  the  blende ;  only  a 
little  Cd,  Pb,  &c.,  are  thus  ppd.,  so  that  the  first 
filtration  is  omitted.  The  liquid  containing  Fe 
is  boiled  till  a  white  pp.  forms,  CaC03  in  slight 
excess  is  added,  and  the  liquid  is  filtered  at  once. 
The  pp.  is  dissolved  in  HClAq,  and  the  liquid  is 
reppd.  by  CaC03,  Na2S03  being  added  to  prevent 
oxidation  of  ferrous  iron.  Finally  the  pp.  is  dis- 
solved in  HClAq,  and  oxides  of  Or  and  Al  are 
removed  by  one  of  the  following  methods : 
(1)  tartaric  acid  and  a  Mn  salt  are  added,  and 
then  excess  of  NH3Aq ;  addition  of  NH4  sulphide 
then  ppts.  MnS,  and  with  it  all  the  Ga ;  this 
treatment  is  repeated  two  or  three  times ;  the 
pp.  is  then  dissolved  in  HClAq,  digested  when 
cold  with  CaCO3,  and  the  ppd.  Ga  oxide  mixed 
with  CaC08  is  heated  as  directed  in  1 ;  (2)  K4FeCy6 
is  added  to  the  solution  in  HC1;  the  pp.  is 
washed  with  water  containing  %  to  £  its  weight 
cone.  HClAq;  the  ferrocyanide  pp.  is  then  dried 
and  fused  with  KHS04,  and  the  fused  mass  is 
treated  with  water ;  to  the  solution  excess  of 
NHgAq  is  added,  and  it  is  then  boiled  for  some 
time ;  the  pp.  is  washed  and  dissolved  in  HClAq, 
and  this  liquid  is  treated  with  Na2S03and  CaC03 
as  directed  in  1. 

Properties.— A  grey  metal,  with  greenish-blue 
reflection ;  fairly  hard ;  crystallises  in  quadratic 
octahedra ;  brittle,  but  may  be  hammered  into 
thin  plates,  which  can  be  bent  without  breaking. 
When  melted,  Ga  is  a  silver- white  liquid  with 
faint  reddish  reflection.  It  melts  at  30-15°  and 
remains  liquid  nearly  to  2°  ;  if  a  small  piece  of 
solid  Ga  is  placed  in  the  liquid  metal  below 
30'15°  the  whole  solidifies ;  metals  other  than 
Ga  fail  to  produce  solidification.  According  to 
J.  Eegnauld,  liquid  Ga  is  electronegative  to  solid 
Ga  (C.  B.  86, 1457).  Ga  is  unchanged  in  air  or 
boiJing  water.  Heated  in  air  to  full  redness  it 
does  not  volatilise,  and  is  oxidised  only  super- 
ficially. It  is  superficially  oxidised  when  heated 
to  redness  in  dry  0.  The  atomic  weight  of  Ga 
has  been  determined  (1)  by  converting  a  known 
mass  of  the  metal  into  oxide  (De  Boisbaudran, 
C.  B.  86,  941) ;  (2)  by  strongly  heating  gallium- 
ammonium  alum  (De  B.,  I.e.) ;  (3)  from  determi- 
nations of  the  V.D.  of  GaCl3,  GaCl2  (Nilson  a. 
Pettersson,  C.  J.  Trans.  1888.  822) ;  (4)  by  deter- 
mining S.H.  of  Ga;  (5)  by  establishing  that 


Ga-NH4  sulphate  is  isomorphous  with  alum, 
and  hence  assigning  a  formula  to  the  Ga  com- 
pound (v.  also  Chemical  relations  of  Gallium). 
As  the  chlorides  GaCl3  and  GaCl2  have  both 
been  gasified  (Nilson  a.  Pettersson,  C.  J.  Trans. 
1888.  822)  the  atom  of  Ga  appears  to  be  both 
divalent  and  trivalent  in  gaseous  molecules. 

Reactions. — 1.  Heated  to  full  redness  in  air, 
or  oxygen,  Ga  is  superficially  oxidised.— 2.  Does 
not  decompose  water  at  100°. — 3.  Dissolved 
slowly  by  hydrochloric  acid  with  evolution  of  H. 
4.  Warm  nitric  acid  dissolves  Ga,  forming 
nitrate.— 5.  Slowly  dissolved  by  potash  solution, 
also  by  ammonia. — 6.  Combines  rapidly  with 
chlorine  at  ordinary  temperature,  more  slowly 
with  bromine,  and  with  iodine  only  when  heated. 
7.  Alloys  very  easily  with  aluminium ;  the  alloys 
decompose  cold  water  rapidly. 

Separation  and  Estimation  of  Gallium ;  v. 
De  Boisbaudran,  C.  B.  93,  816  ;  94,  1154,  1227, 
1439,  1625 ;  95,  157,  410,  503,  703,  1192,  1332. 

Chemical  relations  of  Gallium. — Gallium  is 
the  fourth  member  of  Group  III.,  in  the  group- 
ing of  the  elements  according  to  the  periodic 
law.  When  Mendelejeff  published  his  first  ex- 
tensive memoir  on  the  periodic  law,  he  was 
obliged  to  leave  the  positions  III.-4  and  III. -5  un- 
filled; none  of  the  known  elements  could  be 
placed  in  either  of  these  places.  Mendelejeff, 
however,  predicted  the  properties  of  the  elements 
which  would  be  discovered  to  fill  the  vacancies. 
One  of  the  two  unknown  elements  was  assigned 
a  place  in  series  5.  Now  the  differences  between 
the  values  of  the  atomic  weights  of  the  elements 
in  series  3  and  5,  beginning  with  Group  I.  (and 
omitting  Group  III.  as  the  unknown  element  we 
are  considering  is  placed  in  that  group)  are,  40 
in  Group  I.,  41  in  Group  II.,  44  in  Group  IV., 
44  in  Group  V.,  47  in  Group  VI.,  and  44-5  in 
Group  VII.  Hence,  it  was  argued,  the  differ- 
ence will  be  about  42  in  Group  III. ;  but  the 
element  in  III.-3  is  Al  with  at.  w.  27 ;  hence  the 
unknown  element  in  III.-5  will  have  an  at.  w.  of 
about  27  +  42  =  69.  By  tabulating  the  differences 
between  the  atomic  weights  of  elements  in  series 
4  and  5,  of  course  omitting  Group  III.,  the 
following  numbers  are  obtained ;  24,  25,  — ,  24, 
24,  27,  25.  Hence  in  Group  III.  the  difference 
will  be  about  25  ;  but  there  was  a  gap  in  series 
4  Group  III.,  hence  it  was  necessary  first  of  all 
to  calculate  a  value  for  the  at.  w.  of  the  unknown 
element  which  ought  to  find  a  place  in  III.-4, 
and  then  to  add  25  to  this  value.  The  result 
was  that  the  element  in  III. -4  should  have  the 
at.  w.  44  ;  hence,  44  +  25  =  69.  Having  thus  de- 
termined the  at.  w.  of  the  element  which  would 
be  placed  in  III.-5  when  it  was  discovered,  Men- 
delejeff proceeded  to  determine  the  properties  of 
this  element  by  studying  (1)  the  properties  of 
the  members  of  Group  III.,  (2)  the  properties  of 
the  members  of  series  5,  (3)  the  relations  between 
Group  III.  as  a  whole  and  other  groups,  especi- 
ally considering  the  position  of  the  group  in  the 
complete  scheme  of  classification,  and  (4)  the 
relations  of  series  5  to  other  series.  Group  III.  is 
on  the  whole  composed  of  metals ;  the  only 
decided  non-metal  is  B  ;  but  B  is  succeeded  by 
the  metal  Al.  As  the  unknown  element  would 
come  next  but  one  to  Al,  and  would  be  followed 
by  Y,  La,  In,  Yb,  Tl,  it  would  certainly  be  a 
metal,  and  would  resemble  Al  generally.  Then 
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considering  that  the  unknown  element  would 
follow  the  metals  Cu  and  Zn,  in  series  5,  and 
would  be  followed  by  the  element  As  which  is 
both  metallic  and  non-metallic,  As  being  suc- 
ceeded by  the  non-metals  Se  and  Br,  it  might 
safely  be  asserted  that  the  unknown  element 
would  be  metallic,  but  probably  less  metallic 
than  Cu  and  Zn.  The  composition  and  proper- 
ties of  the  compounds  of  the  Al  group  of  ele- 
ments determined  the  general  composition  and 
properties  of  the  compounds  of  the  unknown 
metal ;  it  would  form  an  oxide  M203,  a  chloride 
M,C16  or  MC13,  it  would  form  salts  M?3S04, 
M3N03,  &c.  Then,  considering  the  position  of 
the  element  as  regards  Al,  it  was  argued  that  the 
relations  of  this  body,  when  discovered,  to  Al 
would  be  somewhat  similar  to  those  of  Zn  to  Hg, 
or  As  to  P,  or  Se  to  S.  But  as  Zn  is  less  like 
Hg  than  As  is  like  P,  and  as  As  is  less  like  P 
than  Se  is  like  S,  it  was  concluded  that  the  re- 
semblance between  the  new  element  and  Al 
would  be  fairly  close,  although  not  quite  so 
marked  as  that  between  As  and  P,  or  Se  and  S  ; 
hence,  it  would  probably  form  an  alum.  Guided 
by  such  reasoning  as  this,  Mendelejeff  was  able 
to  tabulate  precisely  the  properties  of  the  ele- 
ment which  he  placed  in  III.-5,  and  to  which  he 
gave  the  name  of  eka-aluminium.  The  proper- 
ties of  gallium  were  found  to  agree  extremely 
closely  with  those  of  eka-aluminium  (v.  table  in 
vol.  i.  p.  352). 

Lecocq  de  Boisbaudran  calculated  the  at.  w. 
of  Ga  by  comparing  its  spectrum  with  those  of 
analogous  elements,  and  comparing  this  result 
with  the  spectral  relations  of  similar  elements, 
the  at.  ws.  of  all  of  which  were  known.  The  at. 
ws.  of  the  three  similar  elements  K,  Bb,  Cs,  show 
the  following  relations : — 

At.  w.       Differences 
K.    .    .    39-1          4fi.2fi 
Eb     .    .    85-36  1-38 

Cs     .    .  133  47-64 

The  increase  in  at.  w.  from  Eb  to  Cs  =  increase 
from  K  to  Eb  x  1  +  -02983.  Then  comparing  the 
wave-lengths  of  the  chief  pairs  of  lines  in  the 
spectra  of  these  three  elements,  we  get  this 
result : — 

Wave-lengths    Means    Differences 


K   . 


58311 


*  5812/ 
R,  62971 

Eb  •     •  6203  / 
69751 


Cs  . 


'  6723  / 


5821 
6250 
6849 


429 
599 
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The  increase  in  wave-length  from  Eb  to  Cs 
=  increase  from  K  to  Eb  x  1  +  -3963. 

Turning  now  to  the  three  elements  of  which 
Ga  forms  the  middle  member,  we  have : — 

At.  w.        Differences 
Al    .     .     .    27-5"| 
Ga  .    .    .      ?      }>        86-0 
In    ...  113-5  J 

And  tabulating  the  wave-lengths  of  the  principal 
pairs  of  lines,  we  have : — 

Wave-lengths    Means    Differences 

3963  \ 
'  3944  / 

Ga.  .  fil?l   4100        59 

206 
4306 


Al 


3953 


147 


4511 


The  increase  in  the  wave-length  from  Ga  to 
In  =  increase  from  Al  to  Ga  x  1  +  -4014.  Then 
if  it  is  assumed  that  the  increase  in  wave-length 
(A)  is  related  to  the  increase  in  atomic  weight  (a) 
similarly  in  both  sets  of  elements,  we  have  the 
statement : — 

XK  to  Cs  :  oK  to  Cs  =  XA1  to  In  :  oAl  to  In 
•3963    :     -02983   =       -4014    :       x 
and  x  =  -030214. 

Now,  putting  the  difference  of  at.  w.  between 
Al  and  Ga  as  A,  the  difference  between  Ga  and 
In  as  B,  we  find  that  B  =  A(l  +  -030214) ;  and  as 
A  x  (2  + -030214)  =  86,  it  follows  that  A  =  42-36, 
and  B  =  43-64 ;  hence  the  at.  w.  of  Ga  is  found 
to  be  (1)  27-5  +  42-36  =  69-86,  and  (2)  113-5  -  43-64 
=  69-86.  The  observed  at.  w.  is  69'9. 

For  the  properties  of  the  elements  of  Group 
III.,  to  which  Ga  belongs,  v.  EARTHS,  METALS  OF 
THE,  p.  424. 

Gallium  bromides.  Ga  and  Br  combine  di- 
rectly to  form  a  colourless  crystalline  mass, 
which  is  less  volatile  than  GaCl3.  Probably  two 
bromides,  GaBr2  and  GaBr3,  are  produced ;  but 
they  require  further  investigation. 

Gallium  chlorides.  Two  are  known,  GaCl2 
and  GaCl3.  Both  have  been  gasified. 

GALLIUM  BICHLORIDE  GaCl2.  Mol.  w.  140-64. 
V.D.  at  1000°-1400°  60-6  (Nilson  a.  Pettersson, 
C.  J.  53,  825).  Prepared  by  heating  Ga  in  01, 
keeping  the  metal  in  excess  ;  or  better,  by  heat- 
ing GaCl3  with  Ga  for  a  long  time,  and  then  dis- 
tilling in  dry  C02  (N.  a.  P.,  I.e.).  White* transpa- 
rent crystals,  melting  at  164°,  and  boiling  at  c. 
535°.  When  melted  it  may  be  kept  for  a  long 
time  without  solidifying.  Vapour  fumes  in  the 
air.  Deliquesces  in  moist  air  to  a  clear  liquid  ; 
addition  of  water  causes  ppn.  of  a  grey  solid 
(?  oxy chloride  or  suboxide,  or  GaCl  v.  N.  a.  P., 
I.e.),  and  evolution  of  H.  Solution  of  GaCl2  in 
HClAq  reduces  KMn04Aq.  At  a  white  heat 
GaCl2  appears  to  decompose  into  Cl  and  a  lower 
chloride  (N.  a.  P.,  Z.C.). 

GALLIUM  TRICHLORIDE  Ga013.  Mol.  w.  176-01. 
V.D.  440°  to  c.  1000°  89;  at  350°  V.D.  =  128 
(Nilson  a.  Pettersson,  C.  J.  53,  824).  V.D.  237°- 
307°  161-6;  at  377'6°  V.D.  =  113-2  (Friedel  a. 
Crafts,  C.  B.  107,  306).  These  results  point  to 
the  existence  of  Ga2Cle  at  c.  250°,  and  to  the 
gradual  dissociation  of  this  molecule  into  GaCl3. 
S.G.  g?  2-36. 

GaCl3  may  be  prepared  by  heating  Ga  in 
excess  of  Cl,  and  distilling  the  product  in  N,  or 
by  heating  Ga  in  dry  HC1  gas  free  from  air.  It 
forms  long  white  needles,  which  melt  at  75-5° 
and  boil  at  c.  215°-220°.  When  melted  it  re- 
mains liquid  at  temperatures  below  its  m.p. 

Molten  GaCl3  absorbs  gases  readily,  e.g.  N 
and  01,  and  gives  them  off  again  on  crystallising. 
It  is  deliquescent  in  moist  air;  dissolves  in 
water  with  production  of  much  heat.  When 
this  solution  is  evaporated  an  amorphous  mass 
is  obtained,  which  absorbs  moisture  and  becomes 
gelatinous.  When  this  gelatinous  substance  was 
kept  in  closed  tubes  for  several  years  small 
crystals  were  obtained  having  the  composition 
Ga,ClrGfttO,.13H10  (L.  de  B.).  At  about  1100° 
GaCL  begins  to  decompose  into  GaCL  and  01 
(N.  a.  P.,  l.c.). 
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Gallium  ferrocyanide  is  ppd.  as  a  white  salt 
by  adding  K4FeCy6Aq  to  solution  of  GaCl3.  Com- 
position not  determined. 

Gallium  iodides.  Two  probably  exist,  cor- 
responding with  the  two  chlorides ;  but  they  have 
not  been  thoroughly  investigated.  Ga  and  I 
combine  when  heated  together. 

Gallium  oxides.    Two  probably  exist. 

GALLIUM  MONOXIDE  (?  GaO)  is  probably  formed 
by  heating  Ga203  to  redness  in  a  stream  of  H. 
The  substance  thus  formed  is  a  greyish-blue 
mass,  which  dissolves  in  HN03Aq  and  in  dilute 
HClAq;  the  solution  in  HClAq  decolourises 
KMn04Aq. 

GALLIUM  SESQUIOXIDE  Ga203.  White  solid, 
formed  by  heating  Ga3N03.  Dissolves  in  acids 
to  form  Ga  salts.  Does  not  melt  at  white  heat. 
Beduced  to  Ga  by  H  at  a  high  temperature. 
S.H.  -1062.  Hydrated  gallium  oxide  (?  Ga03H3) 
is  ppd.  from  solutions  of  Ga  salts  by  carbonates 
and  bicarbonates  of  the  alkalis.  It  is  sol.  in 
excess  of  the  pptant.,  more  sol.  NH3Aq  and 
(NH4)2C03Aq,  and  v.  sol.  KOHAq. 

Gallium,  salts  of.  Only  a  few  salts  have 
been  prepared.  The  chief  are  Ga3NOs  and 
Ga23SO4  (-y.  NITRATES  and  SULPHATES).  They  are 
obtained  by  dissolving  Ga203  in  acids  and  evapo- 
rating. The  sulphate  forms  an  ammonia-alum 
Ga23S04.(NH4)2S04.24H20. 

Sulphydric  acid  does  not  ppt.  Ga  salts.  If, 
however,  the  solution  is  alkaline,  or  is  acidified 
by  a  weak  acid,  and  a  metal  is  present  whose 
salts  are  ppd.  by  H2S,  e.g.  Zn,  then  the  Ga  is  also 
ppd.  Potash  ppts.  Ga  salts ;  the  pp.  is  e.  sol. 
in  excess  of  the  pptant.  Potassium  ferrocyanide 
gives  a  pp.  with  so  little  as  ^-^  part  of  a 
Ga  salt  in  an  HC1  solution.  Barium  carbonate 
ppts.  Ga203  in  the  cold.  Zinc  does  not  ppt.  Ga 
from  acid  solutions ;  but  as  soon  as  the  acid  has 
been  neutralised  by  the  Zn  white  flocks  of  Ga203 
ppt. 

Gallium  sulphide.  The  white  pp.  obtained 
by  passing  H2S  into  a  cone,  solution  of  GaCLj  in 
NH3Aq,  to  which  NH4  tartrate  has  been  added,  is 
probably  a  sulphide  of  Ga.  M.  M.  P.  M. 

GALLOCARBOXYLIC   ACID  v.  PYKOGALLOL- 

DI-CABBOXTLIC  ACID. 

GALLOCYANINE  C,5H,2N205.  Formed  by 
heating  gallic  acid  and  the  hydrochloride  of 
nitroso-dimethyl-aniline  in  an  alcoholic  or  HO  Ac 
solution  (Nietzki  a.  Otto,  B.  21,  1740 ;  cf.  Pabst, 
Bl.  [2]  38, 162 ;  Kochlin,  C.  N.  47, 170).  Shiny 
green  needles,  almost  insol.  water,  alcohol,  and 
HO  Ac.  Sol.  alkalis  with  reddish  colour.  Cone, 
acids  dissolve  it  with  reddish-violet  colour.  The 
salts  so  formed  are  decomposed  by  water.  Dyes 
wool,  mordanted  with  chromium,  bluish-violet. 

Anilide  C27H24N404.  Lustrous  green 
needles. 

Methyl  ether  C15HnN205Me.  '  Prune: 
Formed  by  the  action  of  nitroso-dimethyl- 
aniline  hydrochloride  on  the  methyl  ether  of 
gallic  acid.  Is  more  basic  than  gallocyanine 
and  forms  a  crystalline  hydrochloride.  Dyes 
cotton,  mordanted  with  tannin,  or  wool  or  cotton 
mordanted  with  chromium,  bluish-violet. 

Di-acetyl  derivative  of  the  methyl  ether 
C15H9N205MeAcr  Small  greenish  needles  (from 
alcohol). 


GALLOFLAVIN  C1SH609?  Obtained  by  dis- 
solving gallic  acid  (50  g.)  in  alcohol  (875  c.c.) 
and  water  (1000  c.c.),  cooling  to  0°,  adding  135  c.c. 
of  28  p.c.  aqueous  KOH,  and  passing  air  through 
the  solution  (Bohn  a.  Graebe,  B.  20,  2327). 
Greenish-yellow  plates,  si.  sol.  water,  alcohol, 
and  ether.  Dissolves  in  alkalis  and  their  car- 
bonates forming  yellow  solutions.  Dyes  wool, 
mordanted  with  chromium,  yellow.—  C13H4K209: 
greenish-yellow  crystals,  v.  si.  sol.  cold  water ; 
boiling  water  liberates  free  galloflavin. 

Acetyl  derivative  C,3H2Ac409.  [230°]. 
White  needles,  v.  sol.  HOAc. 

Chloro-acetyl  derivative 
C13H2(C2C1H30)409.    [212°]. 

GALLOL  C20H18O7  i.e. 

2|oH)2>CH'c«H^CH2'OH-  Formed  by 

reducing  gallein  (q.  v.)  with  zinc-dust  and  dilute 
H2S04  (Baeyer,  B.  4,  556 ;  Buchka,  A.  209, 264). 
Crystals,  changing  in  the  air  to  a  reddish  powder. 
SI.  sol.  cold  water  and  ether,  v.  e.  sol.  alcohol. 

Penta-acetyl  derivative  C20HJ3Ac507. 
[230°]. 

GAMBOGE.  A  gum-resin  which  appears  to 
be  produced  from  Stalagmites  cambogioides,  a 
tree  growing  in  Siam.  It  contains  about  72  p.c. 
resin  and  20  p.c.  gum.  Its  powder  is  yellow. 
It  is  a  drastic  purgative.  It  dissolves  in  alcohol 
and  ammonia  ;  the  ammoniacal  solution  gives  a 
red  pp.  with  BaCl2,  and  yellow  pps.  with  ZnSO,, 
with  lead  salts,  and  with  AgNO3.  Ether  extracts 
a  red  resin  which  forms  a  yellow  powder ;  it  de- 
composes boiling  alkaline  carbonates  forming 
red  salts  (Buchner,  A.  45,  94  ;  Christison,  A.  76, 
344;  Costelo,  Ph.  [3]  9,  1022).  Potash-fusion 
gives  phloroglucin,  acetic  acid,  isouvitic  acid 
C9H804,  and  pyrotartaric  acid  (Hlasiwetz  a. 
Earth,  A.  138,  61). 

GARDENIN  C14H1206.  [164°].  Extracted 
from  '  dekamali,'  a  resin  from  Gardenia  lucida. 
After  removing  the  volatile  oil  by  distilling  with 
steam,  the  residue  is  extracted  with  weak  spirit, 
from  which  gardenin  crystallises  on  cooling.  It 
may  be  purified  by  successive  crystallisation 
from  benzene  and  petroleum  spirit  (Stenhouse 
a.  Groves,  C.  J.  31,  551 ;  35,  689  ;  cf.  Fliickiger, 
Ph.  [3]  7,  589).  Deep  yellow  crystals.  Almost 
insol.  water,  m.  sol.  alcohol.  Insol.  alkalis,  sol. 
hot  HClAq.  Its  solution  in  HOAc  (30pts.) 
treated  with  HN03  (S.G.  1-45)  gives  gardenia 
acid. 

Gardenia  acid  C,4H]006?  [c.  223°].  Deep 
crimson  needles,  insol.  water,  light  petroleum, 
CS2,  and  almost  insol.  ether  and  benzene.  Sol. 
alkalis. 

Acetyl  derivative  C14H8Ac206.  [244°]. 
Formed  by  the  action  of  glacial  acetic  acid. 
Insol.  water,  light  petroleum,  and  OS2.  Almost 
insol.  ether  and  benzene.  Sol.  alkalis. 

Hydrogardenic  acid  C14H1406.  [190°]. 
Formed  by  the  action  of  H2S03  on  gardenic  acid. 
Flat  needles.  May  be  re-oxidised  to  gardenic 
acid. 

GARLIC  OIL.  Contains  allyl  sulphocyanide 
(Wertheim,^.51,289)  and  a  sesquiterpene  Ci5H2., 
(254°)  (Beckett  a.  Wright,  0.  J.  29,  1). 

GARRYINE.  A  substance  crystallising  in 
cubes  and  occurring  in  the  leaves  and  roots  of 
Qarrya  Fremonti.  It  is  sol.  water  and  alcohol 
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and  gives  a  purple  colour  with  H2S04  (Boss,  Ph. 
[3]  8,  489). 

OASES,  ABSOEPTION  OF.  The  more  im- 
portant chemical  aspects  of  the  absorption  of 
gases  are  treated  in  the  article  DISSOCIATION  ; 
v.  especially  pp.  395-399. 

GASES,  ANALYSIS  OF,  v.  ANALYSIS,  vol.  i. 
pp.  232-247. 

GASES,  COMBINATION  OF,  BY  VOLUME, 
v.  COMBINATION,  CHEMICAL,  LAWS  OF,  pp.  236,  238. 

GASES,  DIFFUSION  OF,  v.  DIFFUSION, 
p.  384  ;  and  also  PHYSICAL  METHODS. 

GASES,  TRANSPIRATION  OF.  The  rate  of 
flow  of  gases  through  capillary  tubes  is  generally 
called  the  transpiration  of  gases.  Measurements 
of  transpiration-constants  are  more  important  in 
physical  than  in  chemical  inquiries. 

GASIPElNE,  a  misprint  for  GALIPEI'NE. 

GAULTHERIA  OIL,  or  Oil  of  Wintergreen,  is 
obtained  from  the  leaves  of  Gaultheria  procum- 
bens,  growing  in  New  Jersey,  by  steam  distilla- 
tion. It  consists  of  methyl  salicylate  (222°) 
mixed  with  a  small  quantity  of  a  terpene  C)0H16 
(160°).  V.D.  4-92  (Cahours,  A.  Ch.  [3]  10,  327 ; 
Procter,  J.  Ph.  [3]  3,  275 ;  A.  48,  66 ;  Bieder- 
mann,  B.  8,  1677). 

GEISSOSPERMINE  C]9H24N202.  [160°]. 
[o]D=  —93-4°  in  a  1-5  p.c.  solution  at  15°.  An 
alkaloid  occurring  in  the  Pereira  bark  (Hesse, 
A.  202,  143 ;  B.  10,  2162).  Small  white  prisms 
(containing  aq),  sol.  dilute  acids  but  reppd.  on 
neutralisation.  SI.  sol.  ether.  Forms  a  purple 
solution  in  cone.  HN03Aq.  It  does  not  reduce 
H2PtCl6  (Wulfsberg,  Ph.  [3]  11,  269).  It  gives 
pps.  with  HgCl2,  with  K2Cr207,  with  potassio- 
mercuric  iodide,  and  with  potassium  picrate. 

Salts.— B'2H2PtCl6 :  yellow  flocculent  pp.— 
Aurochloride:  brown  amorphous  pp. — 
Oxalate:  minute  needles. — Sulphate:  white 
needles. 

GELATIN  v.  PROTEIDS,  Appendix  C. 

GELOSE  C6H1005.  Forms  the  essential  con- 
stituent of  China  moss  or  Hai-Thao  (Payen, 
C.  B.  49,  521 ;  Morin,  C.  B.  90,  924).  Used 
for  finishing  cotton  goods  (Heilmann,  D.  P.  J. 
213,  522).  When  dissolved  even  in  500 
times  its  weight  of  water  it  forms  a  jelly  on 
cooling.  After  drying  it  is  insol.  cold  water, 
alcohol,  ether,  weak  alkalis  or  acids,  and 
Schweizer's  solution.  Dilute  HN08  oxidises  it 
to  mucic  acid.  Its  aqueous  solution  is  ppd.  by 
alcohol.  Dilute  HC1,  acetic  acid,  and  oxalic 
acid  deprive  it  of  its  property  of  gelatinising; 
heating  with  water  under  6  atmospheres'  pres- 
sure has  a  like  effect.  A  10  p.c.  aqueous  solu- 
tion is  laevorotatory,  [a]  =  —4°  15';  but  boiling 
acidulated  water  slowly  changes  this  to  a  nearly 
equal  dextrorotation,  the  resulting  solution  re- 
ducing Fehling's  solution,  and  being  no  longer 
ppd.  by  alcohol.  By  treating  gelose  with  water 
at  100°  Porumbaru  (C.  B.  90,  1081)  got  a  Isevo- 
rotatory  sugar  C6H1206  aq. 

GELSEMINE  C^H^NA-  S.  (ether)  4.  May 
be  extracted  by  alcohol  from  the  root  of 
Gelsemium  sempervirens  (Wormley,  Ph.  [3]  13, 
106 ;  Gerrard,  Ph.  [3]  13,  502,  641 ;  Bobbins,  B. 
9,  1182 ;  Thompson,  Ph.  [3]  17,  803).  Amor- 
phous solid,  melting  below  100°.  SI.  sol.  water, 
m.  sol.  alcohol,  v.  sol.  ether  and  chloroform. 
Its  solution  has  a  bitter  taste  and  is  strongly 
alkaline,  It  is  very  poisonous,  producing  con- 


vulsions. Its  hydrochloride  is  ppd.  by  the  usual 
reagents  for  alkaloids.  Cone.  H2S04  gives  a 
greenish-yellow  solution  soon  turning  reddish- 
brown;  on  adding  K2Cr2O7  a  cherry-red  colour 
turning  to  bluish-green  appears.  HN03  turns  it 
green. 

Salts.— B'HCl :  amorphous.  —  B'2H2PtCl6 : 
amorphous.  Using  the  formula  C^EyS^O^. 
Thompson  describes  the  salts  B'H3C13, 
B'(HAuCl4)3,  and  B'2(H2PtCl6)3. 

Gelseminine.  A  resinous  alkaloid  which, 
according  to  Thompson,  accompanies  gelsemine. 

Gelsemic  acid.  An  acid  which,  according  to 
Wormley,  occurs  in  Gelsemium  sempervirens  and 
may  be  extracted  by  ether  from  the  acidulated 
root.  It  dissolves  in  2,912  pts.  of  water  and  in 
330  pts.  of  ether.  HN03  turns  it  yellow,  the 
solution  becoming  deep  red  on  addition  of  am- 
monia. Gelsemic  acid  forms  fluorescent  solu- 
tions and  is  perhaps  identical  with  aesculin. 

TRIGENIC  ACID  v.  ETHYLIDENE-BIURET. 

GENTIANIN  C14H1005  i.e. 
C6H3(OH)2.CO.C6H2Me02.  Gentisin.  Gentianic 
acid.  The  colouring  matter  of  the  root  of 
Gentiana  lutea  growing  in  Switzerland  and  the 
Tyrol  and  used  as  a  tonic  (Henry  a.  Caventou, 
J.  Ph.  7,  173 ;  Baumert,  A.  62,  106 ;  Tromms- 
dorff,  A.  21,  134;  Leconte,  A.  25,  202  ;  Hlasi- 
wetz  a.  Habermann,  B.  7,  652 ;  A.  175,  63  ;  180, 
348).  Pale-yellow  needles,  v.  si.  sol.  water,  m. 
sol.  ether,  v.  sol.  boiling  alcohol.  Neutral  to 
litmus.  Alkalis  dissolve  it,  yielding  a  deep 
golden  solution.  Between  300°  and  340°  it  may 
be  partially  sublimed,  but  the  greater  part  is 
carbonised.  It  is  not  attacked  by  dilute  acids. 
Cone.  H2S04  forms  a  yellow  solution.  HN03 
(S.G.  1*43)  forms  a  green  solution  from  which 
water  throws  down  green  C14H8(N02)205aq. 
Fuming  HN03  appears  to  form  C,4H7(N03)303. 
Potash-fusion  splits  up  gentianin  into  phloro- 
glucin,  gentisic  acid,  and  acetic  acid.  Gentianin 
reduces  AgN03.  Sodium-amalgam  forms  C13H1004 
an  amorphous  red  body. 

Salts .— KHA"aq.— KH3A"2  2aq.— 
K2H8A"517aq.— NaHA/;2aq:   golden  needles.— 
Na2H4A"3aq.  —  Na4HJOA"7  2aq.  —  BaA"aq.  — 
PbA"Pb(OH)2. 

Acetyl  derivative  C14H8Ac205.  [196°]. 
Slender  crystals  (from  alcohol). 

GENTIANOSE  C36H66010.  [210°].  Prepared 
from  the  juice  of  Gentiana  lutea  (taken  in 
September)  by  exhausting  with  alcohol  (95  p.c.) 
and  fractionally  ppg.  with  ether  (A.  Meyer, 
H.  6,  135).  Colourless  tables  with  sweet  taste. 
Sol.  water.  Its  aqueous  solution  is  fermented 
by  yeast.  It  is  charred  by  H2S04.  It  does  not 
reduce  Fehling's  solution.  It  is  dextrorotatory. 

GENTIOPICRIN  C20H30012.  [121°-125°]. 
Occurs  in  the  root  of  Gentiana  lutea  (Kromayer, 
Ar.  Ph.  [2]  110,  27).  Needles  ;  v.  sol.  water,  si. 
sol.  alcohol,  insol.  ether ;  tastes  bitter.  Beduces 
hot  ammoniacal  AgN03.  Does  not  reduce  Feh- 
ling's solution.  Split  up  by  dilute  acids  into 
amorphous  gentiogenin  C14H,605  and  a  fer- 
mentable sugar. 

GENTISIC  ACID  v.  DI-OXY-BENZOIC  ACID. 

GENTISIC    ALDEHYDE  v.  DI-OXY-BENZOIC 

ALDEHYDE. 

GENTISIN  v.  GENTIANIN. 
GEOLOGICAL  CHEMISTRY.     Since  geology 
is  a  science  which  deals  primarily  with  the  con- 
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stitution  and  history  of  the  earth,  it  is  evident 
that  there  must  be  many  points  at  which 
it  comes  into  relation,  directly  or  indirectly, 
with  chemistry.  Much  of  geological  science  is 
devoted  to  the  study  of  rocks,  or  those  large 
masses  of  mineral  matter  which  build  up  the 
crust  of  the  earth.  The  chemist  is  of  service  to 
the  geologist  not  only  in  analysing  these  rocks, 
or  the  mineral  species  of  which  they  are  composed, 
but  in  explaining  some  of  the  processes  by 
which  the  rocks  themselves  may  have  been 
originally  formed,  and  in  tracing  the  nature  of 
the  alterations  to  which  they  have  been  subjected 
since  their  formation.  Hence  the  geological 
chemist  gives  special  attention  to  those  natural 
processes  of  rock  formation  in  which  chemical 
reactions  are  involved,  and  he  endeavours  to 
imitate  the  operations  of  nature  by  experiment 
in  the  laboratory.  The  experimental  method 
was  first  introduced  into  geology  by  Sir  James 
Hall,  of  Dunglass,  who,  in  order  to  explain  the 
origin  of  certain  crystalline  limestones,  subjected 
pounded  chalk  to  a  high  temperature  in  closed 
gun-barrels,  and  obtained,  under  certain  con- 
ditions, a  crystalline  mass  of  carbonate  of  cal- 
cium somewhat  resembling  a  saccharoidal  marble 
(T.  E.  6,  101,  121).  It  must  be  remembered, 
however,  that  much  of  the  experimental  work 
recorded  in  the  literature  of  chemical  geology 
refers  to  the  synthesis  of  minerals  rather  than 
of  rocks.  A  rock  may,  it  is  true,  be  composed 
of  only  a  single  mineral,  but  in  most  cases  a 
rock  is  an  aggregate  of  several  distinct  mineral 
species,  and  although  the  synthesis  of  each  con- 
stituent may  be  successfully  effected,  it  by  no 
means  follows  that  this  work  will  throw  light 
upon  the  origin  of  the  composite  rock.  (For  an 
excellent  account  of  the  present  condition  of 
mineral  synthesis,  see  M.  L.  Bourgeois,  Repro- 
duction  artificielle  des  mindraux,  in  Fremy's 
Ency.  Ch.  1884 ;  and  Fouque"  and  L6vy's  Syn- 
these  des  Mineraux  et  des  Roches,  Paris,  1882.) 

Analysis  of  Rocks.  —  The  simplest 
method  is  of  course  to  analyse  the  rock  as  a 
whole,  and  in  the  case  of  a  very  fine-grained  rock 
in  which  it  is  impossible  to  separate  the  mineral 
constituents  individually,  this  is  the  only  avail- 
able method.  The  interpretation  of  the  results 
of  such  an  analysis  requires,  however,  consider- 
able sagacity,  more  especially  if  the  constitution 
of  the  rock  be  complex.  Two  rocks,  distinct  in 
composition,  such  as  a  granite  and  a  trachyte, 
may  give  the  same  bulk-analysis,  while  two 
rocks  of  similar  mineral  composition  may  yield 
different  analyses.  When  the  oxygen  ratio,  or 
quantivalent  ratio,  of  a  rock  is  known,  as  also 
that  of  each  of  its  mineral  components,  it  may 
be  possible  to  calculate  the  percentage  of  each 
mineral  in  the  rock  (v.  S.  Haughton,  Quart. 
Journ.  Geolog.  Soc.  18,  418). 

Methods  of  fractional  analysis  have  been  in- 
troduced for  the  purpose  of  effecting  a  chemical 
separation  of  the  constituents  of  certain  rocks.  , 
Gmelin,in  his  analyses  of  phonolites,  was  perhaps  ' 
the  first  to  separate  the  part  soluble  in  hydro- 
chloric acid  from  that  which  was  insoluble,  and 
to  analyse  each  separately.  Grave  objections 
may,  however,  be  urged  against  this  method,  and 
it  is  now  rarely  used.  More  trustworthy  results 
have  been  obtained  by  treating  the  rock,  if  com- 
posed of  various  silicates,  with  hydrofluoric  acid, 


which  attacks  the  several  minerals  in  unequal 
degree.  Such  a  method  is  sometimes  useful  in 
controlling  a  bulk-analysis. 

Of  late  years  considerable  use  has  been  made 
of  certain  dense  liquids  for  the  purpose  of  effect- 
ing the  mechanical  separation  of  the  minerals 
which  compose  a  rock,  in  order  that  each  con- 
stituent may  be  isolated  in  a  state  of  purity  for 
separate  analysis.  The  S.G.  of  the  liquid  is  so 
adjusted  that  when  the  rock  is  coarsely  powdered 
and  thrown  into  the  liquid  certain  of  the  minerals 
float  while  others  sink.  Several  such  liquids 
are  now  in  common  use  in  the  geological  labora- 
tory (v.  J.  W.  Judd,  Proc.  Geolog.  Assoc.  8,  278  ; 
and  F.  Eutley,  Rock-forming  Minerals,  London, 
1888). 

Sonstadt's  solution,  recommended  by  Church, 
consists  of  a  solution  of  HgI2  and  KI ;  it  may 
be  obtained  with  S.G.  3-196  (C.  N.  29,  127; 
Neues  Jahrb.  f.  Min.,  Beilage  1, 179).  It  is  also 
known  as  Thoulet's  solution.  If  a  rock  con- 
sisted of  plagioclase  with  S.G.  2-7  and  augite 
with  S.G.  3-1,  and  these  minerals  were  set  free 
by  mechanical  disintegration  of  the  rock,  a  com- 
plete separation  might  readily  be  effected  in 
Sonstadt's  solution  with  S.G.  of  about  3.  The 
poisonous  and  corrosive  character  of  the  solu- 
tion, however,  tends  to  limit  its  use.  Klein's 
solution  is  a  boro-tungstate  of  cadmium,  less 
dangerous  than  Sonstadt's,  and  capable  of  at- 
taining to  a  higher  S.G.,  the  maximum  being 
about  3-6.  The  solution  has,  however,  the  dis- 
advantage of  being  decomposed  by  carbonates, 
and  therefore  if  these  be  present  in  the  rock 
they  should  be  removed  before  the  solution  is 
used  (Bull.  Soc.  Min.  France,  4,  149).  Kohr- 
bach's  solution  resembles  Sonstadt's,  but  con- 
tains BaLj  in  place  of  KI ;  its  maximum  S.G.  is 
3-58.  It  is  unfortunately  decomposed  in  the 
presence  of  water,  so  that  all  minerals  used 
must  be  perfectly  dried  (Neues  Jahrb.  11, 186). 
Brauns  has  recommended  the  use  of  methyl 
iodide,  which  has  S.G.  3-337  at  10°.  Br<§on  ad- 
vocates the  employment  of  fused  PbCl2,  either 
alone  or  mixed  with  ZnCl2;  but  though  by 
properly  adjusting  the  proportions  of  the  con- 
stituents it  may  be  prepared  of  high  S.G.,  its 
use  in  a  state  of  fusion  is  attended  with  much 
inconvenience  (Bull.  Soc.  Min.  France,  3,  46). 

The  S.G.  of  a  heavy  solution  may  be  con- 
veniently determined  by  means  of  WestphaPs 
hydro-balance  (Neues  Jahrb.  f.  Min.  2,  87). 
The  S.G.  of  very  small  fragments  of  minerals 
and  rocks  may  thus  be  accurately  taken :  the 
fragments  are  placed  in  the  dense  solution,  which 
is  then  diluted  until  they  remain  suspended  in- 
differently in  any  part  of  the  liquid  (v.  also 
W.  J.  Sollas,  Proc. R.Dublin  Soc.,  Jan.  19, 1885). 
The  separation  of  one  mineral  from  another, 
when  in  small  particles,  is  best  effected  in  a 
special  type  of  separating  funnel,  devised  by 
Harada  and  improved  by  Brogger.  (For  the 
subject  generally  v.  Bosenbusch,  Mikroskop. 
Physiog.  2  Aufl.  Bd.  i.  [Stuttgart],  1885,  pp.  194, 
215  ;  English  translation  by  Iddings,  1888.  p. 
91.) 

The  mechanical  separation  of  the  constituent 
minerals  of  a  rock,  previous  to  chemical  analysis, 
is  aided  by  the  use  of  a  powerful  magnet.  With 
an  electro-magnet  of  great  power,  silicates  rich 
in  iron,  such  as  hornblende,  augite,  and  biotite, 
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may  be  picked  out  of  the  pulverised  rock  (Fouqu6 
a.  Levy,  Min.  Micrograph.  [Paris,  1879J,  115). 
(For  a  large  collection  of  analyses  of  rocks  con- 
sult J.  Both,  Die  Gesteins-Analysen  [Berlin, 1861], 
and  his  Beitrage,  1873-84.) 

Micro  -  chemical  examination  of 
rocks. — The  microscopic  examination  of  thin 
sections  of  rocks,  which  forms  an  important 
branch  of  modern  petrography,  has  led  to  the 
introduction  in  recent  years  of  certain  micro- 
chemical  tests  for  distinguishing  one  mineral 
species  from  another.  The  micro -chemical  me- 
thods do  not  aim  at  effecting  a  complete  analysis 
of  the  microscopic  constituents  of  a  rock,  but 
are  used  rather  for  the  purpose  of  controlling 
optical  determinations. 

The  rock  may  be  coarsely  powdered  in  a  steel 
mortar,  and  the  particles  to  be  examined  after 
separation  of  the  fine  powder  by  a  sieve  may  be 
picked  out  by  aid  of  the  forceps,  or  if  too  small 
maybe  removed  on  the  point  of  a  needle  moistened 
with  glycerine,  from  which  the  accumulated  grains 
may  be  detached  by  dipping  the  needle  into  water. 
Any  steel  particles  derived  from  the  mortar  may 
be  separated  by  a  magnet.  In  other  cases  the 
constituentminerals  are  so  minute  that  it  becomes 
necessary  to  prepare  a  thin  section  of  the  rock 
and  subject  it  to  examination  under  the  micro- 
scope. By  means  of  a  needle,  the  grains  to  be 
examined  may  be  picked  out  from  the  section. 
It  is  convenient  for  the  operator  to  commence 
by  detaching  the  fragments  near  the  edge,  and  to 
work  patiently  thence  towards  the  centre  of  the 
section.  The  section  is,  of  course,  not  protected 
by  a  cover-glass ;  and  the  Canada  balsam  by 
which  the  slice  is  cemented  to  the  glass  is  dis- 
solved off  by  treatment  with  alcohol. 

In  some  cases  the  particles  to  be  examined 
cannot  conveniently  be  separated,  and  it  then 
becomes  necessary  to  attack  the  mineral  in  the 
section  itself.  The  particular  mineral  to  be  tested 
is  brought  into  the  field  of  the  microscope,  and 
a  perforated  cover-glass  is  then  drawn  over  the 
section  in  such  a  way  that  the  mineral  is  just 
under  the  perforation.  Through  this  aperture 
the  balsam  is  dissolved,  and  the  mineral  exposed 
ready  for  attack  by  the  reagent.  If  hydrofluoric 
acid  is  to  be  used  the  section  is  covered  with  a 
perforated  slip  of  platinum  foil  instead  of  a  cover- 
glass.  By  means  of  a  pipette  a  drop  of  the  solvent 
is  lodged  on  the  slide,  and  the  liquid  may  then  be 
conducted  to  the  mineral  exposed  at  the  aperture 
by  the  point  of  a  platinum  wire. 

The  general  method  in  these  micro-chemical 
reactions  is  to  produce  certain  compounds  which 
present  distinctive  crystalline  forms  capable  of 
recognition  under  the  microscope.  In  Boricky's 
method  the  microscopic  minerals  are  attacked  with 
H2SiF6Aq,  which  forms  a  series  of  crystallised 
siiicofluorides,  many  of  which  are  sufficiently 
characteristic  in  form  to  be  readily  recognised. 
Uncertainty  is,  however,  introduced  by  the  fact 
that  several  of  the  silicofluorides  areisomorphous. 
Behrens  attacks  the  rock  with  HFAq,  and  treats 
the  product  with  H2S04Aq.  In  Streng's  pro- 
cesses most  of  the  salts  crystallise  out  as  chlorides. 
For  the  special  reactions,  and  for  figures  of  the 
microscopic  crystals  produced  by  these  reactions, 
reference  may  be  made  to  Element  a.  Renard, 
Reactions  Microchimiques, Brussels,  1886 ;  Haus- 
hofer,  Mikroskopische  Reactionen,  Munich,  1885 ; 


Behrens,  Mikrochemische  Methoden  zur  Mineral- 
analyse,  Vers.  en  Med.  d.  k.  Ak.  Wetensch., 
Amsterdam,  1882  ;  and  OK  Boricky,  Elemente 
einer  neuen  chem.-mik.  Min.-  u.  Gesteinsanaly  se 
Arch.  d.  naturw.  Landesfor.  v.  Bohmen,  Prague, 
1877. 

The  geological  chemist  is  often  called  upon 
to  decide  the  nature  of  a  given  felspar  in  a  rock, 
and  for  this  purpose  the  method  introduced  by 
Szab6  of  Budapest  is  convenient.  An  extremely 
small  particle  of  felspar  is  introduced  into  the 
flame  of  a  Bunsen  burner  provided  with  a  special 
chimney  of  sheet-iron.  The  proportion  of  soda 
or  potash  may  be  approximately  determined  by 
comparing  the  extent  of  the  yellower  red  coloura- 
tion with  the  standard  plates  issued  by  Szab6.  In 
experienced  hands  this  process  yields  remarkably 
precise  results  (v.Szab6,  Uebereine  neite Methode, 
die  Feldspathe  in  Gesteinen  zu  bestimmen,  Buda- 
pest, 1876 ;  andF.  Eutley,  Rock-forming  Minerals, 
London,  1888,  p.  9). 

Classification  of  Rocks. — Some  rocks 
have  evidently  been  formed  as  deposits  in  a 
watery  medium,  while  others  have  existed  at  some 
period  at  a  high  temperature  and  been  more  or 
less  completely  fused;  hence  arise  two  great 
groups  of  rocks :  one  of  aqueous,  the  other  of 
igneous,  origin.  Certain  rocks,  whether  aqueous 
or  igneous,  have  suffered  such  alteration  since 
their  formation  that  their  original  characters  are 
no  longer  to  be  recognised  by  direct  observation, 
and  hence  these  are  known  as  metamorphic 
rocks.  Of  the  so-called  aqueous  rocks  a  few 
have  been  deposited  directly  from  solution  as 
chemical  precipitates ;  but  by  far  the  larger  num- 
ber have  been  thrown  down  as  sediments  from  a 
state  of  mechanical  suspension.  The  aqueous 
deposits  are  known  as  sedimentary  or  stratified 
rocks,  while  the  igneous  rocks  are  often  de- 
scribed as  unstratified  or  massive.  In  addition 
to  these  types  there  are  a  few  rocks,  like  coal 
and  certain  limestones,  which  owe  their  origin, 
directly  or  indirectly,  to  organic  agencies,  and 
are  hence  termed  organic  rocks.  But  though 
the  ultimate  origin  of  such  deposits  is  organic, 
the  changes  through  which  they  have  passed  in 
reaching  their  present  condition  are  essentially 
chemical. 

It  usually  happens  that  several  modes  of 
formation  have  contributed  to  the  production  of 
a  single  rock.  Thus,  rocks  formed  as  chemical 
precipitates,  though  practically  homogeneous, 
may  contain  an  admixture  of  foreign  matter  re- 
presenting material  that  was  mechanically  thrown 
down  during  precipitation.  On  the  other 
hand,  a  sedimentary  rock  frequently  has  its  con- 
stituent grains  bound  together  by  mineral  mat- 
ter which  has  been  precipitated  in  association 
with,  or  subsequent  to,  the  mechanical  deposit, 
and  has  acted  as  a  cementing  medium ;  a  sand- 
stone, for  example,  may  have  its  component 
grains  united  by  mineral  matter  precipitated  from 
solutions  percolating  through  the  original  mass 
of  sand.  (On  the  origin  and  classification  of 
rocks,  consult  A.  Geikie,  Text-book  of  Geology, 
2nd  ed.,  1885  ;  A.  H.  Green,  Physical  Geology, 
vol.  i.,  3rd  ed.,  1882  ;  J.  J.  H.  Teall,  British 
Petrography,  1888 ;  A.  de  Lapparent,  Traite  de 
Geologie,  2nd  ed.,  Paris,  1885  ;  and  H.  Credner, 
Elemente  de  Geologie,  Leipzig,  3rd  ed.,  1876.) 

In  dealing  with  igneous  rocks  it  is  always 
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desirable  to  ascertain  the  proportion  of  silica  in 
the  rock  as  a  whole,  since  a  comm  n  classifica- 
tion of  such  rocks  is  based  upon  this  datum. 
Bunsen,  in  studying  the  rocks  of  Iceland,  sug- 
gested that  all  igneous  rocks  have  been  formed 
by  admixture  of  two  magmas  which  he  termed 
the  normal  trachytic  and  normal  pyroxenic  (P. 
83,  197).  Durocher  afterwards  developed  a 
theory  which  derived  the  rocks  from  two  mag- 
mas situated  at  different  subterranean  depths, 
termed  by  him  acid  and  basic,  and  practically 
corresponding  respectively  with  the  trachytic 
and  pyroxenic  magmas  of  Bunsen  (Durocher, 
Essai  de  Petrologie  comparee,  Ann.  de  Mines,  40, 
1857,  pp.  217,  676).  At  the  present  time  most 
petrographers  define  the  acid  or  light  rocks  as 
those  containing  from  65  to  80  p.c.  of  silica,  and 
having  S.G.  2-3  to  2-7 ;  they  usually  contain  a  high 
proportion  of  alkalis,  especially  potash,  and  but 
a  small  percentage  of  lime,  magnesia,  and  oxides 
of  iron.  On  the  other  hand,  the  basic  or  dense 
rocks  contain  only  from  45  to  55  p.c.  of  silica, 
but  have  S.G.  rising  from  2'5  to  as  high  as 
3-1 ;  they  are  characterised  by  a  low  percentage 
of  alkalis,  with  more  soda  than  potash,  and  by 
a  high  percentage  of  lime,  magnesia,  and  oxides 
of  iron  (v.  Teall,  Brit.  Pet.,  cap.  ii. ;  and 
on  the  classification  of  igneous  rocks,  Bonney's 
anniversary  address,  Geol.  Soc.,  41,  1885). 

Chemically -formed  Rocks.  —  The 
chemical  precipitates  which  are  of  interest  to 
geologists,  as  having  been  formed  on  a  large 
scale  in  nature,  belong  chiefly  to  the  groups  of 
carbonates,  sulphates,  and  chlorides,  represented 
respectively  by  such  rocks  as  limestone,  gypsum, 
and  rock-salt.  Perhaps  the  simplest  example 
is  offered  by  rock-salt,  since  this  has  been 
formed  by  the  mere  evaporation  of  a  natural 
brine.  On  the  composition  of  sea-water — a  sub- 
ject of  much  interest  to  the  geological  chemist — 
v.  Dittmar,  Rep.  of  Challenger,  1884;  Forch- 
hammer,  T.  155,  203 ;  J.  Eoth,  Allgemeine  u. 
Chemische  Geolog.,  Bd.  1  [Berlin,  1879];  and 
Bischof,  Chem.  u.  Phys.  Geolog.,  2nd  ed.,  Bd.  1 
[Bonn,  1863], p.  426. 

Kock-salt  has  usually  been  formed  in  inland 
sheets  of  salt-water.  These  are  either  isolated 
portions  of  the  sea  or  the  relics  of  lakes  which 
were  originally  fresh  but  have  acquired  salinity 
by  the  accumulation  of  salts  introduced  by 
river- waters.  The  great  Salt  Lake  of  Utah, 
situated  in  an  area  of  inland  drainage,  receives 
streams  which  bring  in  salt ;  but,  having  no 
outlet,  the  waters  tend  to  become  concentrated. 
In  this  arid  region  evaporation  is  rapid,  and 
along  the  shallow  margin  of  the  lake  vast  quan- 
tities of  common  salt  spontaneously  crystallise 
during  the  dry  season ;  while  in  winter,  whenever 
the  temperature  falls  below  -6-5°  Na2S04  is 
ppd.,  the  quantity  of  this  salt  formed  in  a  single 
season  amounting  to  thousands  of  tons.  Many 
ancient  lakes  have  in  the  course  of  time  com- 
pletely disappeared  by  desiccation,  and  their 
position  is  now  marked  by  extensive  saline  de- 
posits. For  the  chemical  history  of  a  fossil  lake, 
see  J.  C.  Eussell's  « Lake  Lahontan '  in  Mono- 
graphs of  U.  S.  Geolog.  Surv.  1885. 

On  the  evaporation  of  a  salt-lake,  or  saline 
lagoon,  the  least  soluble  salts  will  tend  to  crys- 
tallise first,  the  order  in  which  the  salts  are  suc- 
cessively deposited  being  inversely  as  the  order 


of  their  solubility.  Such  a  process  of  fractional 
crystallisation  in  nature  is  illustrated  by  the  re- 
markable salt-deposits  at  Stassfurt  in  Prussia. 
In  the  lowest  beds  the  rock-salt  is  associated 
with  gypsum,  anhydrite,  and  carbonate  of  cal- 
cium ;  but  above  the  rock-salt  there  are  deposits 
of  deliquescent  compounds,  rich  in  potassium 
and  magnesium,  which  remained  in  the  mother- 
liquor  after  the  NaCl  had  separated.  The  asso- 
ciation of  the  rock-salt  and  anhydrite  in  alter- 
nate layers  has  led  to  the  suggestion  that  they 
represent  seasonal  deposits,  the  former  having 
been  deposited  in  the  warmer,  and  the  latter 
in  the  colder,  parts  of  the  year.  The  soluble 
salts  above  the  main  mass  of  rock-salt,  known 
locally  as  Abraumsalze,  consist  chiefly  of  poly- 
halite  (K2S04.MgS04.2CaS04.2H20),  kieserite 
(MgS04.H20),  and  carnallite  (KCl.MgCl2.6H20) ; 
v.  Bischof,  Die  Steinsalz  bei  Stassfurt,  2  Aufl. 
1875 ;  Ochsenius,  Die  Bildung  der  Steinsalz- 
lagen,  1877;  Precht,  DieSalzindustrievon  Stass- 
furt ;  Bauerman,  Proc.  Civil  Eng.  88,  415 ;  and 
C.  Napier  Hake,  S.  C.  I. 

Origin  of  Limestone. — One  of  the  commonest 
examples  of  a  chemically-formed  rock  is  afforded 
by  certain  deposits  of  limestone  which  have  been 
ppd.  from  calcareous  waters.  Such  are  the  de- 
posits known  as  calcareous  sinter  or  tufa,  so 
commonly  formed  by  springs  flowing  through 
limestone  districts,  and  forming  in  some  cases 
important  rock-masses,  like  the  travertine,  or 
'  Tibur  stone,'  of  Tuscany.  But  while  certain 
limestones  are  the  result  of  direct  ppn.,  it  ap- 
pears that  by  far  the  greater  number  of  such 
rocks  owe  their  origin  to  organic  agencies.  Such, 
for  instance,  is  the  chalk  which  is  largely  made 
up  of  the  calcareous  tests  of  foraminifera ;  such, 
too,  are  the  coral-limestones,  which  are  formed 
in  large  measure  of  the  hard  corallia  of  certain 
actinozoa.  On  the  nature  and  origin  of  lime- 
stones, v.  H.  C.  Sorby's  Presidential  Address  to 
the  Geolog.  Soc.,  1879  (Quart.  Journ.  Geol.  Soc. 
35,  56,  '  Proc.') ;  also  F.  Senft,  '  Die  Wanderun- 
gen  u.  Wandelungen  d.  Kohlens.  Kalkes '  (Zeitsch. 
d.  deutsch.  Geolog.  Ges.,  13,  1861,  263). 

When  CaC03  is  deposited  from  thermal 
springs,  the  pp.  usually  takes  the  form  of  ara- 
gonite,  the  orthorhombic  species  of  CaC03, 
harder  and  denser  than  calcite.  The  ppn.  of 
aragonite  is  well  illustrated  by  the  Sprudelstein 
of  Carlsbad.  The  water  in  which  this  is  formed 
has  a  temperature  of  about  73°C.,  and  though 
containing  only  0'29  p.c.  of  CaC03,  it  readily  de- 
posits this  salt  on  cooling.  The  sprudelstein  is 
commonly  oolitic  or  pisolitic,  each  little  sphere 
being  formed  of  a  series  of  concentric  layers  de- 
posited successively  around  a  nucleus,  and  thus 
imitating  the  oolitic  structure  familiar  to  geolo- 
gists in  various  limestones.  The  experiments  of 
J  G.  Eose  tended  to  show  that  when  a  solution  of 
I  carbonate  of  calcium  is  warm  or  concentrated  it 
deposits  aragonite,  while  if  cold  or  very  dilute  it 
throws  down  calcite.  It  has  been  shown  by 
Credner  that  the  deposition  of  aragonite  is 
favoured  by  the  presence  of  gypsum,  strontianite, 
and  certain  other  foreign  bodies  in  the  solution 
from  which  ppn.  proceeds. 

Calcareous  matter  deposited  on  a  large  scale 
is  usually  more  or  less  impure,  and  hence  lime- 
stones become  argillaceous,  bituminous,  &c.    On 
j  the  solution  of  a  limestone  by  natural  solvents, 
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a  variable  amount  of  insoluble  matter  is  left, 
and  where  the  action  has  extended  over  long 
periods  the  residual  impurities,  by  their  accu- 
mulation, may  acquire  considerable  importance: 
such,  for  instance,  is  the  origin  of  the  deposits 
on  the  chalk  in  this  country  known  as  '  clay-with- 
flints ; '  and  the  reddish  earth  so  common  in 
limestone  caverns  and  known  as  'cave-earth.' 
On  the  solution  of  limestones  in  nature,  v.  T. 
Mellard  Keade,  Chemical  Denudation  in  relation 
to  Geological  Time  [London,  1879]. 

Origin  of  Dolomite. — The  origin  of  magnesian 
limestone,  or  dolomite,  has  long  been  a  chemical 
enigma.  Since  dolomite  frequently  occurs  in  as- 
sociation with  rock-salt,  it  has  been  suggested 
that  it  must  be  of  lacustrine  origin.  Bischof, 
however,  showed  long  ago  the  difficulty  of  simul- 
taneously ppg.  CaC03  and  MgC03  from  a  solu- 
tion containing  these  salts.  At  the  beginning  of 
the  evaporation  CaC03  alone  falls  ;  towards  the 
close  of  the  process  MgC03  alone  ;  and  it  is  only 
at  intermediate  stages  that  the  mixed  carbonates 
are  thrown  down.  It  might,  therefore,  be  ex- 
pected that  the  geologist  would  find  pure  lime- 
stone below,  succeeded  by  a  deposit  of  dolomite, 
and  followed  above  by  pure  magnesite — a  se- 
quence, however,  which  is  not  observed  in  na- 
ture. Indeed,  dolomite  seems  to  have  been 
formed  not  so  much  by  direct  ppn.  on  the  eva- 
poration of  waters  in  which  the  two  carbonates 
co-existed  as  by  certain  chemical  reactions. 

Sterry  Hunt  has  pointed  out  that  the  inter- 
action between  carbonate  of  sodium  and  the 
chlorides  of  magnesium  and  calcium  in  sea-water 
would  give  rise  to  dolomite,  with  simultaneous 
production  of  chloride  of  sodium,  thus  explain- 
ing the  common  association  of  dolomite  with 
rock-salt.  There  seems  no  difficulty  in  providing 
the  necessary  quantity  of  Na2C03,  inasmuch  as 
various  soda-bearing  silicates,  notably  the  soda- 
felspars,  are  commonly  suffering  decomposition 
in  nature  by  the  action  of  carbonated  waters, 
with  consequent  formation  of  Na2C03  and  sepa- 
ration of  silica.  Another  reaction  suggested  by 
Sterry  Hunt  is  that  which  may  occur  between 
CaC03  and  MgS04;  the  resulting  MgC03  may, 
under  certain  conditions,  become  associated  with 
fresh  CaC03,  so  as  to  form  dolomite,  which  will 
then  be  accompanied  by  a  precipitate  of  CaS04. 
As  a  matter  of  fact,  nothing  is  more  common 
than  to  find  dolomite  naturally  associated  .with 
gypsum  (Chem.  and  Oeol.  Essays^  1875,  90). 

Hoppe-Seyler  obtained  dolomite  by  heating 
carbonate  of  calcium  in  a  solution  of  bicarbonate 
of  magnesium  in  a  sealed  tube  at  100°C.  (Zeits. 
deutsch.  geol.  Ges.  27,  509).  Possibly  in  some 
cases  dolomite  has  been  formed  under  abnormal 
conditions  of  temperature.  The  crystalline  dolo- 
mites, enormously  developed  in  the  triassic 
series  of  the  Eastern  Alps,  are  believed  to  be 
metamorphic  rocks,  or  ordinary  limestones  which 
have  become  dolomitised  (v.  infra). 

Weathering  of  Rocks. — Most  rocks  on  or 
near  the  surface  of  the  earth  have  suffered  more  or 
less  chemical  change  by  the  natural  action  of  air 
and  water.  This  weathering  usually  takes  the 
form  of  oxidation  and  hydration ;  thus,  rocks 
such  as  basalt,  which  contain  minerals  rich  in 
iron,  exhibit  along  their  joint-planes  a  rusty  ap- 
pearance, due  to  the  formation  of  ferric  hydrate. 
Deposits  of  brown  iron-ore  of  great  magnitude 


may  result  from  the  alteration  of  masses  of 
iron-pyrites.  Such,  too,  is  the  origin  of  the 
gossan,  or  impure  brown  iron-ore  commonly 
found  in  the  upper  part  of  mineral  veins  where 
anogenic  action  has  been  rife,  and  known  to 
Continental  miners  as  the  Chapeau  de  fer  or 
Eiserne  Hut.  Many  clays  and  other  rocks  pre- 
sent in  their  unaltered  condition  a  bluish  or  grey 
colour,  due  to  the  presence  of  finely-disseminated 
iron-pyrites,  which  in  like  manner  decomposes 
on  exposure,  yielding  ferrous  sulphate,  and  finally 
ferric  hydrate,  and  the  rock  thus  assuming  brown 
and  yellow  tints.  (On  the  colour  of  certain 
oolitic  rocks  v.  A.  H.  Church,  C.  J.  [2]  2, 
379.) 

On  the  other  hand,  a  process  of  deoxidation 
may  frequently  be  traced  in  the  natural  altera- 
tion of  rocks  and  minerals,  the  principal  re- 
ducing agent  being  organic  matter.  Sulphates 
may  thus  be  reduced  to  sulphides ;  whence  in 
many  cases  the  origin  of  iron -pyrites — a  mineral 
commonly  found  in  association  with  coal,  fossil 
wood,  shells  and  other  organic  remains  (v.  Pepys, 
Trans.  Geol.  Soc.  1,  399).  In  like  manner 
gypsum  may  be  reduced  to  the  condition  of  sul- 
phide of  calcium ;  and  this,  if  dissolved  in  water 
containing  carbonic  acid,  will  yield  carbonate  of 
calcium  and  sulphuretted  hydrogen,  the  latter 
readily  depositing  free  sulphur  on  exposure  to 
the  air.  Hence  probably  the  origin  of  the  asso- 
ciated deposits  of  gypsum,  sulphur,  and  lime- 
stone, so  familiar  to  the  geologist  in  Sicily  and 
other  sulphur-bearing  localities.  The  removal 
of  crystals  of  selenite  from  clays  and  other  rocks 
may  be  due  to  similar  reactions  and  not  to  mere 
solution  (Duncan,  Q.  J.  Geol.  Soc.  22, 12) 

It  has  long  been  known  that  the  organic 
acids  resulting  from  the  decomposition  of  vege- 
table matter  may  exert  a  bleaching  action  upon 
red  and  brown  rocks,  by  reducing  the  ferric  oxide 
to  a  lower  state  of  oxidation.  It  has  been  sug- 
gested that  some  of  the  finest  white  glass-making 
sands  may  have  been  derived  from  sands  origin- 
ally yellow  or  brown,  but  decolourised  in  this 
way.  At  the  same  time  such  reducing  action 
appears  incompetent  to  explain  the  local  de- 
|  colouration  observed  in  many  variegated  rocks 
(v.  an  important  paper  by  G.  Maw  in  Q.  J.  Geol. 
Soc.  24,  351). 

Hydration,  though  usually  accompanying 
oxidation,  may  occur  in  nature  without  any 
other  chemical  change.  A  common  illustration 
of  such  action  is  seen  in  the  conversion  of  anhy- 
drite into  gypsum,  by  absorption  of  two  mole- 
cules of  water.  This  change  is  accompanied  by 
a  marked  increase  in  bulk,  1  vol.  of  CaS04  be- 
coming 1-6  vol.  of  CaS04.2H20.  The  galleries 
of  deserted  mines  in  which  anhydrite  has  been 
worked  have  become  closed  by  the  swelling  of 
the  walls,  consequent  on  hydration  of  the 
mineral.  Geologists  believe  that  a  similar  in- 
crement of  bulk,  occurring  on  a  large  scale  in 
deep-seated  deposits,  may  account  for  certain 
minor  movements  of  the  Earth's  crust. 

Origin  of  Kaolin. — It  is  commonly  said  that 
one  of  the  most  striking  examples  of  weathering 
is  afforded  by  the  decomposition  of  the  felspar 
in  granitic  and  other  rocks.  Meteoric  waters, 
containing  carbonic  and  organic  acids,  readily 
attack  felspathic  minerals,  removing  the  alkalis 
in  a  soluble  form,  while  the  silicate  of  aluminium, 
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in  a  hydrated  condition,  remains  behind  as  clay. 
Kaolin,  or  china-clay,  the  purest  form  of  argil- 
laceous matter,  may  thus  be  derived  from  fel- 
spar-bearing rocks,  especially  granites.  It.  was 
seriously  held  that  the  great  heat  experienced 
in  working  the  Comstock  lode  was  due  to  the 
kaolinisation  of  the  felspars  in  the  surrounding 
rocks — a  suggestion,  however,  entirely  disproved 
by  experiment.  In  Cornwall  it  is  not  uncommon 
to  find  granite  in  which  the  orthoclase,  or  pot- 
ash-felspar, is  more  or  less  decomposed,  while 
the  associated  silicates  remain  almost  unaltered : 
such  a  rock  is  known  as  china-stone  orpetunzite ; 
while  a  rock  in  which  the  felspar  is  entirely 
kaolinised  is  termed  china-clay  rock  or  carclazite. 
It  is  frequently  held  that  the  simple  action  of 
meteoric  waters,  charged  with  carbonic  and 
organic  acids,  is  sufficient  to  explain  the  origin 
of  kaolin ;  but  though  kaolinisation  may  un- 
doubtedly result  from  mere  weathering,  it  seems 
that  superficial  action  is  incompetent  to  explain 
all  the  observed  phenomena.  The  change  ap- 
pears rather  to  have  been  effected  by  means  of 
solutions  derived  from  deep-seated  sources,  cir- 
culating in  the  joints  of  the  granite.  It  has 
often  been  pointed  out  that  the  decomposed 
granite  is  associated  with  minerals  containing 
fluorine  (like  lepidolite)  or  fluorine  and  boron 
(like  schorl).  Von  Buch  in  1824,  and  Daubree 
in  1841,  suggested  that  the  change  has  been  due 
to  hydrofluoric  acid  or  other  fluorides,  which, 
acting  upon  the  granite  at  an  elevated  tempera- 
ture, would  decompose  the  felspar,  removing  its 
alkali  as  a  fluoride.  Cassiterite  (Sn02)  is  a 
common  associate  of  the  kaolinised  granite,  and 
there  is  reason  to  believe  that  this  mineral  has 
been  produced  by  the  agency  of  fluorine. 
Daubree  succeeded  in  producing  crystals  of  Sn02 
by  passing  the  vapour  of  stannic  chloride  with 
steam  through  a  heated  porcelain-tube,  the 
chloride  having  been  used  in  place  of  the  fluoride 
merely  for  convenience  (v.  DaubreVs  Etudes 
synthetiques  de  Geologic  experimentale,  Paris, 
1879,  where  his  researches  are  presented  in  a 
collected  form.  For  Cornish  kaolin  v.  J.  H. 
Collins,  The  Hensbarrow  Granite,  Truro,  1878  ; 
and  Mineralog.  Mag.  7,  205). 

Metamorphism. — A  rock,  whether  of 
aqueous  or  of  igneous  origin,  is  said  to  be 
metamorphic  when  it  has  been  altered  not  by 
atmospheric  agencies  but  by  some  profounder 
influence  which  has  so  affected  its  structure 
and  composition  that  its  original  character  is  no 
longer  to  be  recognised  by  direct  observation. 
Thus  the  intrusion  of  an  igneous  rock  among 
sedimentary  strata  may  give  rise  to  changes 
known  as  contact  metamorphism.  By  such  ac- 
tion an  ordinary  limestone  may  be  converted 
into  a  crystalline  marble— a  phase  of  meta- 
morphism conveniently  distinguished  by  A.  Gei- 
kie  as  marmorosis.  The  production  of  a  sac- 
charoidal  marble  from  an  amorphous  limestone 
under  the  influence  of  heat  and  pressure  was 
illustrated  by  James  Hall's  experiments  in  the 
early  part  of  this  century. 

The  effects  of  contact  metamorphism  are 
partly  physical  and  partly  chemical.  To  the 
former  class  may  be  referred  not  only  the  crys- 
tallisation of  limestone  but  the  induration  and 
even  fusion  of  various  other  rocks,  and  the  de- 
velopment of  prismatic  structure  in  the  neigh- 


bourhood of  the  heated  mass.  Among  ordinary 
chemical  effects  may  be  noted  the  expulsion  of 
water,  the  reddening  of  a  calcined  rock  and  the 
conversion  of  coal  into  a  natural  coke.  But  the 
most  interesting  phenomena  are  those  attending 
the  development  of  new  minerals.  Thus,  a  slate 
in  the  neighbourhood  of  an  intrusive  granite 
frequently  contains  garnets,  chiastolite,  and 
other  crystallised  silicates  ;  while  metamorphic 
limestones  may  inclose  rock-crystal,  garnets, 
idocrase,  micas,  and  other  minerals  which  ap- 
pear to  have  been  produced  by  the  rearrange- 
ment and  crystallisation  of  the  materials  of  the 
sand,  clay,  and  other  impurities  originally  pre- 
sent in  the  limestone.  The  ejected  limestone 
blocks  of  Monte  Somma,  consisting  originally 
of  the  Subapennine  limestone,  are  rich  in  mine- 
rals of  this  character,  and  have  lately  been  spe- 
cially studied  by  J.  H.  Johnston-Lavis,  of 
Naples,  and  by  B.  Mierisch  (Min.  u.  Pet.  Mitt. 
[N.  F.]  8,  113  [1887].) 

When  metamorphic  rocks  extend  over  a 
wide  area  and  are  not  visibly  associated  with 
igneous  rocks  to  which  their  alteration  may  be 
referred,  they  are  said  to  be  due  to  regional 
metamorphism.  The  agencies  by  which  such 
phenomena  have  been  produced  are  exceedingly 
obscure,  but  while  many  of  the  changes  are  of  a 
chemical  and  molecular  character,  it  is  evident 
that  molar  forces  have  been  operating  on  a 
large  scale.  Of  late  years  it  has  been  recog- 
nised that  the  mechanical  movements  of  the 
rocks  have  largely  contributed  to  the  production 
of  the  characteristic  structures  in  those  meta- 
morphic rocks  known  as  the  crystalline  schists, 
not  only  producing  deformation  of  the  constitu- 
ent minerals,  but  indirectly  causing" the  passage 
of  one  mineral  into  another.  (On  dynamic  me- 
tamorphism v.  3.  Lehmann,  Enstehung  d.  alt- 
krystallinischen  Schiefer-Gesteine,  Bonn,  1884  ; 
Teall's  Brit.  Petrog.,  1888,  cap.  xiv. ;  Etudes 
sur  les  schistes  crystallins,  Int.  Geol.  Congress, 
1888  ;  A.  Barker,  B.  A.  1885.,845.  For  contact- 
metamorphism,  v.  Delesse's  Etudes  sur  le  meta- 
morphisme  des  Roches.  For  the  subject  gener- 
ally consult  Bonney's  address  to  Geol.  Soc., 
Quart.  Journ.  Geol.  Soc.,  42,  55  ;  and  A.  Irving, 
Rock-metamorphism,  1888.) 

Hydrothermal  action.— The  effects  of 
thermal  metamorphic  agencies,  even  in  the 
neighbourhood  of  an  igneous  rock,  are  usually 
due,  not  so  much  to  dry  heat  as  to  hydrothermal 
action.  Although  pure  water  at  ordinary  tem- 
perature and  pressure  is  capable  of  slowly  dis- 
solving the  common  mineral-constituents  of 
rocks  (Rogers,  Am.  S.  [2]  5,  401),  its  solvent 
action  is  vastly  increased  by  the  great  heat  and 
pressure  to  which  it  must  be  subjected  in  the 
deeper-seated  portions  of  the  earth's  crust,  where 
metamorphism  probably  has  its  normal  seat. 
Such  action  is  well  illustrated  by  the  remark- 
able experiments  of  Daubree.  This  observer 
found  that  when  water  was  heated  in  strong 
glass  tubes  inclosed  in  thick  wrought-iron  cylin- 
ders, and  exposed  uninterruptedly  to  a  tempera- 
ture of  at  least  400°C.  for  several  weeks,  the 
glass  was  transformed  into  a  hydrated  silicate, 
analogous  to  a  natural  zeolite,  while  the  interior 
of  the  tube  became  lined  with  a  crust  of  small 
transparent  crystals  of  quartz  (Geolog.  exp&rim. 
163).  In  some  cases  the  artificial  crystals  of 
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quartz  lined  the  walls  of  the  tube  like  the  quartz 
in  a  natural  geode  (ib.  166). 

The  solvent  action  of  water  at  great  depths 
accounts  for  the  peculiar  composition  of  the 
water  of  geysers.  Under  enormous  pressure  and 
at  a  high  temperature  these  waters  are  capable 
of  decomposing  the  volcanic  rocks  which  they 
traverse  and  of  dissolving  out  silica.  Thus, 
water  from  the  Opal  Spring  in  the  Yellowstone 
National  Park  contained  as  much  as  53'76  g.  of 
silica  to  the  imperial  gallon  (Leffmann).  On 
the  evaporation  of  such  water  the  silica  is  de- 
posited in  a  hydrated  form  as  a  kind  of  opal  or 
siliceous  sinter,  known  as  fiorite  or  geyserite 
(v.  A.  C.  Peale,  '  Thermo-hydrology,'  in  Twelfth 
Rep.  U.S.  Geol.  and  Oeog.  Survey  of  the  Terri- 
tories, 2). 

Dolomitisation. — Among  cases  of  metamor- 
phism,  that  of  the  alteration  of  a  normal  lime- 
stone into  dolomite  has  long  been  recognised 
and  variously  explained.  Von  Buch  and  certain 
other  German  geologists,  looking  at  the  associa- 
tion of  crystalline  dolomite  with  basic  igneous 
rocks  in  the  Tyrol,  held  that  these  erupted  masses 
had  emitted  vapours  containing  compounds  of 
magnesium  which  had  acted  upon  the  neigh- 
bouring limestone,  causing  dolomitisation.  In 
support  of  such  a  view  it  was  pointed  out  by 
Durocher  (C.  B.  23,  64)  that  when  fragments  of 
limestone  are  heated  with  MgCl2  in  a  closed 
vessel,  the  limestone  is  partially  converted  into 
dolomite.  Such  an  action,  however,  if  it  occurs 
at  all  in  nature,  must  be  limited  to  the  imme- 
diate neighbourhood  of  the  heated  body  evolving 
the  magnesian  vapours.  In  order  to  explain 
the  alteration  of  large  masses  of  limestone  it  is 
simpler  to  invoke  the  agency  of  percolating 
water  holding  compounds  of  magnesium  in  solu- 
tion. Even  where  limestone  has  been  dolomi- 
tised  in  contact  with  basalt,  Bischof  contended 
that  the  change  was  due  to  the  action  of  water 
containing  MgC03  resulting  from  the  decomposi- 
tion of  the  magnesian  silicates  in  the  igneous 
rock. 

When  water  containing  carbonate  of  magne- 
sium percolates  through  a  limestone,  the  magne- 
sian salt  tends  to  unite  with  part  of  the  calcium 
carbonate  so  as  to  form  a  double  salt,  while 
CaC03  is  at  the  same  time  dissolved  out.  For 
every  molecule  of  CaCO3  removed,  a  molecule 
of  MgC03  is  introduced,  the  change  being  accom- 
panied by  a  diminution  of  volume  to  the  extent 
of  12  or  13  p.c.  Now  it  is  a  remarkable  fact 
that  natural  dolomites  are  frequently  marked 
by  a  cellular  or  cavernous  texture,  and  Elie  de 
Beaumont  long  ago  suggested  that  the  cavities 
were  due  to  shrinkage  consequent  on  dolomitisa- 
tion. It  is  estimated  that  in  many  magnesian 
limestones  the  hollows  represent  about  12  p.c. 
of  the  bulk  of  the  rock.  The  sulphate  and 
chloride  of  magnesium  in  sea-water  may  also 
transform  limestone  into  dolomite,  but  according 
to  Favre  the  action  requires  a  temperature 
of  200°C.  favoured  by  great  pressure.  (For  a 
good  review  of  the  whole  subject  of  dolomitisa- 
tion v.  A.  H.  Green's  Geology,  3rd  ed.  1882.  408  ; 
also  Doelter  a.  Hoernes, '  Chem.-Genet.  Betracht 
ii.  Dolomit,'  in  Jahr.  d.  k.-k.  Geol.  Beichs,  1875. 
25,  p.  293 ;  with  a  full  bibliography  to  date.) 

MgC03  is  not  the  only  carbonate  which  has 
been  introduced  into  certain  limestones  by  secon- 


dary processes.  In  some  cases  beds  of  limestone 
have  been  more  or  less  completely  transformed 
into  FeC03 — a  change  well  illustrated  on  a  large 
scale  in  the  important  deposits  of  Cleveland 
ironstone  in  the  Middle  Lias  of  N.E.  Yorkshire. 
Sorby  believes  that  this  ore  has  been  formed 
from  an  oolitic  limestone  by  percolation  of  water 
containing  bicarbonate  of  iron  in  solution.  Most 
of  the  fossil  shells  associated  with  the  ore  have 
suffered  a  like  conversion,  and  in  some  cases  the 
ferrous  carbonate  has  been  further  changed  into 
ferric  hydrate  (Proc.  Geol.  and  Polyt.  Soc.  W. 
Biding,  1856-7). 

Serpentinisation. — The  origin  of  serpentine 
has  been  a  subject  of  much  discussion,  in  which 
the  geologist  has  had  to  appeal  to  the  chemist. 
By  most  modern  petrographers  it  is  regarded  as 
an  altered  eruptive  rock,  having  been  derived 
mainly  from  olivine.  Pseudomorphs  of  ser- 
pentine after  olivine  are  familiar  to  the  mine- 
ralogist, and  an  action  similar  to  that  which 
produced  this  alteration  appears  to  have  been 
concerned  in  the  metamorphism  of  large  rock- 
masses.  This  view  has  gained  much  credence 
of  late  years  by  the  study  of  the  microscopic 
structure  of  serpentine  by  Sandberger,  Tscher- 
mak,  Bonney,  and  other  petrographers.  Hydra- 
tion  is  effected  by  water  gaining  access  to  the 
olivine  through  the  irregular  fissures  by  which 
the  mineral  is  usually  traversed;  and  in  the 
case  of  ferriferous  olivines  the  iron  is  deposited 
in  the  form  of  magnetite  and  limonite  (v.  Teall, 
Brit.  Petrog.,  1888,  p.  104). 

While  many  serpentines  suggest  by  their  oc- 
currence as  dykes  and  bosses  that  they  have 
been  derived  from  eruptive  rocks,  others  occur 
in  beds  intercalated  among  crystalline  schists, 
especially  in  association  with  limestone.  It  has 
been  supposed  that  such  serpentine  may  have 
resulted  from  the  alteration  of  dolomite  or  some 
other  magnesian  rock  of  aqueous  origin.  Sterry 
Hunt,  who  is  specially  familiar  with  the  serpent- 
ines of  the  Laurentian  series  of  Canada,  has 
always  argued  against  the  derivation  of  serpent- 
ine from  igneous  rocks,  and  regards  it  simply  as 
a  product  of  direct  precipitation  from  natural 
waters.  He  holds  that  by  the  decomposition  of 
the  various  crystalline  silicates  in  nature,  soluble 
silicates  of  the  alkalis  and  of  lime  are  set  free, 
and  passing  into  streams  are  ultimately  mixed 
with  waters  rich  in  magnesium  salts — such  as 
the  sulphate  or  chloride  in  sea-water— when 
double  decomposition  ensues,  and  silicate  of 
magnesium  is  precipitated  in  a  gelatinous  con- 
dition (Trans.  B.  Soc.  Canada,  1,  165  ;  Mineral 
Physiology,  Boston,  1886,  p.  427). 

Recent  formation  of  minerals. — Ob- 
servations on  the  production  of  minerals  under 
known  conditions  in  historic  times  are  of  much 
interest  to  the  geological  chemist,  inasmuch  as 
they  suggest  the  processes  which  may  have  ope- 
rated in  nature  during  geological  time.  Daubr6e 
long  ago  called  attention  to  the  production  of  a 
series  of  minerals  since  the  Eoman  period  at  the 
hot  springs  of  Plombieres  in  the  Vosges.  Around 
these  springs  the  Komans  had  built  walls  of 
concrete,  consisting  of  brick  and  stone  cemented 
by  mortar.  By  the  action  of  the  waters  at  50° 
C.  upon  the  concrete,  there  has  been  formed  a 
series  of  minerals  including  chabazite,  harma- 
tome,  mesotype,  and  other  zeolites,  associated 
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with  opal,  calcite,  &c.  Similar  effects  have  been 
observed  at  other  Roman  baths,  as  at  Luxeuil 
(Haute  Saone)  and  at  Bourbonne-les-Bains 
(Haute  Marne)  (v.  Geologie  Exptrimentale, 
p.  179  ;  and  Percy's  Lectures  on  Chemical  Geo- 
logy in  C.  tf.9,100). 

Geodes. — The  production  of  certain  minerals 
at  the  Roman  stations  just  cited  recalls  the 
natural  formation  of  similar  substances  in  the 
cavities  of  basaltic  and  other  rocks.  These 
cavities,  though  perhaps  in  some  cases  due  to 
the  removal  of  pre-existing  crystals  by  solution, 
usually  represent  bubbles  produced  by  the  dis- 
engagement of  gas  or  steam  at  a  time  when  the 
igneous  rock  was  in  a  plastic  condition.  The 
minerals  occurring  in  such  cavities  are  of 
secondary  origin,  having  been  introduced 
through  the  medium  of  solutions  permeating 
the  rock  long  after  solidification.  When  the 
vesicles  are  filled  with  mineral  matter  the  rock 
is  said  to  be  amygdaloidal ;  if  the  cavities  are 
not  completely  filled,  and  the  walls  are  lined 
with  crystals,  they  are  termed  geodes.  The 
most  common  of  these  secondary  minerals  are 
calcite  and  silica,  the  latter  frequently  forming 
agates.  In  an  agate,  regular  layers  of  colloidal, 
crypto-crystalline,  and  crystalline,  silica,  succeed 
each  other  with  regularity.  The  exact  manner 
in  which  the  silica  has  been  introduced,  and 
precipitated  on  the  walls,  has  given  rise  to  much 
discussion,  but  a  clue  is  suggested  by  the  ex- 
periments of  Pankhurst  and  I'Anson  on  the 
artificial  production  of  agates  (Mineral  Mag. 
v.  34). 

Origin  of  Mineral  Veins. — The  deposi- 
tion of  secondary  minerals  in  the  cavities  of 
rocks  tends  to  throw  light  upon  the  formation 
of  mineral  veins,  or  lodes — a  subject  on  which 
the  geologist  has  frequently  appealed  to  the 
chemist.  It  is  now  generally  held  that  these 
veins  represent  fissures  filled  in  by  deposition 
of  mineral  matter  from  a  state  of  solution.  The 
chief  difficulty  is  to  trace  the  metalliferous 
minerals  to  their  origin.  The  most  promising 
modern  researches  are  those  of  Prof.  Fridolin 
Sandberger,  of  Wiirzburg  ( Untersuchungen  iiber 
Erzgange,  i.  1882 ;  ii.  1885).  By  comparative 
analyses  of  the  ore,  the  veinstone,  and  the 
country  rock,  he  has  shown  that  the  contents 
of  the  lode  have  been  derived  in  certain  cases 
from  the  neighbouring  rocks,  and  that  the  ores 
have  probably  obtained  their  metallic  elements 
from  the  common  constituents  of  the  crystal- 
line rocks,  which  had  not  previously  been  sus- 
pected to  contain  such  metals.  Analyses  of 
ordinary  rock-forming  minerals,  like  mica, 
augite,  hornblende,  and  olivine,  revealed  the 
presence  in  them  of  a  large  number  of  the 
heavy  metals.  Nor  is  it  only  in  the  crystalline 
rocks  that  such  metals  occur,  Dieulafait  having 
shown  that  many  of  them  are  widely  distributed 
in  minute  proportion  through  the  stratified 
rocks.  Such  an  occurrence  is  readily  explicable 
by  the  fact  that  most  sedimentary  strata  have 
been  derived,  directly  or  indirectly,  from  the 
disintegration  of  the  older  crystalline  rocks. 
Thus  it  has  been  shown  by  A.  Dick  that 
minerals  containing  zirconium  and  titanium 
are  widely  distributed  through  sands  of  tertiary 
age  (Nature,  36,  91),  and  Teall  has  found  similar 
minerals  in  various  clays  (Min.  Mag.  7,  201). 


Some  interesting  phenomena  tending  to 
illustrate  the  origin  of  certain  mineral  veins 
have  been  studied  in  districts  in  California  and 
Nevada,  where  hydrothermal  action  is  rife. 
Hot  water,  steam,  carbonic  acid,  sulphuretted 
hydrogen,  and  other  gases  escape  from  fissures 
in  volcanic  rocks,  and  on  the  walls  of  these 
fissures  they  deposit  siliceous  sinter  associated 
with  free  sulphur,  cinnabar,  iron-pyrites,  and 
other  metalliferous  minerals,  including  metallic 
gold — the  whole  assemblage  being  suggestive  of 
the  contents  of  certain  veins  (v.  A.  J.  Phillips, 
P.  M.  1868.  321 ;  Laur,  Ann.  d.  Mines,  3,  423). 

Durocher  and  some  other  observers  have 
argued  in  favour  of  many  metallic  minerals  in 
lodes  having  been  produced  by  sublimation.  In 
Durocher's  experiments  he  succeeded  in  pro- 
ducing galena,  iron-pyrites,  zinc-blende,  and 
other  metallic  sulphides  by  passing  certain 
vapours  through  glass  tubes  at  a  high  tempera- 
ture (C.  R.  33,  823 ;  42,  850). 

As  an  illustration  of  the  production  of  thin 
strings  of  metallic  minerals  by  decomposition  of 
vapours,  attention  may  be  called  to  the  fre- 
quent occurrence  of  specular  iron  ore  sublimed 
in  the  crevices  of  lava,  this  mineral  having  ob- 
viously been  formed  by  the  reaction  of  steam  and 
ferric  chloride :  Fe2Cl6  +  3H20  =  Fe203  +  6HC1. 
(On  the  general  subject  of  mineral  veins,  v. 
J.  A.  Phillips,  Ore  Deposits,  London,  1884  ;  Von 
Cotta,  Erzlagerstdtten,  Freiberg,  1859  [Trans- 
lation by  F.  Prime,  New  York,  1870] ;  and  Von 
Groddeck,  Lagerstatten  der  Erze,  Leipzig,  1879.) 

Chemistry  of  the  Volcano. — The  chemi- 
cal operations  involved  in  volcanic  phenomena 
are  extremely  obscure.  It  is  generally  admitted 
that  water  is  the  prime  factor  in  the  produc- 
tion of  these  phenomena,  and  as  the  tempera- 
ture prevailing  at  volcanic  foci  probably  exceeds 
the  critical  point  of  water  it  must  exist  in  the 
form  of  vapour,  notwithstanding  the  enormous 
pressure  to  which  it  is  subjected  :  possibly 
the  temperature  is  so  high  that  the  water  is 
dissociated.  Fouqu6  found  in  the  lava  of 
Santorin  of  1876  a  notable  quantity  of  free 
hydrogen  co-existing  with  free  oxygen.  The 
volcanic  vapours  associated  with  steam  are 
chiefly  HC1,  S02,  C02,  H2S,  free  0,  H,  and  N, 
and  sometimes  NH3  and  CH4.  The  HC1  may 
be  due  to  access  of  sea-water,  most  volcanoes 
being  situated  on  islands,  or,  if  on  the  mainland, 
near  to  the  sea-coast.  Ricciardi  has  found  that 
finely  powdered  granite  and  lava  mixed  with 
pure  NaCl  evolve  HC1  when  heated,  the  quan- 
tity being  increased  by  blowing  in  a  current  of 
steam  (Gazzetta,  16,  38).  The  sublimed  pro- 
j  ducts  of  volcanic  rocks  include  a  large  number 
of  metallic  chlorides,  notably  those  of  NH4,  Na, 
Fe,  Cu,  Ca,  and  Mg. 

The  S02  of  volcanic  exhalations  has  been 
referred  by  Ricciardi  to  the  reaction  of  silica 
with  CaS04  and  MgS04,  whereby  silicates  are 
produced,  with  separation  of  sulphur  trioxide 
which  is  resolved  into  sulphur  dioxide  and 
oxygen.  He  found  that  granite  mixed  with  the 
sulphates  cited  above  would  evolve  S02  when 
heated.  By  the  interaction  of  S02  and  H2S 
free  sulphur  is  produced  and  deposited  as  an 
incrustation  on  the  lava.  By  oxidation,  sul- 
phuric acid  is  developed,  and  this  by  its  action 
on  the  volcanic  rocks  tends  to  decompose  them, 
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with  production  of  various  sulphates.  Thus  it 
comes  about  that  alum  is  manufactured  in  the 
crater  of  Vulcano,  one  of  the  Lipari  Islands,  and 
at  the  Solfatara,  near  Naples.  The  term  '  solfa- 
tara '  is  now  used  by  geologists  as  a  general 
designation  for  a  volcano  which  is  approaching 
extinction  and  emits  only  vapours.  Long  after 
other  emanations  cease,  C02  may  be  exhaled,  as 
in  many  localities  in  the  Eifel  and  in  Auvergne. 
Boric  acid,  in  a  finely-divided  condition,  is 
produced  from  the  nearly  exhausted  crater  of 
Vulcano,  and  from  the  mofette  of  Tuscany 
where  it  has  long  been  utilised  industrially. 
(On  the  general  subject  of  volcanoes,  v.  Judd's 
volume  in  the  International  Science  Series.) 

Synthesis  of  Igneous  Rocks. —  The 
artificial  reproduction  of  many  igneous  rocks 
has  been  successfully  accomplished  in  recent 
years  by  Fouque"  and  Levy  in  the  geological 
laboratory  of  the  College  de  France,  in  Paris. 
(For  a  full  description  of  these  researches,  v. 
their  Synthese  des  Mindraux  et  des  Roches, 
Paris,  1882.)  These  observers  have  shown  that 
a  number  of  basic  eruptive  rocks  can  be  formed 
by  the  fusion  of  their  constituents,  and  that  the 
products,  examined  in  thin  sections  under  the 
microscope,  are  identical  in  structure  and  com- 
position with  the  corresponding  natural  rocks. 
It  had  previously  been  supposed  that  water,  in 
some  form,  played  a  conspicuous  part  in  the 
liquefaction  of  igneous  rocks,  and  that  this  was  in 
fact  due  not  to  dry  fusion  but  rather  to  hydro- 
thermal  action.  The  syntheses  performed  by 
Fouqu6  and  L6vy  controverted  this  view,  inas- 
much as  they  were  effected  solely  by  dry  igneous 
fusion,  without  the  presence  of  water  or  any 
other  volatile  medium,  and  without  flux  or  other 
chemical  agent. 

The  raw  materials  employed  by  these  ex- 
perimentalists were  either  the  component 
minerals  of  the  rocks  to  be  produced  (such  as 
felspar,  augite,  &c.),  or  the  chemical  con- 
stituents of  these  minerals  (silica,  alumina, 
lime,  &c.).  These  materials,  corresponding  in 
their  relative  proportions  with  the  composition 
of  the  rock  to  be  imitated,  were  introduced,  in  a 
pulverised  condition,  into  a  platinum  crucible  of 
about  20  c.c.  capacity,  furnished  with  a  cover. 
The  crucible  was  heated  in  a  furnace  of  For- 
quignon  and  Leclerc's  type,  heated  by  a  Schlo- 
sing  blowpipe,  whereby  it  could  be  rapidly 
raised  to  a  white  heat,  or  reduced  at  will  to  a 
lower  temperature,  and  the  heat  maintained 
constant  for  a  long  period.  The  first  fusion  at 
a  white  heat  always  yielded  an  isotropic  glass, 
and  this  if  cooled  suddenly  maintained  its 
vitreous  character.  But  if  the  fused  product 
was  kept  for  some  time  at  a  temperature  below 
a  white  heat,  yet  above  that  of  the  melting- 
point  of  the  glass,  various  crystalline  products 
were  developed ;  and  by  subjecting  the  material 
to  successively  diminishing  temperatures,  other 
products  crystallised  out,  the  least  fusible  being 
the  first  to  separate. 

By  a  process  of  fractional  crystallisation 
conducted  in  this  way,  Fouqu6  and  L6vy  imi- 
tated the  conditions  which  appear  to  have 
obtained  during  the  formation  of  volcanic  rocks, 
where  the  crystallised  constituents  represent 
successive  periods  of  consolidation.  Artificial 
basalt  was  obtained  by  fusing  a  mixture  of  the 
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elements  of  olivine,  augite,  and  labradorite,  and 
subjecting  the  resulting  black  glass  to  a  bright 
red  heat  for  48  hours,  when  the  olivine,  which  is 
the  least  fusible  component,  was  found  to  be 
crystallised.  Then  on  submitting  the  mass  to 
a  cherry-red  heat  for  another  48  hours,  the 
microlitic  crystals  of  the  more  fusible  minerals 
separated :  these  were  the  lath-shaped  crys- 
tals of  plagioclase  and  augite,  which  may  be 
regarded  as  minerals  of  the  second  period  of 
consolidation.  Some  of  the  most  remarkable 
experiments  were  those  on  the  so-called  ophites. 
These  are  doleritic  rocks,  in  which  the  augite 
forms  comparatively  large  plates  moulded 
around  the  crystals  of  plagioclase ;  the  former 
having  evidently  been  of  subsequent  consolida- 
tion to  the  latter.  By  a  succession  of  suitable 
coolings  and  re-heatings  this  ophitic  structure 
was  perfectly  imitated. 

Notwithstanding  the  remarkable  success 
with  which  the  basic  igneous  rocks  have  lately 
been  imitated,  all  experiments  on  the  synthe- 
tical formation  of  the  acid  rocks  have  hitherto 
been  fruitless.  The  reproduction  of  these 
natural  products  forms  one  of  the  most  interest- 
ing fields  of  investigation  left  open  to  the  geo- 
logical chemist.  F.  W.  B. 

GEOBETIC  ACID  C^H^.  A  waxy  acid 
obtained  from  lignite  found  near  Weissenfels. 
Extracted  by  80  p.c.  alcohol,  and  ppd.  by 
Pb(OAc)2 ;  the  acid  is  liberated  from  the  pp.  by 
HOAc  (Bruckner,  J.  pr.  57,  1).  Small  needles 
(from  alcohol).  Its  solution  gives  a  dirty-green 
pp.  with  cupric  acetate.  From  similar  lignite 
Bruckner  isolated  resinous  leucopetrin 
C50H8403  crystallising  from  alcohol  in  tufts  of 
needles  [above  100°];  geomyricin  C34H68O3 
[c.  82°]  crystallising  from  alcohol  in  minute 
hair-like  needles;  geoceric  acid  C.>8H.^O2 
[82°] ;  and  g  e  o  c  e  r i  n  C28H5602  [80°].  Geocerin 
is  a  neutral  wax. 

GERANIENE  C]0HI6.  (163°).  S.G.  32  -843.  A 
terpene  obtained  by  treating  oil  of  geranium  with 
P?05  (0.  Jacobsen,  A.  157,  239).  By  treatment 
with  half  the  calculated  quantity  of  iodine  it  is 
converted  into  cymene  (Oppenheim  a.  Pfaff,  B. 
7,  625).  Gives  a  liquid  hydrochloride. 

GERANIOL  0IOH,80.  (233°).  S.G.  ^-885.  A 
compound  occurring  in  oil  of  geranium  (0.  Jacob- 
sen,  A.  157,  232 ;  Gintl,  Ph.  [3]  10,  24).  Oil. 
Inactive  to  light.  Fragrant  smell  like  roses. 
Miscible  with  alcohol  and  ether.  With  calcium 
chloride  at  50°  it  forms  a  crystalline  compound 
(C,0H,80)2CaCl2decomposed  by  water.  Slowly  oxi- 
dised by  air.  Potash-fusion  forms  isovaleric 
acid.  Neutral  aqueous  KMn04  forms  acetic  and 
isovaleric  acids.  Even  boiling  baryta-water  slowly 
forms  isovaleric  acid.  Chromic  acid  mixture 
forms  also  succinic  acid.  HN03  forms  nitro- 
benzene, HCy,  oxalic  acid,  and  a  resin,  but  no 
camphoric  acid. 

Geranyl  chloride  010H17C1.  S.G.  ss  1-020. 
From  geraniol  and  gaseous  HC1.  Inactive  oil 
smelling  like  camphor.  Alcoholic  AgN03  ppts. 
even  in  the  cold  all  the  Cl  as  AgCl.  KCy,  KCyS, 
KN03,  and  other  K  salts  displace  the  Cl  by  thsir 
acid  residues. 

Geranyl  bromide  C10H17Br.    Oil. 

Geranyl  iodide  010H1TI.  Oil.  From  the 
chloride  and  cold  alcoholic  KI. 
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Di-geranyl  oxide  (0IOHI7)2O.  (187°-190°). 
From  geranyl  chloride  and  potassium  geraniol 
Cj0H]7OK.  Oil,  smelling  of  peppermint. 

Di-geranyl  sulphide  (Cj0H,7)2S.  From 
CIOH,7C1  and  alcoholic  K2S.  Heavy  yellowish 
oil.  With  HgCLj  it  gives  a  compound  insol. 
alcohol.  When  heated  it  gives  geraniene. 

GERMANIUM.  Ge.  At.  w.  72-3.  Mol.  w. 
unknown,  as  V.D.  has  not  been  determined. 
[c.  900°]  (Winkler,  J.  pr.  [2]  34,  177).  S.G. 
gg  5-469  (W.,  Z.C.).  S.H.  100°-440°  -0737  to 
•0757  (W.,  I.e.).  Sharpest  lines  in  emission- 
spectrum  6020,  5892,  4684-5  (Kobb,  W.  A.  29, 
670).  L.  de  Boisbaudran  says  that  the  charac- 
teristic lines  are  4680  and  4226  (C.  R.  102, 1291). 

In  1885  a  silver  ore  from  the  Himmelsfurst 
mine,  near  Freiberg,  was  recognised  by  Eichter 
as  a  new  mineral  species ;  to  it  he  gave  the 
name  of  argyrodite.  The  mineral  was  care- 
fully analysed  by  Winkler  with  the  result  that 
the  percentages  of  Ag,  S,  Hg,  Fe,  and  Zn  found 
added  up  to  93-94.  After  much  labour, 
Winkler  was  able  to  announce  that  the  rest  of 
the  mineral  was  composed  of  a  new  element,  to 
which  he  gave  the  name  germanium  (B.  19, 
210).  Winkler  was  inclined  to  regard  ger- 
manium as  belonging  to  the  Sb-Bi  family,  but 
fuller  investigation  showed  it  to  be  identical 
with  ekasilicon,  the  properties  of  which  had 
been  foretold  by  Mendelejeff,  and  the  position  of 
which  had  been  indicated  by  him  as  group  IV., 
series  5.  The  reasoning  which  led  Mendelejeff 
to  his  statement  of  the  properties  of  ekasilicon 
was  similar  to  that  on  which  he  based  his  pre- 
diction of  the  properties  of  eka-aluminium, 
with  which  element  gallium  was  found  to  be 
identical  (v.  GALLIUM,  Chemical  relations  of, 
p.  598). 

Occurrence. — Ge  forms  about  6-9  p.c.  of 
argyrodite.  The  composition  of  this  mineral 
is  approximately  expressed  by  the  formula 
2Ag2S.GeS2 ;  it  contains  about  '66  p.c.  Fe,  -22 
p.c.  Zn,  and  -31  p.c.  Hg.  Ge  has  also  been 
found  in  euxemite  to  the  extent  of  about  7  p.c. 
(Kriiss,  B.  21,  131). 

Preparation. — Powdered  argyrodite  is 
heated  to  moderate  redness  with  calcined 
Na2C03  and  flowers  of  S ;  the  product  is  ex- 
tracted with  water,  and  exactly  enough 
H2S04Aq  is  added  to  decompose  the  Na2S. 
After  standing  for  a  day  the  liquid  is  filtered, 
and  HClAq  is  added  so  long  as  a  pp.  forms. 
The  liquid  is  saturated  with  H2S,  and  filtered ; 
the  pp.  is  washed  with  90  p.c.  alcohol  saturated 
with  HgS.  The  sulphide  of  Ge  thus  obtained  is 
roasted  at  a  low  temperature  and  warmed  with 
HN03Aq.  The  oxide  thus  produced  is  strongly 
heated,  and  then  reduced,  either  by  heating  in 
H,  or  by  making  into  small  balls  with  starch 
and  water,  and  heating  to  bright  redness  be- 
tween layers  of  charcoal,  and  then  melting 
under  borax  (Winkler,  J.  pr.  [2]  34,  177).  For 
another  method  v.  Winkler,  J.  pr.  [2]  36,  177. 

Properties. —  Greyish-white,  lustrous,  very 
brittle;  melts  at  c.  900°,  and  crystallises  in 
regular  octahedra  on  cooling.  Only  slightly 
volatilised  by  heating  in  H  or  N  at  1350°  (V. 
Meyer,  B.  20,  497).  Unchanged  in  air  at 
ordinary  temperature,  but  oxidised  when  heated 
in  state  of  powder.  Dissolved  by  H2S04Aq  but 


not  by  HClAq.    The  atom  of  Ge  is  tetravalent 
in  the  gaseous  molecules  GeCl4  and  GeI4. 

The  at.  w.  has  been  determined  by  analysing 
GeCl4,  and  determining  the  V.D.,  and  hence 
mol.  w.  of  the  same  compound,  and  also  GeI4 
and  GeS  (Winkler,  J.  pr.  [2]  34,  177).  The 
value  72-3  is  confirmed  by  measurements  of  the 
S.H.  of  Ge  at  100°-400°.  Lecocq  de  Boisbau- 
dran has  also  calculated  the  at.  w.  from  obser- 
vations of  the  spectral  lines  of  Ge  (C.  R.  102, 
1291).  The  difference  between  the  mean  wave- 
lengths of  the  characteristic  lines  of  Ge  and 
Si  is  443,  and  between  Ge  and  Sn  the  difference 
is  624 ;  this  may  be  stated  as  443  (1  +  -4051)  = 
624.  In  the  cases  of  Ga  and  Al  the  difference 
is  149,  and  the  difference  between  Ga  and  In 
is  205  ;  this  may  be  stated  as  149  (1  +  -38584) 
=  205.  The  difference  between  the  at.  ws.  of 
Ga  and  Al  is  42-4,  and  the  difference  for 
Ga-In  is  43-6 ;  this  may  be  stated  as  42-4 
(1  +  -028302)  =  43-6.  The  difference  between  the 
at.  ws.  of  Si  and  Sn  is  90.  From  these  data 
the  number  72-31  is  found  for  the  at.  \v.  of  Ge, 
assuming  that  the  relation  between  variation  of 
at.  ws.  and  wave-lengths  in  the  three  elements 
Si,  Ge,  Sn  is  the  same  as  in  the  three  elements 
Al,  Ga,  In  (v.  GALLIUM,  Chemical  Relations  of, 
p.  598). 

Germanium  belongs  to  the  same  family  as 
Si,  Sn,  and  Pb ;  these  four  elements  form  the 
odd-series  members  of  Group  IV.  Ge  is  both 
metallic  and  non-metallic  in  its  chemical  re- 
lations. The  oxide  Ge02  dissolves  in  acids,  but 
no  salts  have  yet  been  isolated ;  this  oxide  also 
dissolves  in  KOH  and  K2C03  when  fused  with 
these  salts,  and  probably  forms  germanates 
analogous  to  the  stannates ;  GeS2  also  dissolves 
in  alkaline  hydrosulphides  probably  forming 
thiogermanates.  The  existence  of  the  two 
oxides  and  sulphides  GeO  and  Ge02,  GeS  and 
GeS2 ;  the  composition  and  properties  of  GeCl4, 
GeI4,  and  GeF4 ;  the  formation  of  liquid  GeHCls 
analogous  to  SiH013  and  CHC13,  and  of  liquid 
Ge(C2H5)4  similar  to  81(0^),, ;  and  the  iso- 
lation of  H2GeF6  and  salts  of  this  acid ;  these 
mark  the  similarity  between  Ge  and  Si.  Ge 
also  appears  to  be  capable  of  replacing  Si  in 
ultramarine. 

Reactions. — 1.  Powdered  Ge  heated  in  air 
burns  to  Ge02. — 2.  Oxidised  to  Ge02  by  nitric 
acid. — 3.  Dissolves  in  sulphuric  acid,  but  not 
in  hydrochloric  acid.— 4.  Combines  directly  with 
chlorine,  bromine,  and  iodine,  to  form  GeX4. — 
5.  Heated  in  a  current  of  hydrogen  chloride 
GeHCl3  is  formed.— 6.  Heated  with  mercuric 
chloride  or  bromide  GeCl,  or  GeBr4  is  produced. 

Detection  and  Estimation. — The  most  cha- 
racteristic reaction  of  Ge  compounds  is  the  pro- 
duction of  white  GeS2  by  saturating  an  alkaline 
solution  with  NH4HS,  and  then  adding  excess  of 
a  mineral  acid.  In  estimating  Ge,  excess  of 
NH4HS  is  added  to  an  alkaline  solution,  a  large 
excess  of  dilute  H2S04Aq  is  then  added,  and  the 
liquid  is  saturated  with  H2S  ;  after  standing  12 
hours  the  ppd.  GeS2  is  collected,  and  washed 
with  dilute  H2S04Aq  saturated  with  H2S  ;  the 
pp.  is  then  washed  off  the  filter,  the  residue  on 
the  filter  is  dissolved  in  ammonia,  and  this  solu- 
tion, together  with  the  water  used  in  washing 
off  the  pp.,  is  evaporated  to  dryness  in  a  weighed 
porcelain  crucible,  the  main  portion  of  the  pp. 
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is  now  placed  in  the  crucible,  and  the  whole  is 
evaporated  to  remove  adhering  H2S04 ;  the  resi- 
due is  heated,  nitric  acid  is  added,  and  the 
whole  is  again  evaporated  and  heated  strongly ; 
the  residue  is  now  digested  with  ammonia  (to 
remove  H2S04),  then  dried,  heated  strongly,  and 
weighed  as  Ge02.  If  the  Ge  is  obtained  as  a 
thio  salt,  along  with  thio  salts  of  Sb,  As,  and 
Sn,  the  solution  is  diluted  to  a  definite  volume, 
a  measured  portion  is  boiled  with  excess  of 
normal  H2S04Aq,  and  the  residual  H2S04  is 
determined  volumetrically ;  the  quantity  of 
H2S04  required  to  neutralise  the  solution  is  thus 
determined;  the  proper  quantity  of  H2SO.,  is 
then  added  to  another  measured  portion  of  the 
liquid,  and,  after  standing  12  hours,  the  liquid 
is  filtered  and  evaporated  to  a  small  volume ; 
NH3Aq  and  NH4HS  are  added,  then  excess  of 
H,S04Aq,  and  the  Ge  is  ppd.  as  GeS2  by  satu- 
rating with  H2S  (v.  supra). 

Germanium  bromide  GeBr4.  A  strongly 
fuming  colourless  liquid,  which  solidifies  a  little 
below  0°  to  white  crystals ;  decomposed  by  water 
with  ppn.  of  Ge02  and  production  of  much  heat. 
Formed  by  heating  Ge  in  Br,  or  with  HgBr2 
(Winkler,  J.pr.  [2]  36,  177). 

Germanium  chloride  GeCl4.  Mol.  w.  213-78. 
(86°).  V.D.  107-5  at  200°  to  c.  650°  (Nilson  a. 
Pettersson,£.P.C.l,27).  S.G.  g  1-887.  Criti- 
cal temp.  =  276-9°  (N.  a.  P.)  (vapour-pressures, 
v.  N.  a.  P.,  I.e.).  A  thin  colourless  liquid,  fuming 
in  air  ;  decomposed  by  water  to  GeO2 ;  partially 
reduced  to  Ge  by  heating  in  H.  Formed  by  heat- 
ing Ge  in  Cl,  shaking  the  product  with  Hg  and 
distilling;  or  by  heating  powdered  Ge  with  8 
times  its  weight  of  HgCl2  (W.,  J.  pr.  [2]  34, 
177). 

When  HC1  is  passed  over  heated  GeS,  a 
chloride  lower  than  GeCl4  is  probably  obtained. 

Germanium  chloroform  GeHCl3.  Mol.  w. 
179-41.  V.D.  at  178°  80-3.  A  thin  colourless 
liquid,  boiling  at  72° :  formed  by  gently  heating 
Ge  in  dry  HC1,  and  separating  the  heavier  liquid 
from  the  lighter  (separation  of  the  distillate 
into  two  layers  takes  place  slowly)  (W.,  J.  pr.  [2] 
36,  177). 

Germanium  ethide  Ge(C2H5)4.  Mol.  w. 
188-06.  V.D.  123.  A  colourless  liquid  of  slightly 
alliaceous  odour ;  boiling  at  160°.  Prepared  by 
mixing  ZnEt4  with  GeCl4,  and  keeping  the  mix- 
ture cold,  as  the  reaction  occurs  violently.  Slightly 
lighter  than,  and  immiscible  with,  water.  Un- 
changed by  mixture  with  oxygen  at  ordinary 
temperatures.  Burns  in  air  to  Ge02  (W.,  I.e.). 

Germanium  fluorhydric  acid  H^GeFeAq. 
When  vapour  of  GeF4  (obtained  by  strongly 
heating  GeF4.3H20)  is  led  into  water,  the  solu- 
tion contains  the  acid  H2GeF6  (W.,  I.e.). 

POTASSIUM  GERMANIC-FLUORIDE  K2GeF6  (W., 
Z.C.;  also  Kriiss  a.  Nilson,  B.  20,  1696).  Ob- 
tained by  adding  KHF2  to  a  solution  of  Ge02  in 
HFAq  (N.  a.  P.),  or  by  using  KC1  instead  of 
KHF2  (W.),  allowing  the  pp.  to  settle,  filtering, 
and  drying  at  dull  red  heat.  According  to 
N.  a.  P.  the  salt  is  melted  without  loss  of  weight 
at  bright  redness ;  and  according  to  W.  the  salt 
loses  weight  above  a  red  heat.  Not  hygroscopic. 
S.  at  100°  =  2-6  (N.  a.  P.).  Crystallises  in  hexa- 
gonal forms;  a:c  =  1: -80389  ;  isoniorphoua  with 
(NH4)3SiFa  (N.  a.  P.). 


Germanium  fluoride  GeF4.3H20.  Very  deli- 
quescent crystals,  obtained  by  dissolving  Ge02  in 
cone.  HFAq,  and  evaporating  over  H2S04.  When 
heated,  HF  and  H20  are  evolved,  and  some  Ge02 
is  formed;  heated  to  redness  GeF4  is  evolved, 
and  about  half  the  Ge  remains  as  Ge02.  Pure 
GeF4  has  not  yet  been  obtained  ;  Winkler 
(J.  pr.  [2]  36,  177)  tried  to  prepare  it,  (1)  by  the 
action  of  H  on  heated  K2GeF6 ;  (2)  by  heating 
GeF4.3HoO  in  dry  C02 ;  (3)  by  heating  together 
Ge02,  CaF.,,  and  H2SO4 ;  (4)  heating  a  mixture 
of  K2GeF6~  with  H2S04.  GeF4  is  doubtless  a 
solid  capable  of  being  volatilised  (W.). 

Germanium  iodide  GeI4.  Mol.  w.  578-42. 
[144°].  (350°-400°)  (W.,  J.  pr.  [2]  34,  177). 
V.D.  at  440°  272-5  (Nilson  a.  Pettersson,  Z.  P.  C. 
1,  36).  Dissociation,  probably  into  GeI2  and  I, 
begins  c.  650°.  A  yellow,  very  hygroscopic  solid, 
vapour  is  inflammable;  mixed  with  air  and 
ignited,  detonates  feebly.  Produced  by  heating 
Ge  in  a  current  of  C02  containing  I  vapour. 

Germanium  oxides.  GeO  has  probably  been 
isolated.  Ge02  is  a  well-marked  body. 

GERMANIC  OXIDE  Ge02.  Produced  by  burning 
Ge  in  0  ;  or  by  oxidising  Ge  by  HN03 ;  or  pre- 
ferably by  decomposing  GeCl4  by  water.  Dense 
white  gritty  solid ;  S.G.  J-g  4-703.  S.  at  20°  =  -4; 
at  100°  =  1-05  (W.,  J.  pr.  [2]  34,  177).  Separates 
from  solution  in  water  as  microscopic  rhombic 
crystals.  Aqueous  solution  has  a  sour  taste. 
Ge02  dissolves  readily  in  fused  KOH  and  K2C03. 
Probably  forms  salts  with  acids,  but  none  has 
yet  been  isolated. 

GERMANIOUS  OXIDE  GeO.  Described  by 
Winkler  as  obtained  by  boiling  GeCl2  with 
KOHAq,  and  heating  the  hydroxide  (probably 
Ge02H2)  thus  formed  in  C02 ;  but  there  are 
doubts  as  to  the  isolation  of  GeCl2,  inasmuch  as 
the  substance  formerly  supposed  to  be  this  chlor- 
ide has  been  shown  to  be  GeHCL,  (W.,  J.  pr.  [2] 
36, 177).  GeO  is  also  formed  in  small  quantity 
when  powdered  Ge  is  melted  under  borax.  GeO 
is  described  as  a  greyish-black  solid;  e.  sol. 
HClAq,  forming  a  solution  which  reduces 
KMn04Aq  to  K^LnO^q  and  ppts.  Au  and  Hg 
from  their  salts. 

Germanium  oxychloride  (?)  GeOCL,.  When 
Ge  is  heated  in  dry  HC1,  two  liquids  of  almost 
the  same  S.G.  are  obtained.  The  distillate 
slowly  separates  into  two  layers ;  the  lighter  is 
an  oxychloride,  probably  GeOCl2.  Winkler 
( J.  pr.  [2]  36, 177)  describes  it  as  a  colourless, 
oily,  non-fuming  liquid,  which  adheres  to  glass, 
and  boils  much  above  100°,  seemingly  without 
decomposition. 

Germanium,  salts  of.  Ge02  probably  forms 
salts  by  dissolving  in  acids,  but  none  has  yet 
been  isolated. 

Germanium  sulphides.  Both  GeS  and  GeS2 
have  been  isolated. 

GERMANIC  SULPHIDE  GeS2.  Obtained  by 
adding  NH4HS  to  an  alkaline  solution  of  Ge02, 
then  adding  considerable  excess  of  H2S04Aq, 
saturating  with  H2S,  washing  first  with  H2S04Aq 
saturated  with  H2S  and  then  with  alcohol,  and 
drying  in  vacua.  A  white  powder.  Heated  in 
dry  C02  it  is  partly  volatilised,  and  apparently 
also  partially  decomposed.  If  GeS2  is  washed 
with  water  until  free  from  acid,  and  then  sus- 
pended in  water,  an  emulsion  is  formed  which 
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requires  several  weeks  to  clear.  About  1  part  of 
the  sulphide  treated  thus  dissolves  in  229*1  parts 
water ;  the  solution  is  feebly  acid  to  litmus  ;  it 
soon  decomposes  with  evolution  of  H2S.  GeS2 
dissolves  easily  in  alkaline  hydrosulphides,  pro- 
bably with  formation  of  thiogermanates. 

GEBMANIOUS  SULPHIDE  GeS.  Mol.  w.  104*28. 
V.D.  1100°-1500°  =  48  (Nilson  a.  Pettersson, 
Z.  P.  C.  1,  37).  Greyish-black  plates;  very 
lustrous;  red  by  transmitted  light.  Obtained 
by  heating  GeS2  in  a  slow  current  of  H.  Heated 
in  air  gives  Ge02.  Dissolves  easily  in  warm 
KOHAq,  giving  residue  of  Ge ;  addition  of  H2S 
to  this  solution  ppts.  GeS  as  a  reddish-brown 
amorphous  solid.  M.  M.  P.  M. 

G1NGEROL.  An  alkaline  substance  said  to 
occur  in  ginger,  the  root  of  Zingiber  officinalis 
(Thresh,  Ph.  [3]  12,  721).  According  to  Thresh, 
the  ethereal  extract  contains,  besides  gingerol, 
three  resins  C16H2403,  C46H540,0,  and  C43H60p8, 
and  a  terpene.  By  extracting  ginger  with 
alcohol,  and  distilling  the  extract  with  steam, 
Stenhouse  and  Groves  (C.  J.  31,  553;  cf. 
Papousek,  A.  84,  352)  obtained  a  light  essential 
oil  which  yielded  protocatechuic  acid  on  fusion 
with  soda. 

GINGKOIC  ACID  C24H4802.  [35°].  Occurs  in 
the  fruit  of  Gingko  biloba  (Schwarzenbach,  J. 
1857,  529  ;  Viert.pr.  Pharm.  6,  424). 

GLASS.  A  mixture  of  K  or  Na  silicate,  or  of 
ooth,  with  one  or  more  silicates  insol.  water, 
such  as  silicate  of  Al,  Ba,  Ca,  Fe,  Pb,  Mn,  Mg, 
or  Sr.  Pure  silicate  of  K  or  Na  is  acted  on  by 
water ;  silicate  of  Ca  is  decomposed  by  acids ; 
but  a  mixture  of  the  two  is  only  very  slowly 
acted  on  by  water  or  the  commoner  acids.  The 
greater  the  proportion  of  silica  and  alumina  in 
the  glass,  the  less  fusible  is  it,  and  the  more 
slowly  is  it  acted  on  by  acids. 

Glass  is  slowly  acted  on  by  hot  water ;  the 
more  readily  the  greater  the  proportion  of  soda 
or  potash  in  the  glass.  Glass  is  corroded  or 
etched  by  HFAq  with  formation  of  gaseous  SiF4. 
Glasses  poor  in  silica  are  acted  on  by  most  acids, 
which  dissolve  out  bases  and  separate  silica. 
Potash  or  soda  dissolves  out  silica  from  glass, 
especially  when  the  solutions  are  hot  and  con- 
centrated. Lead  glass  is  blackened  by  heating 
owing  to  reduction  of  some  of  the  Pb  silicate  to 
Pb.  For  details  regarding  different  kinds  of 
glass,  v.  DICTIONARY  OF  TECHNICAL  CHEMISTRY. 

M.  M.  P.  M. 

GLAUCINE.  An  alkaloid  obtained  by  Probst 
(A.  31,  241)  from  the  leaves  of  the  yellow  horned 
poppy  (Glauciumflavum)  growing  on  sandy  sea- 
shores. Colourless  crusts  of  nacreous  scales 
(from  water).  It  is  ppd.  from  solutions  of  its 
salts  by  NH3  as  a  curdy  mass  which  after  some 
time  becomes  pitchy.  It  is  m.  sol.  hot  water,  v. 
sol.  alcohol  and  ether.  Tastes  bitter.  Its  solu- 
tion is  alkaline  in  reaction.  Hot  H,2S04  gives  a 
violet  colour ;  on  adding  water  a  red  solution  is 
formed,  whence  NH3  throws  down  an  indigo- 
blue  pp.  The  hydrochloride,  sulphate, 
and  phosphate  of  glaucineare  crystalline, and 
v.  sol.  water  and  alcohol,  insol.  ether. 

GLAUCOMELANIC  ACID  v.  ELLAGIC  ACID. 

GLAUCOPICRINE.  An  alkaloid  contained 
in  the  roots  of  Glaitcium  flavum  (sive  luteum) 
(Probst,  A.  31,  254).  Granular  crystals,  sol. 
water  and  alcohol,  si.  sol.  ether.  Its  salts  have 


an  extremely  bitter  and  nauseous  taste.  Animal 
charcoal  removes  glaucopicrine  from  solutions 
of  its  salts.  Hot  cone.  H2S04  gives  a  dark  green 
pitchy  product,  insol.  water,  acids,  and  ammonia, 
The  hydrochloride  crystallises  in rhomboidal 
plates  or  in  bundles  of  prisms,  sol.  water,  insol. 
ether.  The  sulphate  and  phosphate  are 
also  crystallisable. 

GLIADIN  v.  PEOTEIDS. 

GLOBIN  v.  HEMOGLOBIN  and  PBOTEIDS. 

GLOBULARIN  C15H2008.  Occurs  in  the  leaves 
of  Globularia  Alypum  (Walz,  N.  J.  P.  13,  281 ; 
Heckel,  A.  Ch.  [5]  28,  72;  C.  B.  95,  90). 
Amorphous ;  sol.  water,  alcohol,  and  ether. 
Tastes  bitter.  Acid  in  reaction.  Ppd.  from  its 
aqueous  solution  by  iodine  and  by  tannin.  Be- 
solved  by  boiling  dilute  acids  into  glucose  and 
globularetin  C9H?0.  Globularetin  is  converted 
into  cinnamic  acid  by  boiling  KOHAq. 

GLOBULIN  v.  PBOTEIDS. 

GLOBULOSE  v.  PBOTEIDS. 

GLTTCIC  ACID  C12H22012aq.  (B.) ;  C16H24012 
(M.).  Glycic  acid. 

Formation. — 1.  A  solution  of  glucose  is 
saturated  with  lime  or  baryta  and  left  for  several 
weeks.  On  adding  lead  subacetate  a  buiky  pp. 
of  lead  glucate  is  formed  (Peligot,  A.  Ch.  67, 
154). — 2.  Glucose  melted  at  100°  in  its  water  of 
crystallisation  is  mixed  with  warm  cone.  KOHAq ; 
as  soon  as  the  first  reaction  has  ceased  the 
liquid  is  diluted  and  the  glucic  acid  ppd.  by  lead 
subacetate  (Persoz). — 3.  Cane-sugar  is  boiled 
with  dilute  H2S04  in  contact  with  the  air.  The 
product  is  filtered,  neutralised  by  CaC03,  evapo- 
rated to  dryness,  dissolved  in  a  little  water,  and 
mixed  with  alcohol  which  ppts.  calcium  apo- 
glucate  while  acid  calcium  glucate  remains  in 
solution  (Mulder,  A.  36,  243). 

Properties. — Amorphous  mass,  v.  sol.  water 
and  alcohol.  Turns  brown  at  100°.  The  aque- 
ous solution  turns  brown  when  boiled  in  contact 
with  the  air  or  with  dilute  H2S04  or  HClAq, 
apoglucic  acid  being  among  the  products.  Ac- 
cording to  Grote  and  Tollens  (A.  175, 181)  the 
calcium  glucate  of  Mulder  is  calcium  levulate 
C5H6Ca03. 

Salts. — (Beichardt,  Vierteljahr.  pr.  Pharm. 
19,  384,  503:)r^Na6H6A'"4 :  [100°] ;  hygroscopic. 
— CaH4A'"2  aV=Ba3H3A'"2  3aq.  —  BaH4A'"2  aq : 
very  hygroscopic. — MgHA'"2  aq.  —  A1A'"  :  yel- 
lowish-white mass.  —  Fe3H3A'"2  3aq.  — 
Pb3C12H160J2  (at  150°). 

Apoglucic  acid  C18H220U  (dried  at  100°)  ? 
Formed  by  boiling  glucic  acid  with  water  or  dilute 
acids  or  cane-sugar  with  dilute  H2S04  (Mulder). 
Amorphous  brown  mass,  v.  sol.  water,  si.  sol. 
alcohol,  insol.  ether.  Its  alkaline  salts  form 
deep  red  solutions.— PbC,8H,609.—Ag2C18H18010 : 
brown. — CaCi8H18010  (at  130°) :  brown  amorph- 
ous mass. 

Isoapoglucic  acid.  Formed  by  heating  ace- 
tone with  chlorine,  potash,  and  HC1  successively 
(Mulder,  Z.  1868,  51).— PbCH204. 

GLUCINUM  v.  BEEYLLIUM. 

GLUCO-COUMARIC  ALDEHYDE  v.  Glucoside 

Of  COUMAKIO  ALDEHYDE. 

GLUCODRUPOSE  C24H36016.  The  chief  con- 
stituent of  concretions  in  pears  (Erdmann,  A. 
138,  1).  Pale-yellowish  grains.  Insol.  ordinary 
solvents,  alkalis,  cold  dilute  acids,  and 
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Schweizer's  solution.    Split  up  by  boiling  dilute 
acids  into  glucose  and  drupose  C12H2008. 

GLUCOFERULIC    ALDEHYDE    v.    FERULIO 

ALDEHYDE. 

GLUCOLIGNOSE  C30Hl(j021  ?  Occurs  in  pine 
wood  (Erdmann,  A.  Suppl.  5,  223).  Yellowish 
solid,  insol.  ordinary  solvents,  v.  si.  sol. 
Schweizer's  solution.  Split  up  by  boiling  dilute 
HC1  into  glucose  and  lignose  C18H2aOu  ?  (v. 
CELLULOSE). 

GLUCONIC  ACID  C6H1207  i.e. 
CH2(OH).(CH.OH)4.C02H.     [a]D  =  5-8°. 

Formation. — 1.  From  glucose,  cane-sugar, 
maltose,  starch,  soluble  starch,  and  dextrin  by 
successive  treatment  with  bromine  (or  chlorine) 
and  Ag20  (Hlasiwetz  a.  Habermann,  A.  155, 120 ; 
Habermann,  B.  5,  167  ;  A.  162,  297  ;  172,  11 ; 
Keichardt,  B.  8,  1020;  Kiliani,  A.  205,  182; 
Herzfeld,  A.  220,  342).— 2.  By  oxidising  glucose 
with  red  mercuric  oxide  and  baryta-water  (Herz- 
feld, A.  245,  32).— 3.  By  the  fermentation  of 
glucose  by  mycoderma  aceti  in  presence  of 
CaC03  and  an  infusion  of  yeast  (Boutroux,  J.  Th. 
1880,  52). 

Preparation. — 1.  Dextrin  (30  g.)  is  heated 
in  a  closed  vessel  with  bromine  (60  g.)  and  water 
(500  c.c.)  for  6  hours  at  100°.  The  product  is 
neutralised  with  Ag20,  filtered,  freed  from  silver 
by  H2S,  and  evaporated  over  the  water-bath 
(Herzfeld,  A.  220,342).— 2.  An  aqueous  solution 
of  cane-sugar  is  treated  with  bromine  until  the 
Br  ceases  to  disappear.  The  HBr  formed  is  re- 
moved by  PbO,  the  solution  is  then  ppd.  by  H2S, 
and  the  filtrate  after  concentration  saturated 
with  ZnCO3.  The  zinc-salt  is  subsequently  de- 
composed by  H2S  (Grieshammer,  Ar.  Ph.  [3]  15, 
193). 

Properties. — Uncrystallisable  syrup  (contain- 
ing 2aq) ;  loses  aq  at  100°,  and  the  second  aq  at 
125°.  Sol.  water,  insol.  alcohol.  Does  not  re- 
duce Fehling's  solution.  Decomposed  by  alka- 
line hydroxides,  alkaline  carbonates,  baryta,  and 
lime. 

Reactions. — 1.  Eeduced  by  HI  and  phos- 
phorus to  the  lactone  of  oxy-w-hexoic  acid 
(Kiliani  a.  Kleemann,  B.  17,  1296).— 2.  Pro- 
tracted treatment  with  bromine  forms  bromo- 
form,  bromo-acetic  acid,  and  oxalic  acid.— 3. 
Ag2O  forms  glycollic  acid.— 4.  HN03  (S.G.  1-4) 
oxidises  it  to  saccharic  and  oxalic  acids. 

Salts.  —  Ammonium  salt:  crystalline 
(Boutroux,  C.  E.  91,  236 ;  104,  369).  CaA'2  aq 
(from  dilute  alcohol).  [a]D  =  5-9.  S.  (of  CaA'j 
3-8  at  16-5°.— CaA'2  2aq :  groups  of  slender 
needles. — CaC6H1007  osaq.  —  BaA'2  3aq  :  prisms. 
S.  (of  BaA'2)  3-3  at  15-5°.— BaA'22aq.— BaA'2aq. 
— BaC6Hi007a;aq.— ZnA'25aq.— CdA'2.— PbA'2.— 
Pb2C6H807  (at  120°). 

Ethyl  ether EtA'.  Obtained  in  combina- 
tion with  CaCl2  as  (EtA')2CaCl2  by  passing  HC1 
into  an  alcoholic  solution  of  the  calcium  salt. 
The  free  ether  crystallises  in  needles. 

Penta-acetyl  derivative  of  the  ethyl 
ether  C5H6(OAc)5.C02Et.  [102°]  (Herzfeld,  A. 
245,  32). 

Para-gluconic  acid  C6Hi207. 

Preparation. — If  gluconic  acid  is  left  in  con- 
tact with  nitric  acid  (S.G.  1-3)  for  some  time, 
and  the  solution  neutralised  with  alkaline  car- 
bonates, salts  of  an  isomeric  paragluconic  acid 
are  obtained,  and  can  be  separated  from  the  me- 


tallic nitrate  by  alcohol.  The  free  acid  is  a  colour- 
less syrup,  of  strong  acid  reaction,  sol.  water, 
insol.  alcohol  (Honig,  M.  1,  48).  The  alkaline 
earth  salts  of  this  acid  cannot  be  obtained  in  a 
crystalline  form,  thus  differing  from  those  of 
gluconic  acid.  According  to  Volpert  (B.  19,  2621) 
it  is  identical  with  gluconic  acid. 

Salts.— KA' (at  100°) :  crystalline  leaflets.— 
NH4A'  (at  100°) :  colourless  monoclinic  needles. 
— Pb2C6H807 :  voluminous  white  pp. 

GLUCO-PROTEINS  v.  PROTEI'DS. 

GLUCOSAMINE  v.  PROTEI'DS  ;  Appendix  C. 

GLUCOSAN  v.  SUGARS. 

GLUCOSE  v.  SUGARS. 

GLUCOSIDES.  Substances  which,  when  de- 
composed by  dilute  acids,  yield  glucose  (or  some 
other  sugar)  and  another  substance  not  belong- 
ing to  the  class  of  carbohydrates  (Laurent, 
A.  Ch.  [3]  36,  330).  They  are  for  the  most  part 
natural  products  occurring  in  plants.  They  may 
be  viewed  as  compound  ethers  containing  the 
group  (CfiH,,O5),  which  is  turned  out  on  hydro- 
lysis KCeHnOs  +  H20  =  RH  +  C6H1206.  Some  glu- 
cosides  may  be  obtained  artificially  by  the  use  of 
acetochlorhydrose  C6H7ClAc405 :  thus  helicin  is 
formed  by  the  action  of  this  body  upon  potassium 
salicylic  aldehyde  (Michael,^! m.  1, 308). Inasmuch 
as  many  sugars  may  be  converted  into  glucose 
by  boiling  with  dilute  acids,  the  appearance  of 
glucose  after  this  operation  does  not  necessarily 
involve  the  pre-existence  of  the  residue  of  that 
particular  sugar  in  the  glucoside.  The  hydro- 
lysis may  be  effected  by  boiling  with  dilute  HC1, 
dilute  H2S04,  baryta-water,  or  dilute  alkalis. 
Some  nitrogenous  ferments,  frequently  existing 
in  the  plants  themselves,  can  effect  the  hydro- 
lysis even  in  the  cold ;  e.g.  emulsin  in  almonds, 
myrosin  in  mustard,  and  erythrozym  in  madder. 
The  glucosides  are  solid,  soluble  in  water,  and 
usually  crystalline.  They  give  Pettenkofer's  reac- 
tion with  bile  salts  and  H2S04.  The  following  are 
among  the  more  important  glucosides  that  yield 
glucose  when  boiled  with  dilute  acids  :  arbutin, 
ruberythrin,  salicin,  daphnin,  aesculin,  jalapin, 
helleborin,  turpethin,  populin,  bryonin,  ononin, 
and  the  nitrogenous  glucosides  amygdalin,  sol- 
anin,  indican,  and  chitin.  The  following  phloro- 
glucides  resemble  glucosides  but  yield  phloro- 
glucin  instead  of  glucose  on  hydrolysis  : 
phloretin,  quercetin,  and  madurin.  The  fol- 
lowing '  phloroglucosides '  yield  both  phloro- 
glucin  and  a  sugar:  phlorizin,  quercitrin, robinin, 
and  rutin. 

(a)-GLUCOSINE  C6H8N2.  (136°).  S.G.^  1-038. 
V.D.  3-81.  A  body  formed  by  heating  aqueous 
ammonia  with  glucose  at  100°  (Tanret,  El.  [2] 
44,  102).  Limpid  volatile  liquid.  Inactive  to 
light.  —  B'HCl:  very  deliquescent  crystals.— 
B'Etl :  pearly  crystals. 

(/3)-Glucosine  C6H8N2.  (160°).  S.G.  ±  1-012. 
V.D.  3'87.  Formed  by  the  action  of  ammonia 
on  glucose  at  the  same  time  as  its  isomeride 
(Tanret,  Bl.  [2]  44, 104).  Liquid.  The  platino- 
chlorides  of  the  two  glucosines  are  partially  de- 
composed by  boiling  water  (0.  de  Coninck,  Bl. 
[2]  45,  131). 

GLUTACONIC  ACID  C02H.CH2.CH:CH.C02H. 
[132°].  (Isomeric  with  citraconic  acid.)  From 
di-carboxy-glutaconic  ether  (g.  v.)  and  boiling 
HC1  (Conrad  a.  Guthzeit,  A.  222,  253).  White 
prisms.  V.  sol.  water,  alcohol,  and  ether.  Not 
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decomposed  below  180°.  Gives  no  colour  with 
FeCl3.  Sodium  amalgam  reduces  it  to  glutaric 
acid. 

Salts.— ZnA".— Ag2A". 

Reference. — CHLORO-GLUTACONIC  ACID. 

GLUTAMIC  ACID  C5H9N04  i.e. 
C3H5(NH2)(002H)2.  [202°].  S.  1  at  15° ;  S.  (80 
p.c.  alcohol)  -07  at  15°.  Occurs,  probably  as 
its  amide,  in  pumpkin  seeds  (Schulze  a.  Bar- 
bieri,  B.  11,  710,  1233),  vetch  seeds  (Gorup- 
Besanez,  B.  10,  780)  and  beet -root  juice 
(Scheibler,  B.  2,  296 ;  Schulze,  B.  10,  85 ;  16, 
312).  It  may  be  isolated  from  molasses  after 
the  sugar  has  been  removed  by  the  strontium 
process  (Scheibler,  B.  17,  1725).  Formed,  to- 
gether with  aspartic  acid,  by  boiling  vegetable 
proteids  with  dilute  H2S04  (Bitthausen,  J.  pr. 
99,  454;  107,  218).  Formed  also  by  boiling 
casein  with  HC1  and  SnCl2  (Hlasiwetz  a.  Haber- 
mann,  A  169,  157).  Among  the  products  of  the 
decomposition  of  proteids  by  baryta  Schiitzen- 
berger  (A.  Gh.  [5J  16,  375)  found  an  acid 
C5H9N04  [150°]  which  formed  two  silver  salts 
AgHA"  and  AgjA",  apparently  not  to  be  identified 
with  glutamic  acid. 

Preparation. — The  portion  of  wheat  gluten 
that  is  soluble  in  alcohol  (mucelin)  is  boiled  for 
20  hours  with  H2S04  (2|  pts.)  diluted  with  water 
(6£  pts.) ;  the  product  is  neutralised  by  lime  ; 
excess  of  lime  is  removed  by  oxalic  acid ;  excess 
of  oxalic  acid  by  lead  carbonate  ;  and  excess  of 
lead  by  H2S.  The  strongly  acid  liquid  yields  by 
evaporation  a  crystalline  mixture  of  tyrosine, 
leucine,  and  glutamic  acid,  from  which,  by  treat- 
ment with  hot  water  (which  leaves  the  tyrosine 
undissolved),  and  then  with  alcohol  of  30  p.c. 
(which  chiefly  dissolves  the  leucine),  and  re- 
crystallisation  from  water  with  addition  of 
animal  charcoal,  and  from  alcohol  of  30  p.c., 
the  glutamic  acid  is  obtained  pure. 

Properties.  —  Trimetric  tetrahedra ;  a:b:c 
=  •801:1:1-179  (Von  Bath);  = -687: -855:1 
(Oebbeke).  SI.  sol.  cold  water,  insol.  alcohol.  Its 
solutions  are  acid,  and  have  an  astringent  taste. 
In  aqueous  solution  it  is  dextrorotatory, 
[o]p  =  10-2  in  a  2  p.c.  solution  at  21°.  A  solution 
of  its  hydrochloride  B'HCl  is  also  dextrorotatory, 
[a]D  =  20°  in  a  4  p.c.  solution  at  21°;  but  its 
neutral  salts  are  Isevorotatory,  thus  for  CaA" 
[«]D=  —  3'7°  in  a  5  p.c.  solution  at  22°.  Its 
solution  is  not  ppd.  by  lead  acetate  even  on 
addition  of  ammonia.  Glutamic  acid  does  not 
reduce  Fehling's  solution.  On  distillation  it 
gives  pyroglutamic  acid  C5H7N03,  and  afterwards 
pyrrole. 

Reactions, — 1.  Nitrous  acid  converts  it  into 
an  inactive  oxy-glutaric  acid. — 2.  Baryta-water 
at  155°  renders  it  inactive ;  but  when  some 
Penicillium  glaucum  is  placed  in  a  solution  of 
the  inactive  glutamic  acid  it  again  becomes 
active  (Schulze  a.  Bosshard,  B.  18,  388).  The 
inactive  acid  is  m.  sol.  water  (S.  1-7  at  17°). 

Salts.— The  glutamates  of  the  alkalis  and 
alkaline  earths  are  v.  sol.  water  and  alcohol,  and 
dry  up  to  gummy  masses;  the  copper  salt  is 
characteristic  and  very  sparingly  soluble. — 
HNaA".  —  (NH4)2A".  —  NH  ,HA".  —  BaH2A"2.  — 
BaA"6aq:  groups  of  needles. — CuA"2iaq:  S. 
•03  in  the  cold ;  -25  at  100°  (Hofmeister,  'Site.  W. 
75,  469).— CuA"2aq:  blue  crystalline  powder 
(Schulze  a.  Bosshard,  B.  16,  313).— CuA"3aq.— 


Ag2A"  (at  100°).— H2A"HC1  (at  100°) :  triclinic 
tables  ;  si.  sol.  cone.  HClAq.— H2A"HBr. 

Mono-ethyl  ether  EtHA".  [165°].  Crys- 
talline, v.  sol.  water,  si.  sol.  cold  alcohol,  insol. 
ether.  Alcoholic  ammonia  at  150°  converts  it 
into  glutimide. 

Amide  C5H10N.,03  i.e. 

C3H,(NH2)(C02H)(CO.NH2).  S.  4  at  16°.  Occurs 
in  the  juioe  of  red  beet-root,  from  which  it  is 
isolated  by  precipitation  with  Hg(N03)2  (Schulze 
a.  Bosshard,  B.  16,  312).  Occurs  also  "in  pump- 
kin-seeds (Schulze  a.  Barbieri,  J.pr.  [2]  20, 388  ; 
32,  457).  Slender  white  needles ;  v.  sol.  hot 
water;  insol.  absolute  alcohol.  Its  aqueous 
solution  is  inactive,  but  its  solution  in  dilute 
H2S04  or  oxalic  acid  is  dextrorotatory.  Heated 
with  acids  or  alkalis  it  gives  glutamic  acid. 

Imide    C3H5(NH2)<^>NH.    Formed  by 

heating  ammonium  glutamate  for  five  hours  at 
190°.  Needles.  S.  8-7  at  15-5°.-C5H8N202HCl. 
— C5H7AgN202. 

GLTTTANIC  ACID  v.  OXY-GLUTARIC  ACID. 

GLUTARIC  ACID  C5H804  i.e. 
C02H.CH2.CH2.CH2.C02H.  Normal  pyrotartaric 
acid.  Deoxyglutanic  acid.  Mol.  w.  132.  [98°]. 
(c.  300°).  S.  83  at  14°.  S.H.  (0°-94°)  -3461 
(Hess,  W.  [2J  35,  410).  Occurs  as  the  K  salt 
in  the  grease  of  sheep's  wool  (Buisine,  C.  R. 
107,  789). 

Formation. — 1.  By  heating  oxy-glutaric  acid 
(1  pt.)  with  cone.  HIAq  (4  pts.)  at  120°  for  8 
hours  (Dittmar,  J.  pr.  [2]  5,  338).— 2.  By  the 
saponification  of  trimethylene  cyanide  prepared 
from  trimethylene  bromide  and  alcoholic  KCy 
(Lermontoff,  B.  9,  1441 ;  Beboul,  Bl.  [2]  25, 
386  ;  Markownikoff,  A.  182,  341).— 3.  From 
a-acetyl-glutaric  ether  (q.  v.)  and  cone,  alcoholic 
KOH  (Wislicenus  a.  Limpach,  A.  192,  128).— 

4.  By  heating  menthol  with  HN03   (20  vols.) 
(Moriya,  C./.39,  78).— 5.  By  treating  glutaconic 
acid  with  sodium  amalgam  (Conrad  a.  Guthzeit, 
A.  222,  254). —  6.   By  heating  propane  tetra- 
carboxylic  acid  to  180°  (Kleber,  A.  246,  110).— 

7.  By  boiling  di-oxy-propane  tri-carboxylic  acid 
with  HIAq  and  phosphorus  (Kiliani,  B.  18,  640). 

8.  Among  the    products    of    the  oxidation  of 
myristic  acid  by  HN03  (Noerdlinger,  B.  19, 1898). 

Properties. — Large  transparent  monoclinic 
prisms.  V.  e.  sol.  water,  alcohol  and  ether. 
When  heated  with  bromine  and  water  at  120° 
some  di-bromo-succinic  acid  is  formed  (E.  Bour- 
goin  a.  Beboul,  C.  R.  84,  556). 

Salts.  —  NH4HA":  concentric  crystals. — > 
(NH4),A".— NaHA"2aq.  -Na2A"  zaq.— KHA".— 
K2A"aq. — CaA"4aq  :  stellate  groups  of  slender 
needles,  more  sol.  cold  than  hot  water.  S.  60  at 
16°. — BaA"5aq  :  small  transparent  needles,  v. 
sol.  water.— MgA"3aq :  small  needles  (from  dilute 
alcohol);  v.  e.  sol.  water. —  ZnA'':  needles. 

5.  •!  at  18°.     The  solution  deposits  on  heating 
characteristic  minute  rectangular  plates  with 
re-entering  angles. — PbA"aq  :  heavy  crystalline 
pp. — CuA"|aq. — Ag^":     needles     (from     hot 
water). 

Mono-ethyl  ether  EtHA".  An  oil  formed 
by  the  action  of  alcohol  on  the  anhydride  in  the 
cold  (M.). 

Di-ethyl  ether  Et2A".  (237°).  S.G.  ^ 
1-025. 
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Chloride  C:JH6.(COC1)2.  (217°)  (Beboul, 
A.  Ch.  [5]  14,  510). 

Anhydride  C3H6(C.,03).  [57°].  (c.  287°). 
From  the  silver  salt  and  AcCl(M.).  Slender 
needles. 

Imide  05H7N02.  [152°].  Prepared  by 
heating  at  175°-180°  the  mixture  of  neutral 
and  acid  ammonium  glutarates,  obtained  by 
neutralising  glutaric  acid  with  ammonia.  Am- 
monia and  water  are  given  off,  and  the  imide 
collects  partly  in  the  neck,  partly  at  the  bottom 
of  the  flask.  The  product  is  obtained  in  the 
pure  state  by  crystallising  from  alcohol.  Bril- 
liant scales,  subliming  above  its  melting-point, 
sol.  water  and  benzene,  insol.  ether.  Its  silver 
salt  is  a  crystalline  powder.  Heated  with  zinc- 
dust  it  forms  a  hydrocarbon  and  a  basic  sub- 
stance, probably  a  hydride  of  pyridine.  After 
heating  with  PC15  at  60°  on  distilling  the 
residue  in  a  current  of  steam,  a  substance 
C5HUC1SN  is  obtained,  crystallising  in  needles 
[60°]  which  appears  to  possess  the  constitution 

CH2<CH2-CC12^>N>  inasmuch  as»  when  heated 
with  hydriodic  acid  and  amorphous  phosphorus, 
it  yields  a  substance  approximately  of  the  com- 
position of  chloropyridine  (Bernheimer,  G.  12, 
281). 

GLUTAZINE  v.  DI-OXY-AMIDO-PYRIDINE. 

GLUTEN  v.  PROTEIDS. 

GLUTEN-FIBRIN  v.  PROTEIDS. 

GLUTIC  ACID  v.  GLUTINIC  ACID. 

GLUTIMIC  ACID  C3H7N03.  [180°].  One  of 
the  products  of  the  decomposition  of  proteiids 
with  barium  hydroxide ;  glistening,  voluminous 
prisms,  sparingly  sol.  cold  water,  insol.  cold 
alcohol.  A  monobasic  acid,  forming  a  sparingly 
soluble  mercuric  salt  (Schiitzenberger,  A.  Ch. 
[5]  16,  373). 

GLUTIN  v.  PROTEIDS. 

GLUTINIC  ACID  C5H404  i.e. 
H02C.C:C.CH2.C02H.  [146°].  Formed  by  the 
action  of  alcoholic  KOH  upon  j8-chloro-gluta- 
conic  acid  H02C.CH:CC1.CH2.C02H ;  the  yield 
is  30-40  p.c.  of  the  theoretical.  Slender  needles, 
v.  sol.  alcohol  and  ether,  insol.  benzene  and 
chloroform.  On  heating  the  acid  or  its  mono- 
potassium  salt  with  water,  it  is  converted  with 
evolution  of  C02  into  a  very  unstable  mono- 
basic acid,  probably  HCiC.CH2.CO.,H,  which 
gives  the  acetylene  reactions. — A"Pb  :  white  pp. 
— xA"K2a;aq:  long  flat  needles. — xA"Baxaq: 
slender  needles  (Burton  a.  Pechmann,  B.  20, 
148). 

GLYCEKAMINE  v.  GLYCIDAMINB. 

GLYCEEIC  ACID  CSHBO4  i.e. 
CH2(OH).CH(OH).C02H.    Mol.  w.  106.    oj8-Di- 
oxy-propionic  acid.    Heat  of  neutralisation  by 
^Na20  =  11,334;  by  Na20  =  12,127  (Gal  a.  Wer- 
ner, Bl.  [2]  47,  163). 

Formation. — 1.  By  the  gradual  oxidation  of 
glycerin  by  nitric  acid  (Debus,  P.  M.  [4]  15, 
195  ;  A.  109,  227 ;  Socoloff,  A.  106,  95).— 2.  By 
the  spontaneous  decomposition  of  nitroglycerin 
(De  la  Eue  a.  Miiller,  A.  109,  122).— 3.  By  heat- 
ing glycerin  (1  mol.)  with  bromine  (2  mols.)  and 
a  large  quantity  of  water  at  100°  (Earth,  A.  124, 
341). — 4.  By  heating  a-chloro-|8-oxy-propionic 
acid  or  /8-chloro-o-oxy-propionic  acid  with  moist 
Ag20  (Melikoff,  C.  C.  1881,  354 ;  B.  13,  272 ; 
Frank,  A.  206,  348).— 5.  By  heating  aj8-di-bromo- 


propionic  acid  with  moist  Ag00  (Beckurts  a. 
Otto,  B.  18,  238).— 6.  By  heating  oxy-acrylic 
acid  CaH403  with  water  (Melikoff). 

Preparation. — 1.  By  mixing  50  g.  of  glycerin 
with  50  g.  of  water  in  a  large  glass  tube,  and 
adding,  by  means  of  a  funnel  reaching  to  the 
bottom,  50  g.  of  fuming  nitric  acid.  After  three 
or  four  days  the  contents  of  three  such  tubes 
are  slowly  evaporated  on  the  water-bath  down  to 
about  270  g.,  and  the  syrupy  mass  thus  obtained 
is  preserved  in  a  flask  allowing  the  escape  of 
gas,  which  is  slowly  given  off.  1,620  g.  of  the 
syrupy  mass  are  next  mixed  with  11  litres  of 
water,  2,400  g.  of  white  lead  are  gradually  added, 
and  the  mixture  is  left  to  stand  for  a  day.  The 
vessel  is  then  warmed,  with  constant  stirring, 
to  61°-65°,  and  kept  at  this  temperature  for 
two  hours.  The  liquid  is  decanted  and  allowed 
to  deposit  crystals,  the  mother-liquor  added  to 
the  solid  mass,  the  water  lost  by  evaporation 
replaced,  and  the  operation  repeated  two  or 
three  times.  The  lead  salt  thus  obtained  is  de- 
composed by  H2S  (Mulder,  B.  9,  1902 ;  cf.  Beil- 
stein,  A.  120,  226).— 2.  Mercuric  oxide  and 
baryta  are  added  to  a  concentrated  boiling  aque- 
ous solution  of  glycerin.  When  the  liquid  is 
saturated  with  baryta  the  addition  of  HgO  is  con- 
tinued until  reduction  no  longer  takes  place.  The 
liquid  is  filtered,  treated  with  CO2,  again  filtered, 
and  evaporated  to  a  syrup,  which  is  freed  from 
glycerin  by  washing  with  alcohol.  The  residue 
is  dissolved  in  water,  the  Ba  is  ppd.  by  the  cal- 
culated quantity  of  H2S04,  and  the  glyceric  acid 
which  remains  purified,  if  necessary,  by  means 
of  its  calcium  salt.  The  yield  is  45  p.c.  of  the 
glycerin  used  (Bornstein,  B.  18,  3357). 

Properties. — Uncrystallisable  syrup  ;  mis- 
cible  with  water  and  alcohol,  insol.  ether.  When 
heated  for  some  time  at  105°  it  is  converted  into 
a  soft,  very  tenacious,  anhydride  C3H403 ;  fur- 
ther application  of  heat  gives  formic,  acetic, 
pyruvic,  and  pyrotartaric  acids  and  an  acid 
C8H1006  [83°]  (Moldenhauer,  A.  131,  323  ;  Bot- 
tinger,  A.  196,  92).  Distillation  with  KHSO4 
forms  pyruvic  acid  (Erlenmeyer,  B.  14,  321). 
Glyceric  acid  prevents  the  ppn.  of  cupric  and 
ferric  hydrates  by  potash.  It  is  optically  inac- 
tive, but  a  solution  of  ammonium  glycerate  is 
rendered  laevorotatory  by  Penicillium  glaucum 
(Lewkowitsch,  B.  16,  2720). 

Reactions. — 1.  Iodide  of  phosphorus  forms 
$-iodo-propionic  acid. — 2.  Boiling  cone.  KOHAq 
forms  oxalic  and  lactic  acids. — 3.  Potash-fusion 
gives  formic  and  acetic  acids. — 4.  PC15  gives 
CH2C1.CHC1.COC1  (Wichelhaus,  A.  135,  248). 

Salts. — NH4A' :  radiating  deliquescent  crys- 
tals.— KHA'2 :  small  crystals  ;  the  neutral  K  salt 
decomposes  on  evaporation. — CaA'2  2aq :  nodules 
composed  of  minute  tables  or  prisms;  sol.  water, 
insol.  alcohol ;  on  adding  alcohol  to  its  aqueous 
solution  monoclinic  crystals  are  got.— SrA'2 : 
crystals ;  nearly  insol.  cold,  v.  sol.  hot,  water 
(Garzarolli-Thurnlack,  A.  182,  190).— BaA/2; 
large  spherical  aggregates  of  concentric  laminae, 
v.  e.  sol.  hot  water,  insol.  alcohol. — MgA'2  3aq : 
stellate  groups  of  small  efflorescent  crystals. — 
ZnA'2aq  :  small  crystals.— CdA'22aq. — PbA'2. — 
CuA'2  :  minute  sky-blue  crystals,  m.  sol.  coid 
water. — MnA'2  3aq. — AgA' :  minute  prisms  (from 
water). 

Ethyl  ether  EtA'.      (230°-240°).     S.G.  5 
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1»193.  Formed  by  heating  glyceric  acid  (1  pt.) 
with  alcohol  (4  pts.)  at  175°  (Henry,  B.  4,  701). 
Sticky  liquid.  A  mixture  of  HN03  and  H2S04 
converts  it  into  its  oilydi-nitrate  C3H3(N03)2OEt. 

Anhydride  or  lactone  C3H403.  Separates 
from  an  aqueous  solution  of  glyceric  acid  evapo- 
rated at  100°  and  left  to  rest.  Slender  six-sided 
needles  (from  water).  Insol.  alcohol  and  ether. 
It  dissolves  in  647  pts.  of  boiling  water,  by  which 
it  is  slowly  re-converted  into  glyceric  acid. 

GLYCEEIC  ALDEHYDE  (?)  C3H603  or 
*CtiH1206. 

Preparation. — By  the  action  of  platinum 
black  (best  prepared  by  the  method  of  Idrawko- 
witsch)  on  glycerin  mixed  with  double  its  weight 
of  water.  The  mass  is  extracted  with  water,  and 
concentrated  on  a  water  bath  in  vacuo. 

Reactions. — Reduces  Fehling's  solution  and 
ammoniacal  nitrate  of  silver.  Is  coloured  yellow 
on  boiling  with  lime  or  baryta  water.  Becomes 
strongly  heated  when  shaken  with  a  solution  of 
NaHS03,  after  which  alcohol  ppts.  a  gummy 
matter,  but  Na2C03  or  H2S04  do  not  set  free  an 
aldehyde  from  this  mass.  Phenyl-hydrazine 
hydrochloride  and  NaOAc  gives  a  coloured  pp. ; 
on  fractional  ppn.  several  derivatives  are  ob- 
tained, none  of  which  have  been  obtained  pure. 
Of  the  part  soluble  in  alkalis  after  a  crystallisa- 
tion from  benzene,  and  one  from  weak  alcohol, 
the  melting-point  is  constant  [193°].  The  al- 
dehyde ferments  with  yeast,  but  the  quantity  of 
C02  obtained  is  small  compared  to  its  reducing 
power  (Grimaux,  Bl.  [2]  47,  885;  cf.  Benard, 
C.  B.  82,  562).  The  same  body  occurs  among 
the  products  of  the  action  of  nitric  acid  upon 
yeast,  and  it  appears  to  be  closely  allied  to  the 
sugars  (Grimaux,  C.  B.  105,  1175). 

GLYCERIN  C,H808  i.e. 

CH2OH.CH(OH).CH2OH.  Glycerine.  Olycerol. 
Mol.  w.  92.  [20°]  (Nitsche,  D.  P.  J.  209,  145). 
(290°  cor.).  S.G.  |§  1-2635  (Nicol,  Ph.  [3]  18, 
302) ;  if  1-2624 ;  ff  1-2588  (Perkin,  C.  J.  45,  507) ; 
2f  1-2590  (Briihl).  M.M.  4-111  at  16°  (P.).  H.F.p. 
-1364  (Ramsay),  p*  147&  B^,  88-70  (B.).  S.H. 
•612  (Winklemann,  P.  153,  481).  Isotonic  co- 
efficient :  1-78  (De  Vries,  Ann.  Agr.  14,  376). 

Glycerin,  as  was  first  shown  by  Chevreul, 
bears  the  same  relation  to  the  fats  and  fatty  oils 
that  alcohol  does  to  acetic  ether,  and  is,  there- 
fore, formed  from  them  by  boiling  with  aqueous 
alkalis,  baryta-water,  lime-water,  litharge  and 
water,  or  even  by  heating  (under  pressure)  with 
water  alone.  It  was  discovered  in  1779  by 
Scheele,  who  obtained  it  in  the  preparation  of 
lead  plaster  by  saponifying  lard  with  lead  oxide. 

Formation. — 1.  Always  produced  in  the  al- 
Coholic  fermentation  of  sugar,  the  amount  being 
about  3  p.c.  of  the  sugar  used  (Pasteur,  C.  B.  46, 
857;  47,  224).  Hence  it  occurs  in  all  fermented 
liquors.  Wine  may  contain  about  1  p.c.  of  gly- 
cerin. Brandy  also  may  contain  a  little  glycerin 
(Morin,  C.  B.  105, 1019).— 2.  When  s-tri-bromo- 
propane  CH^Br.CHBr.CH^Br  is  heated  with 
AgOAc  there  is  formed  glyceryl  tri-acetate  or  tri- 
acetin  CH2(OAc).CH(OAc).CH2(OAc).  Baryta- 
water  converts  this  tri-acetin  into  glycerin  ( Wurtz , 
A.  Ch.  [3]  51,  97).— 3.  Synthetically  prepared 
from  acetone  by  successive  conversion  into  iso- 
propyl  alcohol,  propylene,  propylene  chloro-io- 
dide,  propylene  chloride,  and  tri-chloro-propane. 
The  tri-chloro-propane  was  obtained  by  heating 


propylene  chloride  with  iodine  chloride  at  140°, 
and  was  converted  into  glycerin  by  heating  with 
water  at  180°  (Friedel  a.  Silva,  C.  B.  76,  1594). 

Preparation. — 1.  By  saponification  with  ox- 
ide of  lead. — Five  pts.  of  finely  pounded  litharge 
are  heated  with  nine  pts.  of  olive  oil  or  any  other 
glyceride  and  a  small  quantity  of  water,  the  mix- 
ture being  stirred,  and  the  water  renewed  till  the 
oxide  of  lead  is  converted  into  a  plaster ;  the 
watery  liquid  is  then  separated  from  this  plaster, 
and  freed  from  lead  by  a  stream  of  H2S,  and  the 
filtrate  is  evaporated  to  a  syrup  over  "the  water- 
bath.  For  many  years  all  the  glycerin  of  com- 
merce was  obtained  by  this  method  ;  but  it  was 
very  apt  to  retain  small  quantities  of  lead,  the 
presence  of  which  is  very  objectionable  in  any 
therapeutic  application  of  glycerin. — 2.  From  the 
alkaline  mother-liquor  of  the  soap-works  glycerin 
may  be  obtained  by  distillation  with  superheated 
steam. — 3.  By  saponifying  tallow  with  lime  and 
water,  ppg.  excess  of  lime  by  H2S04,  and  evapo- 
rating.— 4.  By  distilling  fats  in  a  current  of  su- 
perheated steam  at  300°  ;  the  fats  are  then  de- 
composed, and  the  glycerin  which  distils  over  is 
finally  rectified  in  vacuo. 

Properties.— Thick  syrup  with  sweet  taste. 
Neutral  to  litmus.  Miscible  with  water,  alcohol, 
and  chloroform,  but  insol.  ether.  It  is  slightly 
volatile  with  steam  (Couttolenc,  Bl.  [2]  36,  133). 
Volatilisation  of  glycerin  does  not,  however, 
take  place  as  long  as  50  p.c.  of  water  is  present, 
and  even  when  there  is  only  26  p.c.  water,  mere 
traces  of  glycerin  pass  over  (Hehner,  An.  12, 
65 ;  cf.  Nessler  a.  Earth,  Fr.  21,  44 ;  23,  329). 
When  distilled  under  atmospheric  pressure  it  is 
partially  decomposed,  but  it  may  be  distilled 
under  diminished  pressure  without  decompo- 
sition. It  boils  at  180°  under  12-5  mm.  pressure 
(Bolas,  C.  J.  24,  84).  Glycerin  is  hygroscopic 
and  may  absorb  as  much  as  58  p.c.  of  water  from 
the  air  (E.  Williams,  C.  C.  1881,  76).  The  fol- 
lowing table  gives  the  specific  gravity  at  20°  of 
solutions  of  glycerin  compared  with  water  at 
20°  (Nicol,  Ph.  [3]  18  302)  :— 


Glycerin  per  cent. 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 


Specific  gravity 
1-26348 
1-23720 
1-21010 
1-18293 
1-15561 
1-12831 
1-10118 
1-07469 
1-04884 
1-02391 


A  10  p.c.  solution  of  glycerin  freezes  at  - 1° ;  a 
20  p.c.  solution  at  —  2-5°  ;  a  30  p.c.  solution  at 
-  6° ;  a  40  p.c.  solution  at  - 17-5° ;  and  a  50 
p.c.  solution  at  -  31°.  Pure  glycerin  may  be  ob- 
tained in  deliquescent  trimetric  crystals  melting 
at  20°:  a:b:c  =  -70  : 1 :  -66  (Nitsche,  D.  P.  J.  209, 
145 ;  Von  Lang,  P.  152,  637).  Glycerin  burns  with 
a  colourless  flame.  Glycerin  dissolves  iodine.  An 
aqueous  solution  of  glycerin  dissolves  more  As20., 
than  pure  water  (Schiff,  A.  118,  86).  Aqueous 
solutions  of  glycerin  dissolve  baryta,  strontia, 
and  lime.  Pure  glycerin  dissolves  KOH  and 
NaOH.  Glycerin  dissolves  all  deliquescent  salts, 
and  also  the  sulphates  of  K,  Na,  and  Cu,  and  the 
chlorides  of  K  and  Na  (Pelouze,  A.  19,  210;  20, 
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46).  Aqueous  and  even  dry  glycerin  dissolves 
PbO.  FeCl3  mixed  with  much  glycerin  is  not 
ppd.  by  alkalis  (cf.  Puls,  J.pr.  15,  83).  Cupric 
sulphate  mixed  with  glycerin  forms,  with  a  small 
quantity  of  potash,  a  pp.  which  dissolves  in  ex- 
cess of  potash ;  but  on  boiling  the  resulting  deep- 
blue  solution  bluish  flakes  are  deposited.  Glycerin 
renders  borax  solution  acid  (D.  Klein,  C.  R.  86, 
826 ;  Senier  a.  Lowe,  Ph.  [3]  8,  819 ;  C.  J.  33, 
438 ;  Donath  a.  Mayrhofer,  Fr.  20,  379 ;  Dun- 
stan,  Ph.  [3]  13,  257). 

Tests.— Glycerin  is  optically  inactive,  so  that 
adulteration  with  sugar  may  readily  be  detected 
by  the  polariscope.  The  presence  of  glycerin  in 
a  saccharine  liquid  may  be  detected  by  mixing 
with  slaked  lime  and  sand,  evaporating  over  a 
water-bath,  and  extracting  the  nearly  dry  residue 
with  alcohol-ether;  the  alcohol-ether  on  evapo- 
ration leaves  the  glycerin  behind ;  a  borax  bead 
after  dipping  in  the  glycerin  colours  a  flame 
green  (Senier  a.  Lowe,  C.  J.  33,  438  ;  Donath  a. 
Mayrhofer,  Fr.  20,  383).  If  a  mixture  of  equal 
volumes  of  glycerin,  phenol,  and  H2S04  be  heated 
to  120°,  diluted  with  water,  and"  treated  with 
NHS,  a  crimson  colour  is  developed  (Eeichl,  B. 
9,  1429). 

Estimation. — 1.  When  an  aqueous  solution 
is  shaken  with  benzoyl  chloride  and  sufficient 
NaOHtomakeit  alkaline,  an  insoluble  crystalline 
pp.  is  produced,  which  chiefly  consists  of  the  di- 
benzoyl-derivative  C3H5(OBz)2(OH).  When  crys- 
tallised from  petroleum -ether  it  forms  long 
colourless  needles  [70°],  v.  sol.  alcohol  and  ether, 
insol.  water.  Other  hydroxylated  compounds 
must  be  absent.  The  reaction/£an  be  used  for 
the  quantitative  determinaikpa.  df  glycerin  in 
beverages  (E.  Baumann,  B.  1388221 ;  Diez,  H.  11, 
472).— 2.  Commercial  glytfem  (Ig.)  is  boiled  for 
1  hour  with  (7  g.  of)  Ac20  angles  g.  of)  dry  NaOAc 
in  a  flask  with  inverted  tondenser  ;  the  product 
is  diluted  with  water  (50*j£.c.)  and  heated  to  boil- 
ing. In  this  operation  t$e  glycerin  is  converted 
into  the  tri-acetin,  and  the  amount  of  tri-acetin 
can  be  determined  after  filtration  by  neutral- 
isation of  "free  \acid  by  NaOH,  saponification 
with  standard  NaOH  and  titration  with  standard 
HC1  (Benedikt  a^  Cantor,  M.  9,  521).— 3.  Cham- 
pion and  Pelletj(Bl.  [2]  19,  493)  estimate  the  ' 
amount  of  glycerin  in  commercial  samples  by 
treatment  with  a  mixture  of  nitric  acid  and 
H2S04,  the  resulting  nitroglycerin  being  dried  • 
at  100°  and  weighed.— 4.  A  safer  method  con-  j 
sists  in  mixing  the  liquid  (1  pt.)  with  lead  oxide 
(25  pts.)  and  evaporating  to  a  constant  weight  at 
130°  ;  the  increase  in  weight  of  the  lead  oxide  is 
noted  (Morawski,  Fr.  21,  130). — 5.  For  the  esti- 
mation of  glycerin  in  wine,  Macagno  (D.  P.  J. 
216,  95)  digests  a  litre  of  the  wine  with  recently 
precipitated  lead  hydroxide;  evaporates  the 
liquid  on  the  water-bath,  then  adds  a  further 
quantity  of  lead  hydroxide ;  exhausts  the  mass 
with  absolute  alcohol,  and  precipitates  the  dis- 
solved lead  by  a  stream  of  carbon  dioxide.  The 
filtered  liquid  when  evaporated  leaves  nearly  pure 
glycerin. — 6.  The  estimation  of  glycerin  in  wine 
or  beer  may  be  effected  by  mixing  with  milk  of 
lime  and  chalk,  evaporating  to  dryness,  and  ex- 
tracting with  alcohol.  The  alcoholic  extract  is 
evaporated  to  a  small  bulk,  mixed  with  alcohol- 
ether,  filtered  if  necessary,  dried  at  105°,  and 
weighed  (Weigert,  C.  C.  1888,  1511 ;  cf.  Claus- 


nizer.Fr.  20, 80).  Instead  of  weighing  the  glycerin 
it  may  be  oxidised  either  by  boiling  with  K2Cr207 
and  H2S04,  or  by  heating  with  KMn04  and  H2S04 
at  40° ;  in  either  case  the  amount  of  carbonic 
acid  evolved  or  the  amount  of  reduction  effected 
may  be  noted  (Legler,  An.  12,  14  ;  Hehner,  An. 
12,  44,  65  ;  Planchon,  C.  R.  107,  246  ;  Cross  a. 
Bevan,  C.  N.  55,  2).— 7.  An  aqueous  solution  of 
glycerin  (about  '25  g.)  may  be  oxidised  by  KMn04 
after  addition  of  KOH  (5  g.),  and  the  oxalic  acid 
formed  ppd.  as  calcium  salt  (Fox  a.  Wanklyn, 
C.  N.  53,  15 ;  Benedikt  a.  Zsigmondy,  Fr.  25, 
587  ;  Allen,  An.  11,  52 ;  Jolles,  Fr.  27,  521). 

Reactions.— 1.  Partially  decomposed  by  dis- 
tillation yielding  acrolein,  acetic  acid,  C02,  and 
polyglyceric  compounds.  When  distilled  with 
P205  or  KHS04  it  yields  acrolein.  When  dis- 
tilled with  CaCl2  it  yields  acrolein,  acetone,  pro- 
pionic  aldehyde,  phenol,  &c.  (Linnemann  a. 
Zotta,  A.  Suppl.  8,  254 ;  174,  87).— 2.  Glycerin 
is  oxidised  by  the  air  in  presence  of  platinum- 
black  to  C02  and  water  ;  at  the  same  time  the 
so-called  glyceric  aldehyde  (a  kind  of  sugar)  is 
formed.  This  body  is  fermentable  by  yeast 
(Grimaux,  Bl.  [2]  49,  251 ;  C.  R.  105,  1175).  A 
substance  resembling  glucose  is  also  formed  by 
placing  glycerin  in  contact  with  iron  that  is 
undergoing  oxidation  in  moist  air  (Kosmann,  BL 
[2]  27,  246). — 3.  Propionic  and  formic  acids  are 
among  the  products  of  the  oxidation  of  glycerin 
in  alkaline  solution  by  ozone  (Gorup-Besanez, 
A.  125, 211).— 4.  Mn02  and  HC1  or  H2S04  yield 
C02  and  formic  acid. — 5.  If  fuming  nitric  acid 
and  dilute  glycerin  are  left  in  contact  in  two 
layers  in  the  cold,  gradual  oxidation  takes  place 
with  formation  of  glyceric,  racemic,  glycollic, 
glyoxylic,  oxalic,  formic,  and  hydrocyanic  acids 
(Debus,  A.  106,  79  ;  Beilstein,  A.  120,  228 ; 
Heintz,  A.  152,  325  ;  Przybytek,  Bl.  [2]  35, 108). 
By  the  action  of  HN03  on  glycerin  in  the  cold 
Przybytek  (BL  [2]  36,  145 ;  37,  .342)  also  ob- 
tained an  acid  C6H,0O8,  apparently  identical 
with  saccharic  acid,  and  inactive^tartaric  acid, 
as  well  as  racemic  acid.  Werigo  (C.  C.  1881, 
612)  by  oxidising  glycerin  w|th-  HNO3j3btained 
an  acid  C3H404.  On  warming  glycerin  wiih 
dilute  nitric  acid  (S.G.  1*18)  a  viQlent^reacfcipn 
ensues,  and  softer  remaf  ajTof-  the  nitrous  Sftid  , 
with  urea  a » liquid  is  obljiined  which  i^fluces  •••*,' 
Fehlingf-s  solution  and  gives  with  phenyWiydra-  Sr 
zine  %ydrochloride  the  crystalline  di-phenyl-  » « 
hydrazide, '  phenyl  glycerosaz&ne  '  C,5H,6N04  or 
CH2(OH).C(NsHPh).p»(fl|HPh)  [-1316]  (F4gcher 
a.  Tafel.S.  2tf,  1088)^6.  If  lead  hydroxide  (500  g.) 
be  ad4^d  to  bo*n«Jg.  aqn^is  (85  «&)  glycerin 
(1,000  g.)  and,  after  cooling  to  0°,  The  resulting 
lead  compound  he  washed  with  alcohol  a^id  . . 
ether,  dried*  at  100**,  and^  exposed  to  bromine 
vapour,  'glycerose'  is  formed.  li: may  be  ex-  - 
tracted  by  alcohol,  and  ^ifter  evaporating  the 
alcohol  and  treating  the  residue  w'ith  BaCO:i  to 
remove  acids,  it  tan  be  dissblved  in  ether,. 
Glycerose  is  a  syrup  which  reduces  Fehling's 
solution,  ferments  with  yeast,  and  when  treat»4 
with  phenyl-hydrazine  yields  phenyl-glycer- 
osazone.  However,  it  appears  to  be  .ft  mixture, 
since  it  yields  two  oxy-  acids  when  warmecl  with  *'  * 
cone.  HCyAq  (Fischer  a.  Tafel,  B.  21,  2634).  If 
glycerin  (10  pts.),  Na2C0310aq  (35  pts.),  water 
(60  pts.),  and  bromine  (15  pts.)  be  mixed  at  10° 
and  the  solution  be  mixed  with  phenyl-hydra- 
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zine  solution  two  osazones  are  got,  C18H22N404 
[217°]andri59°]  (Fischer  a.Tafel.S.  20,3384).— 
7.  A  mixture  of  HN03  and  cone.  H2S04  gives  the 
trinitrate,  commonly  called  nitroglycerin. — 8. 
Alkaline  KMn04  forms  C02,  formic  acid,  pro- 
pionic,  and  traces  of  tartronic  acid.  The  latter 
is  often  present  as  the  acid  manganese  salt 
Mn(C02.CH(OH).C02H)2  (Campani  a.  Bizzarri, 
G.  12, 1).  By  using  strongly  alkaline  KMnO4,  ox- 
alic acid  (1  mol.)  and  C02  (1  mol.)  were  obtained  by 
Fox  a.  Wanklyn  (C.  JV.  53, 15 ;  cf.  Planchon,  C.  E. 
107,  246).— 9.  A  solution  of  glycerin  acidulated 
with  5  p.c.  of  H2S04  yields  on  electrolysis  formic 
paraldehyde  (tri-oxy-methylene),  formic,  acetic, 
oxalic,  and  glyceric  acids,  and  a  glucose  (polymer- 
ide  of  tri-oxy-methylene)  which  forms  a  barium 
compound  C6H12063BaO,  is  not  fermented  by 
yeast,  and  is  oxidised  by  HN03  to  oxalic  acid  (Re- 
nard,  A.  Ch.  [5]  17,  303).  Bartoli  a.  Papasogli 
(G.  13,287)  obtained  acrolein,  formic  paraldehyde, 
glyceric  acid,  and  formic  acid  by  electrolysing 
glycerin. — 10.  Lime  and  Ag20  form  glycollic  and 
formic  acids  (Kiliani,  B.  16, 2415). — 11.  Accord- 
ing to  Dumas  a.  Stas  (A.  35,  158)  by  gently 
heating  glycerin  with  KOH  it  is  converted  into 
potassium  formate  and  acetate  with  evolution  of 
hydrogen.  Herter  (B.  11,  1167)  also  obtained 
lactic  acid. — 12.  On  distillation  with  caustic 
soda  it  is  on  the  one  hand  reduced  to  propylene 
glycol,  and  on  the  other  hand  oxidised  to  formic 
acid  ;  other  products  are  methyl,  ethyl,  and 
w-propyl  alcohol,  hexylene  and  other  hydrocar- 
bons, acrolein,  and  various  ketones  (Belohoubek, 
B.  12,  1872 ;  Letts,  B.  5,  159 ;  Fernbach,  Bl. 
[2]  34,  146).— 13.  Distillation  of  the  calcium 
derivative  CaC3H6O3  gives  methyl,  ethyl,  and 
hexenyl  alcohols,  aldehyde,  acetone,  di-ethyl- 
ketone,  a  ketone  C6H,20  (124°),  mesityl  oxide, 
and  phorone  (Destrem,  A.  Ch.  [5]  27,  20).— 
14.  By  heating  with  bromine  and  water  at  100° 
glyceric  acid  and  bromoform  are  produced  (Barth, 
A.  124,  341).  Bromine  dropped  into  heated  dry 
glycerin  forms  acrolein.  For  the  action  of 
bromine  and  Na2C03  v.  Reaction  6. — 15.  HIAq 
converts  glycerin  into  allyl  iodide  and  propylene ; 
an  excess  of  HI  forms  isopropyl  iodide  (Erlen- 
meyer,  A.  139,  211).  When  glycerin  is  heated 
with  HC1  mono-  and  di-chlorhydrins  are  formed, 
together  with  acrystalline  compound  [110°],which 
appears  to  be  a  polymeride  of  epiehlorhydrin 
(Fauconnier  a.  Sanson,  Bl.  [2]  48,  236).  HBr 
forms  mono-  and  di-bromhydrins. — 16.  Iodide 
of  phosphorus  PI2  forms  propylene,  allyl  iodide, 
and  a  little  allyl  alcohol  (Berthelot  a.  De  Luca, 
A.  Ch.[S]  43,  257  ;  44,  350  ;  Henry,  B.  14,  403). 
Glycerin  may  be  conveniently  converted  into 
allyl  iodide  by  running  a  solution  of  iodine 
(440  g.)  in  allyl  iodide  (160  g.)  into  a  heated 
mixture  of  glycerin  (2,000  g.),  iodine  (60  g.)  and 
red  phosphorus  (200  g.)  (Behal,  Bl.  [2]  47,  875). 
Glycerin  (200  g.)  may  also  be  converted  into 
allyl  iodide  by  mixing  with  iodine  (135  g.),  add- 
ing clear  phosphorus  (40  g.)  cautiously  and  dis- 
tilling in  a  current  of  C02.  When  glycerin  (2  pts.) 
is  mixed  with  iodine  (30  pts.)  and  red  phosphorus 
(5 1  pts.)  is  cautiously  added  to  the  cooled  mix- 
ture, isopropyl  iodide  is  formed,  and  may  be  dis- 
tilled over.  Aluminium  foil  and  iodine  also 
form  allyl  iodide  (Hodgkinson,  C.  N.  35,  237). — 
17.  PBr3  and  PBr5  form  mono-  and  di-bromhy- 
drin  and  s-tri-bromo-propane  (Berthelot  a.  De 


Luca,  A.  Ch.  [3]  48,  304).  PC13  and  PC15  act  in 
like  manner.— 18.  S2C12  forms  di-chlorhydrin 
and  s-tri-chloro-propane  (Carius,  A.  124,  222 ; 
cf.  Wolff,  A.  150,  59).— 19.  When  glycerin  is 
distilled  with  ammonium  chloride  a  chlorinated 
compound  (175°)  is  formed,  together  with  some 
acids,  and  a  base  'glycoline'  C(iH)0N2  (155°). 
S.G.  12  1-008.  This  base  forms  a  platinochloride 
B"H2PtClfi,  a  deliquescent  crystalline  hydro- 
chloride  B"HC1,  and  a  crystalline  ethylo-iodide 
B"EtI  (£tard,  C.  R.  92,  795).— 20.  When  gly- 
cerin is  heated  with  acids  one  or  more  acid 
radicles  usually  displace  its  hydroxylic  hy- 
drogen. Thus  acetic  acid  forms  the  acetins, 
citric  acid  forms  the  citrins,  phosphoric  acid 
forms  glycero-phosphoric  acid,  sulphuric  acid 
gives  glycero-sulphuric  acid. — 21.  Excess  of 
oxalic  acid  is  split  up  by  glycerin  at  100°  into 
formic  acid  and  C02  (Berthelot,  A.  98,  139). 
When  excess  of  glycerin  is  heated  with  oxalic 
acid  at  200°-250°  it  is  reduced  to  allyl  alcohol 
(Tollens,  A.  156,  130).  Distillation  with  formic 
acid  also  converts  glycerin  into  allyl  alcohol 
(Henninger,  Bl.  [2]  21,  242).— 22.  When  glycerin 
is  distilled  with  citric  acid  there  is  formed  gly- 
cide  pyruvate  CH2.CH.CH2.0.CO.CO.CH,  [82°] 

V 

(241°)  (De  Clermont  a.  Chautard,  C.R.  105, 520). 
23.  Distillation  with  Na2S  gives  an  oil  (586) 
whence  HgO  gives  a  crystalline  compound  [35°] 
(Schlagdenhauffen,  C.  B.  76,  1021).— 24.  Heated 
with  anhydrous  borax  it  forms  NaB02  and  the 
borin  C3H5B03  which  is  decomposed  by  water 
into  boracic  acid  and  glycerin  (Dunstan,  Ph.  [3] 
14, 41). — 25.  Glycerin  acts  upon  benzoic  aldehyde 
at  200°,  forming  benzylidene-glycerin 


a  liquid  that  is  not  volatile  under  atmospheric 
pressure,  but  boils  under  20  mm.  pressure  at 
190°-200°  (Harnitz-Harnitzky  a.  Menschutkin, 
A.  136,  127  ;  Bl.  [2]  3,  253).  In  a  similar 
manner  it  reacts  with  acetic  aldehyde,  forming 


ethylidene-glycerin         CH3.CH 


O 


(184°-188°),  S.G.  fl  1-081,  V.D.  4-162  ;  and  with 
valeric  aldehyde  forming  amylidene-glycerin 
(224°-228°),  S.G.  a  1-027,  V.D.  5-526  (calc. 
5-544).— 26.  Glycerin  in  dilute  solution  under- 
goes fermentation  (due  to  Bacillus  butylicus  ?) 
in  presence  of  chalk  forming  w-butyl  alcohol, 
ethyl  alcohol,  n-propyl  alcohol,  w-amyl  alcohol 
(138°),  trimethylene  glycol,  hexoic,  butyric,  lactic, 
and  acetic  acids,  and  evolving  CO2  and  hydrogen 
(Fitz,  B.  9,  1348  ;  10,  276  ;  11,  42  ;  13,  36, 1311; 
15,  876 ;  Morin,  C.  R.  105,  816 ;  cf.  Berthelot, 
A.  Ch.  [3]  50,  346;  Bechamp,  Z.  [2]  5,  663; 
Hoppe-Seyler,  H.  3,  353;  C.  J.  40,  82;  Freund, 
M.  2,  638).— 27.  Distillation  of  glycerin  (1  kilo.) 
•with zinc-dust  (2  kilos.)  yields  propylene,  acrolein, 
allyl  alcohol,  hexenyl  alcohol  C6HI00  (c.  140°), 
and  a  compound  C]2H2002  (c.  200°)  (Kerstein,  B. 
9,  695;  Claus,  B.  18,  2931).— 28.  Distillation 
with  calcium  chloride  gives  a  liquid  CUH1?O3 
(172°)  formerly  called  glyceryl  oxide,  but  which 
appears  rather  to  be  the  anhydride  of  acetyl-car- 
binol  (CH3.CO.CH2)20.  The  same  liquid  is  found 
in  the  black  residue  in  the  preparation  of  allyl 
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alcohol  from  glycerin  and  oxalic  acid.  It  may 
be  reduced  by  HI  to  glycerin.  It  is  miscible 
with  water,  alcohol,  and  ether.  Water  at  100° 
converts  it  into  glycerin.  Br  forms  dibrom- 
hydrin.  Sodium-amalgam  does  not  attack  it. 
Chromic  acid  mixture  gives  formic  acid  and 
acetic '  aldehyde.  Hot  dilute  HC1  converts  it 
into  a  substance  that  reduces  Fehling's  solution 
and  ammoniacal  AgN03  (Linnemann  a.  Von 
Zotta,  A.  Suppl.  8,  254  ;  Von  Gegerfelt,  B.  4, 
919  ;  Zotta,  A.  174,  87  ;  Tollens,  Z.  1871,  528 ; 
Tollens  a.  Loe,  B.  14, 1947  ;  Silva,  C.  R.  93,418). 
29.  Aniline,  nitro-benzene,  and  H2S04  form 
quinoline  (Skraup,  M.  2,  139  ;  3,  381).— 30. 
Acetamide  and  P2O5give  (Py.  2)  -methyl -pyridine 
(Zanoni,  B.  15,  528).— 31.  Heated  with  am- 
monium sulphate  at  255°  for  seven  hours  there 
is  formed  a  mixture  of  bases  of  the  pyridine 
series,  including  pyridine,  (Py.  2)-raethyl-pyri- 
dine,  and  a  di-methyl-pyridine  (Storch,  B.  19, 
2456,  cf.  Reaction  19).— 32.  By  heating  with 
aniline  and  ZnCl,  it  forms  skatole  (0.  Fischer 
a.  German,  B.  16,  710).  — 33.  Growing  alg® 
(Spirogyra)  are  capable  of  converting  glycerin 
into  starch  (Bokorny,  C.  C.  1888,  858). 

Metallic  derivatives. — The  heat  developed  by 
the  action  of  alkalis  upon  glycerin  has  been 
studied  by  De  Forcrand  (C.  R.  103,  596  ;  104, 
116,  291,  361;  106,  665,  746;  107,  269). 
NaC3H703.  Obtained  by  heating  glycerin  with 
sodium-amalgam  or  with  NaOEt.  Prepared  by 
adding  glycerin  to  an  alcoholic  solution  of 
NaOEt,  when  radiating  stars  composed  of 
minute  crystals  of  NaC3H703HOEt  separate  (the 
ppn.  is  exothermic,  but  the  ppn.  of  C3H7Na03 
would  have  been  endothermic) ;  when  these  crys- 
tals are  heated  in  a  current  of  dry  hydrogen 
they  give  off  their  alcohol  of  crystallisation 
(Letts,  C.  J.  25,  450  ;  Blaas,  M.  2,  785).  White 
deliquescent  powder,  decomposed  by  water  into 
NaOH  and  glycerin.  '  CS3  heated  with  it  at  55° 
forms  NaS.CS.O.C3H3(OH)2 ;  an  orange  mass, 
insol.  ether,  decomposing  at  65°,  and  crystallising 
from  alcohol  with  HOEt  (Lobisch  a.  Looss, 
M.  2,  372).  Glycerin  (1  mol.)  mixed  with  a 
concentrated  solution  of  NaOMe  in  MeOH  de- 
posits NaC3H703HOMe  in  deliquescent  needles, 
which  give  off  MeOH  in  a  stream  of  hydrogen 
at  120°.  The  corresponding  NaC3H703HOPr, 
NaC3H703H9CH2i>r,  and  NaC3H703HOC5HM 
may  be  obtained  in  like  manner  (De  Forcrand, 
C.  R.  104,  291).  Sodium-glycerin  and  methyl- 
ene  chloride  form  syrupy 

(CH2(OH).CH(OH).CH.O)2CH2  (Holand,  A.  240, 
242).  Na2C3H603.  [220°].  When  NaC3H703  is 
mixed  with  alcoholic  NaOEt  and  evaporated  at 
100°  to  120°  in  hydrogen  the  residue  is 
NaC3H703NaOEt,  but  at  180'  the  di-sodium 
derivative  Na2C3H603  is  left  (Lobisch  a.  Looss, 
M.  2,  843  ;  De  Forcrand,  C.  R.  106,  665).  Deli- 
quescent crystalline  mass  ;  readily  decomposed 
by  moist  air.  The  compound  Na3C3H503  has 
not  been  obtained. — KC3H703HOEt :  laminae. — 
KC3H703 :  obtained  in  the  same  way  as  the  cor- 
responding Na  derivative  (De  Forcrand,  C.  R. 
104,  116).  Does  not  react  with  KOMe  even  at 
180°.  —  KC3H703HOMe.  —  KC3H703HOPr.  — 
KC3H708HOC5Hn.  —  BaC3HH03.  Prepared  by 
heating  glycerin  with  BaO  at  50°  (Destrem, 
C.  R.  90,  1213  ;  A.  Ch.  [5]  27,  17,  44).  White 
deliquescent  powder,  turning  yellow  in  dry  air ; 


decomposed  by  water  into  baryta  and  glycerin. 
On  distillation  it  gives  hydrogen,  BaC03,  me- 
thane, propylene,  and  various  alcohols  of  the 
series  CnH2nO.— CaC3H6.03.  Prepared  in  the 
same  way  as  the  preceding  which  it  resembles 
in  physical  properties.  Decomposed  on  distil- 
lation into  aldehyde,  acetone,  di-ethyl-ketone, 
mesityl  oxide,  phorone,  methyl  alcohol,  ethyl 
alcohol,  and  hexenyl  alcohol  (D.).— Pb.C3HdO3 : 
formed  by  mixing  a  hot  solution  of  Pb(OAc)2(22g.) 
in  water  (250  c.c.)  with  glycerin  (20  g.)  and  KOH 
(15g.).  Slender  needles.— Pb3(C3H308)2.  A  sticky 
pp.  formed  by  boiling  50  grms.  of  lead  acetate 
with  250  c.c.  water  and  25  grms.  of  PbO,  filtering 
and  mixing  with  75  grms.  of  glycerin  (S.G.  1-24) 
and  a  solution  of  20  g.  KOH  (in  100  c.c.  water) 
which  has  been  boiled  with  excess  of  PbO. — 
2(C;JH503Pb.PbN03),Pb(OH)N03.  Formed  by 
adding  NH3  (2-57  grms.)  to  a  solution  of  lead 
nitrate  (25  grms.)  and  glycerin  (30  grms.)  in 
water  (250  c.c.)  (T.  Morawski,  J.pr.  [2]  22,  408). 
Na2Mn(C3H503)2.  Formed  by  boiling  hydrated 
Mn02  (from  Mn(OAc)2  and  chlorine)  with  glycerin 
and  aqueous  NaOH  (Schottlander,  A.  155,  230). 
Yellowish-red  mass,  insol.  alcohol  and  ether, 
v.  sol.  aqueous  glycerin.  Boiling  water  decom- 
poses it  with  ppn.  of  hydrated  Mn02.  Its  solu- 
tion gives  pps.  with  AgNO,,  with  Pb(N03)2  and 
with  Hg,(N03)2.— SrMn(C3H503)2.  Obtained  by 
dissolving  strontium  hydroxide  (12  pts.)  in  gly- 
cerin (150  pts.)  and  adding  ppd.  hydrated  man- 
ganese dioxide  (3  pts.)  to  the  boiling  solution. 
Light  ochre -yellow  powder. 

Glycerin  mono-nitrate  C3H7N05  i.e. 
C3H5(OH)2(ON02).  From  glycerin  and  HN03 
diluted  with  (3  pts.  of)  water  (Hanriot,  A.  Ch. 
[5]  17, 118).  Liquid,  v.  e.  sol.  water,  si.  sol.  ether. 
Explodes  when  struck. 

Glyceryl  tri-nitrate  C3H5(ONO.,)3. 
Nitro-glycerin.  [-20°].  S.G.  1-60  at  15°  S. 
•0125  ;  S.  (alcohol)  42 ;  S.  (MeOH)  125,  Mol. 
w.  227.  Prepared  by  dropping  glycerin  (dried 
at  100°)  into  a  mixture  of  fuming  HN03 
and  cone.  H2S04  kept  below  10°.  After 
some  hours  the  product  is  poured  into  water, 
and  the  ppd.  nitroglycerin  dried  at  70° 
(Sobrero,  A.  64,  398 ;  Williamson,  A.  92,  305 ; 
Boutmy  a.  Faucher,  Bl.  [2]  27,  383  ;  Matthew 
Hay,  Tr.  E.  32,  67).  Viscid  liquid,  without 
odour  (when  cold)  but  with  sweet  taste.  Almost 
insol.  water,  v.  sol.  alcohol,  ether,  chloroform, 
HOAc,  benzene,  and  phenol ;  nearly  insol.  gly- 
cerin. Solidifies  in  a  freezing  mixture  in  long 
needles.  Poisonous.  When  quite  pure  it  may 
be  kept  for  any  length  of  time,  otherwise  it 
gradually  decomposes  forming  glyceric,  oxalic, 
and  nitrous  acids  (De  la  Hue  a.  Miiller,  A.  109, 
122).  When  struck  it  explodes  violently.  A 
mixture  of  nitroglycerin  with  silica  in  the  form 
of  infusorial  earth  is  called  dynamite  (Nobel, 
D.  P.  J.  90,  124).  Reactions.— 1.  Alcoholic 
potash  forms  nitrite,  nitrate,  acetate,  oxalate,  and 
formate  of  potassium,  a  reddish-brown  resinous 
mass,  and  a  substance  which  when  dissolved  in 
even  30  volumes  of  hot  alcohol  forms  a  jelly 
when  cold  (Hay). — 2.  Alkaline  carbonates  pro- 
duce the  same  quantity  of  nitrous  acid  (contain- 
ing 33  p.c.  of  the  nitrogen)  as  alcoholic  KOH. 
Ammonia  acts  in  like  manner  but  less  energeti- 
cally. Na2HP04  behaves  like  NH3.— 3.  HClAq 
decomposes  it,  as  does  hot  (but  not  cold)  H2SOV 


920 


GLYCERIN. 


4.  HIAq  decomposes  nitre-glycerin  into  glycerin 
and  NO  (Mills,  J.  1864,  494).— 5.  Cone.  H,S04 
and  Hg  also  give  off  NO  by  the  measurement  of 
which  the  nitre-glycerin  might  be  estimated 
(Hempel,  Fr.  20,  85;  Hess,  Fr.  22,  128).— 
0.  When  evaporated  with  yellow  ammonium  sul- 
phide it  is  reduced  to  glycerin  (Bloxam,  C.  N. 
47, 169). 

Glyceryl  tri-nitrite  C3H5(N02)8.  (c. 
150°).  S.G.  ^  1-291.  Formation.  — 1.  Dry 
nitrous  acid  gas  from  As203  and  HNOS  (S.G. 
1-35)  passed  into  cold  glycerin  forms  two  layers, 
the  smaller  is  an  aqueous  solution  of  nitrous 
acid,  the  larger  is  impure  glyceryl  trinitrite 
C3H5(ONO)3.  It  is  purified  by  distillation  in  a 
current  of  hydrogen  (0.  Masson,  C.  J.  43,  348). 
Properties. — Boils  at  about  150°  with  partial 
decomposition.  Yellowish  oil.  Burns  with 
whitish  flame,  does  not  explode  when  struck. 
Bleaches  the  skin.  Sol.  ether,  chloroform  and 
benzene,  but  insol.  CS2.  With  cold  glacial  acetic 
acid,  it  forms  a  green  solution  which  gives  off 
nitrous  fumes  when  heated.  It  decomposes  spon- 
taneously giving  off  NO.  Reactions. — 1.  H2S04 
violently  decomposes  it.— 2.  K2C03  forms  KN02. 
3.  Alcohol  forms  EtONO. — 4.  It  does  not  mix 
with  water,  but  is  slowly  decomposed  by  it, 
glycerin  and  HN02  being  apparently  formed  in 
the  first  instance. 

Glycero-sulphuric  acids: — 

Mono-sulphurin  C3H5(OH)2S04H.  Glycerin- 
sulphuric  acid.  From  glycerin  (1  pt.)  and  sul- 
phuric acid  (2  pts.)  (Pelouze,  A.  Ch.  63,  21).  Un- 
stable liquid,  being  decomposed  by  evaporating 
its  solution  even  below  0°.  It  decomposes  car- 
bonates forming  salts  which  are  v.  sol.  water 
and  very  unstable. — CaA'2 :  needles,  begins  to 
decompose  at  140°,  giving  off  acrolem,  acrylic 
acid,  and  S02  (Eedtenbacher,  A  47,  118). 

Di-sulphurin  C3H3(S04H)2(OH).  Formed  by 
slow  action  of  water  on  the  tri-sulphurin  which 
it  much  resembles  (Claesson,  J.  pr.  [2]  20,  6). 

Tri-sulphurin  C3H5(S04H)3.  Glyceryl  tri- 
sulphuric  acid.  Formed  by  adding  glycerin 
slowly  to  chloro-sulphuric  acid  (C1S03H)  as  long 
as  HC1  is  briskly  given  off.  The  crystals  obtained 
are  dried  over  H2SO4  (Claesson,  J.  pr.  [2]  20,  4). 
Slowly  decomposed  by  water  :  C3H5(S04H)3  +  H2O 
=  C3H5(S04H)2(OH)  +  H2S04.  Boiling  water  de- 
composes it  into  glycerin  and  sulphuric  acid. — 
Ba3A'2. 

Glycero-phosphoric  acid  C3H9P06  i.e. 
C3H5(OH)2O.PO(OH)2.  Exists  in  small  quan- 
tity in  human  urine  (Sotnitschewsky,  H.  4,  214). 
Obtained  from  lecithin  or  the  yolk  of  eggs  by 
boiling  with  aqueous  alkalis  or  baryta  (Gobley, 
J.  Ph.  [3]  9,  161 ;  Strecker,  C.  E.  52,  1270). 
Formed  by  heating  glycerin  with  H3P04  or  P2O5 
(Pelouze,  C.  R.  12,  718).  The  free  acid  is  decom- 
posed by  evaporation  of  its  aqueous  solution. 

Salts.— BaA"  (Thudichum  a.  Kingzett,  C. 
J.  30, 20).— BaA"aq.— CaA".— CaH^'V—  PbA": 
insol.  water. 

Di-stearyl-glycero -phosphoric  acid 
CaH5(O.C18H350)2O.P03H2.   [55°-63°].    Obtained 
by  heating  di-stearin  with  P203  at  110°.     The  ! 
product  is  treated  with  alcohol  85  (p.c.).     The 
residue  is  extracted  with  boiling  alcohol  and  fil- 
tered ;  powdered  Na2C03  is  added  to  the  filtrate 
when  a  mixture  of  sodic  phosphate  and  sodic  di- 


stearyl-glycerophosphate  is  ppd.  This  is  ex- 
tracted with  hot  benzene  which  dissolves  the 
latter.  A  mixture  of  glacial  acetic  acid  and 
H0S04  liberates  the  free  acid  from  its  sodium-salt 
(Hundeshagen,  J.  pr.  [2]  28,  235).  Fat-like 
mass.  Eeddens  moist  litmus.  The  fused  acid 
swells  up  when  moistened.  SI.  sol.  hot  water 
and  dilute  acetic  acid,  insol.  dilute  mineral  acids, 
v.  sol.  aqueous  alkalis,  glacial  acetic  acid,  alco- 
hol, ether,  benzene,  and  benzoline.  Separates 
from  hot  solutions  in  a  paste-like  mass  of  small 
needles.  Heated  with  dilute  acids  or  alkalis  it 
gives  glycerin,  stearic  acid,  and  phosphoric 
acid.  The  ammonium  salt  is  decomposed  by 
heat  into  NH3  and  the  free  acid.  The  sodium 
salt  melts  about  180°;  on  cooling  it  solidifies 
to  a  glassy  mass  which  swells  up  in  warm  water 
forming  a  mass  of  globules  resembling  the  mye- 
line  condition  of  lecithin. 

Chloride  C3H5(O.C18H350)2O.PO.C12.  [24°]. 
From  di-stearin  (4  pts.)  and  POC13  (1  pt.)  ;  the 
product  being  extracted  with  ether.  The  ether 
is  then  mixed  with  alcohol,  filtered,  and  placed 
over  H2S04  and  KOH.  Wedge-shaped  plates. 
V.  sol.  alcohol,  ether,  and  benzene.  Decomposes 
at  100°,  forming  stearic  acid.  Water  soon  de- 
composes it  into  stearic  acid,  glycero-phosphoric 
acid,  and  HC1. 

Neurine  salt 

C3H5(O.C18H350)2O.PO(OH).ONMe3C2H4OH. 
Prepared  by  digesting  di-stearyl-glycerophos- 
phoric  acid  with  an  alcoholic  solution  of  the 
proper  quantity  of  neurine  carbonate.  Waxy 
mass.  Sol.  alcohol.  Swells  up  in  warm  water, 
forming  round  globules  like  the  myeline  form  of 
lecithin.  An  alcoholic  solution  of  PtCl4,2HCl 
gives  a  pp.  of  neurine  platino-chloride  only. 
Lecithin  (q.  v.),  on  the  other  hand,  gives  a  pla- 
tino-chloride of  its  own  under  similar  conditions. 

For  my  I  derivative  C3H5(OH)2(OCHO). 
Monoformin.  Formed  by  heating  glycerin  with 
oxalic  acid  at  190°  (Tollens  a.  Henninger,  Bl. 
[2]  11,  395).  Formed  also  by  the  action  of 
monochlorhydrin  upon  sodium  formate  at  160° 
(Van  Eomburgh,  R.  T.  C.  1,  186).  Decomposed 
on  distillation  into  C02,  water,  and  allyl  alcohol. 


Diformin.  (c.  165°  at  20  mm.).  S.G.  ^  1-304. 
may  be  extracted  by  ether  from  the  residue 
obtained  in  preparing  formic  acid  by  distilling 
anhydrous  oxalic  acid  with  glycerin  (Van  Kom- 
burgh,  C.  R.  93,  847).  Liquid,  sol.  alcohol, 
ether,  and  chloroform,  insol.  CS2.  Inactive  to 
light.  Decomposed  by  water  into  formic  acid 
and  glycerin.  Decomposed  by  distillation  into 
water,  C02,  and  allyl  formate.  When  heated 
with  anhydrous  oxalic  acid  it  gives  off  C02  and 
formic  acid,  and  may  therefore  be  an  interme- 
diate product  in  the  preparation  of  formic  acid. 
When  heated  with  glycerin  (5  pts.)  at  220°  it 
gives  CO,  C02,  and  allyl  alcohol. 

Mono-acetyl  derivative  C5H1004  i.e. 
C3H5(OH)2(OAc).  Mol.  w.  134.  S.G.  1-20.  Ob- 
tained by  heating  a  mixture  of  equal  volumes  of 
glycerin  and  glacial  acetic  acid  at  100°  for  a  long 
time  (Berthelot,  A.  Ch.  [3]  41,  277  ;  Berthelot  a. 
De  Luca,  A.  Ch.  [3]  52,  433).  Neutral  liquid, 
having  a  faint  ethereal  odour.  Miscible  with 
ether.  When  mixed  with  half  its  bulk  of  water 
it  forms  a  clear  liquid,  which  becomes  turbid  on 
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addition  of  a  larger  quantity  of  water,  by  which 
it  is  partially  decomposed.  With  alcohol  and 
H.C1  it  yields  glycerin  and  acetic  ether. 

Di-acetyl  derivative  C-H12(X  i.e. 
C3H3(OH)(OAc)2.  Diacetin.  Mol.w.176.  (280°). 
S.G.  — 5  1-184.  Formed  by  heating  glycerin 
(1  pt.)  with  glacial  acetic  acid  (4  or  5  pts.)  at 
200°.  Liquid  ;  becomes  viscid  at  -  40°.  Scarcely 
attacked  by  AcCl  (Hubner  a.  Miiller,  Z.  1870, 
844). 

Di-acetyl  derivative  C3H5(OH)(OAc)2. 
(252°).  S.G.  221-148.  From  epichlorhydrin  and 
AgOAc  (Laufer,  J.  1876,  343). 

Triacetyl  derivative  C9H1406  i.e. 
C3H5(OAc)s. 

Triacetin.  Glyceryl  triacetate.  Mol.  w.  218. 
(268°  i.  V.).  S.G.  a  1-174.  S.  18,  at  27°.  Occurs 
in  some  fats,  as  in  the  oil  from  the  seed  of  the 
spindle-tree  (Euonymus  europceus)  (Schweizer, 
J.  pr.  53,  437).  Formed  by  heating  diacetin 
with  glacial  acetic  acid  (18  pts.)  for  3  hours  at 
250°.  Formed  also  by  heating  s-tri-bromo-pro- 
pane  with  AgOAc  (Wurtz,  A.  102,  339).  Pre- 
pared by  boiling  glycerin  (150  pts.)  with  HOAc 
(300  pts.)  for  40  hours,  fractionally  distilling  the 
product,  dissolving  in  water,  and  extracting  with 
ether  (H.  Schmidt,  A.  200,  99).  The  rate  of 
etherification  of  glycerin  by  acetic  acid  has  been 
studied  by  Menschutkin  (B.  13,  1814).  Liquid, 
sol.  dilute  alcohol  and  ether. 

Mono-butyryl  derivative  C7H,404  i.e. 
C3H5(OH)2(O.CO.Pr).  S.G.  i*  1-088.  S.  267. 
From  butyric  acid  and  glycerin  by  heating  for  3 
hours  at  200°  (Berthelot,  A.  Ch.  [3]  41,  261). 
Neutral  liquid ;  mixes  with  f  vol.  of  water,  but 
on  adding  more  water  the  solution  becomes  tur- 
bid. Decomposed  by  alkalis  and  alkaline  earths 
into  glycerin  and  butyric  acid.  Alcohol  and  HC1 
yield  butyric  ether  and  glycerin. 

Di-butyryl  derivative 
CsH5(OH)(O.CO.Pr)2.  (320°).  S.G.  i*  1-083. 
Formed  by  heating  glycerin  with  butyric  acid 
for  several  hours  at  275°.  Liquid.  Not  solid 
at  -40°.  Aqueous  NH3  decomposes  it,  forming 
butyramide. 

Tri-butyryl  derivative  C3H5(O.CO.Pr)3. 
(285°).  S.G.  a*  1-052.  Occurs  in  butter,  along 
with  other  glycerides.  Obtained  by  heating 
mono-butyrin  (1  pt.)  with  butyric  acid  (15  pts.) 
at  240°  for  4  hours  (Berthelot).  Formed  also 
by  boiling  glycerin  (1  mol.)  with  butyric  acid 
(3  mols.)  for  60  hours  (Lebedeff,  H.  6,  150). 
Oil,  v.  sol.  alcohol  and  ether. 

Mono-valeryl  derivative 
C3H5(OH)2(O.CO.C4H9).  S.G.  -^1-100.  Formed 
by  heating  valeric  acid  with  excess  of  glycerin 
for  3  hours  at  200°.  Mixes  with  half  its  bulk 
of  water,  but  the  solution  becomes  turbid  on 
further  addition  of  water.  Alcohol  and  HC1 
form  valeric  ether  and  glycerin.  NH3Aq  gives 
valeramide. 

Di-valeryl  derivative 
C3H5(OH)(O.CO.C4H9)2.     S.G.  ifi  1-059.     From 
glycerin  and  valeric  acid  at  275°.      Oil,  with 
fishy  odour.    Becomes  semi-solid  at  —  40°. 

Tri-valeryl  derivative 
C3H5(O.CO.C4H9}3.     From   glycerin  (1  pt.)  and 
valeric  acid  (9  pts.)  at  220°.    Oil ;  sol.  alcohol 
and  ether.      Occurs  in  the  oil  of    Delphinus 
globiceps  (Chevreul). 


Mono-benzoyl  derivative 
CsH5(OH).,(OBz).  Benzoicin.  S.G.  ^  1-228. 
Formed  by  heating  benzoic  acid  with  excess  of 
glycerin  at  200°  (Berthelot,  A.  Ch.  [3]  41,  290). 
Thick  viscid  oil,  insol.  water,  si.  sol.  CS2,  v.  sol. 
alcohol  and  ether.  Decomposes  at  320°,  giving 
off  acrolem  and  benzoic  acid. 

Di-benzoyl  derivative  C3H5(OH)(OBz)2. 
[70°].  From  glycerin,  BzCl,  and  dilute  NaOH 
(E.  Baumann,  B.  19, 3221).  Long  needles  (from 
ligrom) ;  insol.  water,  v.  e.  sol.  alcohol  and 
ether. 

Tri-benzoyl  derivative  C3H5(OBz)a. 
Tribenzoicin.  [74°].  S.G.  i2 1-228.  Obtained 
by  heating  benzoicin  with  benzoic  acid  (12  pts.) 
for  4  hours  at  250°  (B.).  Formed  also  by  heating 
epichlorhydrin  with  HOBz ;  or  from  epibrom- 
hydrin  and  KOBz  at  200°  (Van  Eomburgh, 
E.  T.  C.  1,  46,  143).  Large  needles  (from  ether). 
V.  e.  sol.  ether,  v.  sol.  boiling  alcohol,  si.  sol. 
ligroin. 

o-Oxy-benzoyl  derivative 
C3H3(OH)2(O.CO.C6H4.OH).    S.G.  1-1366.    From 
salicylic  acid,  glycerin,  and  HC1  at  100°  (Gottig, 
B.  10,  1817).     Colourless  liquid  ;  v.  sol.  alcohol, 
ether,  and  CS2. 

Benzoyl-succinyl  derivative  CI4HI4O6 
i.e.  C2H4(C202)O2.C3H5.OBz.  Benzosuccinin. 
Formed  by  heating  glycerin  with  benzoic  and 
succinic  acids  at  200°  (Van  Bemmelen,  J.  pr. 
69,  84).  Soft  mass,  decomposed  by  boiling 
water  or  alcohol,  more  readily  by  alkalis,  into 
glycerin,  benzoic  acid,  and  succinic  acid. 

Tri-myristyl  derivative  C45HS606  i.e. 
C3H5(O.C14H270)3.  [55°]  (Masino,  A.  202,  173) ; 
[46°]  (in  Otoba).  Occurs  in  nutmegs  (from 
Myristica  moschata),  from  which  it  may  be  ex- 
tracted by  ether  (Playfair,  A.  37,  155 ;  Comar, 
J.  1859,  366  ;  Cimento,  9,  185).  Occurs  also  in 
otoba,  a  fatty  substance  derived  from  Myristica 
Otoba  (Uriccechea,  A.  91,  369).  Crystallises  from 
ether  in  laminae.  Split  up  by  boiling  alkalis  into 
glycerin  and  myristic  acid. 

Mono-palmityl  derivative  C19H3804 
i.e.  C3H5(OH)2(O.C16H3,0).  Monopalmitin.  [58°] 
(B.) ;  [63°]  (C.  a.  S.).  S.  (alcohol)  5-306  at  22-5°. 
Obtained  by  heating  a  mixture  of  glycerin  and 
palmitic  acid  for  24  hours  at  200°;  the  product 
is  shaken  with  lime-water  and  extracted  with 
ether,  from  which  tripalmitin  separates  first, 
then  dipalmitin,  and  finally  monopalmitin 
(Berthelot;  Chittenden  a.  Smith,  Am.  6,  225). 
Badiating  prisms ;  may  be  distilled  in  vacuo,  but 
is  decomposed  when  heated  under  atmospheric 
pressure,  yielding  acrolem  and  other  products. 

Di-palmityl  derivative  C35H6805  i.e. 
CSH5(OH)(O.CWH310)2.  Dipalmitin.  [50°]  (B.); 
[61°]  (C.  a.  S.).  S.  (alcohol)  -210  at  20°.  Formed 
by  heating  palmitic  acid  with  glycerin  for 
14  hours  at  100°  (B.).  Tables  or  needles.  Like 
the  other  palmitins,  it  is  rapidly  saponified  by 
water  and  PbO  at  100°. 

Tri-palmityl  derivative  C5,H9806  i.e. 
C3H5(OC16H310)3.  Tripalmitin.  Mol.  w.  806. 
[62°].  S.  (alcohol)  -0043  at  21°.  Occurs  in 
those  natural  fats  that  yield  palmitic  acid  on 
sapouification  (v.  FATS  and  ACIDS).  Obtained 
from  palm  oil  by  expressing  the  liquid  portion, 
washing  the  residue  with  boiling  alcohol,  and 
crystallising  it  from  ether  (Stenhouse,  A.  36, 
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54).  It  may  be  formed  by  heating  monopalmitin 
(1  pt.)  with  palmitic  acid  (10  pts.)  for  28  hours 
at  250°  (Berthelot).  Crystalline  mass,  v.  si.  sol. 
alcohol,  v.  e.  sol.  ether.  According  to  Duffy 
(C.  J.  5,  197)  some  varieties  of  natural  palmitin 
melt  at  46°. 

Mono- stearyl  derivative  C.nH4204  i.e. 
C3H5(OH)2(O.C18H350).  Monostearin.  [62°]. 
Prepared  by  heating  stearic  acid  with  excess  of 
glycerin  at  220°  as  long  as  the  former  increases 
in  volume.  The  upper  layer  is  recrystallised 
from  alcohol  and  ether  (Berthelot,  A.  Ch.  [3] 
41,  221 ;  F.  Hundeshagen,  J.  pr.  [2]  28,  226). 
Dendritic  groups  of  needles.  Keadily  soluble  in 
warm  alcohol  and  ether.  May  be  distilled  in 
vacuo.  Easily  saponified  by  alcoholic  potash. 
Gives  off  acrolei'n  when  strongly  heated. 

Di-stearyl  derivative  C39H7605  i.e. 
C3H5(OH)(OC18H350)2.  Di-stearin.  [77°].  S. 
(alcohol)  -7  at  78°.  Prepared  by  heating  mono- 
stearin  with  the  calculated  quantity  of  stearic 
acid  at  180°  as  long  as  water  is  evolved.  Crys- 
tallised from  alcohol  and  then  from  benzpline 
(Berthelot;  Hundeshagen).  Clumps  of  glitter- 
ing plates  (from  alcohol) ;  or  small  spheroids, 
formed  of  radiating  clusters  of  minute  needles 
(from  ether,  ligrom,  benzene,  and  CHC13). 
Saponified  by  alcoholic  KOH.  Metallic  de- 
rivatives. —  C3H503(C18H350)2ONH4.  From 
NH3  and  an  ethereal  solution  of  di-stearin. — 
C,H,03(C18H350)2ONa.  Acetyl  derivative.— 
C3H503(C18H350)2Ac.  [30°]. 

Tri-stearyl  derivative  C57H11006  i.e. 
C3H5(O.C18H350)3.  Tristearin.  Stearin.  [55°] 
and  [72°].  S.G.  (liquid)  -925  at  66°.  Occurs  in 
many  fats,  especially  in  the  solid  tallows  and 
lards  from  animals  (Chevreul,  Becherches  sur  les 
corps  gras ;  Braconnot,  A.  Ch.  93,  225 ;  Vogel, 
A.  Ch.  58,  154 ;  Lecanu,  A.  12,  25 ;  Liebig  a. 
Pelouze,  A.  19,  264  ;  Bedtenbacher,  A.  35,  195  ; 
Francis,  A.  42,  254 ;  Arzbacher,  A.  70,  239  ; 
Heintz,  P.  84,  221 ;  Duffy,  C.  J.  5,  197,  303 ; 
Berthelot,  Chimie  Organigue,  2,  52 ;  A.  Ch. 
[3]  41,  216,  432;  47,  297;  Kopp,  A.  93,  194; 
Bouis,  C.  E.  45,  35  ;  Bouis  a.  Pimentel,  C.  E. 
44,  1355).  It  is  very  difficult  to  free  stearin 
from  palmitin  by  fractional  crystallisation,  but 
it  may  be  obtained  from  the  fat  of  the  seeds  of 
Brindonia  indica.  Best  prepared  in  a  pure  state 
by  heating  monostearin  (1  pt.)  with  stearic  acid 
(18  pts.)  at  270°  for  3  hours  (Berthelot) ;  or  by 
heating  glycerin  with  stearic  acid  for  24  hours 
at  200°  (Heintz,  A.  92,  300).  Pearly  nodules  or 
laminse  and  slender  needles.  V.  si.  sol.  cold 
alcohol,  v.  sol.  boiling  alcohol,  v.  e.  sol.  ether. 
Has  no  taste  or  odour.  May  be  distilled  in  vacuo. 
When  heated  it  melts  at  55°,  but  when  further 
heated  it  becomes  solid  again,  and  finally  melts 
at  72°.  Thfese  two  melting-points  are  lowered 
by  impurities,  thus  when  the  stearin  has  been 
prepared  from  fats  they  may  be  52°  and  62° 
respectively.  According  to  Duffy  this  pheno- 
menon may  be  explained  by  assuming  the  exist- 
ence of  three  modifications  of  stearin. 

Arachyl  derivative  C23H4604  i.e. 
C3H5(OH)2(OC20H390).    From  arachic  acid  and 
glycerin     (Berthelot,     A.     Ch.    [3]    47,    355). 
Granules,  v.  si.  sol.  cold  ether. 

Di-arachyl  derivative  C43H8405  i.e. 
C3H5(OH)  (OC^O),.  [75°],  Slender  grains. 
Y.  si.  sol.  cold  ether. 


Tri-arachyl  derivative  C6,H12,06  i.e. 
C3H5(O.C20H3!)0)3.  Triarachin.  Occurs"  in  the 
kernels  of  Nephelium  lappaceum,  and  probably 
also  in  butter  and  in  the  oil  from  the  ground  nut 
(Arachis  hypogcea)  (Goldschmiedt,  J.  1877, 728 ; 
Sitz.  W.  [2]  74,  394 ;  Oudemans,  Z.  1867,  256 ; 
Gossmann,  A.  89,  1).  SI.  sol.  ether.' 

Mono-oleyl  derivative  C2iH4004  i.e. 
QIH,(OH),(OOW]B^0).  Mono-oleVn.  S.G.  si 
•947.  Formed  by  heating  oleic  acid  with  excess 
of  glycerin  for  18  hours  at  200°  (Berthelot). 
Oil ;  may  be  solidified. 

Di-oleyl  derivative  CTOH7205  i.e. 
C3H5(OH)(OC18H330)2.     S.G.  si  -921.    Oil. 

Tri-oleyl  derivative  C57H)0,06  i.e. 
C3H5(OC1SH330)3.  Tri-ole'in.  Ole'in.  The  chief 
constituent  of  fatty  oils ;  occurs  also  in  solid 
fats.  May  be  formed  by  heating  glycerin  with 
excess  of  oleic  acid  at  240°  (Berthelot).  Oil. 
May  be  distilled  in  vacuo.  Decomposed  by  dis- 
tillation under  atmospheric  pressure,  n-hexane 
and  w-heptane  being  among  the  products  (Engler, 
B.  22,  594).  Slowly  saponified  by  water  and 
PbO  at  100°.  V.  si.  sol.  alcohol,  v.  e. 
sol.  ether.  Cono.  H2S04  converts  it  into  oily 

X).CO.CH:CH.C15H31 

C3H5f  O.CO.CH(S04H).CH2.C15H31  (Turkey  red 
\O.CO.CH(OH).CHj.C15H31 

oil)  (Geitel,  J.  pr.  [2]  37,  85).  Nitrous  acid  con- 
verts it  into  the  isomeric  solid  elaidin,  a  crystal- 
line substance,  almost  insol.  alcohol,  v.  e.  sol. 
ether,  melting  at  [38°]  (Duffy,  C.  J.  5,  197). 

Glycero-tartaric  acid  C7HI208  i.e. 
C3H5(OH)2.O.CO.CH(OH).CH(OH).C02H. 
Formed   by    heating    equivalent   quantities   of 
glycerin  and  tartaric  acid  to  about  150°  (Berze- 
lius,  Handbuch;    Des  Plats,   C.  E.  49,  216). 
Semi-solid  mass;  insol.  ether,  v.  sol.  alcohol, 
slowly  resolved  by  water  into  glycerin  and  tar- 
taric acid. — CaA'2  3aq  :  deliquescent  amorphous 
mass. — BaA'2. 

Glycero-di-tartaric  acid  CnH,6013  i.e. 
C3H5(OH).(O.CO.CH(OH)CH(OH).C02H)2.  From 
glycerin  (1  pt.)  and  tartaric  acid  (1  pt.)  by  heat- 
ing at  100°  for  50  hours.  An  acid  CUH14012  is 
formed  at  the  same  time. 

Olycero-tri-tartaric  acid  C15H22O,9. 
Formed  by  heating  glycerin  (1  pt.)  with  tartaric 
acid  (20  pts.)  at  140°.  Tetrabasic  acid. 

Mono-ethyl  ether  C5HI203  i.e. 
C3H5(OH)2(OEt)  or  CH2(OHJ:CH(OH).CH2OEt. 
(225°-230°).  Formed  by  heating  chlorhydrin 
with  NaOEt  at  200°,  treating  the  residue  with 
water,  then  with  K2C03,  agitating  with  ether, 
and  fractionally  distilling  the  extract  (Keboul, 
A.  Ch.  [3]  9,  5).  Liquid,  sol.  water,  but  separated 
therefrom  by  K2C03. 

Di-ethyl  ether  C7Hle03  i.e. 
CH2(OEt).CH(OH).CH2(OEt).    (191°).    S.G.  -92. 
Formed  by  the  action  of  NaOEt  on  dichlorhydrin 
(Keboul) ;   or  by  heating  glycerin  with  KOH  and 
EtBr  (Berthelot). 

Tri-ethyl  derivative  C9H,,003  i.e. 
C3H5(OEt)3.     Triethylin.      (180°-190°).     From 
the  preceding  by  successive  treatment  with  PC15 
and  NaOEt  (Eeboul  a.  Lourenpo,  C.  B.  52,466). 
Oil. 

Isoamyl  derivative  C8H1803  i.e. 
CaH5(OH)2(OC6Hu).    Isoamylin.     (261°).    S.G. 
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^  -98,    Formed  by  heating  CH,.CH.CHrO.C5H11 

O 

with  water  for  some  hours  at  200°  (Eeboul). 
Oil. 

Di-isoamyl  derivative  C^H^O,  i.e. 
OfcH.fOHUOC.H,,},.  (273°).  S.G.  2  -907.  From 
dichlorhydrin  and  NaOC5HH. 

Ethyl-isoamyl  derivative  C10H.,.,03  i.e. 
C3H5(OH)(OEt)(OC5Hn).  (239°).  S.G."  -92. 
From  the  mono-isoamylin  by  successive  treat- 
ment with  fuming  HC1  and  NaOEt.  Oil. 

Mono-allyl  derivative  C,jH1203  i.e. 
C3Hr,(OH).,(OC3H5).  (240°).  S.G.  a  1-116.  Occurs 
in  the  syrupy  liquid  left  in  the  preparation  of 
allyl  alcohol  by  heating  oxalic  acid  with  excess 
of  glycerin  (Tollens,  B.  5,  68;  A.  156,  149). 
Liquid,  m.  sol.  water.  Br  forms  oily  CsH12Br203. 

Tri-allyl  derivative  C12H200.,  i.e. 
C3H5(OC3H5)3.      Tri-allylin.      (232°).       From 
glycerin,   allyl  iodide,  and  KOH  (Berthelot  a. 
De  Luca,  A.  100,  361). 

Di-phenyl  derivative  C15H1(.03  i.e. 
CH2(OPh).CH(OH).CH2(OPh).  [81°].  Formed 
by  adding  s- dichlorhydrin  (70  g.)  to  phenol 
(100  g.)  and  KOH  (60  g.)  (Eossing,  B.  19,  64). 
Pearly  plates  (from  alcohol).  Insol.  water,  m. 
sol.  alcohol,  v.  e.  sol.  ether.  When  heated  with 
AcCl  (1  mol.)  it  gives  C13H15Ac03  [71°],  but  with 
4  pts.  AcCl  it  forms  liquid  C21H22O6.  In  like 
manner  BzCl  (1  mol.)  forms  C15H15BzOs  [67°] 
but  boiling  BzCl  (7  pts.)  forms  oily  C^H^O,,. 
Forms  a  stable  sodium  derivative  C15H15Na03. 
On  sulphonation  it  gives  the  disulphonic  acid 
CH(OH)(CH2O.C6H4.S03H)2,  of  which  the  salt 
K2A"  2aq  is  v.  sol.  water. 

"  Di-nitro-phenyl  derivative  C9H10N207 
i.e.  C3H5(OH)2.OCtiH3(N02)2.  [c.83°j.  From 
chloro-w-di-nitro-benzene,  glycerin,  and  KOHAq 
(Willgerodt,  B.  12,  764). 

Benzylidine  derivative 

C^.CH^Q^CgHg.OH.     From    glycerin  and 

benzoic  aldehyde  at  200°  (Harnitzky  a.  Men- 
schutkin,  A.  136,  127).  Oil.  Decomposed  by 
water. 

w-Chlorhydrm  C3H7C102  i.e. 
CH2C1.CH(OH).CH2OH. 

Chloro-propylene  glycol.  Mol.  w.  HOf. 
(213°)  (Hanriot).  S.G.  fi  1-338.  Formed,  to- 
gether with  smaller  quantities  of  the  isomeric 
CH,(OH).CHC1.CH2OH,  by  saturating  glycerin 
with  HC1  and  keeping  the  liquid  for  some  hours 
at  100°  (Berthelot,  A.  Ch.  [3]  41,  296).  Formed 
also  by  heating  epichlorhydrin  with  water 
(Keboul;  Hanriot,  A.  Ch.  [5]  17,  62). 

Preparation. — The  product  of  the  action  of 
dry  HC1  on  damp  glycerin  in  sealed  tubes  at 
100°  is  distilled  under  18  mm.  pressure,  the 
tt-chlorhydrin  passing  over  at  139°,  the  s-iso- 
meride  at  146°  (Hanriot).  There  is  obtained 
about  16  times  as  much  of  the  u-  as  of  the 
s-chlorhydrin. 

Properties. —  Liquid,  miscible  with  water, 
alcohol,  and  ether.  Unless  quite  free  from  HC1 
it  suffers  condensation  when  distilled. 

Reactions. —  1.  Sodium  amalgam  reduces  it 
to  propylene-glycol  (Lourenco,  C.  E.  52,  1043  : 
Buff,  Bl.  [2]  10,  123).— 2.  Potassium  cyanide 
forms  a  nitrile  which  is  decomposed  on  distilla- 
tion, but  is  converted  by  boiling  with  dilute 


HNOa  into  di-oxy-butyric  acid  (Hanriot,  C.  R. 
86,  1139  ;  Bl.  [2]  27,  256).— 3.  Baryta  acting  on 
its  ethereal  solution  forms  small  quantities  of 
glycide  and  epichlorhydrin. — 4.  When  heated 
with  an  aqueous  solution  of  trimethylamine  in 
sealed  tubes  it  yields  C3H5(OH)2NMe3Cl  and 
C:iH5(OH)2NMeH2Cl.  The  former  gives  a  crys- 
talline platinochloride  (C,Hr,(OH)2NMe3Cl)2PtCl4 
and  aurochloride  C3H5(OH)2NMe3 AuCl4  (Hanriot ; 
V.  Meyer,  Z.  [2]  5,  439). 

Di-nitrate  CH2C1.CH(O.N02).CH,(O.N02). 
S.G.  2  1-511.  From  chlorhydrin,  I^SO,,  and 
HN03  (Henry,  A.  155,  164). 

Di-formyl  derivative 

CH2C1.CH(OCHO).CH2(OCHO).  (185°-195°)  at 
22  mm.  Formed  from  the  chlorhydrin  by  heat- 
ing with  nitro-methane  at  180°  (Pfungst,  J.  pr. 
[2]  34,  36). 

Acetyl  derivative  C2H3(OH)(OAc).CH2Cl. 
(250°).  Aceto-chlorhydrin.  Formed,  together 
with  dichlorhydrin,  by  passing  HC1  into  a  mix- 
ture of  acetic  acid  and  glycerin  at  100° ;  also, 
together  with  the  following,  by  the  action  of 
AcCl  on  glycerin  (Berthelot  a.  De  Luca,  A.  Ch. 
[3]  52,  433).  From  epichlorhydrin  and  HO  Ac 
at  100°  (Eeboul,  A.  Suppl.  1,  232). 

Di-acetyl  derivative 

CH2(OAc).CH(OAc).CH2Cl.  (245°).  S.G.  * 
1*243.  From  acetyl  chloride  and  a  mixture  of 
equal  volumes  of  glycerin  and  HOAc  (Berthelot 
a.  De  Luca,  A.  Ch.  [3]  52,  401 ;  cf.  Franchi- 
mont,  E.  T.  C.  1,  43).  Also  from  epichlor- 
hydrin and  Ac20  at  180°,  a  compound  CnH17C107 
(240°  at  20  mm.)  being  formed  at  the  same  time 
(Truchot,  A.  138,  299). 

Di-palmityl  derivative 
C3H5C1(OC16H3,0)2.    [44°].    From  glycerin  and 
palmityl  chloride  (Villier,  B.  9,  1933). 

Stearyl  derivative 

C8H3C1(OH)(9C18H,50).  [28°].  Produced  by 
passing  HC1  into  a  mixture  of  stearic  acid  and 
glycerin  (Berthelot). 

Benzoyl  derivative  C3H5Cl(OH)(OBz). 
[-40°].  From  glycerin,  HOBz,  and  HC1  (Ber- 
thelot, A.  Ch.  [3]  41,  302). 

Ethyl  derivative 

CH2Cl.C2H3(OH)(OEt)?  (188°).  From  epi- 
chlorhydrin and  HOEt  at  180°.  Formed  also  from 
CH2.CH.CH2OEt  and  HC1  (Eeboul,  A.  Suppl.  1, 


236). 

Isoamyl  derivative 

GHsGLC2Ht(0^(OCtH11).  (235°).  S.G.  ?Q  1-0. 
Formed  from  epichlorhydrin  and  isoamyl  alco- 
hol at  220°  (Eeboul). 

s  -  Chlorhydrin  CH2(OH).CHC1.CH2(OH). 
Chloro-trimethylene  glycol.  (145°  at  10mm.). 
S.G.  -  1'328.  Occurs  in  small  quantity  among 
the  products  of  the  action  of  HC1  on  glycerin 
at  100°,  and  may  be  isolated  by  fractional  dis- 
tillation m  vacua  (Hanriot,  C.  E.  86,  1139 ; 
A.  Ch.  [5]  17,  73).  Formed  also  by  the  action 
of  HOC1  on  allyl  alcohol  (Henry,  A.  155,  322). 
Liquid,  resembling  the  w-isomeride.  It  has  a 
great  tendency  to  form  polyglyceric  derivatives. 

Acetyl  derivative 

CH,(OH).CHCl.CH2(OAc).  (230°).  S.G.  2 1-27. 
From  allyl  acetate  and  HOC1. 

Ethyl  derivative 
CH2(OH).CHCl,CH2(OEt).      (183°).      S.G.      ii 
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1-117.  From  ethyl  allyl  oxide  andHOCl  (Lauch, 
B.  18,  2287).  Thick  liquid. 

Di-ethyl  derivative 

CH.)(OEt).CHCl.CH2(OEt).  (184°).  S.G.  i-7 
1-005.  From  di-ethyl-glycerin  and  PC15  (Keboul 
a.  Lourenco,  A.  119,  237). 

Dichlorhydrins  v.  DI-CHLORO-PROPYL  ALCO- 
HOLS. 

Chloro  -  bromhydrins  CH^r.C^C^OH). 
(198°).  S.G.  **  1-740.  From  allyl  bromide  and 
HOC1  (obtained  from  chloride  of  lime  and  boric 
acid)  (Lauch,  B.  18,  2288).  Also  from  epichlor- 
hydrin  and  HBr  and  from  epibromhydrin  and 
HC1  (Eeboul,  A.  Suppl  1,  225).  Liquid.  Cone. 
KQHAq  gives  epichlorhydrin. 

Acetyl  derivative  C3H5BrCl(OAc). 
(228°).  From  glycerin,  AcCl,  and  AcBr  (Ber- 
thelot  a.  De  Luca,  A.  Ch.  [3]  52,  462).  SI.  sol. 
water. 

Ethyl  derivative  C3H5BrCl(OEt).  (187°). 
From  epichlorhydrin  and  EtBr  (Eeboul  a. 
Lourenco,  A.  119,  238). 

Bromhydrin  C3H7Br02  i.e. 

CH2(OH).CHBr.CH2(OH)  ?  (180°  at  10mm.). 
Formed  by  adding  glycerin  (500  g.)  in  small  por- 
tions to  liquid  bromide  of  phosphorus  (550  g.), 
the  liquid  being  kept  cool  and  the  product  after 
24  hours  fractionally  distilled  in  vacua  (Berthe- 
lot  a.  De  Luca,  A.  Ch.  [3]  48,  304 ;  52,  433). 
Oil,  sol.  ether.  In  its  preparation  there  is  also 
formed  CgHj^BrO  (below  200°)  and  crystalline 
CeHj^Br..?  which  is  not  affected  by  aqueous  KOH 
at  100°. 

Acetyl  derivative  C3H5Br(OH)(OAc). 
(170°-180°)  at  10  mm.  Prepared  by  the  action 
of  AcBr  (1-5  pts.)  on  dry  glycerin  (1-2  pts.)  the 
crude  product  being  distilled  under  10  mm.  pres- 
sure ;  the  yield  is  good  (2'2  pts.)  (Hanriot,  A.  Ch. 
[5]  17,  84).  Eeduced  by  the  copper-zinc  couple 
to  tri-methylene  glycol. 

Di-ethyl  derivative  C3H5Br(OEt)2. 
(195°-205°).  S.G.  4  1-258.  From  di-ethyl- 
glycerin  and  PBr5  (Henry,  B.  4,  704). 

Bromhydrin  C3H7Br02  i.e. 

CH2(OH).CH(OH).CH2Br.  (138°  at  17mm.).  A 
product  of  the  action  of  Br  on  allyl  alcohol  in 
presence  of  water  (Fink,  M.  8,  561).  By  the 
action  of  HBr  on  dry  glycerin,  Veley  (C.  N.  47, 
39)  obtained  a  bromhydrin  (160°)  at  60  mm. ; 
S.G.  ?  1-717. 

Di-bromhydrins  v.  DI-BROMO-PROPYL  ALCO- 
HOLS. 

Tri-bromhydrin  v.  TRI-BROMO-PROPANE. 

lodhydrin  C^OH),!.  S.G.  is  2-03.  From 
chlorhydrin  and  KI  (Eeboul,  A.  Ch.  [3]  60,  5). 

Di-iodhydrin  v.  DI-IODO-PROPYL  ALCOHOL. 

Chloro-iodhydrin  v.  CHLORO-IODO-PROPYL  ALCO- 
HOL. 

Methyl  derivative  CaH^ClItOMe).  (c. 
200°).  Formed  by  heating  epichlorhydrin  (1 
mol.)  with  Mel  (1  mol.)  at  190°  ;  the  yield  being 
20  p.c.  of  the  theoretical  (Paal,  B.  21,  2971). 
Oil,  volatile  with  steam. 

Ethyl  derivative  C3H5ClI(OEt).  (200°- 
210°). 

Isopropyl  derivative  C3H.ClI(OPr). 
(208° -212°). 

n-Propyl  derivative  C8H6CU(OPr). 
(200°-210°). 

Diglycerin  CaHH05  i.e. 
C)tHft(OH)2.0,03Hs(OH)a.    Pyroglycerin.     (220°- 


230°)  at  10  mm.  When  glycerin,  diluted  with 
one-third  of  its  bulk  of  water,  is  saturated  at 
100°  with  HC1,  then  mixed  with  an  equal  bulk  of 
glycerin,  and  heated  with  inverted  condenser  for 
13  hours  at  120°,  there  is  obtained  a  mixture  of 
dichlorhydrin,  diglycerin  chlorhydrin,  diglycerin 
dichlorhydrin,  diglycerin,  and  triglycerin  ;  these 
may  be  separated  by  fractional  distillation  in 
vacua  (LourenQO,  C.  R.  52,  359).  Thick  liquid, 
insol.  ether,  si.  sol.  cold,  v.  sol.  hot  water,  mis- 
cible  with  alcohol. 

Mono-stearyl  derivative 
C3H5(O.C18H850)(OH).O.C3H5(OH)2.  [about  30°]. 
Formed  by  heating  glycerin  alone  for  some  time 
and  then  with  stearic  acid  for  several  days  at 
240°.  Crystallised  from  alcohol  (Hundeshagen, 
J.  pr.  [2]  28,  252).  Wax-like  solid,  sol.  ether. 
Eeadily  saponified  by  alcoholic  potash. 

Tri-ethyl  derivative  Cj-jH^O,;  i.e. 
C3H5(OH)(OEt).O.C3H5(OEt)2.  (c.  290°).  S.G. 
i*  1-90.  Formed,  together  with  di-ethyl- 
glycerin  and  tetra-ethyl-triglycerin,  by  the 
action  of  NaOEt  on  epichlorhydrin  (Eeboul  a. 
Lourenco,  C.  R.  52,  401).  Liquid,  sol.  water, 
alcohol,  and  ether.  Ppd.  from  its  aqueous  solu- 
tion by  KaCOa. 

Diglycerin  chlorhydrin  C6H13C104. 
(270°).  Formed  together  with  diglycerin  dichlor- 
hydrin C6H12C1204  by  heating  glycerin  saturated 
with  HC1.  By  heating  either  chlorhydrin  with 
alcoholic  KOH  at  100°  there  is  formed  pyro- 
glycide  C6H1294  (245°-255°).  This  body  is 
also  got  by  heating  polymerised  glycide  acetate 
with  NaOH  (Breslauer,  J.  pr.  [2]  20,  193).  It 
is  miscible  with  water  and  alcohol. 

Di-ethyl  derivative  of  diglycerin 
chlorhydrin  GloKi}Cl04i.e. 
OC6H10(OH)(OEt)2Cl.  (285°).  S.G.  ^  Ml. 
Formed  by  heating  di-ethyl-glycerin  with  epi- 
chlorhydrin at  200°.  Formed  also,  together  with 
ethyl-  and  di-ethyl-chlorhydrin,  by  heating 
epichlorhydrin  with  alcohol  at  200°.  Liquid, 
si.  sol.  water,  miscible  with  alcohol  and  ether. 

Acetyl  derivative  of  diglycerin  tri- 
chlorhydrin  C8H13C1303  i.e.  OC6H10(OAc)Cl3. 
(190°)  at  20  mm.  A  product  of  the  action  of 
AcCl  on  epichlorhydrin  (Truchot,  A.  140,  245). 

Triglycerin  C^H^O,  i.e. 
C3H5(OH)2.O.C3H5(OH).O.C3H5(OH)2.         (275°- 
285°)  at  10  mm.    Formed  as  described  under 
diglyoerin.     Thick  liquid. 

Tetra-ethyl  derivative  of  triglycerin 
C17H3607  i.e.  C9H1502(OH)(OEt)4.  (200°)  at  10 
mm.  S.G.  l^  1-022.  A  product  of  the  action  of 
NaOEt  on  epichlorhydrin.  Liquid,  sol.  water, 
alcohol  and  ether. 

Acetyl  derivative  of  triglycerin 
tetra  -  chlorhydrin  C,,H18C1404  i.e. 
C9H1502(OAc)Cl4.  (260°)  at  20  mm.  From 
epichlorhydrin  and  AcCl  at  100°  (Truchot,  A. 
140,  245). 

Hexaglycerin  bromhydrin 
C,8H27Br07.     One  of  the  products  of  the  action 
of  PBr3  on  glycerin.    Crystalline.   SI.  sol.  boiling 
ether. 

Thioglycerin  C3H802S  i.e.  C,H5(OH)2(SH). 
Mol.  w.  108.  S.G.  ^  1-295.  From  chlorhydrin 
and  boiling  alcoholic  KSH :  the  product  is 
acidified  and  evaporated  below  50°  (Carius,  A. 
122,  72;  124,  222).  Thick  liquid;  v.  si.  sol. 
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water,  insol.  ether,  miscible  with  alcohol. 
Reacts  like  mercaptan  with  metallic  oxides  and 
salts.  Decomposed  by  heat  into  water  H2S  and 
thiopyroglycide  C6H1203S  an  amorphous 
body,  insol.  water  and  ether,  si.  sol.  boiling 
alcohol.  Nitric  acid  oxidises  thioglycerin  to 
C3H5(OH)2S03H.  -  Hg(C3H70,S)2 :  [50°-60°] ; 
white  powder.— Pb(C3H,02S)2 :  [c.  80°] ;  yellow 
pp. 

Di-thio-glycerin  C3H8OS2  i.e. 
C3H.(OH)(SH)2.    Mol.  w.  124.     S.G    ^  1-342. 
From    s-dichlorhydrin     and     alcoholic     KHS 
(Carius).     Thick  liquid,  insol.  ether,  v.  si.  sol.  j 
water,  v.  e.  sol.  alcohol.     Split  up  on  distilla-  , 
tion  into  water,  H2S,  and  trithiopyroglycide 
CHH12OS3.      HN03  forms  an  acid  C6H12S30I0.— 
HgC;JH6OS2     [c.    90°].  —  PbC3H6OS2 :      yeUow 
powder. 

Trithioglycerin  C3H8S3  i.e.  C3H5(SH)3.  Mol. 
w.  140.  S.G.  l—  1-391.  From  s-trichloro-pro-  j 
pane  and  alcoholic  KSH  (Carius).  Liquid,  m. 
sol.  alcohol,  insol.  ether  and  water.  Split  up  by 
heat  into  H2S  and  dithioglycide  C3H5S(SH).— 
Cu3(C3H5S3)2.-Pb3(C3H,S3)2.-Ag3C3H5S3. 

GLYCEEOL  v.  GLYCERIN. 

GLYCEROSE  v.  GLYCERIN,  Reaction  6. 

GLYCERYL.     The  trivalent  radicle  C3H5. 

GLYCERYL  BORATE  C3H5B03.  Formed  by 
heating  glycerin  with  B203  (Schiff  a.  Bechi,  Z. 
1866,  147).  Glassy  mass  resolved  by  hot  water 
into  glycerin  and  boric  acid.  Not  affected  by 
boiling  alcohol. 

GLYCERYL  CARBAMATE  C3H5(O.CO.NH,):j. 
[215°].      From  chloroformamide  and  glycerin  j 
(Gattermann,    A.   244,    42).      Needles    (from 
HOAc).    Insol.  most  solvents. 

GLYCERYL  CHLORIDE  v.  TRI-CHLORO-PRO- 

PANE. 

GLYCERYL  TRI-PHENYL-TRI-CARBAMATE 
C3H5(O.CO.NHPh)3.  Phenyl-carbamic-glyceride. 
Formed  by  heating  glycerin  (1  mol.)  with 
phenyl  cyanate  (3  mols.)  (Tessmer,  B.  18,  968). 
White  powder  or  fine  needles.  Sol.  alcohol, 
acetone,  ether,  and  chloroform,  si.  sol.  water  and 
benzene.  By  heating  with  Ba(OH)2  and  water 
to  150°  it  yields  glycerin,  aniline,  and  BaC03. 

GLYCERYL  SULPHOCYANIDE  C6H5N3S3  i.e. 
C3H5(SCy)3.  [126°].  S.  (alcohol)  -25  at  13°. 
From  s-tri-bromo-propane  and  alcoholic  KSCy 
at  100°  (Henry,  B.  2, 637).  Small  brittle  needles 
(from  alcohol).  Insol.  water,  v.  sol.  boiling  alco- 
hol. Gives  off  HCy  when  heated. 

GLYCIDAMINE  C3H7NO  i.e. 
CH2.CH.CH2NH2.    Olyceramine.    Formed,  toge- 


V 


ther  with  '  diamidohydrin  '   C3H]0N20  by  the 
action    of    alcoholic    NH3  on    s-dichlorhydrin  | 
(Glaus,  A.  168,  29).—  B'HCl  :  crystals,  ppd.  by  j 
adding  ether  to  the  alcoholic  solution  ;  very  hy-  j 
groscopic.  —  B'2H2PtCl6  :  transparent  needles. 
GLYCIC  ACID  v.  GLUCIC  ACID. 


(160°) 

(B.)  ;  (157°)  (H.).  S.G.  *  1-165.  Prepared  by 
adding  powdered  caustic  soda  (but  not  potash) 
to  an  ethereal  solution  of  its  acetate  (Breslauer, 
J.  pr.  [2]  20,  192  ;  cf.  Gegerfelt,  Bl.  [2]  23,  160). 
Obtained  by  the  action  of  BaO  (28  g.)  upon  chlor- 
hydrin  (48  g.),  dissolved  in  ether  (50  g.)  (Hanriot, 
VOL.  II. 


C.  R.  88,  387).  Mobile  liquid,  miscible  with 
water,  alcohol,  and  ether.  Heated  with  water 
it  forms  glycerin.  Reduces  ammoniacal  silver 
nitrate  in  the  cold.  In  presence  of  glycerin  it 
rapidly  forms  products  of  condensation.  Dilute 
HN03  forms  glycerin  mononitrate.  Distillation 
with  KHS04  gives  acrolein. 
Acetyl  derivative 

°<CH?CH2.OAc-  (166°)  (B.);  (169°)  (G.).  S.G. 
—  1-129.  Obtained  by  heating  dry  powdered 
potassic  acetate  with  an  equivalent  quantity  of 
epichlorhydrin  over  an  oil  bath,  the  temperature 
of  which  is  slowly  raised  from  110°  to  150°. 
After  20  hours  the  mass  is  extracted  with  ether 
and  fractionated.  An  isomeric  liquid  (260°). 
S.G.  as  1-204  is  got  as  a  by-product  (Breslauer). 
Reduces  ammoniacai  AgN03. 

Ethyl  derivative  0<\CH2CH  OEt 
(129°).  S.G.  i2  .94.  Formed  by  the  action  of 
KOH  on  the  ethyl-chlorhydrin  derived  from 
ethyl  allyl  oxide  and  KOH  (Reboul,  A.  Ch.  [3] 
60,  5 ;  Henry,  B.  5,  449).  Liquid,  sol.  water. 
Readily  combines  with  HC1.  PCL  gives 
C3H5CLj(OEt). 

Isoamyl  derivative  C3H502.C-Hn. 
(188°).  S.G.  22-90.  From  isoamyl-chlorhydrin 
and  KOH. 

Pyruvyl  derivative  C6H804  i.e. 

/"1TT 

°\CH?CH2.O.CO.CO.CH3.  W  [82°]  ^  '»  ^78°] 
(J.).  (260°).  Formed  by  heating  equi-molecular 
proportions  of  glycerin  and  glyceric  acid  at  120°, 
and  crystallising  the  product  from  alcohol 
(Erhart,  M.  6,  511).  Formed  also  by  distilling 
glycerin  with  tartaric  acid  (Jowanowitsch,  M.  6, 
467).  Needles,  sol.  hot  water,  but  slowly  saponi- 
fied thereby,  sol.  alcohol,  benzene,  and  ether. 
Monoclinic  :  a:b:c  =  1-48:1:  -77  ;  0  =  105°  33'. 
Readily  saponified  by  alkalis,  alkaline  earths, 
and  their  carbonates.  Bromine  forms  di-bromo- 
pyruvio  acid.  Sodium-amalgam  gives  lactic 
acid.  It  forms  the  following  salts  which  are  de- 
rived from  its  hydrate  C6H,005.— KC6H905 :  silky 
needles.  —  Ca(C6H905)2  2aq.  —  Cu(C6H9OJ2  3aq : 
blue  crusts. — AgC6H905 :  needles. 
GLYCIDIC  ACID  C3H4O3  i.e. 

PIT 
<CH.C02H.     Oxy-acrylic  acid. 

Formation. — 1.  By  the  action  of  alcoholic 
KOH  on  the  o-chloro-j8-oxy-propionic  acid  that 
is  formed  by  the  union  of  acrylic  acid  with  HOC1 
(Melikoff,  B.  13, 271 ;  14,  939).— 2.  In  like  man- 
ner  from  the  isomeric  £-chloro-a-oxy-propionic 
acid  (Erlenmeyer,  B.  13,  458). 

Properties.  —  Liquid,  miscible  with  water, 
alcohol,  and  ether.  Slowly  combines  with  water, 
becoming  glyceric  acid.  Its  calcium  salt 
readily  takes  up  water,  changing  to  calcium 
glycerate.  Cone.  HClAq  forms  0-chloro-a-oxy- 
propionic  acid. 

Salts.— NH4A'.— KA'^aq :  small  prisms.— 
NaA'^aq. — ZnA'2aq:  amorphous. — AgA' :  tri- 
metric  tables ;  when  its  aqueous  solution  is 
boiled  it  deposits  a  silver  mirror. 

Ethyl  ether  EtA'.  (162°  uncor.).  S.G. 
2™  1-0933.  From  silver  0-chloro-o-oxy-pro- 
pionate  and  EtI  (Melikoff,  B.  21,  2052).  Oil ; 
smelling  somewhat  like  malonic  ether, 
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Homologues  of  glycidic  acid  v.  METHYL- 
GLYCIDIC  ACIP. 

GLYCINE  v.  GLYCOCOLL. 

GLYCO-DI-AMIDO-BENZOIC  ACID 
C13H16N207  i.e.  C02H.C6H3(NH)2C6H1005. 
Formed  by  heating  a  cone,  aqueous  solution  of 
glucose  (2  mols.)  and  diamido-benzoic  acid  (1 
mol.)  for  some  hours  at  90°  (Griess  a.  Harrow, 
B.  20,  2210).  Small  silvery  plates  (from  water) ; 
v.  si.  sol.  cold  water,  nearly  insol.  alcohol  and 
ether.  Decomposed  by  melting.  Not  affected 
by  boiling  with  aqueous  HC1  or  baryta.  Strongly 
dextrorotatory. — BaA'2  (at  100°) :  amorphous. — 
HA'HCl:  small  plates;  v.  e.  sol.  water  and 
alcohol. 

GLYCOCHOLIC  ACID  C,6H43N03.  S.  -33  in 
the  cold ;  -83  at  100°  (Strecker) ;  -033  at  20° ; 
•85  at  100°  (Emich).  S.  (ether)  -093  at  20°  ;  S. 
(benzene)  -009;  S.  (CHC13)  -Oil.  [a]D  =  29'9° 
(Hoppe,  C.  C.  1859,  65).  Occurs  as  sodium  salt 
in  the  bile  of  animals,  and  in  ox-bile  it  is  accom- 
panied by  sodium  taurocholate,  cholesterin,  pig- 
ments, &c.  (Gmelin ;  Strecker,  A.  65,  9 ;  67,  1 ; 
70,  161,  166;  Emich,  M.  3,  326;  M.  4,  108; 
Gorup-Besanez,  A.  157,  286). 

Preparation. — 1.  The  pp.  formed  in  fresh  ox- 
bile  by  Pb(OAc)2  is  treated  with  boiling  (85  p.c.) 
alcohol,  and  the  hot  filtrate  decomposed  by  H2S, 
mixed  with  water  and  set  aside  to  crystallise. — 
2.  Fresh  ox-bile  is  evaporated  to  dryness  over 
the  water-bath ;  the  residue  is  extracted  with 
cold  alcohol,  and  the  filtrate  mixed  with  a  little 
ether.  After  some  time  the  liquid  is  decanted 
from  the  sticky  deposit,  and  more  ether  is  added 
when  the  mixed  sodium  salts  (Plattner's  '  crys- 
tallised bile  ')  slowly  deposit.  They  are  dissolved 
in  water  and  dilute  H2S04  added,  whereupon 
glycocholic  acid  slowly  crystallises. — 3.  The 
readiest  way  of  obtaining  glycocholic  acid  con- 
sists in  covering  fresh  bile  in  a  tall  cylinder  with 
a  layer  of  ether,  and  adding  2  c.c.  of  cone.  HClAq 
for  every  50  c.c.  of  the  bile.  The  whole  then 
usually  solidifies  after  a  while  to  a  crystalline 
pulp  of  glycocholic  acid,  which  may  be  re-crys- 
tallised from  water  (Hiifner,  J.pr.  [2]  10,  267). 
In  this  experiment  the  bile  of  castrated  oxen 
and  of  calves  does  not  crystallise ;  of  other  oxen 
it  always  crystallises  ;  the  bile  of  cows  usually 
crystallises  (Hiifner,  J.  pr.  [2]  19,  302).  Bile 
which  when  mixed  with  ether  and  HC1  produces 
a  crystalline  pp.  of  glycocholic  acid,  contains  in 
100  pts.  of  mixed  taurocholic  and  glycocholic 
acids  from  71  to  88  pts.  of  the  latter  acid,  while 
bile  which  does  not  produce  such  crystallisation 
contains  only  from  47  to  57  pts.  of  glycocholic 
acid  to  53  and  43  pts.  of  taurocholic  acid  respec- 
tively (G.  Hiifner,  J.pr.  [2]  25,  97).  Neverthe- 
less it  cannot  be  held  that  taurocholic  acid 
hinders  the  crystallisation  of  glycocholic  acid, 
because  a  solution  containing  even  7  pts.  of  pure 
sotlic  taurocholate  to  1  pt.  of  pure  sodic  glyco- 
cholate  gives  crystallisation  when  treated  with 
HC1  and  ether.  The  cause  of  non-crystallisation 
is  therefore  not  yet  explained  (H.). — 4.  According 
to  Marshall  (H.  11,  233),  the  quickest  method  of 
obtaining  glycocholic  acid  in  colourless  crystals 
is  as  follows : — A  drop  of  hydrochloric  acid  is 
added  to  fresh  bile ;  the  mixture  shaken  and 
filtered;  ethyl  ether  and  hydrochloric  acid  are 
then  added  to  the  filtrate ;  the  mixture  shaken 
and  allowed  to  remain.  The  crystals  formed  are 


collected  on  a  filter,  washed  with  water  holding 
hydrochloric  acid  and  ether  in  solution,  and  dried 
in  the  air.  By  re-crystallisation  they  are  ob- 
tained perfectly  colourless. 

Properties. — Bulky  groups  of  slender  needles. 
V.  si.  sol.  water,  v.  e.  sol.  alcohol,  v.  si.  sol.  other 


solvents.  Its  aqueous  solution  has  a  sweet  and 
slightly  bitter  taste.  It  reddens  litmus.  It  is 
readily  soluble  in  ammonia,  aqueous  alkalis,  and 
baryta-water  ;  the  addition  of  acids  to  these  solu- 
tions reppts.  the  acids  in  a  resinous  form  which 
slowly  becomes  crystalline  ;  this  change  is  rapidly 
brought  about  by  ether.  The  free  acid  and  its 
salts  are  dextrorotatory.  It  is  antiseptic.  By 
heating  above  140°  it  is  converted  into  glyco- 
cholonic  acid  C26H41N05.  With  sugar  and  cone. 
H2S04  it  gives  on  warming  the  crimson  colour 
characteristic  of  Pettenkofer's  test  (v.  BILE). 
Solutions  of  glycocholic  acid  are  not  ppd.  by 
gelatin  (Maly  a.  Emich,  M.  6,  95). 

Reactions.—  I.  Boiling  aqueous  KOH  splits  it 
up  into  glycocoll  and  cholic  acid  C24H4005.  Boil- 
ing baryta-water  effects  the  like  hydrolysis.  —  2. 
Cone.  HClAq  and  cone.  H2S04  dissolve  it  in  the 
cold,  and  water  reppts.it  from  these  solutions,  but 
the  boiling  acids  deposit  oily  drops  of  glyco- 
cholpnic  acid  which  solidify  after  a  while.  —  3. 
Boiling  dilute  HC1  forms  choloidic  acid,  dyslysin, 
and  glycocoll.  —  4.  Nitrous  acid  vapour  passed 
into  its  solution  forms  '  chologlycollic  acid  ' 
C20H^207  (Lang,  BL  [2]  25,  180).  This  acid  is 
amorphous,  but  forms  a  crystalline  barium  salt 
Ba(C20H410,)2  3aq.—  5.  When  mixed  with  HOAc 
and  H2S04  and  heated  it  forms  an  orange  colour- 
ing matter  possibly  related  to  the  bile-pigments 
(Michailoff,  B.  17,  444,  Eef.  ;  /.  E.  1884  [1] 
584).—  6.  By  heating  with  alcoholic  NH3  at  170° 
for  24  hours  there  is  formed  a  substance 
C24H41N04,  which  on  evaporation  crystallises  in 
long  silky  deliquescent  needles  [125°]  (Pellizzari, 
C.  C.  1888,  1350). 

Salts  .  —  Solutions  of  the  alkaline  salts  lather 
like  soap.  All  the  glycocholates  are  soluble  in 
alcohol,  those  of  the  alkalis  and  alkaline  earths 
dissolve  easily  in  water,  the  rest  are  sparingly 
soluble  and  may  be  obtained  by  precipitation.  — 
NaA'  (at  100°).  S.  (alcohol)  1-5.  The  alcoholic 
solution  deposits  crystals  when  very  slowly 
evaporated  in  a  flask.  Dry  ether  added  to  its 
alcoholic  solution  throws  it  down  in  an  amor- 
phous state,  but  if  the  ether  is  wet  it  becomes 
crystalline  (Stadeler,  J.  pr.  72,  257).—  BaA'2  (at 
100°)  amorphous,  S.  16-2  at  15°.—  PbA'2  (at 
100°). 

Ethyl  ether  C^H^tNO,,.  S.G.  -901.  Pre- 
pared by  saturating  an  alcoholic  solution  of  the 
acid  with  HC1  and  heating  in  sealed  tubes 
(Springer,  Am.  1,  181).  Slowly  saponified  by 
water. 

Paraglycocholic  acid  C^H^NO,.  [184°]. 
When  glycocholic  acid  is  ppd.  by  H._,S04  from  a 
solution  of  its  Na  salt,  and  the  pp.  is  boiled  with 
water  paraglycocholic  acid  remains  undissolved. 
Alcohol  and  boiling  alkalis  reconvert  it  into  the 
ordinary  modification. 

GLYCOCOLL  C2H5N02  i.e.  CH.2(NH2).C02H 


Amido-acetic  acid.    Mol.  w.  75.  (232°-236°  cor.). 
S.  23.     S.G.  1-161.     H.  C.  228,000  (Stohmann, 


GLYCOCOLL. 


627 


J.  pr.  [2]  31,  285).    Occurs  in  the  mussel  Pecten 
irradians  (Chittenden,  A.  178,  273). 

Formation. — 1.  Discovered  by  Braconnot 
(A.  Ch.  [2]  13,  114),  who  obtained  it  by  boiling 
gelatin  with  dilute  H2S04.— 2.  Formed  also  by 
boiling  gelatin  with  potash  or  baryta  (Mulder, 
J.  pr.  16,  290).— 3.  By  boiling  hippuric  acid  with 
dilute  HC1  (Dessaignes,  A.  [3]  17,  50 ;  Kraut  a. 
Hartmann,  A.  133,  99). — 4.  By  decomposing 
glycocholic  or  hyoglycocholic  acid  with  dilute 
acids  or  alkalis  (Strecker,  A.  67,  25  ;  70,  188).— 
5.  From  bromo-acetic  acid  and  NH3  (Perkin  a. 
Duppa,  A.  108,  112).— 6.  Together  with  CO,  and 
NH3  by  heating  uric  acid  with  cone.  HIAq  at 
165°  (Strecker,  Z.  [2]  4,  215).— 7.  By  the  action 
of  aqueous  HI  on  hydantoic  acid  (Menschutkin, 
A.  153,  105).— 8.  From  nitroso-thio-hydantoin 
or  nitroso-thio-glycollic  acid  and  HI  (Andreasch, 
M.  6,  827).—  9.  From  glyoxal  by  successive 
treatment  with  ammonium  cyanide  and  dilute 
H2S04  (Lubavine,  Bl.  [2]  38,  379).— 10.  By 
passing  cyanogen  into  boiling  HIAq  (S.G.  1*96) 
(Emmerling,  B.  6, 1351). — 11.  From  cyanoformic 
ether,  zinc,  and  HC1  (Wallach,  A.  184,  13).— 12. 
To  the  extent  of  about  7*5  p.c.  by  boiling  silk 
with  dilute  H2S04  (Weyl,  B.  21, 1531). 

Preparation.— 1.  Hippuric  acid  500  g.  is 
boiled  with  cone.  HC1  for  12  hours.  The  benzoic 
acid  formed  is  removed  by  filtration  and  extrac- 
tion with  ether,  after  which  the  liquor  containing 
the  hydrochloride  of  glycocoll  is  evaporated  until 
crystallisation  sets  in.  The  salt  is  washed  with 
absolute  alcohol.  The  yield  is  90  p.c.  (Curtius  a. 
Goebel,  J".  pr.  [2]  37,  157).— 2.  Hippuric  acid 
(1,200  g.)  is  boiled  for  12  hours  with  H2S04 
(1,600  g.)  diluted  with  water  (3,200  g.).  The  pro- 
duct is  allowed  24  hours  to  cool,  it  is  then  filtered. 
The  filtrate  is  evaporated  and  shaken  three 
times  with  ether  to  remove  the  last  traces  of 
benzoic  acid.  The  liquid  is  diluted  and  neutral- 
ised with  baryta  (free  from  iron).  The  liquid  is 
decanted  from  BaS04  and  evaporated.  Some  of 
the  dissolved  barium  can  be  removed  by  C02. 
The  glycocoll  crystallises  out  from  the  evaporated 
filtrate  (T.  Curtius,  /.  pr.  [2]  26,  153).— 3.  By 
heating  chloro-acetic  acid  (1  pt.)  with  solid 
ammonium  carbonate  (3  pts.)  to  70°  and  finally 
to  130°  (Nencki).— 4.  Chloro-acetic  acid  (50  g.) 
and  sodium  carbonate  (53  g.)  are  warmed  with 
excess  of  aqueous  ammonia.  After  boiling  for 
7  hours  hydrochloric  acid  is  added  and  the  liquid 
evaporated,  ppd.  with  alcohol  and  filtered.  The 
filtrate  is  digested  with  Cu(HO)2,  warmed,  fil- 
tered, and  treated  with  alcohol,  and  then  with 
hydrogen  sulphide  (Mauthner  a.  Suida,  M.  9, 
728). — 5.  By  heating  phthaloxyl-amido-acetic 
acid  CO.^.C6H4.CO.NH.CH2.CO,H  with  double 
its  weight  of  20  p.c.  pure  HC1,  diluting-  with 
water,  filtering,  evaporating,  and  treating  with 
ice-cold  water,  which  leaves  behind  phthalic  acid. 
On  evaporating  and  washing  with  absolute  al- 
cohol, hydrochloride  of  glycocoll  remains  as  a 
snow-white  crystalline  powder  (S.  Gabriel  a.  K. 
Kroseberg,  B.  22,  428). 

Properties.  —  Monoclinic  tablets ;  a:b:c 
=  1:1-857:2-204;  £  =  68°  20'  (Schabus).  Slight 
impurities  change  the  crystalline  form  remark- 
ably :  traces  of  NaOH  or  T10H  cause  it  to  form 
rhombohedra,  while  traces  of  baryta  induce  the 
formation  of  very  long  thin  prisms  (Curtius). 
Glycocoll  is  inactive.  It  has  a  sweet  taste.  SI. 


sol.  water,  insol.  ether  and  alcohol.  Neutral  to 
litmus.  It  prevents  the  ppn.  of  cupric  hydroxide 
from  its  sulphate  by  potash  (Horsford,  A.  60,  1). 
FeCL,  gives  a  deep-red  colour  (Engel,  Fr.  15. 
344). 

Reactions. — 1.  Distillation  with  BaO  gives 
methylamine  and  BaC03.  Solid  KOH  acts  in 
like  manner  but  NH3,  hydrogen,  and  potassium 
oxalate  are  also  formed  (Cahours,  A.  Ch.  [3]  53, 
322  ;  A.  109,  29).— 2.  Dilute  H2S04  and  Mn02 
give  off  C02  arid  HCy. — 3.  Nitrous  acid  gas  con- 
verts it  into  glycollic  acid  (Socoloff  a.  Strecker, 
A.  80,  18  ;  Dessaignes,  C.  R.  38,  44).— 4.  When 
heated  with  benzoic  acid  in  sealed  tubes,  hippuric 
acid  is  formed  (Dessaignes,  /.  Ph.  [3]  32,  44). 
Hippuric  acid  is  also  formed  by  treating  zinc  or 
silver  glycocoll  with  BzCl  (Dessaignes,  C.  R.  37, 
251). — 5.  Cyanamide  forms  glycocyamine 
C3H7N3q2  (Strecker,  C.  R.  52, 1212).— 6.  PJienyl- 
cyanamide^  in  ammoniacal  solution  mixed  with 
an  alcoholic  solution  of  glycocoll  forms  on  stand- 
ing crystalline  grains  of  C9HnN302  (Berger,  B. 
13,  992). — 7.  With  sodium  hypobromite  nitrogen 
is  evolved  (Deniges,  C.  R.  107,  662).— 8.  When 
a  concentrated  solution  of  glycocoll  is  mixed 
with  NaOH  &ndphenyl-acetic  chloride  a  reaction 
takes  place  and  on  acidifying  phenyl-aceturic 
acid  separates.  Its  ether  C,0H10NO3Et  crystal- 
lises in  broad  prisms  [79°]. — 9.  When  benzoic 
aldehyde  is  added  to  an  aqueous  solution  of  gly- 
cocoll saturated  with  S02  there  is  formed  syrupy 
C9H]3NS06  which  slowly  solidifies  over  H2SO4 
(Schiff,  A.  210, 125).  CEnanthol  forms  a  similar 
compound  C7H14OC2H5N02H2SO3.— 10.  Heated 
with  cholic  acid  at  200°  for  20  hours  there  is 
formed  a  product  whence  NaOH  ppts.  amorphous 
glycodyslysin  C^H^NO,  (Lang,  BL  [2]  25, 
180). — 11.  Chloroform  and  KOH  form  isocyano- 
acetic  acid  CiN.CHjj.CO.jH  (Calmels,  Bl.  [2]  42, 
266). — 12.  Guanidine  carbonate  forms  the  com- 
pound C2H5N02(CH5N3)2C03aq  (Nencki  a.  Sieber, 
J.  pr.  [2]  17,  480).— 13.  Urea  (10  pts.)  at  230° 
forms  uric  acid  (Horbaczewski,  B.  15,  2678). 

Salts. — The  fact  that  glycocoll  only  forms 
salts  with  such  metals  as  can  displace  the  hy- 
drogen of  amidogen  tends  to  show  that  the  salts 
have  the  formula  CH2(NHE)C02H,  and  not 
CH^NH^CO-jB.  Thus  it  forms  no  salts  with 
alkalis,  and  probably  none  with  alkaline  earths. 

Barium  salt. — If  excess  of  baryta  be  added 
to  glycocoll  sulphate  and  the  solution  be  filtered 
the  liquid  may  perhaps  contain  glycocoll-barium, 
but  on  adding  alcohol  a  pp.  is  got,  which  con- 
tains variable  amounts  of  glycocoll  and  baryta. 
If  this  pp.  be  recrystallised  from  alcohol  it  be- 
comes pure  glycocoll.  Hence  glycocoll-barium 
is  very  unstable,  if  indeed  it  exists  (Curtius, 
J.pr.  [2]  26,151). 

Zinc  salt  C,H4N02Zn  aq.  Partially  decom- 
posed by  hot  water.  Boiling  Na2C03  removes 
one-third  of  the  zinc. 

Silver  salt  AgA'.  Prepared  by  heating 
silver  oxide  (38  g.)  nearly  to  boiling  with  a  solu- 
tion of  glycocoll  (100  g.).  The  hot  liquid  is  fil- 
tered and  allowed  to  cool  in  the  dark.  After  an 
hour  the  liquid  is  poured  off  from  the  silver  gly- 
cocoll and  heated  with  the  remaining  silver 
oxide.  This  process  is  repeated  until  the  quan- 
tity of  silver  glycocoll  that  separates  on  cooling 
begins  to  decrease  when  a  fresh  quantity  of  silver 
oxide  (38  g.)  is  added  to  that  which  still  remains, 
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and  the  process  is  continued  till  all  the  silver 
oxide  is  either  used  up  or  reduced  to  silver. 
Yield  75  p.c.  (Curtius,  J.pr.  [2]  26,  165).  Crys- 
tallises in  tablets.  Turns  grey  in  daylight.  It  is 
not  hygroscopic.  It  is  strongly  alkaline.  It  de- 
composes at  100°.  Warmed  with  a  mixture  of 
benzene  and  benzoyl  chloride  it  forms  silver 
chloride  and  the  three  following  acids  :  (1)  Hip- 
puric  acid  (Dessaignes,  C.  R.  37,  251) ;  (2)  an  acid 
CnH12N203 :  [207°],  which  when  boiled  with  di- 
lute acids  gives  benzoic  acid  and  two  molecules 
of  glycocoll,  and  hence  it  may  perhaps  be  written 
Ph.CO.NH.CH2.CO.NH.CH2.C02H;  (3)  an  acid 
C10H12N3O4,  which  blackens  at  240°  without 
melting,  but  with  acids  gives  also  benzoic  acid 
and  glycocoll  on  boiling  (T.  Curtius,  J.  pr.  132, 
239).  Silver  glycocoll  is  converted  by  EtI  into 
NEt3I.CH2.C02Et.— AgA'HOEt.  Obtained  by 
ppg.  a  solution  of  silver  glycocoll  by  alcohol. 

Other  salts.  —  PdA'2 :  yellow  needles 
(Drechsel,  J.  pr.  [2]  20,  475).— CdA'2  aq :  silky 
foliated  crystals.— CuA'2  aq  :  blue  needles.  S.  -6 
at  15°.— PbA'2  aq  :  needles.— HgA'2  aq :  small 
crystals. 

Salts  with  acids.— HA'HCl:  deliquescent 
crystals,  v.  e.  sol.  water,  si.  sol.  alcohol ;  has  an 
acid,  slightly  astringent  taste.— H^Hd :  tri- 
metric  crystals ;  a:b:c  =  1 : 1-1108 :  -3091.— 
H.,A',H2PtCl6.— HA'HN03 :  [145°].  Decomposed 
by  fusion  (Franchimont,  R.  T.  C.  2,  339).  Tri- 
metric  crystals;  a:b:c  =  1:3-412  :  2-969  (Nickles, 
Campt.  Chim.  1849,  256);  *  -0687  :  -750  : 1 
(Loschmidt,  Sitz.  W.  51  [2]  386).  According  to 
Horsford  they  are  monoclinic. — H-jA'-JINOg. — 
HgA'jHjSOf.  Large  prisms,  permanent  in  the 
air;  sol.  water,  insol.  alcohol  and  ether.  Ac- 
cording to  Nickles  the  crystals  are  trimetric ; 
a:b:c  =  I :  -424 :  -321.— HA'HOAc  l|aq :  crystal- 
lises from  water. — H2A'2H.,C204 :  trimetric  crys- 
tals ;  a:6:c  =  l :  3-072  :  2-792  (N.). 

Combinations  with  both  acids  and 
base  s.— KA'HCL— BaA'2H2Cl2 :  trimetric  prisms. 
— KA'HN03 :  needles  (Boussingault,^.  39, 310).— 
CuA',Cu(N03)22aq  :  blue  needles.— AgA'HN03 : 
needles.— KHA'gH-jSO^:  prisms. 

Acetyl  derivative  v.  ACETUBIC  ACID. 

Benzoyl  derivative  v.  HIPPUBIC  ACID. 

Salicyl  derivative  v.  OXY-BENZOIC  ACID. 

Methyl  ether  NH,.CH2.C02Me.  (54°)  at 
50  mm.  Obtained  by  suspending  its  hydro- 
chloride  in  ether,  shaking  with  the  theoretical 
amount  of  Ag20,  evaporating  the  filtrate,  drying 
over  BaO  and  fractionally  distilling  (Curtius  a. 
Goebel,  J.  pr.  [2]  37, 165).  Liquid,  miscible  with 
all  ordinary  menstrua ;  boils  with  decomposition 
at  130°.  It  forms  a  copper  salt  crystallising  in 
blue  needles,  v.  sol.  water.  Cu(NH.CH2.C02Me)2  aq. 
Hydrochloride  NH3Cl.CH2.CO,Me.  [175°]. 
Formed  by  passing  dry  gaseous.  HC1  through 
methyl  alcohol  containing  glycocoll  hydrochlor- 
ide  in  suspension  until  solution  takes  place 
(Curtius  a.  Goebel,  J.  pr.  [2]  37,  159).  Prisms, 
v.  sol.  cold  alcohol.  Yields  ethylamine  when  dis- 
tilled with  Na2C03.  Its  platinochloride  is  v.  sol. 
alcohol  and  water. 

Acetyl  derivative  of  the  methyl  ether 
v.  ACETUBIC  ACID. 

Ethyl  ether  NH^CH^CO^t.  (149°)  at 
748mm. ;  (65°)  at  40mm.  V.D.  3-47  (calc.3-57). 
Formed  by  treating  its  hydrochloride  in  ethereal 
solution  with  Ag^O  as  in  the  preceding  cj-sc 


(G.  a.  C.).  Formed  also  from  bromo-acetic  ether 
by  treatment  with  silver  nitrite  and  reduction  of 
the  resulting  riitro-acetic  ether  (De  Forcrand, 
C.  R.  88,  974).  Colourless  liquid,  miscible  with 
water,  alcohol,  ether,  benzene,  CHC13,  and  petro- 
leum-ether. Somewhat  volatile  with  steam.  Ab- 
sorbs C02.  Does  not  solidify  at  -  20°.  Gives 
tt-propylamine  when  distilled  with  Na2C03.  Its 
copper  salt  Cu(NH.CH2.C02Et)2  2aq  crystallises 
in  blue  plates,  v.  sol.  water.  Hydrochloride 
NH,Cl.CH2.CO..Et.  [144°].  Formed  by  passing 
dry  HC1  into  alcohol  containing  glycocoll  hydro- 
chloride  in  suspension  until  solution  occurs 
(G.  a.  C.).  Long  needles ;  may  be  sublimed.  Its 
platinochloride  forms  needles  [212°].  Hydro- 
iodide  NH3I.CH2.C02Et.  Formed  by  heating 
glycocoll  with  alcohol  and  EtI  or  even  Mel  at 
120°  (Schilling,  A.  127,  97  ;  Kraut,  A.  177,  267). 
Trimetric  crystals.  With  Ag20  it  gives  glycocoll, 
alcohol,andAgI.— Nit  r  ate  NH3(N03)CH2C02Et. 
Crystals  (Curtius,  B.  17,  953). 

Acetyl  derivative  of  the  ethyl  ether 
v.  ACETUBIC  ACID. 

Allyl  ether.  Hydrochloride 
NH.Cl.CHj.COAHs.  [170°-180°].  Prepared  by 
suspending  glycocoll  hydrochloride  in  allyl  al- 
cohol and  passing  HC1  until  a  solution  is  ob- 
tained (C.  a.  G.).  Thin  plates,  m.  sol.  cold 
alcohol. 

Isoamyl  ether.    Hydrochloride 
NH3Cl.CH2.C02C5Hn.    From  glycocoll,  isoamyl 
alcohol,  and  HC1.    Syrup. 

Phenyl  ether  NH2.CH2.CO?C6H5.  From 
phenyl  chloro-acetate  and  alcoholic  NH3  at  140°. 
Needles,  sol.  water,  v.  si.  sol.  alcohol  and  ether 
(Prevost,  J.  $r.  [2]  4,  379). 

Anhydride    C2H3NO    i.e.  CH2<^?H>  or 

.  [275°].  Prepared  by  de- 
composing an  aqueous  solution  of  the  hydro- 
chloride  of  glycocoll  ethyl  or  methyl  ether  with 
silver  oxide  and  extracting  the  mixture  of  silver 
chloride  and  anhydride  with  hot  water,  by  which 
the  latter  is  dissolved  out  and  crystallises  on  cool- 
ing (Curtius  a.  Goebel,  J.pr.  [2]  37, 173).  Plates. 
V.  sol.  hot  water  and  dilute  alcohol.  Neutral  to 
litmus.  It  does  not  combine  with  ammonia  and 
the  alkali  metals,  but  forms  salts  with  silver 
(C-jELjAgNO)  and  copper.  It  forms  a  hydrochlor- 
ide crystallising  in  long  needles  [130°],  con- 
verted by  boiling  water  into  glycocoll  hydro- 
chloride. — Platinochloride 
B'4(HCl)2PtCl43aq.  Large  orange-yellow  crys- 
tals, m.  sol.  water,  si.  sol.  alcohol. 

Amide  NH2.CH2.CO.NH2.  Amido-acelamide. 
Formed  in  small  quantity  by  heating  glycocoll 
with  alcoholic  NH3  at  160°.  It  is  also  one  of  the 
products  of  the  action  of  alcoholic  NH3  on 
chloro-acetic  ether  (Heintz,  A.  148,190  ;  150,67). 
Obtained  from  its  hydrochloride  by  treatment 
with  Ag20.  Solid ;  v.  e.  sol.  water ;  alkaline 
in  reaction.  Decomposed  by  boiling  water  into 
NH3  and  glycocoll.—  B'HCl :  monoclinic  needles ; 
v.  e.  sol.  water,  si.  sol.  alcohol.— E^PtC^. 

Ethyl-glycocoll  v.  ETHYL-AMIDO-ACETIC  ACID. 

Phenyl-glyCOCOllv.PHENYL-AMIDO-ACETICACID. 

Nitro-phenyl-glycocoll    v.    NITBO  -  PHENYL- 

AMIDO-ACETIC   ACID. 

Sulpho-phenyl-glycocoll   v.  SULPHO-PHENYL- 

A.MILtu-ACE'IIC   ACID. 
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Nitro-tolyl-glycocoll  v.  NITRO-TOLYL-AMIDO- 

ACETIC  ACID. 

GLYCOCOLONIC  ACID  C26H41N05.  A  pro- 
duct of  the  action  of  cone.  HClAq  on  glycocholic 
acid  (Strecker,  A.  67,  26  ;  70,  166).  Formed  also 
by  heating  glycocholic  acid  above  140°.  Needles 
(from  alcohol).  Insol.  water  and  ether,  v.  sol. 
alcohol.  Decomposed  by  boiling  HClAq  into 
glycocoll  and  cholic  acid.  NaA'  :  crystals  (from 
alcohol)  (Mulder,  J.  1847-48,  907). 

GLYCOCYAMINE    C3H7N3<X  i.e. 
NH:C(NH2).NH.CH2.C02H.  Gudnido-acetic  acid. 
Mol.  w.  117.     S.  -8  (Strecker),  -44  (Nencki). 

Formation.  —  1.  By  adding  a  few  drops  of 
ammonia  to  an  aqueous  solution  of  glycocoll 
mixed  with  cyanamide  (Strecker,  C.  R.  52,  1212). 
2.  By  heating  an  aqueous  solution  containing 
glycocoll  and  guanidine  carbonate,  glycocyamine 
and  ammonic  carbonate  are  formed  (Nencki  a. 
Sieber,  J.  pr.  [2]  17,  477)  ;  the  reaction  taking 
place  as  follows:  2C2H5N02  +  (CH5N3)2H2C03 
=  2C3H7N302+  (NH,)2H2C03.  Probably  the  guan- 
idine first  breaks  up"  into  cyanamide  and  am- 
monia. 

Properties.  —  Transparent  needles.  SI.  sol. 
cold,  v.  sol.  hot,  water;  insol.  alcohol.  Boiled 
with  cupric  acetate  it  gives  microscopic  crystals 
of  Cu(C3H6N302)2. 

Salts.—  HA'HCl:  prisms;  v.  sol.  water.  — 


Glycocyamidine   C3H5N30 


The  hydrochloride  is  obtained  by  heating  gly- 
cocyamine hydrochloride  to  160°  (Strecker). 
The  base  may  be  liberated  by  boiling  this  salt 
with  lead  hydroxide  and  water.  Laminae  ;  v.  e. 
sol.  water.  Has  an  alkaline  reaction.  It  forms 
a  compound  with  ZnCl2  crystallising  in  needles 
resembling  the  corresponding  salt  of  creatinin.  — 
B'HCl  :  v.  sol.  water.—  B'2H2PtCl6  2aq  :  needles. 

Reference.  —  BENZ-GLTCOCYAMIDINE. 

GLYCODRTJPOSE  v.  CELLULOSE. 

GLYCODYSLYSIN  C26H39N04.  An  amorphous 
powder  formed  by  heating  glycocoll  with  cholic 
acid  at  195°  (Lang,  Bl.  [2]  25,  182).  SI.  sol. 
water,  v.  sol.  ether,  v.  e.  sol.  alcohol.  Not 
attacked  by  alcoholic  KOH.  Boiling  HClAq 
forms  glycocoll. 

GLYCOGEN  C8H1005. 

Occurrence.  —  In  the  liver  and  in  the  placenta, 
entering  largely  into  the  constitution  of  most  of 
the  tissues  of  the  embryo  (Cl.  Bernard,  C.  R.  41, 
461  ;  44,  578,  1325  ;  48,  77,  763,  884  ;  Sanson, 
C.  R.  44,  1159,  1323  ;  45,  140,  343  ;  Schiff  ,  C.  R. 
48,  880  ;  E.  Pelouze,  C.  R.  44,  1321  ;  Bonnet, 
C.  R.  45,  139,  573;  Kekule,  C.  C.  1858,  300; 
Poggiale,  J.  Ph.  [3]  34,  99  ;  Harley,  Pr.  10,  289  ; 
Pavy,  P.  M.  [4]  17,  142  ;  Pr.  10,  528  ;  11,  90  ; 
Gorup-Besanez,  A.  118,227;  McDonnell,  Pr.  12, 
476  ;  Wittich,  Fr.  14,  227  ;  Aldehoff,  Z.  B.  25, 
137  ;  Manche,  Z.  B.  25,  163  ;  Chandelon.P/.  13, 
626;  Schmelz,  Z.  B.  24,  180).  As  much  as  11  p.c. 
has  been  found  in  the  liver  of  new-born  puppies 
(Demant,  H.  11,  142).  Occurs  also  in  blood, 
muscle,  spleen,  kidneys,  pancreas,  and  brain 
(Pavy,  Pr.  32,  418),  and  in  the  white  and  yolk  of 
egg.  Glycogen  is  uniformly  distributed  through- 
out the  liver,  but  in  the  muscles  of  the  heart, 
where  it  also  occurs,  it  is  unevenly  distributed 
(Cramer,  Zeit.  Biol.  24,  67).  Occurs  in  the  urine 


i  in  diabetes  mellitus  (Leube,  C.  C.  1888,  1278). 
In  vesicular  cells  of  the  connective  tissue  of 

]  mollusca,  such  as  oysters  (Bizio,  C.  R.  62,  675  ; 

I  65,  175 ;  Blundstone,  Pr.  38, 442).  In  the  cock- 
roach (Blatta  orientalis),  and  in  Bombyx  tnori 
(a  butterfly)  and  its  chrysalis  (Anderlini,  C.  C. 
1888,  451).  It  is  present  in  a  large  number  of 
fungi,  where  it  seems  to  take  the  place  of  the 
starch  of  higher  plants  (Errera,  C.  C.  1888,  252). 
It  is  present  in  beer-yeast  (Errera,  C.  R.  101, 
253  ;  Laurent,  C.  C.  1888,  252).  Found  in 
ciliated  infusoria  (Maupas,  C.  R.  101,  1504). 
When  the  following  substances  are  introduced 
into  the  systems  of  starved  dogs  or  rabbits  no 
appreciable  quantities  of  glycogen  are  found  in 
the  liver :  inosite,  mannite,  quercite,  erythrite, 
and  fats.  But  glucose,  milk-sugar,  cane-sugar, 
laevulose,  inulin,  glycerin,  gelatin,  and  proteids 
promote  the  formation  of  glycogen.  It  is  not 
clear  whether  the  glycogen  is  directly  formed 
from  these  substances  or  whether  their  presence 
promotes  its  formation  from  some  other  source, 
or  hinders  its  destruction  when  formed  (Von 
Mering,  Pf.  14,  274  ;  cf.  Forster,  N.  Rep.  Pharm. 
25, 733  ;  Wolf  berg,  Zeit.f.  Biol.  12,  266  ;  Seegen, 
Pf.  40,  48 ;  Chittenden  a.  Lambert,  Dissertation 
1885).  Asparagine,  glycocoll,  and,  above  all, 
ammonium  carbonate,  when  given  to  rabbits 
with  a  carbohydrate  diet  greatly  increase  the 
amount  of  glycogen  in  the  liver  (Rohmann,  Pf. 
39,  21). 

Preparation. — 1.  Glycogen  is  best  obtained 
pure  by  Briicke's  method  (Sitz.  W.  63  [2]  214), 
which  readily  separates  all  prptei'ds  from  it.  A 
solution  of  potassio-mercuric  iodide  is  prepared 
by  precipitating  mercuric  chloride  with  potassium 
iodide,  washing  the  precipitate  and  then  satura- 
ting a  boiling  solution  of  potassium  iodide  with 
it.  A  watery  solution  of  glycogen,  mixed  with 
albuminous  matters,  is  prepared  by  cutting  a 
perfectly  fresh  liver  into  pieces  about  the  size  of 
a  hazel-nut,  and  throwing  them  into  boiling 
water  for  a  couple  of  minutes,  so  as  to  destroy 
the  liver  ferment,  which  would  otherwise  convert 
the  glycogen  into  sugar ;  the  pieces  are  then 
bruised  in  a  mortar  and  extracted  with  boiling 
water,  and  the  solution  is  filtered.  As  soon 
as  the  filtrate  is  cold  it  is  treated  alternately 
with  hydrochloric  acid  and  the  potassio-mercuric 
iodide  solution  as  long  as  these  agents  produce 
any  precipitate,  and  after  standing  for  five 
minutes  the  solution  is  again  filtered.  Alcohol 
is  then  added  until  about  60  p.c.  of  absolute 
alcohol  is  present  in  the  liquid  :  this  throws  down 
the  glycogen  alone,  but  more  alcohol  precipitates 
other  bodies  with  it.  The  precipitate  is  collected 
on  a  filter,  washed  first  with  weak,  then  with  90 
p.c.  alcohol,  and  finally  with  ether,  and  is  then 
transferred  to  a  tile  to  dry.  Glycogen  is  thus 
obtained  as  a  snow-white  amorphous  powder ; 
if  impure  or  not  quite  dry,  it  forms  a  semi- 
transparent  brittle  mass. — 2.  The  boiling  aqueous 
decoction  of  liver  is  treated  with  ZnCl2  ;  the 
filtrate  is  evaporated  and  mixed  with  dilute  (60 
p.c.)  alcohol,  acidified  with  HC1.  The  ppd.  gly- 
cogen is  washed  with  alcohol  (Abeles,  J.  Th. 
1881,  58  ;  Pf.  24,  485). 

Properties. — White  mealy  amorphous  pow- 
der. According  to  Ruiz  a.  Borntrager  (Pf.  24, 
19)  at  100°  it  is  (CtiH)005)6aq.  With  water  it 
forms  an  opalescent  solution.  On  evaporating 
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this  solution  the  glycogen  separates  in  films. 
Its  aqueous  solution  is  dextrorotatory  [a]D  vary- 
ing from  203°  to  234°  according  to  concentration 
(Kulz,  Pf.  24,  85 ;  Landwehr,  Z.  8,  171) ;  but 
the  polariscope  may  be  used  in  its  estimation 
(Cramer,  Z.  B.  24,  180).  It  is  insol.  alcohol. 
Its  ppn.  from  aqueous  solutions  by  alcohol  is 
greatly  promoted  by  the  presence  of  NaCl  and 
other  salts  (Kulz,  B.  15, 1300).  Charcoal  removes 
it  from  its  aqueous  solution.  Iodine  colours 
its  aqueous  solution  red.  Glycogen  does  not 
reduce  Fehling's  solution.  Glycogen  dissolves 
in  cold  cone.  H.,S04  forming  an  amorphous  acid. 
With  baryta- water  it  gives  a  pp.  of  BaO(CKH100.)3, 
while  lead  subacetate  forms  PbO(C6H10O5)2. 

Estimation. — The  substance  is  extracted  with 
hot  dilute  KOH,  the  protei'ds  are  ppd.  from  the 
solution  by  HCl  and  potassio-mercuric  iodide, 
and  the  glycogen  is  then  ppd.  by  alcohol,  dried, 
and  weighed  (Kulz,  Z.  B.  22,  161). 

Reactions. — 1.  Diastast,  and  saliva  trans- 
form it  into  maltose,  a  little  glucose,  and  an 
achroo-dextrin  (Musculus  a.  Mering,  H.  2,  413  ; 
Siegen,  C.  C.  1877,  8).  It  is  not  changed  to 
sugar,  to  any  significant  extent,  by  contact  with 
blood  (Pavy,  Pr.  32, 418).  Boiling  'dilute  mineral 
acids  convert  it  into  glucose  (Kulz  a.  Borntrager, 
Pf.  24,  28).— 2.  Does  not  ferment  with  yeast.— 
3.  Boiling  dilute  HN03  forms  oxalic  acid.— 4. 
Bromine  followed  by  Ag20  forms  glycogenic  acid. 
5.  Cold  cone.  HN03  forms  amorphous  '  nitro- 
glycogen'  C12H19(N02)0)0,  insol.  water,  alcohol, 
and  ether,  sol.  alkalis  and  dilute  HCl  (Lustgar- 
ten,  M.  2,  634).— 6.  A  mixture  of  fuming  HNO3 
and  H2S04  forms  4  di-nitro-glycogen  ' 
CtiH8(N02)205,  a  white  powder,  insol.  water,  alco- 
hol, ether,  alkalis,  and  dilute  acids,  which  ex- 
plodes at  80°  to  90°.  It  is  converted  by  ammo- 
nium sulphide  into  a  dextrin  which  has  but 
slight  power  of  reducing  Fehling's  solution,  and 
is  dextrorotatory  [a]D  =  194  at  27°  (Lustgarten). 
7.  Ac20  at  155°  forms  an  amorphous  tri-acetyl- 
derivative  C6H7Ac305,  insol.  water,  alcohol,  and 
ether  (Schiitzenberger,  A.  160,  80). 

Achroo-glycogen  C6H10O5.  Obtained  from 
snail's  mucin,  by  treating  with  5  to  10  p.c. 
aqueous  KOH,  separating  proteids  by  potassio- 
mercuric  iodide,  filtering,  and  ppg.  the  achroo- 
glycogen  by  alcohol  (Landwehr,  Z.  6,  74). 
Amorphous  white  tasteless  solid,  v.  sol.  water, 
forming  a  strongly  opalescent  solution.  It  does 
not  reduce  Fehling's  solution.  By  treatment 
with  saliva,  diastase,  or  boiling  dilute  acids  it 
is  converted  into  dextrin  and  glucose.  It  differs 
irom  glycogen  in  giving  no  colour  with  iodine. 

GLYCOGENIC  ACID  C6H12O7.  Formed  by 
treating  an  aqueous  solution  of  glycogen  at  100° 
with  bromine,  and  then  adding  Ag20  (Chitten- 
den,  A.  182,  206).  Very  acid  syrup.  Is  perhaps 
identical  with  gluconic  acid. — CaA'2:  minute 
needles  ;  si.  sol.  cold  water.— BaA',  3aq  :  prisms. 
-Pb2C.,Hs07.-CoA'22aq. 

GLYCOL  C2H.02  i.e.  CH2(OH).CH2(OH). 
Ethylene  alcohol.  Mol.  w.  62.  [-11-5°]  (Bou- 
chardat,  C.  R.  100,  452).  (198°  cor.).  S.G.  i? 
1-1168;  p  1-1121  (Perkin,  C.  J.  45,  504)  ;  S 
1-1072  (Briihl).  M.M.  2-943  at  15-1°  (P.).  p£ 
=  1-4325.  B00=  23-32.  H.F.p.  100,890  (Th.). 
H.F.v.  99,150.  S.V.  65-6  (Ramsay). 

Formation.— 1.  From  ethylene  iodide  by  dis- 
tilling with  silver  acetate  and  saponifying  the 


resulting  diacetate  C,,H4(OAc)2  with  solid  KOH 
(Wurtz,  C.R.  43, 199  ;  A.Ch.  [3]  55,400  ;  A.  100, 
110 ;  Suppl.  1,  85).— 2.  By  heating  for  2  days 
in  a  sealed  tube  at  100°  a  mixture  of  ethylene 
bromide  (60  g.)  with  potassium  acetate  (60  g.) 
and  (85  p.c.)  alcohol  (120  g.),  and  saponifying 
the  resulting  mono-acetate  CH2(OH).CH2OAc 
with  potash  or  baryta  (Atkinson,  P.M.  [4]  16, 
433).  Debus  (A.  110,  316)  recommends  saponi- 
fying the  mono-acetate  with  water  in  sealed 
tubes  at  100°.  By  heating  a  mixture  of  ethylene 
bromide  (195  g.),  KOAc  (102  g.),  and  dilute  alco- 
hol (200  g.  of  S.G.  -82),  Demote  (A.  173,  117)  ob- 
tained glycol  arid  acetic  ether.  From  600  g. 
ethylene  bromide  Erlenmeyer  (A.  192,  246)  ob- 
,  tained  125  g.  glycol.— 3.  Together  with  poly- 
'  ethylenic  glycols  by  heating  ethylene  oxide  with 
water  (Wurtz). — 4.  From  ethylene  chloro-iodide 
1  and  moist  Ag20  at  160°  to  200°  (Maxwell  Simp- 
son, A.  Suppl.  6,  253).— 5.  Together  with  NMe3 
by  boiling  a  cone,  aqueous  solution  of  neurine 
(Wurtz,  A.  Suppl.  6,  200).— 6.  By  heating  ethyl- 
ene bromide  (1  pt.)  with  water  (12  pts.)  and  PbO 
at  150°  (Eltekoff,  B.  6,  558).— 7.  From  ethylene 
bromide  (55|  pts.),  water  (180  pts.),  and  Ag2C03 
(41  pts.).  Ag20  and  Ag,S04  used  instead  of 
Ag.,C03  do  not  give  glycol  (Beilstein  a.  Wiegand, 
B.  15,  1368). 

Preparation. — 1.  Ethylene  bromide  (188  g.) 
is  boiled  with  water  (1000  g.)  containing  K2C03 
(138  g.)  in  solution  in  a  flask  with  inverted  con- 
denser. A  large  quantity  of  vinyl  bromide 
escapes.  As  soon  as  all  the  ethylene  bromide 
has  disappeared  the  liquid  is  evaporated  to  dry- 
ness,  and  the  glycol  separated  from  the  KBr  by 
solution  in  alcohol.  The  alcohol  is  then  dis- 
tilled, when  the  glycol  (13  g.)  passes  over  at  198° 
(Zeller  a.  Hiifner,  /.  pr.  [2]  10,  270).  In  this 
process  Na2C03  (106  g.)  may  be  used  instead  of 
K2C03,  whereby  the  yield  may  be  increased  (to 
35  g.),  although  the  product  is  not  so  pure 
j  (Stempnewsky,  A.  192,  242).  BaC03  used  in- 
!  stead  of  K2CO3  yields  no  glycol. — 2.  By  heating 
1  ethylene  bromide  (1  pt.)  with  water  (26  pts.)  for 
130  hours  in  sealed  tubes  at  100°;  the  yield 
being  60  p.c.  (Niederist,  A.  196,  354). 

Properties. — Colourless  liquid,  with  sweet 
taste,  but  no  smell.  Miscible  with  water  and 
alcohol ;  si.  sol.  ether.  It  dissolves  KOH, 
Ca(OH)2,  CaCl2,  NaCl,  ZnCl2,  SbCl3,  and  HgCl2. 
In  a  freezing  mixture  it  sometimes  solidifies  to  a 
mass  of  crystals. 

Reactions. — 1.  When  dropped  upon  platinum 
black,  C02  is  given  off  and  the  metal  may  even 
become  incandescent.  If  in  this  experiment 
the  glycol  be  diluted  with  water  and  the  air  with 
C02,  glycollic  acid  is  produced  by  the  oxidation. 
2.  Cold  dilute  nitric  acid  forms  glycollic  acid, 
at  higher  temperatures  it  forms  oxalic  acid. 
When  glycol  diluted  with  four  times  its  volume 
of  water  is  placed  in  a  tall  vessel  and  strong 
nitric  acid  is  introduced  so  as  to  form  a  layer  at 
the  bottom,  and  the  whole  is  kept  for  some  time 
at  30°,  there  is  formed  glycollic  acid,  glyoxylic 
acid,  and  perhaps  also  glyoxal  (Debus,  A.  110, 
316).— 3.  Caustic  potash  at  250°  forms  oxalic 
acid  with  evolution  of  hydrogen. — 4.  By  heating 
with  zinc  chloride  at  250°  there  is  formed  alde- 
hyde and  crotonic  aldehyde  (Bauer,  Rdp.  chim. 
pure,  1860,  244).— 5.  By  heating  with  a  large 
quantity  of  water  at  210°  there  is  also  formed 
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aldehyde  (Nevole,  Bl.  [2]  25,  289).— 6.  By  heat- 
ing with  acids  it  yields  ethers  by  displacement 
of  one  or  both  of  its  hydroxyls  by  acid  residues 
(Lourenco,  A.  114,  122).— 7.  PC15  gives  ethylene 
chloride  (Wurtz,  A.  104, 174).— 8.  Acetyl  chloride 
forms  CH2Cl.CH2OAc.  —  9.  By  heating  with 
ammonium  chloride  at  180°-190°  for  8  hours 
there  is  formed  tri-methyl-pyridine  (collidine) 
C8HnN;  the  yield  being  15  to  20  p.c.  of  the 
theoretical  (Hofmann,  B.  17,  1905).— 10.  Heated 
with  fuming  HC1  in  a  sealed  tube  at  100°  it 
forms  ethylene  chloride  (Schorlemmer,  C.  J.  39, 
143) ;  but  when  saturated  with  HC1  in  an  open 
vessel  and  then  distilled  the  product  is  glycol 
chlorhydrin.— 11.  Chlorine  forms  oily  C6H)204 
(240°)  and  a  crystalline  chlorinated  body  [39°] 
(0.  200°)  (A.  Mitscherlich,  C.R.  56, 188).— 12.  An 
aqueous  solution  of  glycol  acidulated  with  H2S04 
is  converted  by  electrolysis  into  CO,  oxygen,  and 
C02,  together  with  formic  paraldehyde  (tri-oxy- 
methylene),  formic,  acetic,  and  glycollic  acids, 
and  a  polymeride  of  formic  aldehyde  resembling 
glucose  (Eenard,  A.  Ch.  [5J  17,  315).— 13.  By 
heating  glycol  (2  pts.)  with  soda-lime  (5  pts.)  at 
250°  there  is  formed  an  acid  C25H4804  [103°] 
which  may  be  crystallised  from  ligroiin  and  ether 
(Stiircke,  A.  223,  300).— 14.  When  heated  with 
aldehydes  ECHO,  glycol  forms  ethylene  deriva- 

/O.CH, 
tives  of  the  ortho-aldehydes  ECH<       |      (Wurtz , 
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Rep.  chim.  pure,  1862,  16;  Lochert,  A.  Ch. 
[6]  16,  35).  Thus  isobutyric  aldehyde  gives 

PrCH<^>C2H4.    (125°).     S.  10.— 15.  Chloral 

unites  energetically  with  glycol,  and  the  result- 
ing compound  treated  with  pentachloride  of  phos- 
phorus gives  a  compound  (S.G.  — 1*73)  which  may 
be  CC13.CHC1.0.CH2.CH2.O.CHC1.CC13  (Henry, 

B.  7,  762).   If  a  mixture  of  equivalent  quantities 
of  glycol  and  chloral  be  left  to  stand  for  some  days, 
hard  transparent    crystals    of    C2HCl3OC2H(i02 
[42°],    H.F.    15,400,    separate    (De    Forcrand, 

C.  R.   108,  618).— 16.  Phosgene'  COC12    forms 

C2H4<Q>CO  C390]  (236°)  crystallising  in  prisms 

sol.  water  and  alcohol,  insol.  ether  (Nembrowsky, 
J.  pr.  [2]  28,  439).— 17.  Distillation  with  oxalic 
acid  gives  formic  acid,  and  thediformyl  derivative 
of  glycol  (c.  174°)  (Lorin,  C.  R.  79,  387  ;  Bl.  [2] 
21,  409;  22,  104).— 18.  Alga  (Spirogyra)  are 
able  to  convert  glycol  into  starch  (Bokorny,  C.  C. 
1888,  858). 

Sodium  derivatives. —  C2H4(OH)(ONa). 
Formed  by  dissolving  sodium  in  glycol.  White 
crystalline  deliquescent  substance.  Heated  with 
vinyl  bromide  in  a  sealed  tube  it  yields  ethylene, 
glycol,  sodium  bromide,  and  apparently  formic 
acid.  With  methyl  alcohol  it  crystallises  as 
C.,H4(OH)(ONa)MeOH  in  brilliant  spangles.— 
With  ethyl  alcohol:  C2H4(OH)(ONa)EtOH.— 
C2H4(OH)(ONa)C3H7OH.  With  glycol  it  forms 
crystalline  C2H4(OH)(ONa)C,H4(OH)2  (Forcrand, 
C.  R.  107,  343,  1160;  108,"  240).— C2H4(ONa),. 
Formed  by  fusing  the  preceding  with  excess  of 
sodium.  Deliquescent  mass.  When  distilled 
with  ethylene  bromide  it  yields  vinyl  bromide, 
glycol,  and  NaBr.  With  ClC02Et  in  ether  it 
forms  C.jH4(O.C02Et)2  (c.  226°)  (Wallach,  A.  226, 
82). 


Mono-nitrate  C2H5N04  i.e. 
CH2(OH).CH,ON02.    S.G.  i±  1-31.    From  glycol 
bromhydrin  and  AgN03  (Henry,  A.  Ch.  [4]  27, 
243).    Liquid,  sol.  water. 

Di-nitrate  C2H4N206  i.e. 
CH,(ON02).CH2(ON02).      S.G.  5  1-484.      From 
glycol  (42  g.),  fuming  HN03  (100  g.),  and  H2S04 
(200  g.)  at  0°  (H.  Champion,  Z.  1871,  469).    Ex- 
plosive oil. 

Nitrite-nitrate  (?)  C2H4N205  i.e. 
CH2(ONO).CH2(ON02).    S.G.  1-47.    Formed  by 
passing  ethylene  into  a  cooled  mixture  of  HNO3 
and  H2S04  (Kekule,  B.  2,  329).     Oil.     Sodium- 
amalgam  forms  glycol  and  gives  off  all  the  N  as 

Aceto-nitrate  CH2(OAc).CH2(N03).  S.G. 
i*  1-29.  From  the  mono-acetin,  HN03,  and 
H2S04  (Henry,  A.  Ch.  [4]  27,  259).  Oil,  v.  e. 
sol.  dilute  HC1. 

Mono-sulphuric  acid 
CH2(OH).CH2(O.S03H).    From  glycol  and  sul- 
phuric acid  (Simpson,  A.  112, 146).  Formed  also 
j  by  the  action  of  sulphuric  acid  on  glycol  chlor- 
i  hydrin  (Oppenheim,  B.  3,   735).     Its  chloride 
i  CH2(OH).CH,(O.S02C1)    is  formed    by  treating 
glycol  with  S02C12  (Eeinhard,  J.pr.  [2]  17,  342). 
The  free  acid  is  unstable,  being  decomposed  by 
hot  water  into  glycol  and  ILjSO,,.    The  p  o  t  a  s  - 
sium  salt  is  hygroscopic.     The  barium  salt 
BaA',  is  v.  sol.  water,  almost  insol.  alcohol. 

Disulphuric  acid 

CH2(OS03H).CH2(OS03H).  From  glycol  aud 
C1SO3H  at  0°  (Claesson,  J.  pr.  [2]  20,  5).  Thick 
syrup,  decomposed  by  water,  especially  on  warm- 
ing, into  glycol  and  H2S04.  Its  salts  are  insol. 
alcohol.— BaA"  2aq :  hair-like  needles.— K^" : 
silvery  mass. 

Borate  (CH2(OH).CH20)3B.  [162°].  From 
glycol  by  treatment  first  with  gaseous,  then  with 
liquid  BC13  (Councler,  B.  11,  1106).  Minute 
laminae,  nearly  insol.  ether.  Decomposed  by 
moist  air. 

Mono-acetyl  derivative  C4H80S  i.e. 
CH2(OH).CH2(OAc).  Glycol  monacetin.  Mol. 
w.  104.  (182°).  Prepared  by  heating  ethylene 
bromide  (1  pt.)  with  KOAc  (1  pt.)  and  85  p.c. 
alcohol  (2  pts.)  at  100°  in  a  closed  bottle  for  two 
days  (Atkinson,  P.  M.  [4]  16,  433 ;  A.  109,  232  ; 
Erlenmeyer,  A.  192,  246)  or  by  boiling  the  same 
mixture  with  inverted  condenser  (Maxwell  Simp- 
son, Pr.  9,  725).  The  product  is  fractionally 
distilled.  Glycolic  mono-acetin  may  also  be 
prepared  by  heating  glycol  (1  mol.)  with  Ac20  (1 
mot.)  for  several  hours  at  170°  (Maxwell  Simp- 
son). Colourless  liquid,  heavier  than  water. 
Miscible  with  water  and  alcohol.  Its  aqueous 
solution  is  neutral  but  it  is  easily  decomposed 
by  potash  and  baryta  yielding  glycol.  Boiling 
with  ethylene  bromide  and  alcohol  (S.G.  '82) 
converts  it  into  glycol  (Demole,  A.  177,  45). 
AcCl  forms  C,H4(OAc)2  and  CH2Cl.CH2.OAc 
(Lourenco,  A.  li4,  127). 

Di-acetyl  derivative  CeH1004  i.e. 
CH,(OAc).CH2(OAc).  Glycol  diacetin.  Mol.  w. 
146"  (187°)  (Wurtz) ;  (190°)  (Perkin).  S.G.  2 
1-128  (W.);  f  1-1561  (Briihl) ;  if  1-1108;  p 
1-1018  (P.).  M/B  1-4268.  EOO  51-79  (B.).  M.H, 
6-454  at  18°  (Perkin,  C.  J.  45,  505).  V.D.  4-74. 
S.  14  at  22°.  Rate  of  formation  :  Menschutkin, 
B.  13,  1812. 

Formed  by  heating  ethylene  bromide  or  iodide 
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with  silver  acetate  (Wurtz,  C.  R.  43,  199 ;  A. 
100,  110;  A.  Ch.  [3J  55,  400).  From  the  mono- 
acetin  by  heating  with  AcCl  in  a  sealed  tube  at 
100°  and  fractionally  distilling  the  upper  layer 
of  the  resulting  liquid.  Obtained  also  by  heat- 
ing ethylene  bromide  with  KOAc  at  150°  to  200° 
(Demole,  A.  177, 49).  Neutral  liquid ;  dissolves 
in  7  pts.  of  water  at  22°,  and  is  separated  'by 
CaCl2  from  this  solution.  Miscible  with  alcohol 
and  ether.  Boiling  dilute  alcohol  (S.G.  -82)  de- 
composes it  into  monoacetin,  HOAc,  and  EtOAc. 
Resolved  by  bases  into  acetic  acid  and  glycol. 

Di-propionyl  derivative  C.,H4(OC.jH.,O) .. 
(211°  cor.).  S.G.  £5  1-0544;  p  1-0457.  M.M. 
8-318  at  21-2°  (Perkm,  C.  J.  457505). 

Mono-butyryl  derivative 
CH2(OH).CH2(OC4H70).     (220°).      From  glycol 
(1   mol.)   and   butyric   acid   (1    mol.)  at    200' 
(Lourenco,  A.  Ch.  [3]  67,  267).    Oil. 

Di-butyryl  derivative  C2H4(OC4H70).,. 
(240°).  S.G.  a  1-024.  Obtained  by  heating 
ethylene  bromide  with  silver  butyrate  and  a 
little  free  butyric  acid  for  several  days  at  100°, 
and  fractionally  distilling  the  product  (Wurtz, 
A.  Ch.  [3]  55, 400).  Oil ;  sol.  alcohol  and  ether. 

Acetyl  butyryl  derivative 
CH0(OAc).CH2(OC4H70).  (212°).  Formed  by 
heating  glycol  chloro-acetin  CH2(OAc).CH2Cl 
with  silver  butyrate  at  110°;  or  from  glycol 
chloro-butyrin  and  AgOAc  at  150° ;  in  either 
case  the  product  is  digested  with  ether,  and  the 
ethereal  filtrate  is  distilled  (Maxwell  Simpson, 
Pr.  10,  115).  Formed  also  by  heating  glycolic 
mono-acetin  with  butyryl  chloride,  or  glycolic 
mono-butyrin  with  AcCl  (Lourenco).  Heavy 
oil ;  sol.  alcohol.  It  is  but  slowly  decomposed 
by  aqueous  KOH  even  at  100°. 

Acetyl-valeryl  derivative 
CH2(OAc).CH2(OC5H90).    (230°).     From  glycol 
mono-acetin  and  valeric  acid  (Lourenco,  A.  114, 
122).    Neutral  oil,  sol.  alcohol  and  ether. 

Mono-valeryl  derivative 
CH2(OH).CH2(OC5H90),      (240°)  (Lourenco,  A. 
Ch.  [3]  67,  268). 

Di-valeryl  derivative  C2H4(OC5H90)2. 
(255°). 

Stearyl  derivative  C38H7404  i.e. 
C2H4(OC,8H350)2.  [76°].  From  silver  stearate 
and  ethylene  bromide,  the  product  being  ex- 
tracted with  ether  (Wurtz,  A.  Ch.  [3]  55,  436). 
Small  shining  scales,  resembling  stearin. 

Di-benzoyl  derivative  CJ6H,4O4  i.e. 
C2H4(OBz)2.  [67°].  (above  360°).  Formed  by 
heating  silver  benzoate  (68  g.)  with  ethylene 
bromide  (29  g.)  for  several  days  at  100°,  extract- 
ing the  product  with  ether,  treating  extract  with 
slaked  lime  and  rectifying  (W.).  Trimetric  prisms. 

Succinoxyl  derivative  C6H,0O5  i.e. 
CH2(OH).CH,.O.CO.CH2.CH2.C02H  (?)  [below 
100°].  Formed  by  heating  glycol  (1  mol.)  with 
succinic  acid  (1  mol.)  at  195°  for  10  hours 
(Lourenco,  Rep.  Chim.  pure,  1860, 179;  A.  115, 
358).  Small  crystals ;  sol.  water  and  alcohol, 
si.  sol.  ether. 

Succinyl       derivative       C6H804      i.e. 

c^<o.co>CA-     [below    90°J-      <212°) 

(Richter,  J.pr.  [2]  20,  207).  Obtained  by  heat- 
ing the  preceding  to  nearly  300°.  Small  crys- 
tals (from  alcohol) ;  insol.  water  and  ether,  m. 
sol.  boiling  alcohol. 


Mono-ethyl  ether  C4HI00,  i.e. 
CH2(OH).CH2(OEt).      (134°)  at   722mm.     S.G. 
is  -926  (Demole,  B.  9, 745).    From  mono-sodium 
glycol  CH2(OH).CH2(ONa)  and  EtI  (Wurtz,  A. 
108,  84). 

Di-ethyl  ether  CtiH1402  i.e.  C.,H4(OEt) . 
(123-5°).  S.G.  2  1-799.  V.D.  4-10  (calc.  4-09). 
From  the  preceding  compound  by  successive 
treatment  with  potassium  and  EtI  (W.). 
Colourless  oil  with  ethereal  odour.  Isomeric 
with  acetal. 

Ethyl-phenyl     ether    C2H4(OPh)(OEt). 

'  (230°).  S.G.  2  1-037  (S.) ;  **  1'018  (H.).  Formed 

:  by  the  action  of  alcoholic  KOEt  onphenyl  bromo- 

!  ethyl  oxide  Ph.O.C2H4Br  (Sabaneeff,  Bl.  [2]  41, 

253),  or  on  phenyl  chloro-ethyl  oxide   (Henry. 

C.  R.  96, 1233). 

Ethylidene  ether  C4H802  i.e. 

<CH2'o>CHMe'     (82-5°).     S.G.  2 1-000.    V.D. 

3-19  (calc.  3-05).    Obtained  by  heating  aldehyde 
with  glycol  for  a  week  at  100°  (Wurtz).    Liquid; 
1  dissolves  in  1£  vols.  water,  but  separated  from 
j  the  solution  by  CaCl2  and  by  KOH.   Not  attacked 
i  by  KOH.      HN03  forms  oxalic  and  glycollic 
I  acids.  PC15  gives  aldehyde  and  C2H4C12.    Brom- 
ine gives  liquid  C4H7Br02  (c.  150°),  whence  dilute 
H2S04  liberates  glycol  bromhydrin. 
Propylidene  ether  C5H1002  i.e. 

' 


•98.  Obtained  by  heating  propionic  aldehyde 
(1  mol.)  with  glycol  (2  mols.)  at  100°  in  a  sealed 
tube ;  the  yield  being  75  p.c.  (Lochert,  A.  Ch. 
[6]  16,  30).  Colourless  limpid  liquid ;  smelling 
like  propionic  aldehyde.  Dissolves  in  5  vols. 
water ;  miscible  with  alcohol  and  ether.  KOH 
and  CaCLj  separate  it  from  its  aqueous  solution. 
Completely  saponified  by  heating  with  water  at 
130°,  or  by  treatment  with  cone.  HClAq.  Does 
not  reduce  ammoniacal  AgN03.  Bromine  gives 
a  liquid  bromo-  derivative. 

Isobutylidene  ether  C6Hi202z.0. 

^CH2 *o^>CHJ>r'  (125°)-  V-D-  4'13  (calc- 
4-02).  S.G.  ^  -964.  Obtained  by  heating  iso- 
butyric  aldehyde  (1  mol.)  with  glycol  (2  mols.)  at 
100° ;  the  yield  being  70  p.c.  (L.).  Liquid  ;  dis- 
solves in  6  times  its  volume  of  water,  miscible 
with  alcohol  and  ether.  Saponified  by  water  at 
130°,  by  cone.  HClAq,  and  by  dilute  H2SO4. 
Does  not  reduce  ammoniacal  AgN03.  Bromine 
gives  a  bromo-  derivative  C6HnBr02  (c.  190°),  in- 
sol. water,  sol.  alcohol  and  ether. 

Isoamylidene  ether  C7H1402  i.e. 

<^2'^>CH.CH2Fr.      (145°).      S.G.    a   -944. 

Prepared  like  the  preceding,  using  isovaleric 
aldehyde  (L.).  Liquid,  v.  si.  sol.  water,  v.  sol. 
alcohol  and  ether.  Saponified  by  water  at  130°. 
Does  not  reduce  ammoniacal  AgN03.  Bromine 
gives  a  bromo-  derivative  C7H,3Br0.2  (94° 
at  10  mm.)  which  is  insol.  water,  sol.  alcohol 
and  ether,  and  when  saponified  by  dilute  H2S04 
gives  bromo-  valeric  aldehyde.  Alcoholic  KOH 
attacks  the  bromo-derivative,  removing  HBr  and 

forming  <^2^>CH.CH:CMe2  and  a  small 
quantity  of  <^2;^>CH.CH(OH).CHMe2. 
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Heptylidene  ether  < 

(180°).  Formed  by  heating  glycoT  (3  vols.)  with 
oenanthol  (1  vol.)  at  130°  ;  or  from  glycol  (2  vols.), 
cenanthol  (1  vol.),  and  a  trace  of  HO  Ac  at  180°  ; 
the  yield  being  66  p.c.  (Lochert,  Bl.  [2]  48,  337  ; 
A.  Ch.  [6]  16,  35).  Limpid  liquid,  smelling  like 
CGnanthol ;  v.  si.  sol.  water,  v.  sol.  alcohol  and 
ether.  Completely  saponified  by  water  at  130°, 
or  by  cone.  HClAq.  Gaseous  HC1  does  not  act 
on  it  in  the  cold,  but  at  100°  it  forms  glycol 
chlorhydrin  and  cenanthol,  and  its  polymerides. 
PC15  gives  ethylene  chloride  and  oenanthol. 
Bromine  gives  a  liquid  mono-bromo-  derivative. 

Glycol  chlorhydrin  C.fLaC\02  i.e. 
CH2(OH).CH,C1.  (130°).  Is  described  as  CHLORO- 

ETHYL  ALCOHOL  On  p.  61. 

Glycol  chloro-acetin  v.  Acetyl  derivative 
of  CHLORO-ETHYL  ALCOHOL,  p.  61. 

Glycol  bromhydrin  C2H3BrO2  i.e. 
CH2(OH).CH2Br.  Bromo-ethyl  alcohol.  (147°) 
(H.) ;  (155°)  (L.).  S.G.  s  1-66  (H.).  Formed, 
together  with  di-ethylenic  glycol,  by  heating 
glycol  (1  pt.)  with  ethylene  bromide  (1  pt.)  at 
120°  in  a  sealed  flask  (Lourenco,  Bl.  1,  77). 
Formed  also  by  treating  glycol  with  HBr  at  100° 
(Henry,  A.  Ch.  [4]  27,  250),  and  from  glycol 
(3  mpls.)  and  PBr5  (1  mol.)  (Demole,  B.  9,  48). 
Liquid. 

Nitrate  CH2(ON02).CH2Br.  (165°).  S.G. 
s  1-735.  From  the  bromhydrin,  HN03,  and 
H,S04  (Henry,  A.  Ch.  [4]  27,  258). 

*  Acetyl  derivative  CH^OAc^CILBr. 
Glycol  bromo-acetin.  (162°).  From  glycol 
mono-acetin  and  HBr  at  100°  (Demole,  A.  173, 
121).  Liquid,  si.  sol.  water.  Cone.  NaOHAq 
decomposes  it,  liberating  ethylene  oxide. 

Bromo-acetyl  derivative 
CH2Br.CO.O.CH2.CH2Br.  (230°-240°).  From 
glycol  chlorhydrin  and  bromine,  the  other  pro- 
ducts being  ethylene  chloro-bromide,  bromo-, 
and  di-bromo-acetic  acids,  and  ethylene  brom- 
ide (Demole,  B.  9,  557).  Slightly  decomposed 
on  distillation. 

Glycol  iodhydrin  C2H5IO*.e.CH2(OH).CHJ. 
lodo-ethyl  alcohol.  Obtained  in  impure  con- 
dition from  glycol  and  HI  in  the  cold ;  but  if  the 
temperature  is  allowed  to  rise  only  ethylene 
iodide  results  (Maxwell  Simpson,  Pr.  10,  119). 
More  easily  prepared  by  heating  the  chlorhydrin 
with  excess  of  powdered  KI  at  100°  for  24  hours 
(Butlerow  a.  Ossokin,  A.  144,  42;  145,  257). 
Non-volatile  liquid,  m.  sol.  water,  separated  from 
its  aqueous  solution  by  K2C03.  ZnMe2  followed 
by  water  gives  isopropyl  alcohol.  ZnEt2  fol- 
lowed by  water  gives  sec -butyl  alcohol. 

Acetyl  derivative  CH2(OAc).CH2I.  Gly- 
colic  iodo-acetin.  From  glycol  mono-acetin  and 
HI ;  or  from  glycol,  HOAc,  and  HI  (Maxwell 
Simpson,  A.  113,  123  ;  Pr.  10,  115).  Oil,  which 
crystallises  in  tables  at  a  low  temperature.  KOH 
gives  ethylene  oxide. 

Glycol cyanhydrin  C2H4(OH)CN.  Hydracrylo- 
nitrile.  (c.  220°).  S.G.  &  1-0588.  S.  (ether) 
2-3  at  15°.  From  ethylene  oxide  and  HCy  (Er- 
lenmeyer,  A.  191, 273).  Miscible  with  water  and 
with  alcohol,  insol.  CS2.  HC1  (S.G.  1-10)  or 
aqueous  NaOH  give,  on  boiling,  hydracrylic  and 
acrylic  acids. 

Di-ethylenic  glycol  C4H1003  i.e. 
HO.C2H4.O.C2H4.OH.  (245°-250°).   S.G.  2  1-132. 


!  V.D.  3-78  (calc.  3-67).  When  an  excess  of  ethyl- 
ene oxide  is  heated  with  water  in  sealed  tubes 

.  there  is  formed  glycol,  di-ethylenic  glycol,  and 
a  small  quantity  of  tri-ethylenic  glycol  (Wurtz, 
A.  Ch.  [3]  69,330).  By  heating  oxide  of  ethylene 
(1  pt.)  with  glycol  (1  pt.)  there  are  formed  di- 
and  tri-  ethylenic  glycols.  By  heating  glycol 
with  ethylene  bromide  at  115°  in  sealed  tubes 
glycol  bromhydrin,  diethylenic  glycol,  other 
polyethylenic  glycols,  and  water  are  produced  ; 

j  if  the  temperature  of  the  mixture  is  allowed  to 
rise  above  130°  the  liquid  turns  brown  and  yields 
the  bromhydrins  of  the  various  polyethylenic 
glycols  (Lourenco,  C.  R.  51,  365).  By  using 
glycolic  chlorhydrin  instead  of  the  bromhydrin 
the  polyethylenic  chlorhydrins  may  be  obtained. 
Diethylenic  glycol  may  also  be  obtained  from  its 
diacetate  by  treatment  with  an  alkali.  Obtained 
also  by  treating  glycol  mono-acetin  with  sodium- 

i  glycol  (Mohs,  Z.  1866,  495).  Sweetish  syrup  ; 
sol.  water,  alcohol,  and  ether.  Nitric  acid  (S.G. 

i  1-42)  oxidises  it  to  '  diglycollic  acid ' 
CO2H.CH,.O.CH2.C02H,glycollic  acid,  and  oxalic 
acid.     Cone.  HIAq  gives  ethylene  iodide. 

Mono-formyl  derivative 
CH2(OH).CH2.O.CH2.CH2(OCHO).       (c.     220°). 
From  the  chlorhydrin  and  nitre-methane  by 
heating  for  10  hours  at  200°  (Pfungst,  J.  pr.  [2] 
34,  37). 

Di-acety  I  derivative 

CH,(OAc).CH2.O.CH2.CH2(OAc).  (245°-251°). 
Formed,  together  with  C2H4(OAc)2  and  the  di- 
acetyl  derivatives  of  other  polyethylenic  glycols, 
by  heating  ethylene  oxide  with  glacial  HOAc  or 
with  Ac20  at  100°,  and  fractionally  distilling  the 
product.  Formed  also  from  glycol  diacetin  and 
ethylene  oxide  (Wurtz,  C.  E.  50,  1195 ;  A.  116, 
249). 

Chlorhydrin  C4HgC102  i.e. 
CH2(OH).CH2.O.CH2.CH2C1.  (180°-185°).  From 
ethylene  oxide  and  glycolic  chlorhydrin  at  140° 
(Wurtz,  A.  Ch.  [3]  69, 338).  Also  from  ethylene 
oxide  and  gaseous  HC1 ;  and  from  glycol  and 
glycol  chlorhydrin  at  140°  (Lourenco,  A.  Ch.  [3] 
67,  290). 

Bromhydrin  C4H9Br02  i.e. 
HO.C2H4.O.C2H4Br.    (205°).    From  glycol  and 
C,2H,Br2  at  160°  (L.). 

Tri-ethylenic  glycol  C6H]404  i.e. 
CH2(OH).CH2.O.CH2.CH2.O.CH2.CH,(OH).       (c. 

|  290°).     S.G.  1-138.     Formed  by  heating  glycol 

;  with  ethylene  oxide  (v.  supra).  Thick  liquid, 
miscible  with  water  and  alcohol,  si.  sol.  ether. 
Oxidised  by  nitric  acid  to  '  diglycolethylenic  ' 
acid  (CC)2H.CH2.0)2C2H4 ;  a  syrupy  acid  which 
crystallises  with  difficulty  and  forms  crystalline 
salts  :  KHA".— CaA"  3aq.— Ag2A". 

Di-acetyl    derivative    O.,(C,H4)3(OAc)2. 

j  (290°-300°).     From  ethylene  oxide  (2  mols.)  and 

i  glycol  diacetin.    Liquid,   miscible  with  water, 

!  alcohol,  and  ether. 

Chlorhydrin      C6H13C10S.       (222°-232°). 

!  From  ethylene  oxide  (2  mols.)  and  glycolic 
chlorhydrin  (1  mol.).  Liquid,  sol.  water. 

Bromhydrin  CfiH13Br03.    (250°).    Slightly 

•  decomposed  on  distillation. 

Tetra-ethylenic  glycol  C8H1805  i.e. 
(CH2(OH).CH2.O.C2H4)20.     (300°);  (230°  at  25 
mm.).    Formed  as  above  from  glycol  and  ethyl- 
ene bromide. 
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Diacetyl  derivative  C8H1(iAc203.  (above 
320°).  From  ethylene  oxide  (3  mols.)  and  glycol 
diacetin  (1  mol.). 

Chlorhydrin  C8H17C104.  (262°-272°). 
Liquid,  sol.  water. 

Penta-ethylenic  glycol  C^H^O,  i.e. 
(CH,(OH).CH2.O.C2H4.0)2C,H4.  (281°  at  25  mm.). 
Liquid,  sol.  water,  alcohol,  and  ether. 

Hexa-ethylenic  glycol  C,.,H2607  i.e. 
(CH2(OH).CH2.O.C?H4.O.C2H4)20.     (325°    at   25 
mm.).     Viscid  liquid  (L.). 

irLYCOLAMIC  ACID  v.  GLYCOLLAMIC  ACID. 

DI-GLYCOL-ETHYLENIC  ACID  v.  Tri-ethyl- 
enic  OLYCOL. 

GLYCOLIGNOSE  v.  CELLULOSE. 

GLYCOLINE  CHH10N2.  (155°).  S.G.  &  1-008. 
A  base  formed  by  distilling  glycerin  (6  pts.)  with 
ammonium  chloride  in  a  current  of  NH.,  (Etard, 
C.  R.  92,  460,  795).  Liquid,  smelling  like  pyri- 
dine.  Miscible  with  water,  alcohol,  and  ether. 
With  EtI  it  forms  a  compound  C6H10N2EtI  crys- 
tallising in  lemon-yellow  needles.— C6H10N2HC1 : 
needles,  v.  e.  sol.  water  and  alcohol. 

GLYCOLLAMIC  ACID  NH2.CH,.C02H  v. 
GLYCOCOLL. 

Diglycollamic  acid  C4H7N04  i.e. 
NH(CH,.C02H)2.  Imido-di-acetic  acid.  S.  2-43 
at  5°.  When  chloro-acetic  acid  is  boiled  with 
cone.  NH3Aq  for  12  hours  there  is  formed  a  mix- 
ture of  glycocoll,  diglycollamic  acid,  triglycol- 
lamic  acid,  and  a  little  glycollic  acid.  The  solu- 
tion, after  being  freed  from  most  of  the  NH4C1 
by  ppn.  with  alcohol  is  boiled  with  Pb (OH) 2.  The 
pp.  thus  obtained  contains  lead  triglycollamate 
(whence  the  acid  may  be  liberated  by  HjS),  and 
the  solution,  freed  from  lead  by  H2S,  is  boiled 
with  ppd.  ZnC03,  when  insoluble  zinc  diglycol- 
lamate  is  formed,  zinc  glycocoll  remaining  in 
solution  (Heintz,  A.  122,  257 ;  124,  297  ;  136, 
213  ;  145,  49  ;  156, 54).  Trimetric  prisms,  insol. 
alcohol  and  ether;  m.  sol.  water,  forming  an 
acid  solution.  Forms  a  nitrosamine  with  nitrous 
acid. 

Salts. — NH4HA"  :  prisms,  v.  e.  sol.  water, 
insol.  alcohol. — BaH.jA"2:  amorphous,  v.  sol. 
water. — CuA"  2aq  :  small  blue  prisms,  si.  sol. 
boiling  water. — PbA" :  slender  needles. — ZnA"  : 
minute  tables,  nearly  insol.  water.— Ag2A" : 
crystalline  pp.,  insol.  water. — Ag.jA"HN03  4aq  : 
prisms,  insol.  alcohol. — H2A"HC1 :  tables,  v.  e. 
sol.  water,  m.  sol.  alcohol.— H2A"HN03.  -- 
(H.,A")2H2S04 :  small  prisms.  Decomposed  by 
water  into  H2S04  and  ILA".— H2A"H2S04 : 
formed  by  boiling  the  preceding  with  alcohol. 

Amide  C4H9N3O2  i.e.  NHJCH2.CO.NHJ2. 
Prepared,  together  with  the  amide  of  triglycol- 
lamic  acid,  by  heating  chloro-acetic  ether  with 
ammonia  at  60°  to  70°,  evaporating,  washing 
with  ether,  dissolving  in  water,  and  ppg.  the 
mixed  hydrochlorides  with  alcohol.  The  amides 
are  liberated  by  Ag20,  and  may  be  separated  by 
alcohol,  which  dissolves  only  the  amide  of  di- 
glycollamic acid  (Heintz,  Z.  [2]  5,  161).  Tri- 
metric tables  (from  water) ;  m.  sol.  water,  si.  sol. 
hot,  nearly  insol.  cold,  alcohol.  Its  aqueous  so- 
lution is  alkaline.— B'HCl :  prisms  (from  water), 
si.  sol.  alcohol. — B'2H2PtCl6:  six-sided  tables 
(from  water),  insol.  alcohol.— B'HAuCl4 :  thin 
six-sided  tables  (from  water)  or  long  needles 
(from  alcohol). 

Anilide      NH(CH.i.CO.NHPh)2.        [141°]. 


Formed  by  digesting  the  chloro-acetyl  derivative 
of  aniline  with  alcoholic  ammonia  at  100°,  eva- 
porating, and  crystallising  from  water  (P.  J. 
Meyer,  B.  8,  1154).  Needles ;  m.  sol.  hot  water, 
v.  sol.  ether  and  alcohol,  si.  sol.  cold  water. 
When  boiled  with  aqueous  NaOH  it  gives  off 
aniline.  Its  nitrate  crystallises  in  needles 
[172°].  Tommasi  (Bl.  [2]  22,  3)  by  the  action 
of  alcoholic  NH3  on  the  chloro-acetyl  derivative 
of  aniline  at  50°  obtained  an  amorphous  com- 
pound C8HnN03 

p-Toluide  NH(CH2.CO.NHC7H7)2.  [150°]. 
From  the  chloro-acetyl  derivative  of  toluidine 
and  alcoholic  NH?  at  100°  (Meyer,  B.  8,  1155). 
Eosettes  of  long  silky  needles  (from  dilute  alco- 
hol) ;  si.  sol.  boiling  water,  m.  sol.  cold  alcohol, 
v.  sol.  ether. 

Ure'ide  NH(CH,.CO.NH.CO.NH,)2.  [195°- 
200°].  From  bromo"-acetyl-urea  and  dry  or  al- 
coholic NH3  at  80°-100°  (Mulder,  B.  5,  1011). 
Slender  needles  ;  si.  sol.  cold,  m.  sol.  warm, 
water.  V.  sol.  dilute  HClAq  and  reppd.  by  NH3. 
—  B'HCl:  crystals.  -  B^H^tC^  :  needles  or 
prisms. 

Nitrosamine  NO.N(CH2.CO.,H)2.  [above 
100°].  Small  pale  yellow  tables,  m.  sol.  water, 
alcohol,  and  ether. —  CaA"  aq  :  more  sol.  cold 
than  hot  water,  nearly  insol.  alcohol. — BaA"  ^aq : 
crystalline  crusts. — Ag2A"  :  sparingly  soluble 
prisms  (Heintz,  A.  138,  301). 

Triglycollamic  acid  C^HgNOg  i.e. 
N(CH2.C02H)3.  S. -134  at  5°.  Formed  by  boiling 
chloro-acetic  acid  with  NH3  (v.  supra],  or  digly- 
collamic acid  with  chloro-acetic  acid  (Heintz, 
i  A.  122,  239  ;  136,  221 ;  Liiddecke,  A.  147,  272  ; 
Ziegler,  Z.  [2]  5,  659).  Small  prisms.  Does 
not  combine  with  acids.  Fuming  HC1  at  200° 
splits  it  up  into  diglycollamic  and  glycollic 
acids.  Nitrous  gas  does  not  act  on  it.  Zinc 
and  dilute  H2S04  reduce  it  to  ethyl- diglycolla- 
mic acid. 

S  alts.— (NH4)2HA"'aq :  needles.— K2HA'"aq: 
needles,  v.  sol.  water. — BaHA'"aq:  prisms,  si. 
sol.  water. — Ba3A'"2  4aq :  laminae,  insol.  water. — 
PbHA"  2aq  :  prisms.  S.  3-3.— Pb3A'"2 :  laminae. 
— Ag3A'"  :  crystalline  pp. 

Ethyl  ether  EtaA'".  (280°-290°).  From 
the  silver  salt  and  EtI  (Heintz,  A.  140,  264). 
Liquid,  more  sol.  cold  than  hot  water. 

Amide  N(CH,.CO.NH2)3.  From  the  pre- 
ceding ether  and  NH3.  Also  from  chloro-acetic 
ether  and  NH3.  Eectangular  tables  (from  alco- 
hol) ;  v.  sol.  hot  water,  si.  sol.  alcohol.  Neutral 
to  litmus. — B'HCl :  trimetric  prisms  (from  water). 
— B'2H2PtCl6 :  tables  or  laminae,  insol.  alcohol 
and  ether.— B'HAuCl4. 

GLYCOLLIC  ACID  C2H403  i.e.  HO.CH2.C02H. 
Oxyacetic  acid.  Mol.  w.  76.  [79°]. 

Occurrence.—  In  the  grease  of  sheep's  wool 
as  the  potassium  salt ;  separated  therefrom  by 
forming  the  lead  salt,  decomposing  this  with 
H2S04,  and  extracting  with  ether  (Buisine,  C.R. 
107,  789).  Occurs  also  in  the  juice  of  unripe 
grapes  and  in  the  leaves  of  the  wild  vine  (Ampe- 
lopsis  hederacea)  (Erlenmeyer,  Z.  1866,  639; 
Gorup-Besanez,  A.  161,  229). 

Formation.  — 1.  From  hippuric  acid  either  by 
treatment  with  nitrous  acid  and  decomposition 
of  the  resulting  benzoyl-glycollic  acid  by  boiling 
dilute  H2S04,  or  by  treatment  with  dilute  H2S04 
and  decomposition  of  the  resulting  glycocoll  by 
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nitrous  acid  (Socoloff  a.  Strecker,  A.  80,  18). — 

2.  Tartronic  acid  CO2H.CH(OH).C02His  heated 
to  180° ;  the  residue,  consisting  of  nearly  pure 
glycollide,  is  dissolved  in  aqueous  KOH,  silver  ni- 
trate is  then  added,  and  the  ppd.  silver  glycol- 
late  decomposed  by  HC1  (Dessaignes,  C.  R.  38, 44). 

3.  From  glyoxal  by  the  action  of  alkalis  (Debus) 
and  even  of  water.  Thus,  when  glyoxal  is  heated 
with  water  at  150°,  one-third  of  it  is  converted 
into  glycollic  acid  (De  Forcrand,  C.  E.  98,  295). — 

4.  By  boiling  silver  brorao-acetate  with  water. 
By  boiling  iodo-acetic  acid  with  moist  Ag20,  or 
lead  iodo-acetate  with  water  (Perkin  a.  JDuppa, 
P.  M.  [4]   18,  54).     In  like  manner  by  boiling 
chloro-acetic  acid  with  caustic  alkalis  or  by  heat- 
ing crystallised  chloro-acetate  of  potassium  or 
sodium  (Kekule",  A.  105,  286).  By  boiling  chloro- 
acetonitrile  with  lime-water  (Beckurts  a.  Otto,  B. 
9,  1591). — 5.  By  allowing  a  solution  of  glycol 
(1  vol.)  in  nitric  acid  (4  vols.  of  S.G.  1-33)  to 
stand  for  some  days  (Wurtz,  C.  E.  44,  1306).— 
6.  Together  with  other  products  from  propylene 
glycol  by  oxidation  with  HN03,  or  with  air  and 
platinum  black  (Wurtz,  C.  E.  45,  306). -7.  By 
placing  in  a  tall  cylinder  layers  of  alcohol,  water, 
and  cone,  nitric  acid  one  above  another,  and 
leaving  the  liquids  to  mix  by  diffusion,  which 
they  do  in  about  a  week  (Debus,  A.  100,  1). 
Glyoxal,  glyoxylic  acid,  oxalic   acid,  aldehyde, 
and  acetic  acid  are  formed  at  the  same  time. — 
8.  Found  in  the  mother-liquor  in  the  prepara- 
tion of  mercuric  fulminate  (Cloez,  C.  E.  34,  364  ; 
Fahlberg,  J.  pr.  [2]  7,  331).— 9.  By  the  action  of 
zinc  and  dilute  H2SO4  on  oxalic  acid  (Schulze, 
Z.  1862,  616, 682  ;  Church,  C.J.  16, 301).— 10.  By 
boiling  an  aqueous  solution  of  oxalic  acid  for  eight 
days  with  zinc  (Crommydis,  Bl.  [2]  27,  3 ;  De 
Forcrand,  Bl.  [2]  39,  310).— 11.  By  the  action  of 
nitric  acid  on  acrolein  (Glaus,  A.  Suppl.  2,  119). 
12.   When  tartaric   acid  is  warmed  with  cone. 
H2S04  at  45°  it  gives  off  CO,  C02,  and  S02,  and 
the  residue  contains  glycollic  and  pyruvic  acids 
as  well  as  tartaric  and  racemic  acids.    The  acids 
are   separated  by  crystallisation,  first  of  their 
barium,  and  then  of  their  calcium,  salts  (Bou- 
chardat,  C.   R.   89,  99).— 13.    From   acetylene 
tetrachloride  and  alcoholic  KOH  at  100°  (Ber- 
thelot,  Z.  1869,  683).— 14.  From  di-chloro-vinyl 
ethyl  oxide  and  water  at  130°  (Geuther  a.  Brock- 
hoff,  J.pr.  [2]  7,  114).— 15.  Occurs  among  the 
products  of  the  action  of  HN03  on  glycerin. — 
16.  Together  with  gluconic  and  formic  acids,  by 
the  action  of  red  HgO  and  baryta-water  on  gly- 
cerin (Herzfeld,  A.  245,  27).    Also  from  glycerin 
and  Ag.,O  (Kiliani,  B.  16, 2415).— 17.  By  heating 
cupric  acetate  (2  pts.)  with  water  (5  pts.)  at  200°, 
cuprous  oxide  being  ppd.  (Cazeneuve,  C.  E.  89, 
525). — 18.  By  oxidising  inulin  with  HN03  (Kiliani, 
A.  205,  168). — 18.  From  glucose  or  laevulose  by 
oxidation  with  Ag20. 

Preparation. — 1.  A  solution  of  10  grms.  of 
commercial  glycerin  (85  p.c.)  and  6  grms.  of 
Ca(OH)2  in  200  c.c.  of  water  is  heated  on  a  water- 
bath  with  precipitated  Ag.,0  (prepared  from  60 
grms.  of  AgN03)  for  four  hours.  The  liquid  is 
then  filtered,  saturated  with  C02,  boiled,  again  fil- 
tered, and  evaporated  till  the  calcium  glycollate 
crystallises  out ;  the  yield  is  4-6  grms.  (Kiliani, 
£.16, 2414).— 2.  Crude  sugar  (Ipt.)  is  heated  with 
2  p.c.  sulphuric  acid  (20  pts.),  the  sulphuric  acid 
removed  by  barium  carbonate,  and  to  the  filtrate 


are  added  calcium  carbonate  (2  pts.)  and  silver 
oxide  (10  pts.).  The  mixture  is  heated  to  80° 
until  gas  ceases  to  be  evolved  ;  it  is  then  filtered 
and  evaporated,  when  calcium  glycollate  separates 
out  (Kiliani,  A.  205,  191).— 3.  A  few  grammes  of 
strong  alcohol  are  gently  heated  in  a  capacious 
vessel,  with  a  small  quantity  of  nitric  acid,  till 
the  vessel  becomes  filled  with  red  fumes  of 
nitrous  acid  ;  and  when  the  action  has  been  thus 
set  up,  about  500  grms.  dilute  alcohol  of  20  per 
cent.,  and  440  grms.  nitric  acid  of  specific  gravity 
1'34  are  poured  in.  The  reaction,  which  must 
be  moderated  by  immersing  the  vessel  in  water 
at  20°C.,  is  complete  in  about  12  hours.  The 
liquid  is  evaporated  in  small  portions  over  a 
water-bath,  neutralised  with  lime  and  the  mix- 
ture of  glycollate  of  calcium,  glyoxal,  and  gly- 
oxylate  of  calcium  boiled  for  several  hours  with 
milk  of  lime,  whereby  both  the  glyoxal  and  the 
glyoxylic  acid  are  converted  into  glycollic  acid. 
The  hot  filtrate  freed  from  excess  of  lime  by  car- 
bonic acid  yields  tolerably  pure  glycollate  of 
calcium ;  and  by  decomposing  this  salt  with 
oxalic  acid,  neutralising  the  filtrate  with  car- 
bonate of  lead,  and  evaporating,  the  neutral 
glycollate  of  lead  is  obtained  in  well-developed 
crystals.  The  hot  aqueous  solution  of  this  salt, 
decomposed  by  an  equivalent  quantity  of  dilute 
sulphuric  acid,  yields  a  solution  of  glycollic  acid, 
which  may  be  crystallised  by  evaporation  to  a 
syrup  at  60°  or  70°C.,  afterwards  in  vacuo  over 
oil  of  vitriol,  and  purified  by  recrystallisation 
from  anhydrous  ether  (Lautemann,  Kolbe's  Org. 
Chem. ;  Drechsel,  A.  127,  150).— 4.  By  boiling 
chloro-acetic  acid  with  water  or  with  water  and 
calcium  carbonate  (Fittig,  B.  9, 1198  ;  Thomson, 
A.  200,  76  ;  Holzer,  B.  16,  2955). 

Properties. — Needles  (from  water)  or  plates 
(from  ether).  When  not  quite  pure  it  is  de- 
liquescent. V.  sol.  alcohol  and  ether.  Scarcely 
extracted  by  ether  from  its  aqueous  solution. 
Very  slightly  volatile  with  steam.  When  strongly 
heated  it  gives  off  pungent  fumes  and  forms  gly- 
collide and  formic  paraldehyde  (Krupsky,  Z.  [2] 
5,  177).  Cone.  HN03  oxidises  it  to  oxalic 
acid.  According  to  Glaus  (A.  145,  256)  it 
may  be  reduced  to  acetic  acid  by  zinc  and 
H2S04.  Cone.  HBrAq  at  100°  slowly  con- 
verts it  into  bromo-acetic  acid  (Kekul6,  A.  130, 
11).  Glycollic  acid  yields  methane  (2  vols.) 
and  hydrogen  (1  vol.)  when  distilled  with  excess 
of  quicklime  (Hanriot,  BL  [2]  45,  80  ;  C.  R.  101, 
1156).  With  chloralide  at  125°  it  slowly  forms 
CH2.0 

>CH.CC13     [41°],    which    forms    small 
CO.O 

crystals,  sol.  alcohol,  ether,  and  chloroform 
(Wallach,  A.  193,  35). 

Salts. — NH,HA'2:  slender  needles;  v.  sol. 
water  and  hot  alcohol. — NaA'aq  :  small  crystals 
(from  water). — NaA'  ^aq  (from  dilute  alcohol). — 
NaHA'2:  silky  needles.— Na-^C-jILjO^aq :  small 
deliquescent  needles  (De  Forcrand,  BL  [2]  40, 
104).—  T1A':  long  pointed  needles. — KA'^aq  : 
silky  needles.— Ca A',  8aq  (Lubavin,  J.  R.  14, 
287).— CaA'25aq.— Ca"A'24aq  (Fittig,  J.pr.  [2]  10, 
271).— CaA'23aq  (Debus  ;  Bottinger,  A.  198,228). 
— CaA'2l|aq:  stellate  groups  of  asbestos-like 
needles ;  si.  sol.  cold  water. — CaA'2.  Obtained 
by  evaporating  a  solution  at  100°  (Fahlberg; 
Carius,  J.  pr.  [2]  9,  303).  Crusts  of  small 
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crystals.  S.  1-2  at  10°  (Debus,  A.  166,  117) ;  5-3 
at  100°  (Fahlberg). — CaA'2CaCl2  6aq :  separates 
from  a  highly  concentrated  solution  containing 
the  two  salts  in  large  octahedra,  permanent  over 
sulphuric  acid  in  the  exsiccator  (Jazukovitch, 
Z.  1864,  62).  —  CaA'2CaCl22aq  (Bottinger).  A 
double  calcium  salt  of  glycollic  and  glyoxylic  acids 
CaC4H606(CaC4H608)22aq  crystallises  from  the 
product  of  the  oxidation  of  alcohol. — SrA'2  5aq  : 
minute  slender  needles,  nearly  insol.  alcohol 
(Scheiber,  J.  pr.  [2]  13,  436).  S.  3-3  at  19°.— 
BaA'2:  monoclinic  prisms.  S.  13  at  17°. — 
MgA'2  2aq :  extremely  thin  minute  needles.  S.  8 
at  18°  (Scheiber).  V.  sol.  boiling  water. — 
ZnA'22aq:  tufts  of  needles  or  prisms.  S.  3  at 
17°.  Keadily  forms  supersaturated  solutions 
(Schulze). — PbA'2 :  monoclinic  crystals  resem- 
bling gypsum.  S.  3  at  15°.— PbA'2PbO :  from 
the  calcium  salt  and  lead  subacetate.  Crystalline. 
S.  -01. — PbA'jjPbCljj.  Formed  by  adding  lead 
chloride  to  the  ammonium  salt  (Engel,  Bl.  [2] 
44,  424).— CuA'2 :  blue  crystals.  S.  -7  in  the 
cold. — HgA'jjHgC^ :  prisms,  si.  sol.  cold  water. 
Formed  by  boiling  chloro-acetic  acid  with  HgO. 
— AgA':  spangles,  si.  sol.  cold  water;  decom- 
posed by  boiling  water.  Insol.  alcohol  (Kekul6). 
— AgA'aq :  large  crystals  (Dessaignes). — AgA'^aq : 
monoclinic  laminae  (Naumann,  A.  129,  278). 

Acetyl  derivative  AcO.CH2.C02H.  From 
glycollic  acid  and  Ac20  at  160°  (Senff,  A.  208, 
277).  Small  prisms,  v.  e.  sol.  water,  v.  si.  sol. 
alcohol.  Decomposed  by  alkalis  into  acetic 
and  glycollic  acids. — CaA'2  2aq  :  from  acetyl- 
glycollic  ether  by  boiling  w'ith  lime  (Heintz,  A. 
123,  325). 

Benzoyl  derivative  BzO.CH2.C02H. 
Formed  by  the  action  of  nitrous  acid  on  hippuric 
acid  (Strecker,  A.  68,  54  ;  Strecker  a.  Socoloff,  A. 
80,  18).  It  may  also  be  prepared  by  slowly 
passing  chlorine  into  a  solution  of  hippuric  acid 
in  moderately  dilute  KOH,  neutralising  with  HC1, 
evaporating  and  extracting  with  ether  (Gossman, 
A.  90, 181 ;  Strecker,  A.  91, 359).  Prisms  (from 
alcohol)  or  laminae.  SI.  sol.  cold,  m.  sol.  hot,water ; 
v.  sol.  alcohol  and  ether.  Melts  under  water. 
Gives  off  benzoic  acid  when  heated  strongly. 
Decomposed  by  boiling  water  into  benzoic  and 
glycollic  acids ;  this  hydrolysis  is  accelerated  by 
the  presence  of  mineral  acids.  Sodium-amalgam 
forms  '  benzoleic  '  acid  C,H1002  and  an  acid 
C18H2407,  which  has  an  odour  of  excrement,  is 
insol.  water  and  ether,  but  v.  sol.  alcohol,  and 
forms  gummy  BaC18H.^,07  (Otto,  A.  145,  350). 
Salts.—  NaC9H7043aq.  —  CaA'22aq.  —  CaA>q: 
slender  needles.  S.  2-36  at  11° ;  13-3  at  100°. 
Readily  forms  supersaturated  solutions.  Forms 
a  double  salt  with  CaCl2. — BaA'2  2aq  :  deli- 
cate silky  needles.— PbA'2.—(PbA'2)2PbO  3aq.- 
(FeA'3)2(Fe203)331aq:  voluminous  flesh-coloured 
pp.— ZnA'24aq.— AgA'. 

m-Chloro  -  benzoyl  derivative 
C6H4C1.CO.O.CH2.C02H.      From   w-chloro-hip- 
puric  acid  and  nitrous  acid  (Otto,  A.  122,  164). 
Waxy  crystalline  mass,  si.  sol.  water. 

Methyl  ether  HO.CH2.C02Me.  (151°  i.V.). 
S.G.  §  1-1868  (Schreiner,  B.  12, 179  ;  A.  197,  1). 

Ethyl  ether  HO.CH2.C02Et.  (160°  i.V.). 
S.G.  g  1-1078  (Schreiner).  Formed  by  treating 
chloro-acetic  ether  with  rather  more  than  an 
equivalent  quantity  of  sodium  glycollate  (or  of 
sodium  acetate  in  presence  of  alcohol)  at  140° 


(Heintz,  P.  114,  440;  A.  123,  326;'  Schreiner, 
A.  197,  5).  Prepared  by  heating  glycollide  with 
alcohol  in  sealed  tubes  at  200°  (Norton  a.  Tscher- 
niak,  C.  R.  87,  30).  Liquid,  which  dissolves  in 
water  forming  a  neutral  solution  from  which  it 
may  be  separated  by  K2C03.  Boiling  alkalis 
decompose  it  into  alcohol  and  glycollic  acid. 
With  aqueous  NH3  it  forms  the  amide  (v.  infra). 
It  combines  with  CaCl2.  With  PC15  it  reacts  in 
the  cold  forming  chloro-acetic  ether  (Henry,  B. 
3,  705) ;  excess  of  PC15  at  150°  gives  chloro- 
acetyl  chloride.  A  mixture  of  HN03  and  H2S04 
forms  N02.O.CH2.C02Et  (181°).  S.G.  i*  1-211 
(Henry,  A.  Ch.  [4]  28,  424).  Cyanic  acid  forms 
the  allophanyl  derivative  [144°]  of  which  the 
corresponding  acid  melts  at  192°  (Traube,  C.  C. 
1888,  1435). 

Acetyl  derivative  of  the  ethyl  ether 
AcO.CH2.C02Et.  (179°).  S.G.  12  1-009.  Pre- 
pared by  heating  chloro-acetic  ether  with  dry 
NaOAc  at  170°.  Formed  also  by  the  action  of 
alcoholic  KOAc  on  bromo-acetic  ether  (Gal,  A. 
142,  370).  Formed  also  by  passing  chlorine  into 
a  cooled  alkaline  solution  of  aceturic  ether  (Cur- 
tius,  B.  17,  1673).  Liquid,  si.  sol.  water.  NH3 
converts  it  into  acetamide  and  the  amide  of  gly- 
collic acid.  Solid  KOH  saponifies  it.  HBr  forms 
ethyl  bromide,  HOAc,  and  bromo-acetic  acid. 
HI,  even  in  the  cold,  forms  EtI,  acetic  ether,  and 
HOAc. 

Propiony  I  derivative  of  the  ethyl  ether 
C3H5O.O.CH2.C02Et.  (200°).  S.G.  ^  1-005. 
From  chloro-acetic  ether  and  sodium  propionate 
at  175°  (Senff,  A.  208, 274).  Colourless,  strongly 
refracting,  liquid,  v.  si.  sol.  cold  water. 

Butyryl  derivative  of  the  ethyl  ether 
C4H7O.O.CH2.C02Et.  (206°).  S.G.  *&  1-029. 
From  bromo-acetic  ether  by  heating  with  potas- 
sium butyrate  (Gal,  Bl.  [2]  7,  329). 

Isobutyryl  derivative  of  the  ethyl 
ether  Pr.CO.O.CH2.CO,Et.  (197°).  S.G.  22 
1-024  (Senff,  A.  208,  271). 

Carbonylderivativeof the  ethyl  ether 
C9H1707  i.e.  CO(OCH2.C02Et)2.  Carbo-diglycollic 
ether.  (280°).  Formed,  together  with  ethyl- 
chloro-formate  and  glycollide,  when  gaseous  car- 
bonyl  chloride  COC12  is  passed  through  glycollic 
ether  (Heintz,  .4.  154,  257).  Viscid  heavy  oil,  v. 
sol.  alcohol  and  ether.  Readily  decomposed  by 
bases  into  carbonate  and  glycollate. 

Carboxy -glycollic  ether  C.H)205  i.e. 
C02Et.O.CH2.C02Et.  (c.  240°).  Formed  by 
1.  sating  chloro-formic  ether  with  glycollic  ether 
(Heintz).  Heavy  oil,  v.  e.  sol.  alcohol  and  ether. 

Benzoyl  derivative  of  the  ethyl  ether 
\  'CnH1204  i.e.  BzO.CH2.C02Et.  (287°  cor.).  S.G. 
2°  1-1509.  From  chloro-acetic  ether  and  NaOBz 
at  180°  (Andrejeff,  A.  133,  284).  Also  from 
diazo-acetic  ether  by  heating  with  benzoic  acid 
(Curtius).  Oil. 

Propyl  ether  HO.CH2.C02Pr.  (171°  i.V.). 
S.G.  §  1-0640  (Schreiner,  A.  197,  1). 

Chloride  HO.CH2.COC1.  From  glycollic 
acid  and  PC15  (Fahlberg,  J.  pr.  [2]  7,  343).  Ex- 
cess of  PC15  at  120°  gives  chloro-acetyl  chloride. 

4wideHO.CH2.CONH2.  [120°].  Formed  by 
dissolving  glycollide  in  aqueous  ammonia 
(Heintz,  A.  123,  322).  Formed  also  by  the 
action  of  aqueous  NH3  on  glycollic  ether.  Left 
as  a  residue  when  ammonium  tartronate  ia 
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heated  above  150°  (Dessaignes,  C.  R.  38,  47). 
Crystals  (from  water).  V.  sol.  water,  m.  sol. 
alcohol  (its  isomeride  glycocoll  is  nearly  insol. 
alcohol).  Does  form  salts  with  bases.  Does  not 
hinder  the  ppn.  of  Cu(OH)2.  Boiling  KOHAq 
converts  it  into  glycollic  acid.  Dilute  HClAq 
does  the  same. 

Ethylamide  HO.CH2.CO.NHEt.  (250°). 
From  chloro-acetic  ether  and  alcoholic  ethyl- 
amine  (Heintz,  A.  129,  27).  Syrup ;  miscible 
with  water  and  alcohol,  sol.  ether.  Decomposed 
by  alkalis,  even  in  the  cold,  into  ethylamine  and 
glycollic  acid. 

4niZideHO.CH.,.CO.NHPh.  [108°].  S.  6 
at  20° ;  100  at  100°.  From  glycollide  and  ani- 
line at  130°  (Norton  a.  Tscherniak,  C.  R.  86, 
1332).  Monoclinic  needles ;  v.  e.  sol.  alcohol  and 
ether. 

Di-bromo-o-toluide 

HO.CH2.CO.NH.C6H2Br2Me.  [182°].  From  its 
acetyl  derivative  AcO.CH2.CO.NH.C6H2Br2Me 
[172°],  which  is  got  by  heating  the  compound 
Br.CH2.CO.NH.C6H2Br2Me  with  acetamide  at 
160°  (Abenius  a.  Widmann,  J,  pr.  [2]  38,  285). 
Needles  (from  alcohol). 

Acetyl  derivative  of  the  nitrile 
C4H5N02i.e.AcO.CH2CN.  (175°).  S.G.  — 5 1-100. 
From  chloro-acetonitrile  and  alcoholic  KOAc 
(Henry,  C.  R.  102,  768).  Liquid,  smelling  like 
acetic  acid.  Has  a  sweetish  bitter  taste.  M.  sol. 
water.  With  HC1  it  yields  chloro-acetic  acid  (?). 

Anhydride  v.  GLYCOLLIDE. 

Methyl  derivative  MeO.CH2.C02H. 
(178°).  S.G.  1-180.  Prepared  by  dissolving  so- 
dium (2  atoms)  in  methyl  alcohol  and  mixing 
the  solution  with  chloro-acetic  acid  (1  mol.j. 
Purified  by  means  of  its  zinc-salt.  Thick  syrup, 
miscible  with  water.  Not  decomposed  by  boiling 
alcoholic  NaOH.  Salts. — KA'  4aq  :  large  prisms 
(from  water);  permanent  in  the  air.  Eeadily  forms 
super-saturated  solutions.  Sol.  alcohol. — NaA' : 
deliquescent. — CaA'22aq:  gummy,  but  becomes 
crystalline  over  H2S04. — BaA'2 :  prisms,  v.  sol. 
water,  nearly  insol.  alcohol. — PbA'2 :  crystalline 
mass,  sol.  water  and  alcohol. — CuA'22aq :  greenish 
monoclinic  prisms,  sol.  water  and  alcohol. — 
ZnA'2  2aq :  acute  trimetric  octahedra.  S.  27'4 
at  18-4°.  Sol.  alcohol.— AgA' :  delicate  flat 
needles  (from  hot  water). 

Methyl  derivative  of  the  methyl  ether 
MeO.CH2.C02Me.  (133°)  (Schreiner,  B.  12, 179) ; 
(127°  i.V.)  (Folsing,  B.  17,  486).  S.G.  g  1-0890 
(S.).  Volatile  with  steam. 

Methyl  derivative  of  the  ethyl  ether 
MeO.CH2.C02Et.  (139°)  (S.) ;  (131°)  (F.).  S.G. 
g  1-0740. 

Methyl  derivative  of  the  propyl  ether 
MeO.CH2.C02Pr.  (147°  i.V.).  S.G.  g  1-0552. 

Ethyl  derivative  EtO.CH2.CO,,H. 
E  thy  l-gly  collie  acid.  (199°)  (Schreiner).  Formed 
by  the  action  of  alcoholic  NaOEt  on  chloro- 
acetic  acid  (Heintz,  P.  109, 489  ;  111,  552).  The 
resulting  mixture  is  filtered  from  NaCl,  evapo- 
rated, dissolved  in  water,  and  mixed  with  cupric 
sulphate  in  quantity  rather  more  than  equivalent 
to  the  sodium  used.  The  mixture  is  evaporated 
over  the  water-bath,  and  the  residue  is  exhausted 
with  alcohol  which  extracts  cupric  ethyl-glycol- 
late.  After  purification  by  crystallisation  this 
salt  is  decomposed  by  H2S.  Ethyl-glycollic  acid 


is  also  formed  from  CH.,C1.CC13  and  excess  of 
NaOEt  (Geuther  a.  Brockhoff,  J.  pr.  [2]  7,  101). 
Liquid.  Partially  decomposed  on  distillation  with 
production  of  formic  paraldehyde.  When  boiled 
for  a  long  time  with  inverted  condenser  it  forms 
I  glycollic  acid  and  ethyl-glycollic  ether.  HIAq 
gives  EtI  and  glycollic  acid.  Salts.— BaA'2  : 
crystallises  with  difficulty ;  v.  sol.  water  and 
alcohol. — CaA'22aq  :  minute  needles  (from  alco- 
hol-ether).— CuA'22aq:  blueprisms.  S.14-2atl4°. 

Ethyl -derivative  of  the  methyl  ether 
EtO.CH2.C02Me.  (142D  i.V.) ;  (148°)  (F.).  S.G. 
g  1-0145  (Schreiner,  A.  197,  1). 

Ethyl  derivative  of  the  ethyl  ether 
EtO.CH2.CO.,Et.  Ethyl-glycollic  ether.  (158°) 
(S.) ;  (152°)"  (F.).  S.G.  g  -9996.  Obtained  as 
above  ;  also  from  chloro-acetic  ether  and  NaOEt 
(Henry,  B.  4,  706).  Formed  also  by  treating 
EtO.CH2.C02Na  with  alcohol  and  EtI. 

Ethyl  derivative  of  the  propyl  ether 
EtO.CH^CO^r.  (166°  i.V.).  S.G.  g -9944. 

Ethyl  derivative  of  the  isoamyl  ether 
EtO.CH2.CO2C5H11.  (180°-190°).  From  sodium 
ethyl-glycollate  and  isoamyl  iodide  in  alcohol 
(0.  Siemens,  J.  1861,  452). 

Ethyl  derivative  of  the  chloride 
EtO.CH2.COCl.   (128°).    S.G.  i  1-145.  From  the 
acid  and  PC15  (Henry,  B.  2,  276). 

Ethyl  derivative  of  the  amide 
EtO.CH;.CONH2.  (225°).  From  EtO.CH2.C02Et 
and  cold  NH3Aq.  Trimetric  prisms.  Melts 
below  100°.  V.  e.  sol.  water,  v.  sol.  alcohol  and 
ether.  Gives  with  Br  and  KOHAq  the  urea 
EtO.CH2.NH.CO.NH.CO.CH2.OEt  [80°]  (Hof- 
mann,  B.  18,  2734). 

Ethyl  derivative  of  the  nitrile 
\  EtO.CH2.CN.    (133°).    S.G.  22  -909.    Formed  by 
distilling  the  amide  EtO.CH2.CONH2  (40  g.)  with 
P205(60g.)  (Norton  a.  Tscherniak,  C.  R.  87,  27). 
Liquid,  si.  sol.  water,  v.  sol.  alcohol  and  ether. 

Tri-chloro-ethyl  derivative 
CC13.CH2.O.CH,.C02H.  [70°].  Formed,  toge- 
ther with  chloro-acetic  acid,  by  warming  tri- 
chloro -ethyl  alcohol  with  aqueous  KOH  (Gar- 
zarolli-Thurnlackh,  A.  210,  71).  Small  plates 
(from  water).  V.  sol.  alcohol,  ether,  and  boiling 
water. — CaA'2  3aq :  needles,  m.  sol.  water.  — 
AgA' :  needles. 

Propyl    derivative     of     the    methyl 
\  e^erPrO.CH2.C02Me.  (179°  i.V.).  S.G.  g -9850 
(Schreiner). 

Propyl  derivative  of  the  ethyl  ether 
PrO.CH2.CO.^t.  (185°  i.V.).  S.G.  g '9760. 

Propyl  derivative  of  the  propyl 
ether  PrO.CH2.C02Pr.  (192°  i.V.).  S.G.  g 
•9778. 

Isoamyl  derivative  C5H,,O.CH,.C02H. 
(235°).  S.G.  1-003.  From  sodium  isoamylate, 
isoamyl  alcohol,  and  chloro-acetic  acid  (Heintz, 
P.  109,  301).  Liquid,  si.  sol.  water,  miscible 
with  alcohol  and  ether.— NaA'  2aq  :  [190°-200°] ; 
thin  rectangular  plates  (from  alcohol);  v.  sol. 
water  and  alcohol,  insol.  ether.— KA'  aq :  [200°- 
210°] ;  long  prisms  or  thin  plates.  Pp.  by  adding 
ether  to  its  alcoholic  solution.— Hg2A'2 :  [170°] ; 
white  powder,  v.  si.  sol.  water,  si.  sol.  alcohol. — 
CuA'2 :  minute  bluish-green  prisms ;  v.  si.  sol. 
water,  m.  sol.  alcohol.— AgA' :  slender  needles 
(from  water). 

Isoamyl  derivative  of  the  ethyl 
e^erC5HnO.CHa.C02Et.  (212°).  From  sodium 
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isoamyl-glycollate  C5H,,O.CH2.CO2Na  and  EtI  in 
alcoholic  solution  at  100°  (Siemens). 

Phenyl  derivative  C8H803  i,e. 
C6H5O.CH.,.C02H.  Phenoxy-acetic  acid.  [97°]. 
(285°).  S.I.  Formation.  - 1.  By  heating  NaOPh 
with  chloro-acetic  acid  (Heintz,  J.  1859,  361).— 
2.  By  heating  tri-bromo-ethylene  with  alcohol, 
KOH,  and  phenol  at  170°  (Sabanejeff  a.  Dworko- 
witsch,  A.  216,  284).  Preparation. — 1.  Equiva- 
lents of  phenol  (1  part)  and  chloro-acetic  acid 
are  melted  together  and  (300  pts.  of)  solution  of 
NaOH  (S.G.  1-3)  is  added.  The  resulting  crystal- 
line mass  is  pressed  out,  dissolved  in  water  and 
acidified  with  HC1.  The  acid  separates  as  an 
oil  which  soon  becomes  crystalline  (Giacosa, 
J.pr.  [2]  19, 396).— 2.  By  stirring  in  an  iron  pan 
a  concentrated  solution  of  sodic  chloro-acetate 
(12  pts.)  with  sodic  phenylate  (10  pts.).  As  soon 
as  the  first  reaction  is  over,  the  mass  is  heated, 
with  constant  stirring  until  it  becomes  pasty. 
This  is  dissolved  in  water  before  it  is  quite  cold. 
The  acid  is  thrown  down  by  HC1  and  crystallised 
from  water  (Fritzsche,  J.pr.  [2]  20,  269).  The 
yield  is  90  per  cent.  Properties. — White  needles 
(from  water).  Taste  both  acid  and  bitter.  Anti- 
septic. Scarcely  volatile  with  steam.  Soluble 
in  ether,  glacial  acetic  acid,  benzene  and  CS2. 
Etherified  on  keeping  in  alcoholic  solution  for 
24  hours.  Reactions. — 1.  FeCl3  gives  a  yellow 
pp. — 2.  Dilute  nitric  acid  (S.G.  1-19)  converts 
it  into  di-nitro-phenol.— 3.  Bromine-water  forms 
C6H4Br.O.CH2.C02H  (Giacosa).— 4.  Violently  at- 
tacked by  PC15  forming  PhO.CCl2.CCl2  and 
C,.H4C1.0.CH2.COC1  (Michael,  J.  pr.  [2]  35,  96). 
Salt  s.— NaA'Aaq.  Needles  (from  alcohol).— KA'. 
Scales  (P.).  Needles  (G.).— NH4A'.  Scales  (P.).— 
CaA'  3£aq.— BaA'2  3aq. — CuA'2  2aq  :  sparingly 
soluble  minute  prisms. — AgA':  slender  needles 
grouped  concentrically.  Methyl  ether. — 
MeA'.  (245°  uncor.).  S.G.  £«  1-150.  Ethyl 
ether.— EtA'.  (251°  uncor.).  S.G.  ¥*  1-104. 
Amide.— CH2(OPh)CO.NH2.  [102°].  From  NH3 
and  EtA'.  Nit  rile.— CH2(OPh)CN.  (237°). 
S.G.  Hi5  1-09.  From  P205  and  the  amide. 
Thio-amide.  —  CH2(OPh)CS.NH2.  [1110]. 
From  the  amide  and  alcoholic  sulphide  of 
ammonium.  Anilide.  —  CH2(OPh)CO.NHPh. 
[99°].  Formed  by  heating  phenyl-glycollate  of 
aniline  to  150°. 

Bromo-phenyl  derivative 
C6H4Br.O.CH2.C02H.  Bromo -phenyl-glycollic 
acid.  [154°].  Solidifies  at  143°.  Formed  by 
saponifying  its  ether.  Also  from  the  phenyl 
derivative  and  Br.  It  forms  dimetric  prisms,  v. 
sol.  alcohol,  hardly  soluble  in  water.  Salts. — 
NaA' 2aq.— BaA'2 l|aq.  Ethyl  ether.—Ri'A. 
[59°].  Solidifies  at  28°.  From  phenyl-glycollic 
ether  (70g.)  dissolved  in  CS?  (140g.),  cooled  to 
0°,  and  treated  gradually  with  bromine  (65g.) 
(Fritzsche,  J.  pr.  [2]  20,  295).  Properties.— -In- 
soluble in  water,  crystallises  from  alcohol. 

Chloro-phenyl    derivative 
C6H4C1.0.CH2.C02H.      [152°].      Formed    from 
C6H5.O.CH2.C02H  by  successive  treatment  with 
PC15    and  water   (Michael,  /.  pr.   [2]   35,  96). 
Prisms. 

o-Nitro-phenyl    derivative 
(N02)C6H4O.CH2.C02H.    [157°].   Preparation.— 
o-Nitrophenol     (30g.),   chloracetic    acid    (20g.) 
neutralised  with  strong  NaOH  are  heated  at  100° 
for  11  hours.    The  yield  ia  fair  (15g.)  (A.  Thate, 


J.pr.  [2]  29,  148).  Properties.— Yellowish- white 
pyramids  (not  regular  octahedra).  Doubly  re- 
fracting. Reactions . — 1.  Keduced  in  alkaline 
solution  by  sodium  amalgam  to  azoxy-,  azo-, 
hydrazo-,  and  amido-  phenyl-glycollic  acid  suc- 
cessively. The  azo-  acid  N2(C(.H4.O.CH2.CO,H).J 
is  crystalline  [152°]. — 2.  Beduced  by  iron-filings 
and  acetic  acid  to  amido-phenyl  glycollic  acid,  or 

rather  its  anhydride  C«H4<§^*20>     [167°] 

(Thate,  J.  pr.  [2J  25,  266).  This  anhydride 
is  not  affected  by  Ac2O  at  180°.  When  heated 
with  zinc-dust  it  yields  a  very  small  quantity  of 
a  base  C8H9NO  (c.  200°)  (Duparc,  £.20,  1942).— 
3.  Beduced  bystannous  chloride  and  HC1  to  the 
anhydride  of  chloro  -  amido  -  phenyl  -  glyoxylic 
acid  together  with  variable  quantities  of  the 
anhydride  of  amido-phenyl-glycollic  acid  (Thate). 
Salts.  —  NaA'aq.  —  BaA'2aq.  —  CuA'2  2iaq 
(Fritzsche,  J.pr.  [2]  20,  284). 

o~Nitro  -phenyl  derivative  of  the 
ethyl  ether  [2:1]  C6H4(N02).O.CH2.C02Et. 
[49°].  Colourless  needles,  sol.  alcohol,  ether, 
and  benzene,  insol.  water  (Duparc,  B.  20,  1942). 
Beduced  by  tin  and  HC1  to  a  base  C8H6C1N02, 
which  crystallises  in  long  needles  [195°],  sol. 
;  alcohol  and  alkalis,  insol.  ether. 

p-Nitro-phenyl  derivative 
!  [4:l]C6H4(N9a)O.CH2.CO,H.        [183°].       From 
'  sodium  _p-nitro-phenol,  sodium  chloro-acetate, 
|  and  caustic  soda,  each  in  concentrated  solution. 
I  The  mixture  is  evaporated,  extracted  with  water, 
and  treated  with  HC1.   The  acid  is  recrystallised 
from  water  (F.).    Pale  yellow  plates.    May  be 
reduced  to  very  unstable  ^-amido-phenyl-gly- 
collic acid.     Salts.— NaA' 3aq.—BaA'210aq.— 
CuA'2  lOaq. 

o- Amido-phenyl  derivative 

*  NH2.CtiH4.O.CH2.C02H,       o-Amido-phcnyl-gly- 
collic  acid.    This  acid  splits  up  at  the  moment 
of  its  formation  into  H20  and  an  anhydride'. 

C6H4<^°j?£>.    [167°].    Solidifies  at  144°. 

Preparation. — o-Nitro-phenyl-glycollic  acid  is 
reduced  by  iron  filings  and  dilute  (25  p.c.)  acetic 
acid.  The  product  is  diluted,  filtered,  evapo- 
rated, and  extracted  with  alcohol.  The  alco- 
holic extract  is  evaporated  and  the  residue 
crystallised  from  water  (A.  Thate,  J.  pr.  [2]  29, 
178).  Properties. — White  cubes  (from  dilute  al- 
cohol), which  nevertheless  are  doubly  refracting. 
Sickle-shaped  needles  (from  water),  composed  of 
small  prisms  joined  in  staircase  fashion.  Sol. 
ether,  benzene,  and  alkalis.  Can  not  be  con- 
verted into  a  chloro-  derivative  by  boiling  with 
HC1.  Boiled  with  alkalis  the  anhydride  forms 
salts  of  amido-phenyl-glycollic  acid.  Salts. — 
KA'.  Solutions  of  this  salt  give  with  BaCl2  no 
pp.  in  the  cold,  a  white  pp.  on  boiling ;  with 
Pb(OAc)2,  a  heavy  white  pp. ;  with  AgN03,  a  co- 
pious white  pp. ;  with  FeCl3,  a  dark  brown  pp. ; 
with  CuSO4,  a  crystalline  green  pp.  Acids  ppt.  the 
anhydride  described  above. — PbA'2. — AgA'. 
Chloro-o-amido-phenyl  derivative 

*  C6H3(NH2)C1.0.CH2.C02H.         Chloro-o-amido- 
phenyl-glycollic  acid. 

/  O.CH2 
Anhydride  C6H3C1<          I        [197°]. 

\NH.CO 

Preparation. — o-Nitro-phenyl-glycollic  acid  ia 
digested  at  100°  with  a  solution  of  SnClz  and  HC1. 
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As  soon  as  the  liquid  is  filled  with  crystals  it  is 
allowed  to  cool,  filtered,  and  recrystallised  from 
alcohol  (A.  Thate,  J.  pr.  [2]  29,  183).  Proper- 
ties.— White  silky  branching  needles,  insol.  cold 
water,  si.  sol.  hot  water,  ether,  and  benzene,  sol. 
alcohol.  Salts. — KA'.  Obtained  by  digesting 
the  anhydride  with  KOH.  Its  solution  gives  with 
BaCl2,  no  pp. ;  Pb(OAc)2,  white  crystalline  pp. ; 
with  AgN03,  white  flocculent  pp. ;  FeCl3,  dark 
wine-red  colour  and,  after  a  time,  finely-divided 
cherry-red  pp. ;  CuS04,  yellowish-green  pp.  — 
NaA'.— AgA'.-PbA'2. 

Aldehydo-phenyl  derivative  v.  vol.  i. 
p.  110. 

p-Tolyl  derivative  C,,H,00,  i.e. 
CH3.C,.H4.O.CH2.C02H.  [135°].  From  chloro- 
acetic  acid,  ^-cresol,  and  NaOHAq  (Gabriel,  B. 
14,  923  ;  Napolitano,  O.  13,  73).  Transparent 
prisms. —  NaA'  £aq  :  thin  prisms.  —  NaA'  aq  : 
laminae. — BaA'2  2aq :  tables  or  prisms  ;  si.  sol. 
cold  water. — PbA'2aq  :  laminae. — AgA'. 

o-'Cumyl  derivative  CnHu03  i.e. 
[2:l]Pr.C6H4.O.CH,.C02H.  [130°].  From  o-iso- 
propyl-phenol,  chloro-acetic  acid,  and  aqueous 
NaOH  (Fileti,  G.  16, 129).  Needles  (from  water). 
Forms  a  crystalline  Ba  salt  and  amorphous  Pb 
and  Cu  salts.  —  AgA' :  white  needles. 

p-Cumyl  derivative 

[4:l]Pr.C(iH4.O.CH2.C02H.  [81°].  From  p-iso- 
propyl-phenol,  chloro-acetic  acid,  and  NaOHAq 
(Spica,  G.  10,  248).  Silky  needles,  sol.  water,  v. 
sol.  alcohol  and  ether.  Unlike  its  o-isomeride, 
its  solution  is  ppd.  by  HgCl2,  by  AuCl3,  and  by 
PtCl4.— BaA'2  2aq  :  micaceous  scales,  m.  sol.  hot. 
water. — PbA'2  2aq  :  scales  with  hexagonal  bases, 
si.  sol.  water,  sol.  alcohol. 

Thymyl  derivative 

C3H7.C6H3Me.O.CH2.CO,H.  [148°].  Solidifies 
at  132°.  Formed  by  adding  30  g.  of  a  solution  of 
NaOH  (S.G.  1-34)  to  a  fused  mixture  of  thymol 
(15  g.)  and  chloro-acetic  acid  (10  g.).  Long  nee- 
dles (from  alcohol).  SI.  sol.  water,  v.  sol.  alco- 
hol and  ether.  May  be  distilled  with  slight 
decomposition  (Saarbach,  J.  pr.  [2]  21,  159). — 
BaA'2  2aq  :  prisms.— PbA'2. — AgA'  :  flocculent 
pp. 

Ethyl  ether  of  the  thymyl  derivative 
C3H7.CtiH3Me.O.CH2.C0.2Et.     (290°). 

Amide  of  the  thymyl  derivative 
C3H7.CtiH3Me.O.CH,CO.NH2.     [97°].    V.  sol.  hot 
water,  alcohol,  and  ether  (Spica,  G.  10,  245). 

Carvacryl  derivative 

C3H7.C6H3Me.O.CH2.C02H.  [149°].  Formed 
from  carvacrol  and  chloro-acetic  acid  (Spica,  G. 
10,  245).  White  needles ;  si.  sol.  water,  v.  sol. 
alcohol  and  ether. — BaA'24aq  :  prisms,  sol. 
water.— PbA'2  :  gummy  mass  (by  ppn.),  or 
minute  prisms  (from  alcohol). — AgA' :  minute 
needles. 

Ethyl  ether  of  the  carvacryl  deriva- 
tive C3H7.CeH3Me.O.CH,.CO2Et.     (289°).     Oil. 

Amide  of  the  carvacryl  derivative 
C3H..C,.H3Me.O.CH.,CO.NH2.      [68°].       SI.    sol. 
cold  water,  sol.  alcohol  and  ether. 

Eugenyl  derivative 

C3H5.C6H3(OMe).O.CH2.C02H.  [81°].  Formed  by 
adding  30  g.  of  solution  of  NaOH  (S.G.  1-34)  to  a 
fused  mixture  of  chloro-acetic  acid  (10  g.)  and 
eugenol  (10  g.).  Forms  long  satiny  needles 
(from  water).  Not  v.  sol.  water  (L.  Saarbach, 
J.pr.  [2]  21, 158).— NaA' 14  aq. 


(a)-Naphtliyl  derivative 
C10H7.O.CH,,.C02H.  [190°].  Formed  by  heating 
(rt)-naphthol  with  chloro-acetic  acid  and  gradu- 
ally adding  KOHAq  (Spica,  G.  16,  437).  The 
product  is  diluted  with  water,  acidified  with 
HC1,  and  the  pp.  dissolved  in  aqueous  ammo- 
nium carbonate  to  separate  the  unaltered  (o)- 
naphthol.  Small  pale-red  prisms,  si.  sol.  water, 
v.  sol.  ether  and  alcohol.— KA'aq :  long  acicu- 
lar  crystals,  v.  sol.  water. — PbA'24£aq:  white 
crystalline  pp.— BaA'2  4|aq:  white  needles. — 
MgA'2  6|aq :  pink  scales.  S.  2-46  at  28°. 

Ethyl  ether  of  the  (a)-Naphthyl 
derivative  C10H7.O.CH2.CO2Et.  [173°]. 
Colourless  crystals,  sol.  alcohol  and  ether. 
Alcoholic  NH3  gives  a  crystalline  pp.  of  the 
amide  C10H7.O.CH2.CONH2.  [155°]. 

(fy-Naphthyl  derivative 
C10H7.O.CH2.C02H.  [151°].  Prepared  in  like 
manner,  using  (j8)-naphthol  (Spica).  Trimetric 
prisms  ;  v.  si.  sol.  water,  sol.  alcohol  and  ether. 
— NH4A':  white  unctuous  scales  [180°].— KA'. 
— BaA'23|aq:  laminae.— (PbA',)2PbO :  white  crys- 
talline pp.— MgA'23aq.  S.  -62  at  26°. 

Ethyl  ether  of  the  (£)  -  naphthyl 
derivative  C1(lH7.O.CH2.CO,,Et.  [49°].  Large 
transparent  scales ;  converted  by  alcoholic  NH3 
into  the  amide  C)0H7.O.CH2.CO.NH2.  [147°]. 

Tolylene  derivative 

Me.C6H3(O.CH2.C02H)2.  [217°].  From  orcin 
(62  grms.),  chloracetic  acid  (100  grms.)  and 
caustic  soda  solution  (540  grms.  of  31  percent.). 
The  reaction  is  violent  (Saarbach,  J.  pr.  [2]  21, 
162).  Thin  crystals  (from  water).  SI.  sol.  water, 
v.  sol.  alcohol  and  ether.  Its  solutions  give  an 
i  orange  pp.  with  FeCl3. — Na2A"  3aq.  V.  sol.  water. 
J  Needles  (from  alcohol).— K,A"3aq.—CaA"2aq. 
Ethyl  ether.— Et2A".  [107°].  Amide.— 
Me.C6H3(O.CH2.CONH2)2.  Amorphous. 

Nitro-tolylene  derivative 
Me.C6H2(N02)(OCH2.C02H)2.      [140°].    Formed 
by  the  action  of  HN03  (S.G-.  1-12)  at  100°  on 
the  tolylene  derivative.  Crystallised  from  alcohol 
(Saarbach,  J.pr.  [2]  21,  168). 

Pyrogallyl  derivative 
C6H3(OCH2.CO,H)3.  [198°J.  S.  1-3  at  15°. 
Formed  by  melting  pyrogallol  (12  pts.)  with 
chloro-acetic  acid  (30  pts.)  and  then  boiling  with 
(200  pts.  of)  solution  of  soda  (S.G.  1-3),  and 
acidifying  when  cold  (Giacosa,  J.pr.  [2]  19,  398). 
— KaA'".— IQLA/'aq. 

Diglycollic  acid  C,H6O5  i.e.  0(CH2.CO,H)o. 
Paramalic  acid.  Mol.  w.  134.  [148°].  K^ 
41*90  in  a!4p.c.  aqueous  solution  (Kanonnikoff). 

Formation. — 1.  Occurs  in  the  preparation  of 

glycollic  acid  from  chloro-acetic  acid  by  boiling 

.  with  aqueous  NaOH  (Heintz,  P.  109,  470),  with 

alkaline  earths,  and  with   water   and  PbO  or 

magnesia (Schreiber,  J.pr.  [2]  13,  436).— 2.  By 

oxidising  di-ethylenic  glycol  with  nitric  acid  or 

platinum-black  (Wurtz,  C.  11.  51,  162).— 3.  A 

by-product  in  the  preparation  of  glycollide  by 

heating  glycollic  acid  to  220°   (Heintz,  P.  115, 

S  280,  452). 

Properties. — Thick  prisms  (containing  aq). 
Has  no  action  on  light.  V.  sol.  water  and  al- 
cohol. On  distillation  it  gives  formic  paralde- 
hyde  and  other  products  (Heintz,  A.  128,  129). 
By  heating  with  HIAq  it  is  successively  con- 
verted into  glycollic  and  acetic  acids.  Fuming 
HClAq  at  135°  yields  glycollic  acid  (Heintz,  A. 
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130,  257).  Potash-fusion  gives  oxalic  and  acetic 
acids.  PC15  forms  chloro-acetyl  chloride. 

Salts.— The  neutral  alkaline  salts  are  easily 
soluble  in  water,  other  diglycollates  are  but 
sparingly  soluble. — NH4HA" :  long  monoclinic 
prisms,  insol.  alcohol.  S.  3-26  at  16°.— KHA"  : 
trimetric  crystals,  si.  sol.  water.— K.jA" :  long  deli- 
quescent needles. — NaHA" :  small  tables,  si.  sol. 
water,  insol.  alcohol. — NaKA"  2aq :  small  tabu- 
lar prisms  with  nacreous  lustre,  insol.  alcohol. 
[100°].— Li-jA"  5aq.  S.  45  at  18-5°.— Li.A"  2£aq 
(Schreiber,  J.  pr.  [2]  13,  436).— BaH2A"2 :  hard 
granular  crystals. — BaA"  aq :  white  crystalline 
pp.  S.  -17  at  100°.— CaA"  6aq :  long  shining 
needles.  Much  less  soluble  than  calcium  gly- 
collate. —  CaA"  aq.  —  CaA"  3aq.  —  CaA"  4aq.  — 
CaA"  5aq. — SrA"  aq. — SrA"  4aq :  limpid,  non- 
efflorescent  crystals.— MgA"  3aq  :  small  prisms. 
— PbA" :  minute  crystals,  si.  sol.  water.  — 
CuA"  £aq  :  blue  crystalline  pp.  —  ZnA".  — 
ZnA"  3aq. — Ag.jA"  :  white  granular  pp. 

Ethyl  ether  Et2A".  (240°).  From  the  sil- 
ver salt  and'Etl  (Heintz,  A.  144, 95).  Also  from 
chloro-acetic  ether,  sodium  glycollate,  andNa2C03 
at  190°  (Heintz,  A.  147,  200).  Heavy  oil.  De- 
composed by  boiling  water  into  alcohol  and  di- 
glycollic acid.  Alcoholic  NH3  forms  the  amide 
0(CH2.CONH2)2. 

First  Amide  NH2.CO.CH2.O.CH2.C02H. 
Diglycollamic  acid.  [135°].  Formed  by  heating 
the  imide  with  baryta-water.  Formed  also  by 
heating  the  second  amide  with  water  at  100° 
(Heintz,  A.  128,  140).  Trimetric  prisms ;  m.  sol. 
hot  water,  si.  sol.  alcohol,  nearly  insol.  ether. — 
BaA'2  aq :  crystals  ;  sol.  water. 

Second  Amide  0(CH2.CONH2)2.  From  the 
ether  and  cold  alcoholic  NH3.  Trimetric  prisms ; 
v.  e.  sol.  hot  water,  v.  si.  sol.  alcohol.  HC1  de- 
composes it  into  NH3  and  diglycollic  acid. 

Imide  0 

at  14°.  Formed  by  distilling  the  preceding. 
Formed  also  by  distilling  acid  ammonium 
diglycollate.  Long  needles. — AgC4H4N03 : 
laminae. 

Trigly collie  acid  C6H1208.  A  syrupy  acid, 
said  to  be  formed  by  the  action  of  C12O  on  a 
mixture  of  Ac2O  and  iodine  (Schiitzenberger, 
C.R.  66, 1340).— Ca.jA'",.—  Ba3A"'22aq  :  prisms. 

GLYCOLLIC  ALDEHYDE  C2H402  i.e. 
HO.CH2.CHO.  It  is  doubtful  whether  this  sub- 
stance has  been  obtained.  It  is  described  by 
Abeljanz  (A.  164, 213,  223)  as  a  syrup,  sol.  ether, 
readily  oxidised  by  Ag20  to  glycollic  acid,  and 
obtained  by  treating  CH2Cl.CHC1.0Et  with  water 
at  115°.  Abeljanz  obtained  the  same  body  by 
treating  CH2(OH).CHC1.0Et  with  cone.  H2S04. 

Glycollic  ortnaldehyde  CH2(OH).CH(OH)2. 

Di-ethyl  derivative  CH2(OH).CH(OEt)2. 
(167°).  V.D.  66-6  (calc.  67).  From 
CH2Br.CH(OEt)2  by  heating  with  alcoholic  KOH 
for  twelve  hours  at  170°  (Pinner,  B.  5,  150). 
Fragrant  liquid.  Decomposed  by  cold  cone. 
H2S04  and  by  gaseous  HC1.  Ac20  at  120°  yields 
a  liquid  resembling  aldehyde,  which  may  be 
glycollic  aldehyde. 

Tri-ethyl  derivative 

CH2(OEt).CH(OEt)2.  (164°)  (P.);  (168°)  (L.). 
S.G.  21  -892.  From  bromo-acetal  and  NaOEt  at 
160°.  Also  from  CH2Cl.CHC1.0Et  and  NaOEt 
at  150D  (Lieben,  A.  146,  196).  Fragrant  liquid. 


GLYCOLLIDE  C2H202 


CH2.O.CO 


or 


| 
CO 


[220°]  (N.  a.  T.)  ;  [180°]  (D.). 


Formation.  —  1.  By  heating  glycollic  acid  to 
240°,  small  quantities  of  diglycollic  acid  and  of 
formic  paraldehyde  being  formed  at  the  same 
time  (Heintz,  P.  115,  452).—  2.  By  heating  an- 
hydrous potassium  chloro-acetate  at  115°  (Ke- 
kule,  A.  105,  288).  If  the  crystallised  salt  be 
used  most  of  the  glycollide  unites  with  water 
forming  glycollic  acid.  —  3.  Glycollide  was  first 
obtained  by  heating  tartronic  acid  to  180°  as 
long  as  C02  escapes  ;  after  a  few  days  the  pro- 
duct solidifies,  and  is  then  washed  with  hot  water 
(Dessaignes,  C.  R.  38,  46). 

Preparation.  —  An  alcoholic  solution  of  chloro- 
acetic  acid  is  added  to  a  solution  of  sodium  in 
15  times  its  weight  of  dry  alcohol  ;  anhydrous 
chloro-acetate  of  sodium  is  ppd.  and,  after  dry- 
ing at  100°,  this  salt  is  gradually  heated  to  150° 
and  kept  for  two  days  at  that  temperature.  The 
product  is  freed  from  NaCl  by  washing  with 
water,  and  may  be  dried  at  200°  (Norton  a. 
Tscherniak,  C.  R.  86,  1332). 

Properties.  —  Light  white  powder  ;  neutral  to 
litmus.  SI.  sol.  hot  nitrobenzene.  Dissolves  in 
caustic  potash,  forming  potassium  glycollate. 
Ammonia  forms  the  amide  of  glycollic  acid. 
Ethylamine  forms  HO.CH2.CO.NHEt.  Aniline 
at  130°  gives  HO.CH2.CO.NHPh.  [108°]. 

Another  anhydride  of  glycollic  acid  C4Hti05. 
[130°].  Obtained  by  heating  glycollic  acid  at 
100°  for  a  long  time  (Drechsel,  A.  127,  154). 
Also  from  glycollic  acid  and  the  vapour  of  S03 
(Fahlberg,  J.  pr.  [2]  7,  336).  Powder,  insol. 
ether,  alcohol,  and  cold  water.  Boiling  water 
forms  glycollic  acid.  Further  heating  converts 
this  anhydride  into  glycollide. 

GLYCOLLURIC  ACID  v.  HYDANTOIC  ACID. 

GLYCOLLYL-AMIDO-BENZOIC  ACID 
CH2OH.CO.NH.C6H4.C02H.      [212°].    From  m- 
amido-benzoic  acid  and  glycollic  acid  at  150° 
(Pelizzari,  A.  232,  153).    Needles  (from  water). 
Sol.  alcohol,  si.  sol.  ether. 

Acetyl    derivative 
CH2(OAc).CO.NH.C6H4.C02H.    [198°]. 

CO 

Anhydride.—  CH2/\N.CfiH4.C02H.[248°]. 
From  CH2OH.CO.NH.C6H4.C02H  by  heat. 

GLYCOLLYL-UREA  v.  HYDANTOIN. 

GLYCOLURIL  v.  ACETYLENE-UREA,  vol.  i. 
p.  44. 

GLYCOSE  v.  SUGAB. 

GLYCOSINE  C6H6N4  i.e. 


Formation.  —  1.  By  acting  on  glyoxal  with 
ammonia  (Debus,  A.  107,  199  ;  Japp  a.  Clemin- 
shaw,  C.  J.  51,  553).  —  2.  From  tri-chloro-lactic 
acid  and  cone.  NH3Aq  (Pinner,  B.  17,  2000). 

Properties.  —  White  needles  (from  alcohol), 
v.  si.  sol.  alcohol. 

Salts  .—  B"2H2PtCl6  :  buff  -coloured  needles. 
—  B"H2PtCl6.—  B"(H2PtCl6)2:  deep-yellow  crys- 
tals, stable  at  120°.—  B"AgN03  (Wyss,  B.  10, 
1375)._B"(H2C204)2  :  small  nodules,  m.  sol.  cold 
water. 
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C41 


Di-benzyl-glycosine  C(iH4N2(NC7H7)2.  [145°]. 
Formed  by  heating  glycosine  with  benzyl  chloride 
and  extracting  the  product  with  dilute  hydric 
chloride  (Japp  a.  Cleminshaw,  C.  J.  51,  555). 
Colourless  plates,  v.  sol.  benzene,  si.  sol.  petro- 
leum ether. 

Tetra-phenyl-glycosine 
Ph-?C— NH    *     JSfH— C— Ph 

<\        >C.C/  \>      .     [above    300°]. 

Ph-AC_N         ^N    _C_Ph 
Formed  by  acting  on  a  mixture  of  benzil  and 
glyoxal  with  ammonia  (Japp  a.  Cleminshaw,  C.  J. 
51,  553).    White  felted  needles,  m.  sol.  hot,  si. 
sol.  cold,  alcohol,  v.  sol.  HOAc. 

GLYCOSURIC  ACID.  [140°].  Occurs  in  urine 
in  disease  (Marshall,  Ar.  Ph.  [3]  25,  593). 
Prisms  ;  v.  sol.  water,  alcohol,  and  ether,  insol. 
benzene  and  light  petroleum.  EeducesFehling's 
solution  more  strongly  than  glucose.  An  ethereal 
solution  becomes  red  on  evaporation.  FeCl3  gives 
a  transient  blue  colour. 

GLYCUKONIC  ACID  CtiH1007. 

Formation. — 1.  Euxanthic  acid  (which  oc- 
curs in  puree  or  Indian  yellow)  is  split  up  by 
heating  with  HC1  or  with  dilute  (3  p.c.)  H2S04 
into  glycuronic  acid  and  euxanthone  (Spiegel, 
B.  15,  1965 ;  Kiilz,  Z.  B.  23,  475 ;  Baeyer,  A. 
155,  257  ;  Thierf elder,  H.  11,  388).  The  decom- 
position is  best  effected  by  water  at  125°. — 2.  By 
boiling  (a)-  or  (0)-  camphoglycuronic  acid  with 
dilute  (5  p.c.)  HC1  (Schmiedeberg  a.  Meyer,  H. 
3,  422).— 3.  By  boiling  urochloralic  acid  with 
dilute  H2S04  (Mering,  H.  6,  489).— 4.  When  a 
rabbit  is  treated  with  fer£-amyl  alcohol  its  urine 
contains  '  di-methyl-ethyl-carbinol-glycuronic ' 
acid  CnH2007,  which  is  split  up  by  boiling  dilute 
H2S04  into  fertf-amyl  alcohol  and  glycuronic 
acid.  jFer£-butyl  alcohol  acts  in  like  manner 
(Thierfelder  a.  Mering,  H.  9,  515). 

Properties. — Syrupy  acid,  v.  sol.  alcohol.  On 
evaporation  of  its  solution,  or  even  on  standing, 
it  changes  to  the  crystalline  anhydride.  Gives 
on  oxidation  camphoric  and  formic  acids.  Bro- 
mine converts  it  into  saccharic  acid  (Thierfelder, 
B.  19,  3148).  Sodium-amalgam  reduces  it  to 
gluconic  acid.  Its  K  salt  dissolved  in  90  p.c.  al- 
cohol reacts  with  aniline  forming  NPh:C6H906K, 
the  potassium  salt  of  the  '  anilide  of  glucose  ' 
[177°].  m-Tolylene-diamine  forms,  in  like  man- 
ner, C7H6(N:C6H9OtiK)2.  Cone.  KOHAq  decom- 
poses glycuronic  acid,  forming  oxalic  acid, 
pyrocatechin,  and  a  little  protocatechuic  acid. 
Glycuronic  acid  gives  lactic  and  acetic  acid 
when  fermented  in  presence  of  cheese  and 
chalk. — KA' :  needles. — BaA'2 :  amorphous,  v. 
sol.  water. 

Anhydride  C6H806.  [167°].  [a]D  =  19-25° 
at  18°.  Monoclinic  tables,  with  sweet  taste. 
V.  e.  sol.  water,  insol.  alcohol.  Dextrorotatory. 
Reduces  hot  Fehling's  solution.  '989  pts.  reduce 
as  much  as  1  pt.  of  glucose.  Hinders  the  ppn. 
of  cupric  hydroxide  by  alkalis. 

Benzoyl  derivative  C6H8Bz207.  [107°]. 
Obtained  by  treating  the  acid  (1  mol.)  with  BzCl 
(9  mols.)  and  NaOH  (12  mols.)  in  a  10  p.c.  solu- 
tion (Thierfelder,  H.  13,  275).  V.  sol.  alcohol. 
Reduces  Fehling's  solution. 

Phenyl-hydrazide  C42H4SN,00J0.  [115°]. 
From  the  K  salt  and  phenyl-hydrazine  mixture. 
Yellow  needles. 
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GLYCYPHYLLIN  C,,H2409.  The  sweet  prin- 
ciple of  Smilax  glycyphylla.  Extracted  from 
the  leaves  and  stem  by  alcohol,  the  extract  being 
evaporated  and  the  residue  dissolved  in  water 
and  extracted  with  ether  (Wright  a.  Rennie, 
C.  J.  39,  237  ;  49,  857).  Crystallises  from  wet 
ether  with  3aq,  and  from  water  in  prisms  con- 
taining 4|aq.  Has  no  definite  melting-point. 
SI.  sol.  cold  water,  v.  sol.  hot  water  and  alcohol, 
m.  sol.  ether.  Insol.  chloroform,  benzene,  and 
light  petroleum.  Dissolves  in  aqueous  KOH,  the 
solution  turning  red  in  air.  Does  not  reduce 
Fehling's  solution.  Is  ppd.  by  lead  subacetate. 
Boiling  dilute  H2S04  converts  it  into  phloretin 
C)5H,405  and  isodulcite  CttH1406. 

GLYCYRRHIZIC  ACID  C44H63N018.  Occurs, 
probably  in  combination  with  ammonia,  in  the 
liquorice  root  (Glycyrrhiza  glabra  and  G.  echin- 
ata)  (Vogel,  jun.,  J.  pr.  28,  1 ;  Lade,  A.  59,  224 ; 
Gorup-Besanez,  A.  118,  236;  Hirsh,  Ph.  [3]  1, 
749;  Roussin,  Ar.  Ph.  [3]  8,  156;  Robiquet, 
A.  Ch.  [4]  72,  143 ;  Sestini,  G.  8,  454 ;  Haber- 
mann,  A.  197,  105).  Occurs  also  in  large  quan- 
tities in  the  rhizomes  of  Polypodium  vulgare 
and  of  P.  semipennatifidum,  both  of  which  ferns 
are  used  as  substitutes  for  liquorice  (Guignet, 
C.  R.  100,  151).  Habermann  finds  in  liquorice, 
besides  glycyrrhizic  acid,  a  brown  resin,  which 
yields_p-oxy-benzoic  acid  when  fused  with  potash, 
and  an  amorphous  bitter  substance  C36H57NO,3, 
si.  sol.  water  and  ether,  v.  sol.  HOAc  and  aqueous 
Na2C03. 

Preparation. — 1.  The  dried  and  powdered 
root  is  extracted  with  dilute  acetic  acid ;  alcohol 
is  added ;  and  the  filtrate  evaporated  to  a  syrup 
and  washed  with  water  (Guignet). — 2.  The  root 
is  extracted  with  boiling  water  containing  a  little 
milk  of  lime ;  the  concentrated  extract  is  ppd. 
with  HOAc.  The  gelatinous  pp.  is  dissolved  in 
50  p.c.  alcohol,  deodorised  by  charcoal,  and  eva- 
porated at  100°  (Sestini). — 3.  Commercial  '  Gly- 
cyrrhizin  ammoniacale  '  is  boiled  with  glacial 
acetic  acid  and  filtered  while  hot.  The  acid  am- 
monium salt  then  crystallises  from  the  filtrate 
(Habermann).  The  acid  may  be  obtained  by 
conversion  into  the  lead  salt  and  decomposing 
by  H2S. 

Properties.— Gelatinous  mass  (from  hot 
aqueous  solution).  When  dry  it  forms  an  amor- 
phous solid,  which  swells  up  in  cold  water.  V. 
si.  sol.  ether  and  alcohol,  sol.  boiling  HOAc. 
Turns  brown  at  100°.  It  has  a  sweet  taste  and 
an  acid  reaction.  Expels  C02  from  CaC03  sus- 
pended in  hot  water.  Reduces  Fehling's  solu- 
tion on  heating.  Boiling  dilute  acids  split  it 
up  into  glycyrrhetin  and  parasaccharic  acid 
C9H1008. 

Salts.— NH^aA'":  laminae  (from  alcohol 
or  HOAc) ;  prepared  as  above.  Insol.  ether,  si. 
sol.  alcohol,  v.  e.  sol.  boiling  water.  Separates 
from  dilute  alcohol  or  hot  water  in  a  gelatinous 
form. — (NH4)3A'" :  amorphous  gummy  mass,  v. 
sol.  water,  insol.  alcohol.  Has  an  intensely 
sweet  taste.— KH2A'" :  crystalline  grains.  Swells 
up  in  cold  water,  forming  a  jelly ;  v.  sol.  hot 
water,  v.  si.  sol.  alcohol.  Extremely  sweet. — 
K3A'" :  yellowish  amorphous  mass ;  v.  sol.  water, 
v.  si.  sol.  alcohol.  From  its  solution  in  HOAc 
the  salt  KH, A" 'crystallises  out.— Ba3A'"2:  floc- 
culent  pp. —  Pb3A'"2:  yellowish-brown  mass,  si. 
sol.  water,  insol.  alcohol,  sol.  HOAc. 

TT 
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Glycyrrhetin  CS2H47N04.  [200°].  Formed 
by  boiling  glycyrrhizic  acid  with  dilute  acids 
(Habermann,  B.  10,  870  ;  Griessmeyer,  D.  P.  J. 
209,  228).  Crystalline  powder;  has  no  taste. 
Insol.  water,  ether,  and  alkalis;  sol.  alcohol, 
HOAc,  and  H2S04.  Does  not  give  #-oxy-benzoic 
acid  on  potash-fusion  (Habermann  ;  cf.  Weselsky 
a.  Benedikt,  B.  9,  1158). 

Di-acetyl  derivative  C32H45Ac2N04. 
[217°].  From  glycyrrhetin  and  AcCl.  Crystal- 
line powder  ;  insol.  water.  Gives  on  oxidation 
amorphous  C32H47N06. 

Bromo-glycyrrhetin  C32H46BrN04.  From 
glycyrrhetin  and  Br  in  HOAc.  Crystalline 
powder,  insol.  water  and  alcohol,  si.  sol.  HOAc, 
v.  sol.  CHC13. 

Nitro-glycyrrhetin  C32H46(N02)N04.  Formed 
by  treating  a  solution  of  glycyrrhetin  in  HOAc 
with  HNO3.  Powder. 

GLYOXAL  C2H202  i.e.  CHO.CHO.  Oxalic 
aldehyde.  Mol.  w.  58.  Formed  by  the  action 
of  nitric  acid  on  alcohol  (Debus,  A.  102,  20  ;  107, 
199  ;  110,  316  ;  118,  253),  aldehyde  or  paralde- 
hyde  (Lubavin,  B.  8,  768). 

Preparation.—  1.  Obtained  from  the  mother- 
liquor  in  the  preparation  of  glyoxylic  acid  by  the 
slow  oxidation  of  alcohol  by  HN03  ;  the  liquid 
is  mixed  with  several  times  its  volume  of  cone. 
NaHS03Aq.  The  crystalline  compound  is  sub- 
sequently decomposed  by  dilute  H2S04.  —  2. 
Paraldehyde  (25  g.)  is  mixed  with  water  (25  g.)  ; 
HN03  (20  c.c.  of  S.G.  1-37)  is  poured  in  so  as  to 
lorm  a  lower  layer  of  liquid,  and  below  this  again 
fuming  HN03  (1  c.c.)  is  introduced.  After  a 
week  the  liquid  is  evaporated  at  100°,  taken  up 
in  water,  neutralised  by  CaC03,  glycollic  and  gly- 
oxylic acids  ppd.  by  lead  subacetate,  filtered,  freed 
from  excess  of  lime  by  oxalic  acid,  again  filtered, 
and  evaporated  (De  Forcrand,  Bl.  [2]  41,  240). 

Properties.  —  Amorphous,  slightly  deliques- 
cent mass.  After  drying  at  100°  it  contains  xaq 
and  is  v.  e.  sol.  water,  but  after  drying  at  120° 
it  is  v.  si.  sol.  cold  water.  At  170°  it  is  partially 
converted  into  glycollide.  It  is  v.  e.  sol.  alcohol 
and  ether.  It  reduces  ammoniacal  AgN03, 
forming  a  mirror.  Water  at  150°  converts  two- 
thirds  of  it  into  glycollic  acid. 

Reactions.  —  1.  A  small  quantity  of  very 
dilute  nitric  acid  oxidises  it  to  glyoxylic  acid  ;  a 
larger  quantity  of  nitric  acid  forms  oxalic  acid. 
2.  Aqueous  alkalis  convert  it  into  glycollic  acid, 
even  in  the  cold.  —  3.  Cold  aqueous  KCy  forms  a 
black  substance.  —  4.  Ammonium  cyanate  forms 
glycocoll  (Lubavin,  J.  R.  1882,  281;  C.  J.  44, 
178).  —  5.  Cone,  aqueous  NH3  forms,  in  the  cold, 
glycosine  C6H6N4  and  glyoxaline  C3H4N2.  —  6. 
An  alcoholic  solution  of  aniline  forms  C28H2,N4 
(Schiff,  B.  11,  831),  a  crystalline  base,  insol. 
water,  sol.  alcohol,  forming  the  platinochloride 
B'jjILjPtCla  and  the  nitro-  derivatives 
C^H^NO^N,  and  C28H16(N02)8N4.—  7.  Aniline 
heated  with  the  compound  of  glyoxal  with 
NaHS03  forms  the  anilide  of  phenyl-amido- 
acetic  acid  NHPh.CB^.CO.NHPh  [113°]  (Hins- 
berg,  B.  21,  110).—  8.  (a)-  and  (0)-Naphthyl- 
amine  heated  with  the  compound  of  glyoxal 
with  NaHS03  form  the  sodium  salt  of  the  sul- 
phonate  of  (a)-  and  (j8)-naphthoxindole 


(Hinsberg).-9.  Aceto-acetic 
etJier  and  cone,  aqueous  ZnCl2  form  methyl-carb- 


oxy-furfuryl-acetic  acid  and  an  ether  CI4Hj806 
[139°]  which  crystallises  in  plates,  v.  sol.  most 
menstrua,  insol.  alkalis,  and  on  saponification 
gives  an  acid  [75°]  (Polonowsky,  A.  246,  17).  —  10. 
Gaseous  HC1  passed  through  a  mixture  of  gly- 
oxal and  ethylene  mercaptan  forms 
CH2.Sv  ,S.CH2 

>CH.CH<      |         [133°]  (Fasbender,  B. 
CH2.S/  \S.CH2 

21,  1476).  —  11.  Malonic  ether  (2  mols.)  acted  on 
by  glyoxal  (1  mol.)  and  zinc  chloride  gives 
rise  to  di-oxy-butane  tetra-carboxylic  ether 
(C02Et)2.CH.CH(OH).CH(OH).CH(C02Et)2 
(Polonowski,  A.  246,  1).—  12.  Aceto-acetic  ether 
and  cone.  ZnCl2Aq  forms  di-methyl-furfurane 


di-carboxylio  acid  0< 


compound       C14H1806       [139°],       and        oily 
~  /C(CHAc.C02Et):CH\     1Q      A 
°<CMe  =  C(C02Et)—  >-13-    A4ueous     dl' 
methyl-urea  evaporated  with  glyoxal  and  a  little 
HC1  forms  tetra-methyl-glycolurile 

,NMe.CH.NMex 
C0<  >CO  [217°]  (Franchimont  a. 

\NMe.CH.NMe' 
Klobbie,  E.  T.  C.  7,  236). 

CombinationsG2H.202(N'H.4'H.S03)2:  prisms, 
v.  sol.  water,  insol.  alcohol  (De  Forcrand,  C.  R. 
100,  642).—  C2H202(NaHS03)2  aq  :  small  crystals, 
v.  sol.  water,  insol.  alcohol.— 


prisms    (De     Forcrand,     C.    R.    98,    1537).— 
C2H202Ba(HS03)2  2|aq  :   concentrically-grouped 


masses.     S.  -85  at  18°. 


[170°].  Got  by  warming  glyoxal  or  its  com- 
pound with  NaHS03  with  excess  of  aqueous 
phenylhydrazinehydrochloride  and  sodic  acetate 
(Pickel,  A.  232,  231;  Fischer,  B.  17,  575). 
Formed  also  by  the  action  of  phenyl-hydrazine 
on  tri-chloro-lactic  acid  (Pinner,  B.  17,  2001). 
Rosettes  of  slender  needles  or  plates  (from 
alcohol).  Nearly  insol.  water  and  light  petro- 
leum, sol.  benzene  and  chloroform.  By  warming 
with  alcoholic  FeCl3  it  is  oxidised  to  the  '  oso- 

tetrazone  '  <§n!N'NPh  [152°]  which  crystal" 
lises  from  alcohol  in  dark  red  plates  (Von  Pech- 
mann,  B.  21,  2751). 

Salt.—  B'HCl.  [156°].  Saponified  by  water. 

Phenyl-ethyl-hydrazide 
HC(N2EtPh).CH(N2EtPh).  [149°].  Formed  by 
adding  the  compound  of  glyoxal  with  NaHS03 
to  a  dilute  solution  of  phenyl-ethyl-hydrazine  in 
HClAq  (Elbers,  A.  227,  340).  Crystals  (from 
alcohol)  ;  v.  sol.  benzene  and  chloroform,  m.  sol. 
ether  and  cold  alcohol. 

Oxim  C2H4N202  i.e.  HC(NOH).CH(NOH). 
Glyoxim.  [178°].  Formed  by  the  action  of 
hydroxylamine  on  glyoxal  (Wittenberg  a.  Meyer, 
B.  16,  505).  Formed  also  by  the  action  of 
hydroxylamine  upon  tri-chloro-lactic  acid  (Pin- 
ner, B.  17,  2001).  Sublimable.  Colourless 
trimetric  tables.  Sol.  hot  water,  alcohol,  and 
ether.  Boiled  with  aqueous  acids  it  is  resolved 
into  its  constituents.  By  heating  with  acetic 
anhydride  it  yields  cyanogen  (Lach,  B.  17, 
1573).  Phenyl-hydrazine  added  to  its  alco- 
holic solution  forms  an  addition-compound 
C2H4N202N.2H:jPh  [110°],  which  crystallises  from 
alcohol  in  white  scales,  insol.  water  (Polonowsky, 
B.  21,  182).-  AgC2H3N,O2  :  white  powder. 
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Di-acetyl  derivative  C2H2(NOAc)2: 
[120°] ;  colourless  crystals.  By  further  heating 
with  acetic  anhydride  it  yields  cyanogen  (Lach, 
B.  17,  1573). 

Reference. — CHLORO-GLYOXIM. 

Paraglyoxal  hydrate  C12H,,0}3  i.e. 
(C2H202)6H20.  Formed  by  passing  HC1  into  a 
solution  of  glyoxal  (1  vol.)  in  HOAc  (5  vols.) 
(Schiff,  O.  4,  16;  A.  172,  1).  Powder,  insol. 
water,  ether,  benzene,  and  chloroform,  si.  sol. 
boiling  alcohol.  Prolonged  boiling  with  water 
converts  it  into  glycollic  acid.  Caustic  alkalis 
also  form  glycollates.  Boiling  Ac20  forms 
amorphous  insoluble  C12H13Ac013.  BzCl  gives 
amorphous  C12H13BzO,s. 

Orthoglyoxal  CH(OH)2.CH(OH)2.  Oxalic 
ortha-ldehyde. 

Ethyl  derivative  CH(OEt)2.CH(OEt)2. 
(c.  180°).  Formed  by  the  action  of  NaOEt  upon 
di-chloro-acetal  CHCl2.CH(OEt)2  (Pinner,  B.  5, 
147).  Oil.  Entirely  destroyed  by  strong  acids. 

GLYOXAL- AM YLINE  v.  BUTYL-GLYOXALINE. 

GLYOXAL-ISOBUTYLINE    v.    PROPYL-GLY- 

OXALINE. 

GLYOXAL  -  ETHYLINE    v.    METHYL  -  GLY  - 

OXALINE. 

CH.NH, 
GLYOXALINE    C3H4N2     i.e.    \\          ^CH 

CH.Nv 

(Japp,  C.  J.  43, 17)  or  ||      |  >CH2.   Methylene- 
CH.N/ 

acetylene-azine.  [89°].  (255°).  V.D.  2-35  (calc. 
2-26).  Formed,  together  with  glycosine,  by 
the  action  of  strong  aqueous  ammonia  on  glyoxal 
(Debus,  A.  107,  204 ;  Lubavin,  J.  R.  7,  254  ; 
Wyss,  B.  9,  1543 ;  10,  1365 ;  Wallach,  B.  15, 
645).  Formed  also  by  the  simultaneous  action 
of  formic  aldehyde  and  NH3  on  glyoxal  (Radzis- 
zewsky,  B.  15,  1495). 

Preparation.— Glyoxal  is  treated  very  gradu- 
ally with  ammonia  in  slight  excess,  the  tempera- 
ture being  kept  down.  Glycosine  then  separates 
as  a  brown  powder,  and  the  filtered  solution 
contains  the  glyoxaline  together  with  ammonia, 
chiefly  as  acetate.  This  liquid  is  boiled  with 
milk  of  lime  to  expel  the  ammonia,  then  evapo- 
rated to  a  syrup,  treated  with  absolute  alcohol 
to  separate  mineral  salts,  and  filtered;  the 
residue  is  strongly  pressed  to  separate  as  much 
as  possible  of  the  liquid ;  and  the  whole  of  this 
liquid  is  distilled  from  a  wide-necked  retort. 
After  one  rectification  the  glyoxaline  is  perfectly 
pure,  and  solidifies  to  a  radiate,  dazzling-white 
crystalline  mass  (Wyss). 

Properties. — Thick  nacreous  prisms,  v.  sol. 
water,  alcohol,  and  ether ;  is  not  deliquescent. 
Has  an  alkaline  reaction.  Not  attacked  by 
chromic  acid.  Not  affected  by  reducing  agents, 
by  Ac20,  by  AcCl,  or  by  BzCl. 

Reactions.— I.  KMn04  oxidises  it  to  formic 
acid  and  CO2.— 2.  EtBr  forms  C3H3EtN2HBr 
and  C3H3EtN2EtBr.— 3.  Benzyl  chloride  forms 
in  like  manner  C3H3(C7H7)N2C7H7C1  (Wyss).-4. 
The  hydrochloride  treated  with  AgN02  forms  a 
nitroso-derivative.— 5.  Hydrogen  peroxide 
forms  oxamida  (Radziszewsky,  B.  17,  1289). — 
6.  Bromine  added  to  an  aqueous  solution  of 
glyoxaline  forms  tri-bromo-glyoxaline 
C3HBr3N2,  which  crystallises  from  water  in 
needles.  "  It  is  v.  si.  sol.  cold  water,  v.  sol.  alco- 


hol, si.  sol.  ether.  It  dissolves  in  alkalis  and  is 
reppd.  by  acids,  behaving  as  an  acid.  Its  silver 
salt  C3AgBr3N2  is  converted  by  Mel  into 
C3MeBr3N2,  which  may  be  reduced  by  sodium- 
amalgam  to  methyl-glyoxaline. 

Salts.  —  B"2H2PtCl6 :  orange-red  prisms 
(from  hot  water)  (Debus).  —  B"2H2PtCl6  zaq 
(Wallach).— B"2H2ZnCl, :  very  soluble  crystals.— 
B"H2C2O4 :  prisms.  S.  2-06  at  19°.— C3AgH3N2: 
white  amorphous  pp. ;  insol.  cold  water. 

References.  —  METHYL-,  METHYL -ETHYL-, 
ETHYL-,  PROPYL-,  BUTYL-,  and  ISOAMYL-GLY- 
OXALINES. 

GLYOXALINES.    These  compounds  are  de- 

CH— 15 
rivatives  of  glyoxaline   || 

CH 

General  modes  of  formation. — They  are 
formed  by  the  condensation  of  compounds  con- 
taining the  dicarbonyl-group  — CO.CO —  (a-di- 
ketones  and  a-dialdehydes)  with  aldehydes  and 
ammonia  jointly,  the  reaction  taking  place  ac- 
cording to  Equation  II.  of  the  general  reactions 
of  this  class  (v.  vol.  i.  p.  465).  Thus  glyoxal, 
aldehyde,  and  ammonia  yield  methyl-gly- 
oxaline : — 

CHO 

+  CH3.CHO  +  2NH, 

CH— NHV 

- 1|  ^>C.CH3  +  3H2O 

CH N^ 

(Radziszewski,  B.  15,  2706  ;  Japp,  C.  J.  1883, 
197 ;  v.  also  under  Equation  II.,  vol.  i.  p.  465). 

The  aldehyde  necessary  for  the  reaction  is 
sometimes  furnished  by  the  preliminary  hydro- 
lysis of  a  portion  of  the  dicarbonyl-compound. 
Thus  the  reaction  discovered  by  Debus  (T.  148, 
209),  in  which  glyoxaline  itself  is  obtained  by 
treating  glyoxal  with  ammonia,  is  supposed  to 
occur  in  two  stages : 

(a)  CHO.CHO  +  H20  =  H.COOH  +  H.CHO 

Formic  aldehyde. 
CHO 

(6)    |        +H.CHO  +  2NH3 
CHO 

CH-NH, 

-    ||  >CH-r3H20 

CH— N^ 

(Radziszewski,  B.  15,  1495 ;  Japp,  B.  15,  2419). 
In  a  similar  manner  lophine  (triphenyl-gly- 
oxaline)  is  obtained  from  benzil  and  ammonia, 
benzoic  aldehyde  being  first  formed  (v.  vol.  i.  pp. 
467-8) ;  and  trimethyl-glyoxaline  from  diacetyl 
and  ammonia  (Von  Pechmann,  B.  21,  1417). 

Glyoxal  also  reacts  with  ammonia  without 
first  undergoing  hydrolysis,  yielding  glycosine 
(D.),  which  is  a  diglyoxalyline.  In  this  case 
3  mols.  of  glyoxal  take  part  in  the  reaction,  one 
of  these  exercising  the  function  of  the  aldehyde 
(here  a  dialdehyde)  and  the  other  two  that  of 
the  dicarbonyl-compound  in  the  aldehyde-di- 
ketone-ammonia  condensations : 

CHO 

2  |        +CHO.CHO  +  4NH, 
CHO 

CH— NHV          ,NH— CH 
=  ||  #G'C£  II    +6H20 

CH — W/      \N — CH 
Q-lycosine. 

TT2 
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(Japp  a.  Cleminshaw,  C.  J.  1887,  553 ;  cf.  also 
formation  of  tetraphenylgly  cosine,  vol.  i.  p.  465). 
Wallach  has  shown  that  chlorinated  gly- 
oxalines  are  formed  by  the  action  of  phosphorus 
pentachloride  on  s-dialkyloxamides  (A.  184,  33; 
214,  278 ;  B.  16,  546 ;  v.  also  Japp,  B.  15, 
2418 ;  C.  J".  1883,  197).  In  the  first  stage  an 
imido-chloride  is  formed :  thus  s-dimethylox- 

CC1:N.CH3 
amide  would  yield  |  .      (The  imido- 

CC1:N.CH3 

chloride  was  not  isolated  in  this  particular 
case,  but  the  corresponding  diethyl-compound 
was  obtained.)  The  imido-chloride  parts,  either 
spontaneously  or  on  gently  heating,  with  the 
elements  of  hydrochloric  acid,  yielding  a  chlori- 
nated glyoxaline.  Thus  with  dimethyloximido- 
chloride : 


CC1:N.CH3  CC1— N(C 

-HOI -a 

l:N.CH3  CH 


CCli 


•  Chloroxalmethyline 
(Methylchlorglyoxaline). 

The  mechanism  of  this  reaction  is  not  under- 
stood (Wallach,  B.  16,  546).  By  heating  with 
hydriodic  acid  and  amorphous  phosphorus,  the 
compound  is  reduced  to  the  corresponding 
•  oxalmethyline  '  (tertiary  methylglyoxaline). 
The  name  '  oxalines  '  was  given  to  this  class  of 
compounds  to  denote  their  connection  with 
oxalic  acid,  before  it  was  recognised  that  they 
were  derivatives  of  glyoxaline.  The  general 
formula  of  the  '  oxalines  '  derived  from  s-di- 
alkyloxamides of  the  formula 
CONH(CnH2ntl) 

NH(CnH2n+1) 
CH-N(CnH2n+1 


CO 


thus  *  oxalethyline '  from  s-diethyloxamide  is 
CH-N(C2H5)> 


CH 

Another  class  of  glyoxalines  are  the  anhydro- 
bases  derived  from  orthodiamines :  thus  anhy- 
dracetdiamidobenzene  (ethenylphenylenedia- 
mine) 

CH 

CH^\C— NHX 

j— N)C-CH- 


is  obtained  by  reducing  o-nitracetanilide  with 
tin  and  hydrochloric  acid  : 

,NH.CO.CH3 


=    6 

(Hiibner,  A.  209,  353).  The  same  compounds 
may  be  prepared  from  the  orthodiamines  by 
heating  them  with  carboxylic  acids :  thus  o-di- 
amidobenzene  and  acetic  acid  yield  the  fore- 
going anhydracetdiamidobenzene  (Ladenburg, 
B.  8,  677). 

Ladenburg  (B.  11,  590)  obtained  by  the  con- 
densation of  aldehydes  with  orthodiamines  a 
class  of  stable  bases  to  which  he  gave  the 


name  of  '  aldehydines.'  Hinsberg  (B.  19,  2025) 
has  shown  that  these  compounds  are  tertiary 
anhydrobases.  Thus  (1,  3,  4)-tolylenediamine 
and  benzaldehyde  form  benzyl-anhydrobenzdi- 
amidotoluene  : 

C7H/      2  +  2C6H5.CHO 
\NH 


The  aldehydines,  therefore,  also  belong  to  the 
class  of  the  glyoxalines. 

General  properties  and  reactions.  —  Glyoxaline 
and  most  of  its  true  homologues  are  solid  com- 
pounds ;  but  the  derivatives  in  which  the  alkyl- 
group  is  attached  to  nitrogen  are  generally  liquid. 
The  glyoxalines  are  monacid  bases,  and  behave 
towards  alkyl  iodides  like  secondary  bases  ;  thus 
glyoxaline  yields  with  methyl  iodide  the  com- 
pound C3H3(CH3)N2,CH3I,  which  by  treatment 
with  moist  silver  oxide  is  converted  into  an  am- 
monium hydroxide;  this  by  distillation  yields 

CH—  N(CH3k 

the  tertiary  methylglyoxaline  | 
C 

The  conversion  of  the  secondary  glyoxalines  into 
tertiary  compounds  by  the  introduction  of  an 
alkyl-group  lowers  the  boiling-point:  thus  gly- 
oxaline boils  at  255°,  tertiary  methyl-glyoxaline 
at  197°-199°.  When  the  tertiary  alkyl-glyoxal- 
ines  are  distilled  through  a  red-hot  tube,  the 
alkyl  leaves  the  nitrogen  and  attaches  itself  to 
the  '  meso  '  carbon  atom  :  i.e.  the  carbon  atom 
which  is  situated  between  the  two  nitrogen  atoms. 
In  this  way  the  foregoing  tertiary  methylgly- 
oxaline may  be  converted  into  meso-methyl- 


glyoxaline 


-V 
||  ^>C. 

CH  -  N^ 


CH3,  identical  with  the 


compound  (v.  supra]  pb'tained  from  glyoxal,  al- 
dehyde, and  ammonia  (Wallach,  B.  16,  542; 
Eadziszewski,  B.  15,  2706).  By  oxidation  with 
hydrogen  peroxide,  glyoxaline  and  its  meso- 
homologues  yield  oxamide;  whilst  the  tertiary 
alkyl-glyoxalines  and  their  meso-homologues 
yield  monalkyl  oxamides  :  thus  oxalethyline 
CH-N(C2H5)V 

||  ^C.CH3  gives  ethyloxamide  (Kad- 

CH  -  W' 
ziszewski,  B.  17,  1290). 

It  has  not  been  found  possible  to  replace  the 
imidic  hydrogen  in  glyoxal  and  its  homologues 
by  acid  radicles,  and  from  this  Eadziszewski  (B. 
15,  1494  and  2706  ;  16,  492)  has  argued  that 
glyoxaline  contains  two  tertiary  nitrogen  atoms, 

CH:Nv 
formulating  it  thus  :    |          >CH2  ;    but  the  re- 

CH:N/ 

suits  of  alkylation  and  of  the  oxidation  of  the 
alkyl-  derivatives  prove  conclusively  that  imidic 
hydrogen  is  present,  and  far  outweigh  this 
merely  negative  evidence  (Japp,  B.  15,  2419  ;  16, 
284  ;  Wallach,  B.  16,  538).  Besides,  glyoxaline 
gives  off  ammonia  when  heated  with  aniline 
hydrochloride,  and  sulphuretted  hydrogen  when 
its  aqueous  solution  is  heated  with  carbon  di- 
sulphide  —  reactions  which  a  tertiary  base  would 
hardly  exhibit  (Wallach,  B.  16,  539). 

Classification.  —  The  glyoxalines  are  amidines 
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in  which  two  hydrogen  atoms  —  one  in  the  amido- 
and  one  in  the  imido-group  —  have  been  replaced 
by  the  dyad  group  —  CB'—  CR'  —  so  as  to  con- 

vert the  complex  R/-C^g2  into 

/NH-C.B' 

R'-C^         II      .   forming  a  closed-chain  com- 
^N-C.B' 

pound.     Thus  glyoxaline  itself  is  formamidme 

GH^Jjj*into  which  the  group  —  CH=CH— 

has  been  introduced.  The  amidines,  like  the 
glyoxalines,  are  monacid  bases. 

Glyoxaline  is  one  of  the  two  possible  com- 
pounds which  may  be  derived  from  pyrrhole  as 
pyridine  is  derived  from  benzene  —  by  replacing 
a  CH-  group  by  triadic  nitrogen  : 

CH—  CH        CH—  CH        CH—  N 


CH 


CH 

NH 

Pyrrhole. 


CH    N 

NH 
Pyrazole. 


II         II 
CH    CH 

NH 


Glyoxaline. 
F.  B.  J. 

GLYOXAL  (ENANTHYLINE  v.  HEXYL  GLY- 
OXALINE. 

GLYOXALIC  ACID  v.  GLYOXYLIC  ACID. 

GLYOXAL-PROPYLINE  v.  ETHYL-GLYOXAL- 
m. 

GLYOXIM  v.  Di-oxim  of  GLYOXAL. 

GLYOXYLIC  ACID  C2H302  i.e.  H.CO.C02H. 
Qlyoxalic  acid. 

Occurrence.  —  In  the  leaves  and  unripe  fruits 
of  many  plants  (Brunner,  B.  19,  595). 

Formation.  —  1.  By  the  action  of  nitric  acid 
upon  alcohol,  glycol,  glyoxal,  or  glycerin  (Debus, 
P.  M.  [4]  12,  361  ;  A.  100,  1  ;  102,  28;  110,316; 
Heintz,  A.  152,  325).—  2.  By  boiling  silver  di- 
bromo-acetate  with  water  (Perkin,  C.  J.  21,  197  ; 
32,  90).—  3.  By  heating  di-chloro-acetic  ether 
with  water  (Fischer  a.  Geuther,  J.  Z.  1,  47).— 
4.  By  boiling  silver  di-chloro-acetate  with  water 
(Beckurts  a.  Otto,  B.  14,  581).—  5.  By  heating 
silver  bromo-glycollate  with  ether  in  sealed  tubes 
there  is  formed  an  amorphous  substance  (?  gly- 
oxylic  anhydride)  which  is  converted  by  boiling 
water  into  glyoxylic  acid  (Perkin  a.  Duppa,  C.  J. 
21,  197).—  6.  By  heating  dry  silver  di-chloro- 
acetate  at  80°  there  is  formed  an  oil  C4H2C1204 
which  is  split  up  by  water  into  glyoxylic  and  di- 
chloro-acetic  acids  (Beckurts  a.  Otto,  .B.  14,  586). 

Preparation.  —  1.  Di-bromo-acetic  acid  (Ipt.) 
is  heated  with  water  (lOpts.)  for  24  hours  at 
135°  (Grimaux,  Bl.  [2]  26,  483).—  2.  220  g.  of  j 
alcohol  of  80  p.c.  are  poured  into  a  tall  narrow  ' 
flask  capable  of  holding  about  l^lb.  of  water  ; 
100  g.  of  water  are  introduced  below  the  alcohol 
by  means  of  a  funnel  having  its  neck  finely 
drawn  out  ;  and  below  this  are  poured  200  g. 
of  red  fuming  nitric  acid,  so  that  the  three  liquids 
may  remain  one  above  the  other  and  mix  as 
little  as  possible  at  first.  The  whole  is  left  for 
six  or  eight  days,  at  a  temperature  of  20°-22°C., 
till  the  liquids  have  become  completely  mixed, 
and  the  resulting  nitrite  of  ethyl  has  volatilised. 
The  residual  liquid—  containing  nitric,  acetic 
and  formic  acids,  compound  ethers,  glyoxal  and 
other  aldehydes,  glycollic  acid  and  glyoxylic  acid 
—  is  evaporated  to  a  syrup  over  the  water-bath 
in  portions  of  20  to  30  g.  each  ;  the  residues,  con- 
taining oxalic,  glycollic,  and  glyoxylic  acids, 


together  with  the  less  volatile  aldehydes,  are 
dissolved  in  small  quantities  of  water  ;  the 
united  solutions  are  neutralised  with  chalk  ;  the 
neutral  liquid  is  mixed  with  an  equal  volume  of 
alcohol ;  and  the  resulting  pp.  of  calcium-salts 
pressed  and  repeatedly  boiled  with  water.  The 
aqueous  extract  yields  crystals  of  glyoxylate  of 
calcium,  and  a  further  quantity  of  this  salt  may 
be  obtained  by  concentrating  the  mother-liquor. 
The  subsequent  mother-liquors  yield  a  double 
salt  of  glycollate  and  glyoxylate  of  calcium,  and 
the  last  contain  glycollate  of  calcium  (Debus). 
7,500  c.c.  alcohol  yield  308  g.  glyoxylic  acid  (Bot- 
tinger,  A.  198,  207). 

Properties. — Thick  syrup  (S.G.  1-3),  which 
crystallises  over  H2S04  in  trimetric  prisms  con- 
taining aq,  and  which  may  therefore  be  looked 
upon  as  orthoglyoxylic  acid  CH(OH)2.C02H.  V. 
sol.  water.  When  strongly  heated  it  gives  off 
acid  vapours,  leaving  a  carbonaceous  residue. 
Volatile  with  steam.  Its  calcium  salt  reduces 
boiling  ammoniacal  silver  nitrate  forming  a 
mirror.  Glyoxylic  acid  forms  compounds  with 
NaHS03,  with  H,S,  and  with  NH3.  An  aqueous 
solution  of  calcium  glyoxylate  is  ppd.  by  excess 
of  lime-water,  and  the  pp.  Ca3(C4H508)2  is  con- 
verted by  boiling  water  into  a  mixture  of  glycol- 
late and  oxalate.  When  a  solution  of  calcium 
glyoxylate  is  mixed  with  aniline  oxalate,  and  the 
liquid  is  filtered  from  calcium  oxalate,  a  colour- 
less solution  is  obtained,  which,  when  boiled  or 
even  when  left  to  itself  for  a  few  hours,  deposits 
a  bright  orange-coloured  precipitate  (Perkin  a. 
Duppa).  Aniline  (75  g.)  acts  upon  syrupy  gly- 
oxylic acid  (42  g.)  forming  PhN:CH.C02H,  and 
its  aniline  salt  PhN:CH.C02NPhH3 ;  the  aniline 
salt  is  converted  by  long  boiling  with  water  into 
a  red  powder  C,6H12N203  (Bottinger,  A.  198, 222). 
The  barium  salt  (PhN:CH.C02)2Ba  is  v.  e.  sol. 
water,  insol.  alcohol.  Phenyl-hydrazine  solution 
gives  a  pp.  in  an  aqueous  solution  of  glyoxylic 
acid. 

Reactions. — 1.  Zinc  is  dissolved  by  glyoxylic 
acid,  the  acid  being  reduced  to  glycollic  acid. — 
2.  Nitric  acid  oxidises  it  to  oxalic  acid. — 3.  PBr5 
forms  di-bromo-acetyl  bromide  (Perkin  a.  Duppa, 
C.  J.  21,  197).— 4.  PC15  acting  on  the  potassium 
salt  KA'aq  forms  di-chloro-acetyl  chloride,  KC1, 
di-chloro-acetic  acid,  and  free  glyoxylic  acid 
CHO.C02H  (Beckurts  a.  Otto,  B.  14,  1619).— 
5.  Boiling  aqueous  KOH  forms  glycollic  and 
oxalic  acids  (Bottinger,  B.  13,  1932).— 6.  By 
treatment  with  potassium  cyanide  and  boiling 
the  product  with  baryta  there  is  formed  tartronic 
acid  C02H.CH(OH).C02H.  —  7.  Tolylene-o-di- 
amine  on  boiling  with  calcium  glyoxylate  forms  a 

crystalline  acid  C7H6^H^>C.C02Haq?  sl.sol. 

water,  v.  sol.  alcohol,  and  decomposing  at  160° 
(Hinsberg,  A.  237,  358). 

Salts. — With  the  exception  of  the  ammo- 
nium and  potassium  salts,  these  might  equally 
well  be  described  as  salts  of  ortho-glyoxylic  acid. 
— NH4A' :  small  prisms,  v.  sol.  water  (Perkin ;  cf. 
Engel,  C.  B.  98,  628).  Its  concentrated  solution 
turns  yellow  when  boiled.  Gives  pps.  with  AgN03, 
with  Pb(OAc)2,  and  with  CuS04.— KA':  ppd.  as  an 
oil  by  adding  alcohol  to  its  aqueous  solution  ;  so- 
lidifies after  a  time.  Insol.  alcohol. — BaA'2  4aq  : 
small  white  crystals ;  partly  resolved  by  boiling 
water  into  glycollate  and  oxalate.— CaA'2  2aq  : 
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thin  needles  or  hard  prisms.  S.  -57  at  8°.  It 
does  not  give  off  water  at  170°,  but  at  180°  it 
gives  off  water  and  C02,  leaving  glycollate  and 
carbonate.— Ca3(C4H508)2.—CaA'2  4aq  :  gelati- 
nous pp.  got  by  adding  alcohol  to  the  aqueous 
solution.  — (CaA'2)3(NH3)42aq.  —  (CaA'2)3(NH3)4: 
formed  by  adding  ammonia  to  an  aqueous  solu- 
tion of  calcium  glyoxylate  at  50°.— Pb(OH)A'.— 
Zn(OH)A'aq  :  white  crystalline  pp.  got  by  adding 
a  cone,  solution  of  calcium  glyoxylate  to  zinc 
acetate. — AgA'  aq :  white  crystalline  powder ;  si. 
sol.  cold  water.— (AgA')4(NH3)3  (Debus). 

Combinations     with      bisulphites. — 
NaA'NaHS03:  formed  by  adding  a  cone,  solu- 
tion of  NaHS03  to  one  of  glyoxylic  acid.     Crys- 
tals,   v.    sol.    water.— (CaA'2)2Ca(S03H)2  lOaq : 
formed  by  passing  S02  into  water,  in  which  cal- 
cium glyoxylate  is  suspended. — Calcium  gly- 
oxylate and  glycollate 
(Ca(C2H03)2)2Ca(C2H303)24aq.— Calcium  gly- 
oxylate and  lactate 
Ca(C2H03)2Ca(C3H503)2aq. 

Phenyl-hydrazide  CeH5NH.N:CH.CO,H. 
Formed  as  a  pp.  of  fine  yellow  needles  by  adding 
a  solution  of  phenyl-hydrazine  hydrochloride  to 
an  aqueous  solution  of  glyoxylic  acid  (Fischer,  B. 
17,577).  YeUow  needles.  Decomposes  at  137°. 
Sol.  alcohol  and  hot  water. 

Phenyl  ethyl  hydrazide 
C6H5NEt,N:CH.C02H.    Ppd.  by  adding  phenyl- 
ethyl-hydrazine  hydrochloride  to  a  dilute  solution 
of  calcium  glyoxylate  acidified  by  HC1  (Elbers, 

A.  227,  340).    White  needles,  m.  sol.  hot  water, 
v.  sol.  alcohol  and  acetic  acid. 

Orthoglyoxylic  acid  CH(OH)2.C02H.  This 
is  perhaps  the  true  formula  of  glyoxylic  acid. 

Di-ethyl-derivative  CH(OEt)2.C02H. 

Formation. — 1.  From  tetra-chloro-ethylene 
and  NaOEt  at  100°-120°  (Geuther  a.  Fischer, 
J".  1864,  316). — 2.  By  boiling  di-chloro-acetic 
acid  (18  pts.)  with  alcohol  (90  pts.),  in  which 
sodium  (10  pts.)  has  been  dissolved  (Schreiber, 
Z.  1870, 167). 

Properties. — Unstable  oil ;  split  up  by  boiling 
with  HC1  into  alcohol  and  glyoxylic  acid. — 
Ba(C6Hn04)2 :  deliquescent  amorphous  mass. — 
AgCfiHn04:  m.  sol.  water. 

Ethyl  ether  of  the  di-ethyl  deriva- 
tive CH(OEt)2.CO.,Et.  (199°  cor.).  S.G.  ^ 
•994.  Formed  from  CH(OEt)2.C02Na  and  EtI  at 
120°  (Schreiber,  Z.  1870,  167).  Formed  also  by 
heating  glyoxylic  acid  with  alcohol  at  120°  (Per- 
kin,  B.  8,  188).  Obtained  by  passing  HC1  into 
a  solution  of  HCy  in  dry  alcohol  (Pinner  a.  Klein, 

B.  11,  1475). 

Isobutyl  ether  of  the  di-isobutyl 
derivative  CH(OC4H?)2C02.C4H9.  (251°). 
Formed  by  passing  HC1  into  a  solution  of  dry 
HCy  in  isobutyl  alcohol  (P.  a.  K).  Oil.  After 
saponification  it  gives  the  salt  CH(OC4H9)2.C02Ag, 
which  crystallises  in  small  needles,  si.  sol.  cold 
water. 

Amide  of  the  di-ethyl  derivative 
CH(OEt)2.CONH2.  [77°].  (Schreiber,  Z.  1870, 
168) ;  [82°]  (Pinner  a.  Klein,  B.  11,  1477).  From 
CH(OEt)2.C02Et  and  cold  alcoholic  NH3.  Tables 
or  needles  (by  sublimation).  V.  sol.  water  and 
alcohol). 

Amide  of  the  di-isobutyl  derivative 
CH(OC4H.,)2.CONH2.  [c.  44°].  Crystalline  (P. 
a.  K.). 


Reference. — CHLOKO-GLYOXYLIC  ETHEB. 

GLYOXYLYL  CYANIDE  xCHO.CO.CN. 

Phenyl-hydrazide  CHO.C(N2HPh).CN. 
[161°].  Formed  by  the  action  of  a  concentrated 
solution  of  hydrochloric  acid  upon  the  di-oxim 
of  the  phenyl-hydrazide  of  mesoxalic  aldehyde 
CH(NOH).C(N2HPh).CH(NOH)  (Von  Pechmann 
a.  Wehsarg,  5.  21,  3000).  Sulphur-yellow  nee- 
dles, insol.  water,  sol.  other  solvents.  Decom- 
posed on  melting.  Cone.  H2S04  forms  a  yellow 
solution  not  affected  by  FeCl3.  Boiling  HIAq 
liberates  aniline.  When  its  dilute  alkaline  solu- 
tion is  poured  into  a  neutral  solution  of  diazo- 
benzene  chloride  there  is  formed  C9H6N30(N2Ph) 
[163°]  which  crystallises  from  alcohol  in  brown 
plates,  insol.  alkalis. 

Oxim  of  the  phenyl-hydrazide 
CH(NOH).C(N2HPh).CN.  [240°].  Formed  by 
treating  the  preceding  with  hydroxylamine  hy- 
drochloride in  alcoholic  solution.  Lemon-yellow 
difficultly  soluble  needles,  decomposed  by  fusion. 
Its  solution  in  H2SO4  is  not  effected  by  FeCl3. 

Di-phenyl  hydrazide 
CH(N2HPh).C(N2HPh).CN.  [161°].  Formed  by 
the  action  of  phenyl-hydrazine  on  a  hot  alco- 
holic solution  of  the  monophenylhydrazide 
CHO.C(N2HPh).CN  (Von  Pechmann  a.  Wehsarg, 
B.  21,  3000).  Orange-red  needles,  decomposed 
on  fusion ;  sol.  alcohol  and  HOAc,  si.  sol.  most 
other  solvents.  The  solution  in  H2S04  is  not 
affected  by  FeCl3.  FeCl3  or  K2Cr20-  acting  on  its 
solution  in  dilute  HOAc  forms  the '  osotetrazone ' 

»  which  crystallises  in  bronzed 

hair-like  needles,  melting,  with  decomposition, 
at  137°. 

The  corresponding  acid 

CH(N2HPh).C(N2HPh).C02H  [203°]  is  formed  by 
treating  di-bromo-pyruvic  acid  with  phenyl 
hydrazine  (Nastvogel,  A.  248,  85).  #-Tolyl 
hydrazine  and  (o)-naphthyl  hydrazine  form 
similar  acids,  melting  at  188°  and  196°  respec- 
tively. 

Phenyl -me  thy  I -hydrazide 
CHO.C(N2MePh).CN.  [114°].  Prepared  from 
CH(NOH).C(N2MePh).CH(NOH)  by  treating  its 
solution  in  acetone  with  cone.  HClAq.  Con- 
verted by  phenyl-hydrazine  in  acetic  acid  solu- 
tion into  CH(N2HPh).C(N2MePh).CN  [181°], 
which  forms  yellow  plates.  Aniline  produces 
the  compound  CH(NPh).C(N2MePh).CN,  which 
crystallises  from  alcohol  in  slender  yellow 
needles  [151°]. 

Oxim  of  the  phenyl-methyl-hydra- 
zide  CH(NOH).C(N2MePh).CN.  [178°].  Formed 
from  the  preceding  and  hydroxylamine.  Yellow 
needles.  Boiling  acetic  anhydride  forms 
CH(NOAc).C(N2MePh).CN,  which  crystallises 
from  alcohol  in  yellow  needles  [122°]. 

GLYOXYLYL  UREA  C3H4N,0,  i.e. 
NH2.CO.NH.CO.CHO.  The  potassium  salt  is 
formed  with  evolution  of  C02,  on  adding  acetic  acid 
to  a  solution  of  the  potassium  salt  of  oxonic  acid 
C4H5N304  (Medicus,  A.  175,  230 ;  B.  9,  1162 ; 
10,  544).  Thick  shining  needles,  si.  sol.  cold,  v. 
sol.  hot,  water. — KA' :  crystalline  powder.  — 
AgA' :  amorphous  powder. 

Isomeride  v.  ALLANTUKIC  ACID. 

GNOSCOPINE  C34H3fiN2On.  [233°].  S.  (cold 
alcohol)  -07.  An  alkaloid  obtained  from  the 
mother-liquors  in  the  purification  of  narceme 
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(T.  a.  H.  Smith,  Ph.  [3]  9,  82).  Sol.  chloroform 
and  CS2,  si.  sol.  benzene.  Insol.  aqueous  or 
alcoholic  NaOH.  Dissolves  in  acids.  The  solu- 
tion in  cone.  H2S04  is  yellow,  turned  crimson  by 
a  trace  of  KN03.  A  solution  of  the  hydrochloride 
gives  a  buff-coloured  pp.  with  platinic  chloride. 

GOA  POWDER  v.  CHBYSAKOBIN,  p.  173. 

GOLD.  Au  (Aurum).  At.  w.  196-85  (Thorpe 
a.  Laurie,  C.  J.  51,  565,  866).  At.  w.  196-64 
(Kriiss,  B.  20,  205,  2365).  Mol.  w.  unknown. 
[1045°]  (Violle,  C.  R.  92,  866);  [1240°]  (Kiems- 
dyck,  C.  N.  20,  23  ;  for  other  determinations  v. 
Carnelley's  Melting  and  Boiling-point  Tables). 
S.G.  l£g  19-3  to  19-33  (G.  Bose,  P.  73,  1).  S.H. 
0°--100°  -0316  (Violle,  C.  R.  89,  702) ;  12°-98° 
•03244  (Eegnault,  A.  Ch.  [2]  73,  1).  C.E.  at  40° 
•00001443  (Fizeau,  C.  R.  68,  1125)  ;  0°  to  100° 
•0000147  (Matthiessen,  Pr.  15,  220).  T.C.  53-2 
(Ag  =  100)  (Wiedmanna.Franz.P.M".  [4]  7,  33). 
E.G.  at  0°  =  43-84  to  44-62  (Hg  at  0°  =  1) 
(Matthiessen  a.  Von  Bose,  T.  152,  1).  For 
description  of  emission-spectrum  v.  de  Bois- 
baudran's  Spectres  Lumineux. 

Gold  has  been  known  and  used  from  pre- 
historic times.  The  names  by  which  the  metal 
is  known  in  different  languages  generally  express 
the  property  of  brightness.  The  method  of  sepa- 
rating gold  by  amalgamating  it  with  mercury  is 
fully  described  by  Pliny. 

Occurrence. — Gold  is  found  native,  gene- 
rally more  or  loss  alloyed  with  Ag.  It  occurs  in 
the  crystalline,  the  compact  metamorphic,  the 
trachytic,  and  trap,  rocks,  and  in  alluvial  soils. 
The  greatest  quantity  is  obtained  from  alluvial 
deposits  formed  by  the  disintegration  of  ancient 
auriferous  strata.  Gold  is  most  abundant  in 
Europe  in  Hungary  and  Transylvania ;  but  it 
occurs  in  small  quantities  in  very  many  primi- 
tive mountains  or  in  the  sands  of  rivers  issuing 
from  such  mountains,  e.g.  in  the  southern  slopes 
of  the  Alps,  in  North  Wales,  in  the  Scottish 
Highlands,  and  in  the  Ural  mountains.  It  is 
also  found  in  fair  quantities  in  Brazil  and  Chili, 
and  other  parts  of  S.  America ;  abundantly  in 
California,  and  parts  of  Australia,  and  in  British 
Columbia.  The  purest  specimens  of  native  gold 
contain  about  99  p.c.  Au.  The  Californian  gold 
averages  from  87*5  to  88-5  p.c.,  and  the  Austra- 
lian from  96  to  96-6  p.c.  Au. 

Extraction  of  Gold.  — (I)  By  washing 
away  the  earthy  particles  with  water. 
This  is  effected  on  a  large  scale  in  California  by 
means  of  a  head  of  water  rushing  through  a 
pipe  with  a  narrow  nozzle.  Sometimes  the  sands 
of  an  auriferous  stream  are  washed  in  a  wooden 
cradle,  which  is  rocked  by  hand.  (2)  By 
amalgamation.  The  richer  gold-containing 
rocks  are  crushed  and  mixed  with  mercury, 
whereby  an  amalgam  of  Au  and  Hg  is  formed ; 
this  amalgam  is  separated  from  the  earthy 
matter  and  heated  in  specially  constructed  iron 
retorts;  the  gold  remains  and  the  Hg  is  re- 
covered. Poorer  ores  are  washed  before  amal- 
gamation. (3)  By  smelting.  Ores  which  con- 
tain small  quantities  of  Au  mixed  with  Cu  and 
Pb,  and  sulphides,  are  sometimes  roasted,  and 
then  mixed  with  quartz  and  smelted ;  the  mass 
is  powdered  and  treated  with  dilute  H2S04Aq ; 
the  residue  is  mixed  with  fresh  quantities  of  ore 
and  the  treatment  is  repeated;  when  a  fair 


quantity  of  Au  has  accumulated  in  the  residue 
it  is  boiled  with  cone.  H2S04  to  dissolve  Ag,  Cu, 
&c.,  and  the  insoluble  matter  is  subjected  to  a 
process  of  parting.  (4)  By  wet  processes. 
The  principal  process  is  that  based  on  convert- 
ing Au  into  soluble  AuCl3  by  treatment  with  Cl. 
The  ore  is  thoroughly  roasted  to  remove  S,  As, 
and  Sb ;  the  moistened  residue  is  then  treated 
with  Cl  which  must  be  free  from  HC1 ;  on  ad- 
dition of  warm  water,  the  AuCls  dissolves  ;  the 
Au  is  ppd.  generally  by  ferrous  sulphate.  In 
whatever  way  the  Au  has  been  separated  it  is 
usually  still  alloyed  with  Ag ;  this  is  separated 
by  parting.  Sufficient  Ag  is  added  to  ensure 
the  presence  of  5  parts  Ag  to  2  parts  Au  ;  the 
alloy  is  granulated  and  treated  with  pure  nitric 
acid  in  which  the  Ag  dissolves,  while  the  Au 
remains  insoluble.  Or  the  alloy,  which  should 
contain  from  19  to  25  p.c.  Au,  is  treated  with 
hot  cone.  H2S04 ;  Ag  dissolves  and  Au  is  in- 
soluble. The  treatment  with  HNOS  or  H2S04  is 
repeated ;  the  Au  is  washed  and  melted  with 
borax  and  nitre.  For  details  of  these  and  other 
processes  of  gold  extraction  v.  DICTIONARY  OP 
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Preparation. — Au  may  be  obtained  from  any 
alloy  with  Ag  in  which  it  is  present  by  treating 
with  a  mixture  of  2  measures  of  cone.  HClAq 
and  1  of  cone.  HN03,  filtering,  evaporating  at 
100°  until  acid  vapours  are  no  longer  evolved, 
dissolving  the  residue  in  warm  water  acidulated 
with  HC1,  filtering,  and  ppg.  Au  by  addition  of 
FeS04Aq.  Or  an  alloy  of  Ag  and  Au,  or  of  Ag, 
Cu,  and  Au,  containing  not  more  than  20  p.c. 
Au,  may  be  granulated,  heated  with  2|  times  its 
weight  of  H2S04Aq  S.G.  1-815  in  a  Pt  vessel  as 
long  as  S02  is  evolved,  boiled  with  a  little  more 
H2S04Aq  S.G.  1-65,  and  allowed  to  settle ;  the 
liquid  is  then  poured  off  and  the  treatment  with 
H2S04  S.G.  1-815  is  repeated  once  or  twice; 
finally  the  residual  Au  is  washed  and  dried. 
Kriiss  (A.  238,  30)  prepared  pure  Au,  for  his 
determination  of  the  atomic  weight,  by  dissolving 
the  purest  commercial  Au  in  aqua  regia,  evapo- 
rating to  dryness  at  100°  with  HC1,  dissolving  in 
water,  diluting  largely,  and  filtering ;  he  then 
ppd.  the  Au  (1)  by  S02,  followed  by  washing  with 
HClAq  and  water,  drying  at  180°,  digesting  with 
cone.  H2S04  in  a  Pt  dish,  washing  with  hot 
water,  drying,  fusing  (in  Pt)  with  KHS04  (to 
remove  Pd),  then  fusing  with  KN03  (to  remove 
Ir),  redissolving  in  aqua  regia,  and  reppg.  by 
S02.  By  method  (2)  the  Au  was  ppd.  from  the 
dilute  AuCl3  solution  by  oxalic  acid  ;  in  method 
(3)  the  pptant.  used  was  FeCl2.  In  each  case  the 
Au  was  washed,  dissolved  in  aqua  regia,  and 
reppd.  by  S02,  again  washed,  and  redissolved  in 
aqua  regia,  and  finally  ppd.  by  oxalic  acid. 
Thorpe  a.  Laurie  (C.  J.  51,  570)  prepared  pure 
Au,  from  old  assay  cornets,  by  dissolving  in  aqua 
regia,  evaporating  to  remove  excess  of  nitric 
acid,  diluting  with  much  water,  allowing  to  settle 
for  several  weeks,  pouring  off  from  traces  of 
AgCl,  ppg.  by  S02,  and  boiling  the  pp.  with  water 
till  every  trace  of  Cl  was  removed. 

Properties. — Au  is  the  only  metal  of  a  yellow 
colour;  in  thin  sheets  it  appears  greenish  by 
transmitted  light.  Au  ppd.  from  solution  by 
S02Aqor  FeS04Aq  appears  as  a  lustreless,  brown- 
yellow  to  reddish,  powder.  Au  crystallises  in 
regular  forms  chiefly  octahedra  and  dodecahedra. 
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Au  is  softer  than  Ag  but  harder  than  Sn.  When 
pure,  Au  is  the  most  malleable  of  all  metals, 
sheets  '0001  mm.  thick  have  been  obtained.  The 
ductility  of  Au  is  nearly  limitless ;  a  grain  of 
Au  has  been  drawn  into  a  wire  500  ft.  long.  Au 
is  not  oxidised  by  heating  in  air ;  it  is  volatilised 
and  perhaps  partially  oxidised  when  a  strong 
electric  current  is  passed  through  thin  leaves  or 
wires.  Insoluble  in  HN03,  cone.  HClAq,  or 
H2S04 ;  dissolved  by  aqua  regia.  Cl  and  Br 
combine  direct  with  Au  forming  AuCl3  and 
AuBr3  respectively ;  the  metal  also  combines 
directly  with  P  ;  and  it  forms  alloys  with  several 
metals  (v.  infra,  ALLOYS).  Compounds  of  Au 
are  generally  easily  decomposed  by  heat,  yielding 
Au.  Purple  of  Cassius  is  probably  a  mixture  of 
Sn02  with  Au  (v.  TIN,  OXIDES  OF). 

Gold  is  distinctly  and  decidedly  metallic  in  its 
physical  properties ;  but  in  many  of  its  chemical 
relations  it  belongs  to  the  non-metals.  The  com- 
position of  the  aurous  compounds  Au20,  Au.2S, 
AuCl,  &c.,  marks  the  resemblance  between  Au 
and  the  alkali  metals  ;  the  solubility  in  water  of 
Au.,8  and  Au20  emphasises  this  resemblance. 
The  marked  instability  of  the  salts  of  Au,  the 
acidic  character  of  the  hydroxide  Au03H3,  of  the 
sulphides  Au2S  and  AuS,  and  the  existence  of  the 
acids  HAuCl4  and  HAuBr4,  mark  the  analogy 
between  Au  and  the  non-metals.  In  the  classifi- 
cation based  on  the  periodic  law,  Au  is  placed 
both  in  Group  I.  which  contains  the  alkali  metals, 
and  in  Group  VIII.  which  contains  the  metals 
Fe  Ni  Co  and  also  the  Pt  metals.  Au  is  the  first 
member  of  series  11,  in  which  it  is  followed  by 
Hg,  Tl,  Pb,  and  Bi ;  these  four  elements  are 
decidedly  metallic,  but  both  Pb  and  Tl  form 
salts  in  which  they  play  the  part  of  negative 
elements.  (For  a  further  discussion  of  the 
-chemical  relations  of  Au  v.  COPPER  GROUP  OF 

ELEMENTS,  p.  250.) 

The  atomic  weight  of  Au  has  been  determined 
very  carefully  by  Thorpe  a.  Laurie,  from  (1)  the 
ratio  Au:KBr,  and  (2)  the  ratio  AurAgBr ;  the 
salt  used  was  KAuBr4  (C.  J.  51, 565,  866).  Kriiss 
(B.  20,  205,  2365)  has  also  determined  the  at.  w. 
from  analyses  of  KAuBr4,  and  also  of  AuCl3. 
(For  an  account  of  older  determinations  v.  paper 
of  Thorpe  a.  Laurie.) 

Allotropic  form  of  Gold. — According  to  Thorn- 
sen  (Th.  3,  398)  the  Au  ppd.  by  SO,Aq  from 
solutions  of  AuBr3  differs  from  that  ppd.  from 
AuCl3Aq ;  the  thermal  measurements  of  the  two 
reduction-processes  show,  according  to  Thomsen, 
that  Au  ppd.  from  AuBr3  possesses  energy  equal 
to  3,210  gram-units  of  heat,  per  197  grams  of 
gold,  more  than  the  Au  ppd.  from  AuCl3. 

Gold,  alloys  of.  Gold  alloys  with  most 
metals.  The  alloys  which  are  of  most  technical 
importance  are  those  with  copper  and  silver. 
Pure  Au  is  too  soft  for  making  jewellery,  watches, 
coins,  &c. ;  alloying  it  with  Cu  increases  the 
hardness,  and  produces  a  redder  colour  than  that 
of  pure  Au.  Alloying  with  Ag  gives  a  lighter 
colour.  Alloys  of  Au  with  Cu  and  Ag  are  more 
fusible  than  pure  Au.  The  standard  coinage  of 
the  United  Kingdom  is  11  Au  to  1  Cu.  Au 
forms  amalgams  with  Hg.  By  dissolving  1  pt. 
Au  in  about  1,000  pts.  Hg,  pressing  through 
chamois  leather,  and  treating  the  residue  with 
HNO3Aq,  a  solid  amalgam  approximating  to  the 
composition  Au8Hg  is  said  to  be  obtained 


(Henry,  P.  M.  (4)  9,  468).  An  amalgam, 
approximately  Au2Hg3,  is  found  native  in 
California.  Another  amalgam,  approximately 
Ag2Au8Hg,0,  is  found  in  New  Granada.  The  pasty 
amalgam  of  2  pts.  Au  with  1  pt.  Hg  is  sometimes 
used  for  gilding  articles  of  copper  and  bronze. 
The  surface  of  the  article  is  cleaned  thoroughly 
by  heating  and  immersing  in  dilute  H2S04Aq, 
it  is  then  amalgamated  by  rubbing  with 
Hg(N03)2Aq,  and  then  pressed  on  the  pasty 
amalgam  of  Au ;  the  Hg  is  then  driven  off  by 
heat,  and  the  surface  is  polished.  Copper  may 
also  be  gilded  by  immersion  in  boiling  AuCl3Aq 
to  which  an  alkaline  carbonate  has  been  added. 
The  process  of  gilding  generally  consists  in  de- 
positing Au  from  solution  of  the  cyanide  in 
KCNAq  by  an  electric  current,  the  object  to  be 
gilded  being  made  the  negative  pole,  while  the 
positive  consists  of  a  bar  of  gold  (v.  DICTIONARY 

OF  TECHNICAL  CHEMISTRY). 

Gold  bromides.  Aurous  bromide  AuBr,  and 
auric  bromide  AuBr3,  have  been  isolated,  and, 
according  to  Thomsen,  a  third  bromide  AuBr2 
also  exists  ;  as  none  of  the  bromides  has  been 
gasified,  the  above  formula  may  or  may  not  be 
molecular.  Thomsen  gives  the  following  ther- 
mal data  (Th.  3,  412)  [Au,  Br]  =  -80 ;  [Au,  Br3] 
=  8,850;  [Au,  Br3,  Aq]  =  5,090;  [AuBr3,  Aq] 
=  -3,760  ;  [AuBr'Aq,  3HClAq]  =  4,280.  AuBr3 
combines  with  HBr  to  form  HAuBr4  (v.  infra). 

AUROUS  BROMIDE  AuBr  (or  Au2Br2). 
HAuBr4.5H20  (v.  infra)  is  placed"  in  a  porcelain 
basin,  the  bottom,  but  not  the  sides,  of  which  is 
gently  heated;  the  salt  melts  and  then  evolves  H20 
and  HBr  ;  the  dish  is  then  kept  in  a  drying  oven 
at  115°  until  the  colour  is  yellowish-grey  (Thom- 
sen, Th.  3,  390).  AuBr  is  described  by  Thomsen 
as  a  greyish-yellow  body  with  a  talc-like  appear- 
ance, unchanged  in  air  and  insoluble  in  water ; 
decomposed  somewhat  above  115°  into  Br  and 
Au ;  reacts  with  HBrAq  to  form  HAuBr4  and 
Au. 

AURO-AURIC  BROMIDE  AuBr2  (or  AuBr.AuBr3). 
According  to  Thomsen  (Th.  3,  386),  this  com- 
pound is  produced  by  treating  Au  which  has  been 
reduced  by  S02Aq  and  dried  at  170°  with  excess 
of  Br,  removing  the  excess  of  Br  by  tilting 
the  vessel,  powdering  the  residue,  and  again 
treating  with  a  little  Br.  Thomsen  describes 
AuBr2  as  a  compact,  almost  black,  non-deli- 
quescent, mass  ;  at  c.  115°  it  is  decomposed  to 
AuBr  and  Br ;  it  dissolves  slowly  in  water  to 
i  form  AuBr  and  AuBr3 ;  it  is  decomposed  rapidly 
by  acids  and  also  by  anhydrous  ether  into  AuBr3, 
which  dissolves,  and  a  residue,  probably  AuBr, 
which  slowly  decomposes  to  AuBr3  and  Au. 
According  to  Kriiss  a.  Schmidt  (B.  20,  2634) 
AuBr2  does  not  exist. 

AURIC  BROMIDE  AuBr3.  Ppd.  Au  is  dissolved 
in  BrAq,  or  better  in  HBrAq  containing  HN03,  and 
the  solution  is  evaporated  at  a  low  temperature. 
Thomsen  (Th.  3,  387)  recommends  to  treat 
AuBr2  with  anhydrous  ether,  which  is  kept  cold 
by  the  passage  through  it  of  a  current  of  air,  and 
then  to  evaporate  the  cone,  solution  thus  ob- 
tained by  sucking  a  rapid  current  of  air  through 
it  (if  temperature  is  not  kept  low,  reduction  of 
AuBr3  takes  place),  to  allow  the  residue  to  stand 
over  lime  until  dry,  then  to  powder  and  dry  at 
70°.  AuBr3  is  a  dark-brown,  non-deliquescent, 
powder ;  soluble  in  water  and  ether ;  the  solu- 
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tions  when  cone,  are  nearly  black.  AuBr3Aq  is 
partially  reduced  by  boiling ;  S02Aq  forms  AuBr 
and  then  Au.  AuBrs  combines  with  HBr  to 
form  HAuBr4  (v.  infra). 

AURO-BROMHYDRIC  ACID  HAuBr4.5H20  (Auro- 
bromicacid.  Bromo-auricacid.  Hydrogenbromo- 
aurate).  Finely  divided  Au  is  treated  with  excess 
of  Br  ;  when  the  reaction  is  completed,  HBrAq 
S.G.  1-38  is  added  in  the  proportion  of  100  g.  to 
every  100  g.  Au  used,  and  then  enough  Br  is 
added  to  dissolve  completely  all  the  Au ;  the 
liquid  is  poured  into  a  porcelain  dish  which  is 
allowed  to  stand  in  a  cool  place.  Large,  dark, 
vermillion-red  crystals  soon  separate  ;  after  an 
hour  or  so  the  mother  liquor  is  poured  off,  and 
the  crystals  are  dried  at  a  temperature  not  ex- 
ceeding 20°.  The  crystals  melt  at  27°  ;  they  are 
unchanged  in  ordinary  air.  HAuBr4Aq  is  reduced 
to  Au  by  S(XAq  (Th.  3,  389).  Thomsen  (Th.  3, 
411)  gives  the  thermal  data  :  [AuBr3Aq,HBrAq] 
=  7,700  ;  [AuBr3,  HBrAq]  =  3,880  ; 
[AuBr3,  HBr,  5H-0]  =  35,280 ;  [Au,  Br3,  HBrAq] 
=  12,790  ;  [HAuBr'Aq,  4HClAq]  =  -  510  ; 
[3AuBr,  HBrAq]  =  3,650 ;  [AuBr4Aq,  2S02Aq] 
=  61,790  ;  [HAuBr4.  5H,O,  Aq]  =  -11,400. 

Aurobromate  of  potassium  KAuBr4. 
Potassium  bromo-aurate.  Monoclinic  crystals  ; 
a:6:c  =  -79688:1: -361  ;  0  =  85°  34'  2"  (Schott- 
lander,  A.  240,  346).  Prepared  by  dissolving  a 
mixture  of  finely- divided  Au  and  KBr,  in  the 
ratio  Au:KBr,  in  excess  of  Br  with  addition  of 
a  considerable  quantity  of  water,  evaporating, 
and  crystallising  from  water  (Thorpe  a.  Laurie, 
C.  J.  51,  571).  The  salt  is  decomposed  by  heat 
to  Au  and  KBr.  According  to  Kriiss  (B.  20,  2365) 
KAuBr4  cannot  be  obtained  perfectly  free  from 
traces  of  Au ;  but  this  is  denied  by  Thorpe  a. 
Laurie  (C.  /.  51,  866).  The  salt  in  solution  is 
very  easily  partially  reduced. 

Gold  chlorides.  Two  chlorides  AuCl  and 
AuCl3  certainly  exist ;  Thomsen  says  that  a  third 
chloride,  AuCL>,  is  also  produced  by  the  reaction 
between  Au  and  Cl ;  this  is  denied  by  Kriiss, 
but  re-asserted  by  Thomsen.  The  formulas 
AuCl,  AuCl2,  and  AuCl3  are  the  simplest  that 
can  be  given ;  but  as  the  compounds  have  not 
been  gasified  these  formulas  are  not  necessarily 
molecular. 

AUROUS  CHLORIDE  AuCl.  Best  prepared  ac- 
cording to  Thomsen  (Th.  3,  386)  by  heating 
AuGl,  to  185°.  Yellowish-white  powder ;  insol. 
water,  but  decomposed  by  water,  quickly  on 
heating,  to  AuCl3Aq  and  Au.  [Au,  Cl]  =  5,810; 
[3AuCl,  HClAq]  =  4,980  (Th.  3,  411). 

AURO-AURIC  CHLORIDE  AuCl2  (or  AuCl.AuCl3). 
Thomsen  (Th.  3,  383)  describes  this  compound 
as  a  hard,  dark  red,  very  hygroscopic,  solid  ;  de- 
composed by  water  to  AuCl  and  AuClsAq ;  de- 
composes at  c.  250°  giving  some  AuCl3;  pre- 
pared by  leading  dry  Cl  over  Au  ppd.  by  SO2Aq 
from  AuCljjAq,  the  reaction  being  started  by 
gentle  heating  and  then  allowed  to  proceed  until 
all  the  Au  is  changed  to  AuCl2  (Th.  3,  383  ;  v.  also 
Thomsen,  J.  pr.  [2]  37,  105).  Kriiss  a.  Schmidt 
(B.  20,  2634  ;  and  also  J.  pr.  [2]  38,  77)  assert 
that  the  products  of  the  action  of  Cl  on  Au  are 
a  mixture  of  Au  and  AuCl3,  and  that  no  AuCl2 
is  produced. 

Kriiss  (B.  20,  211)  says  that  when  finely- 
divided  Au  is  heated  in  dry  Cl  to  140°  auro- 
auric  chloride  is  produced ;  at  180°-190°  this 


is  decomposed  with  formation  of  AuCl  and  a 
little  AuCl3 ;  at  220°-230°  a  little  more  AuCls 
is  obtained  and  the  AuCl  decomposes  to  Au  and 
Cl,  and  that  the  Au  thus  produced  remains  un- 
changed in  the  Cl ;  on  cooling  these  reactions 
are  reversed.  But  in  a  subsequent  memoir  Kriiss 
a.  Schmidt  say  that  the  only  products  of  the 
reaction  of  Au  with  Cl  are  AuCl  and  AuCl3,  and 
finally  AuCl3  and  Au. 

AURIO  CHLORIDE  AuCl3.  Formed  by  dissolv- 
ing Au  in  aqua  regia,  evaporating,  and  crystal- 
lising, and  drying  on  a  porous  tile  over  cone. 
H2S04  for  several  days.  A  purer  product  is 
obtained  by  evaporating  the  solution  in  aqua 
regia  to  dryness,  heating  the  residue  to  185°  so 
long  as  Cl  is  evolved,  decomposing  the  AuCl 
thus  formed  by  a  very  little  hot  water,  allowing 
to  settle,  decanting  from  Au,  and  evaporating  to 
dryness  the  cone.  AuCl3Aq  thus  obtained  over  a 
flame  arranged  so  that  the  bottom  and  not  the 
sides  of  the  vessel  is  kept  hot ;  when  the  residue 
is  heated  to  150°  pure  AuCl3  is  obtained.  Thom- 
sen (Th.  3,  384)  recommends  to  treat  AuCl2 
instead  of  AuCl  with  water  in  the  manner  di- 
rected. If  cone.  AuCl3Aq  is  evaporated  to  the 
crystallising  point,  and  then  allowed  to  stand  in 
dry  air,  large  orange  crystals  of  the  hydrate 
AuCl:j.2H20  separate;  these  are  dehydrated  by 
standing  on  a  porous  tile  over  cone.  H2S04  for 
some  days  (Th.  3,  386).  AuCl3  is  also  formed 
by  heating  finely-divided  Au  in  Cl  (v.  supra). 
Lindet  (C.  B.  101,  1492)  recommends  to  heat 
Au  in  Cl  in  presence  of  AsCl3,  SiCl4,  SbCl5,  SnCl4, 
or  TiCl4 ;  AuCl3  is  formed  and  dissolves  in  the 
other  chloride,  but  separates  in  crystals  on  cool- 
ing. 

Auric  chloride  crystallises  in  large  red-brown 
leaflets ;  it  is  very  deliquescent,  and  dissolves 
in  water  with  production  of  heat.  AuCl3Aq  is 
easily  reduced ;  Au  is  ppd.  by  P,  many  metals, 
FeS04,  H2C204,  As203,  Sb203,  and  by  organic 
matter ;  reduction  also  occurs  by  the  action  of 
light  (v.  Foussereau,  C.  R.  103,  248) ;  AuCl3Aq 
is  not  reduced  by  pure  NaOH,  but  if  organic 
matter  is  present  reduction  occurs  (Kriiss,  A. 
237,  274).  AuCl3  dissolves  in  hot  AsCl3,  SiCl4, 
SbCl5,  SnCl4,  and  TiCl4,  but  separates  again  on 
cooling.  When  Au  is  heated  with  S2C12  the  com- 
pound AuCla.SCl4  is  formed ;  and  when  Au  is 
heated  with  SeCl4  dissolved  in  molten  AsCl3,  and 
Cl  is  passed  in,  the  compound  AuCl3.SeCl4  is 
produced  (Lindet,  C.  R.  101,  1492).  AuCl3  com- 
bines with  HC1  to  form  HAuCl4  (v.  infra).  HBr 
reacts  with  AuCl3  to  form  HAuCl4,  HAuBr4,  and 
HC1  (Th.  3,  410).  Thomsen  (Th.  3,  411)  gives 
the  thermal  data  :—[Au,Cl3]  =  22,820;  [AuCl3,Aq] 
=  4,450 ;  [Au, Cl3,  Aq]  =  27,270  ;  [AuCP.2H'0,Aq] 
=  - 1,690  ;  [AuCPAq,  4HBrAq]  =  15,210. 

AURO-CHLORHYDRIC  AciDHAuCl4.4H20.  (Auro- 
chloric  acid.  Chloro-auric  acid.  Hydrogen  chloro- 
aurate).  Long  yellow  needles,  formed  by  dis- 
solving Au  in  aqua  regia,  adding  a  large  excess 
of  HC1,  evaporating  to  a  syrup,  and  allowing 
to  crystallise.  Also  by  dissolving  AuCl3Aq 
in  HClAq  and  evaporating;  in  dry  air 
HAuCl4.3H20  is  formed  (Th.  3,  407).  HAuCl4 
is  also  formed,  along  with  HAuBr4  and  HC1, 
when  excess  of  HBrAq  is  added  to  AuCl3Aq 
(Th.  3,  410).  [AuCPAq,  HClAq]  =  4,530;  [Au, 
CP,  HClAq]  =  31,800 ;  [AuCP,  HC1,  4H'0] 
=  32,130;  [AuCPAq,  4HBrAq]  =  15,210; 
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[HAuCPAq,  4HBrAq]  =  13,800; 
[HAuCl4.4H20,Aq]  =  -5,830  ;  [HAuCl4.3H20,Aq] 
=  -3,550. 

Ammonium  auro-chlorate,  (NH4)AuCl4 
(Ammonium  chloro-aurate).  By  dissolving 
NH4C1  in  AuCl3Aq  strongly  acidified  with  HC1, 
and  evaporating,  monoclinic  yellow  tablets  are  ob- 
tained, having  the  composition  4NH4AuCl4.5H20  ; 
if  these  are  dissolved  in  water  and  re-crystallised 
rhombic  plates  are  formed  2NH4AuCl4.5H20. 
Both  salts  are  dehydrated  at  100°. 

Potassium  auro-chlorate  or  chloro- 
aurate,  KAuCl4.  Formed  similarly  to  the  NH4 
salt  ;  crystallises  in  yellow  needles,  2KAuCl4.H20  ; 
the  crystals  effloresce  in  the  air  ;  when  heated 
they  melt  with  evolution  of  Cl,  and  the  liquid 
solidifies  to  KAuCl2. 

Sodium  auro-chlorate  or  chloro- 
aurate,  NaAuCl4.2H20.  Formed  similarly  to  the 
NH4  salt. 

Aurochlorates  of  Ba,  Cd,  Ca,  Co,  Mg,  Mn,  Ni, 
Sr,  and  Zn  have  been  obtained  by  Von  Bonsdorff 
(P.  17,  261  ;  33,  64). 

Gold  cyanides;  and  double  cyanides,  also 
auricyanides,  v.  pp.  331-2. 

Gold,  fulminating,  v.  AURIC  OXIDE,  infra. 

Gold  hydroxides  v.  GOLD,  OXIDES  AND 
HYDROXIDES  or,  infra. 

Gold  iodides.  Two  are  known,  Aul  and 
AuI3. 

AUROUS  IODIDE  Aul.  A  citron-yellow  powder, 
insol.  cold,  si.  sol.  hot,  water.  Formed  by 
adding  HIAq  to  Au203,  1  being  set  free  in  the 
reaction;  or  by  adding  an  equivalent  quantity 
of  KI  in  solution,  little  by  little,  to  AuCl3Aq 
(AuCl3Aq  +  3KIAq  =  Aul  +  3KClAq  +  21).  Decom- 
posed at  120°  to  Au  and  I;  decomposed  by 
KOHAq  with  ppn.  of  Au.  [Au,I]=  -5,520  (Th. 
3,  412). 

AURIC  IODIDE  AuI3.  A  dark-green  pp.  formed 
by  adding  AuCl3Aq,  little  by  little,  to  KIAq. 
When  less  than  AuCl3  is  added  to  4KI 
a  dark-green  liquid  is  formed,  and  then  a 
pp.  which  dissolves  on  shaking  ;  on  then 
adding  a  little  more  AuCl3Aq  the  liquid  is 
decolourised  and  AuI3  is  ppd.  (probably 
(1)  4KIAq  +  AuCl3Aq  =  3KClAq  +  KAuI4Aq  and 

AuI3 
ges 

to  Aul.  It  combines  with  HI,  but  little  is  known 
of  the  properties  of  the  compound  ;  with  KI  it 
forms  KAuI4. 

Potassium  auro-iodate  or  iodo-aurate 
KAuI4.  Black,  lustrous,  four-sided  prisms  ; 
formed  by  dissolving  AuI3  in  KIAq,  or  by  mixing 
AuI3  and  KIAq  in  the  ratio  AuI3:4KI,  and  al- 
lowing the  liquid  to  crystallise.  Soluble,  with 
partial  decomposition,  in  water.  Decomposed 
by  heat  to  Au  and  KI  (cf.  Johnston,  P.  M.  [3J  9, 
266).  [AuCl3Aq,3KIAq]  =45,660  (Th.  3,  411). 

Gold,  oxides  and  hydroxides  of.  Three  oxides 
of  Au  have  been  isolated:  aurous  oxide  Au20, 
auro-auric  oxide  AuO,  and  auric  oxide  Au203. 
Aurylic  hydroxide  AuO.OH  (or  Au202(OH)2)  has 
been  obtained,  and  perhaps  one  or  two  other 
hydroxides  intermediate  between  AuO.OH  and 
Au03H3.  There  is  still  doubt  as  to  the  isolation 
of  auric  hydroxide  Au03H3.  Oxides  of  Au  con- 
taining more  0  than  Au2O3  have  been  described, 
but  according  to  Kriiss  none  of  these  exists  (v. 
Kriiss,  B.  19,  2541  ;  references  to  older  papers 
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(2)  3KAuI4Aq  +  AuCl3Aq  =  3KClAq  +  4AuI3).  A 
is  very  unstable  ;  exposed  to  the  air  it  chan 


are  given  by  Kriiss).  The  hydrate  Au20.2H20 
described  by  Easchig  (A.  235,  341)  does  not  exist 
according  to  Kriiss. 

AUROUS  OXIDE  Au20.  This  oxide  is  best  pre- 
pared by  adding  SO-jAq,  drop  by  drop,  to 
KAuBr4Aq  kept  at  0°  until  the  red  colour  just 
disappears,  pouring  off  the  liquid,  warming  the 
residual  AuBr  with  KOHAq,  washing  the  ppd. 
hydrated  Au20  with  boiling  water,  and  drying 
over  P205  (Kriiss,  B.  19,  2543).  Au2O  is  a 
greyish- violet  solid ;  when  freshly  ppd.  it  is  some- 
what soluble  in  cold  water,  but  is  ppd.  on  boil- 
ing ;  also  slightly  soluble  in  KOHAq ;  soluble  in 
HClAq  or  HBrAq  with  separation  of  Au  ;  un- 
acted on  by  other  acids ;  decomposed  at  c.  250° 
to  Au  and  0.  Solutions  of  Au20  in  water 
give  a  marked  absorption-spectrum  (Kriiss,  I.e.). 
Easchig  (A.  235,  341)  describes  bodies  produced 
by  reactions  between  aurous  oxide  and  ammonia, 
and  the  same  oxide  and  methylamine ;  when 
cone.  NH3Aq  is  added  to  Au20  suspended  in 
water,  a  black  explosive  compound,  NAu3.NH3, 
is  obtained,  and  when  this  is  boiled  with  water 
or  dilute  acids  triauramine,  NAus,  is  produced ; 
NH.Me  forms  NMeAu2. 

AURO-AURIC  OXIDE  AuO  (or  Au2O.Au203).  Ac- 
cording to  Kriiss  (B.  19,  2544)  this  oxide  is  best 
obtained  by  heating  Au03H3  (v.  infra]  to  160°. 
AuO  is  described  as  a  dark  olive-brown  powder; 
very  hygroscopic,  and  must  be  kept  over  P205 
(Kriiss;  v.  also  Schottlander,  A.  217,  312). 
Cone.  NH3Aq  acting  on  AuO  is  said  to  form 
the  very  explosive  body  sesquihydraurylamine 
NH3.N(AuOH)3  (Easchig,  A.  235,  341). 

AURIC  OXIDE  Au203.  AuCl3Aq  is  obtained  by 
decomposing  1  pt.  AuCl  with  50  pts.  water  and 
filtering;  the  liquid  is  heated  to  boiling  and 
magnesia  alba  (not  usta)  is  added  until  the  red 
colour  of  the  liquid  disappears ;  the  pp.  of 
Au03H3  is  filtered  off,  suspended  in  20  pts.  water, 
and  kept  in  contact  with  10  pts.  HN03Aq,  S.G. 
l-4,  for  12  hours  ;  the  residue  is  then  digested  at 
100°  for  6  hours,  with  reversed  condenser  at- 
tached, with  HN03Aq  and  water  as  before  ;  the 
residue  from  this  digestion  is  washed  with  hot 
water  until  every  trace  of  HN03  is  removed  ;  the 
Au03H3  is  then  dried  and  very  carefully  heated 
(?  to  under  100°  ;  the  directions  given  by  Kriiss 
are  not  clear).  Au203  gives  off  0  at  c.  110°  ;  at 
160°  AuO  remains ;  at  250°  Au  remains.  It  is 
easily  reduced  to  Au. 

When  moist  Au203  is  treated  with  excess  of 
NH3Aq,  or  when  excess  of  NH3Aq  is  added  to 
AuCl3Aq  and  the  pp.  is  suspended  in  boiling 
NH3Aq,  or  in  water  containing  a  little  KOH, 
and  then  allowed  to  dry,  a  yellowish-brown 
solid,  with  a  tinge  of  purple,  is  obtained,  which 
explodes  loudly  when  struck  by  a  hammer  or 
when  heated  to  a  little  above  100°  ;  the  products 
of  the  decomposition  are  Au,  NH3,  N,  and  H20. 
This  substance  is  generally  known  as  fulminating 
gold.  Dumas  (A.  Ch.  [2]  44,  167)  gave  to  it  the 
formula  (AuN.NH3)2.3H20  ;  this  is  confirmed  by 
Easchig  (A.  235,  341)  for  the  body  obtained  by 
the  action  of  NH3Aq  on  Au203,  but  E.  says  that 
the  product  of  the  action  of  NH3Aq  on  AuCl3Aq 
is  a  mixture  of  the  preceding  auric  diamine 
with  auric  imido- chloride,  NH.AuCl.  Dilute 
H,S04Aq  with  fulminating  gold  forms  a  very 
explosive  body,  (AuN2HJ4.H2S04  (E.). 

AURIC  HYDROXIDES.    According  to  Kriiss  (B. 
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19,  2546)  the  normal  hydroxide 
Au2O3.3H20(  =  Au03H3)  js  obtained  by  ppg. 
AuCl3Aq  by  magnesia  alba,  and  removing  the 
excess  of  magnesia  by  HN03Aq  (for  details  v. 
supra,  AURIC  OXIDE)  ;  Kriiss  does  not  say  at 
what  temperature  the  pp.  must  be  dried,  nor 
does  he  give  analyses.  When  this  pp.  is  kept 
for  some  weeks  over  P205  the  hydroxide 
Au203.H20(  =  Au202.02H2)  is  obtained  (Kriiss). 
Schottlander  (A.  217,  312)  failed  to  isolate 
Au03H3;  the  highest  percentage  of  water  he 
obtained  agreed  with  the  formula  2Au203.3H20, 
and  the  lowest  with  the  formula  Au203.H20. 
Schottlander  (I.e.)  by  decomposing  AuS04  (v. 
SULPHATES)  by  water  obtained  the  compound 
3AuO.H20(  =  Au302.02H2).  These  hydroxides, 
or  hydrated  oxides!  yield  Au  when  heated  to  c. 
250°  (cf.  also  Pelletier,  A.  Ch.  [3]  15,  5,  113 ; 
Fremy,  A.  Ch.  [3]  31,  478;  Thomsen,  Th. 
3,  391). 

Moist  auric  oxide  (?  Au03H3)  is  a  weak  base ; 
it  dissolves  in  cone.  H2S04  and  HN03Aq  but  the 
solutions  are  decomposed  by  water  with  ppn.  of 
hydrated  Au2O3.  Schottlander  (A.  217,  312) 
obtained  Au(N03)3.HN03.3H20  by  dissolving  the 
hydrated  oxide  in  HN03Aq,  S.GK  1-492,  at  20°, 
heating  to  100°,  separating  from  ppd.  Au,  and 
crystallising  by  surrounding  by  a  freezing  mix- 
ture ;  by  heating  this  acid  nitrate  to  above  73° 
he  obtained  the  normal  nitrate  Au(N03)3.£cH20. 
The  same  chemist  obtained  the  sulphates 
AuO.HS04  and  AuS04  from  the  nitrate.  Hy- 
drated auric  oxide  dissolves  in  alkalis,  and 
from  such  solutions  salts  have  been  obtained 
known  as  aurates,  e.g.  KAu02.3H20.  These 
salts  are  very  easily  reduced  to  Au  (v.  AURATES, 
vol.  i.  p.  363).  Thomsen  (Th.  3,  411)  gives  the 
following  thermal  data  :  [Au03H3,4HClAq] 
=  22,970;  [Au03Hs,4HBrAq]  =  36,780 ; 
[AuOsH3,3HClAq]  =  18,440  ;  [Au03H3,3HBrAq] 
=  29,080  ;  [Au2,03,H20]  =  - 13,190. 

Gold  phosphide  Au2P3.  A  grey  solid,  S.G. 
6-67,  formed  by  gently  heating  Au  in  P  vapour  ; 
decomposed  by  heat  (Schrotter,  W.  A.  B.  1849. 
301). 

Gold  purple.  A  name  given  to  purple  of 
Cassius,  which  is  probably  a  mixture  of  Sn02 
with  finely  divided  Au  (v.  TIN,  OXIDES  OF). 

Gold,  salts  of.  Few  compounds  have  been 
isolated  produced  by  replacing  H  of  acids  by 
Au ;  those  which  are  known  are  very  easily  re- 
duced, like  all  the  compounds  of  Au.  The 
normal  nitrate  and  sulphate  Au(N03)3,  and 
AuS04  have  been  isolated  (v.  supra] ;  also  some 
basic  nitrates  and  sulphates,  and  a  few  double 
salts,  e.g.  gold-ammonium,  sulphite  and  gold- 
ammonium  thiosulphate  (v.  NITRATES,  SULPHATES, 
Ac.). 

Gold  selenide.  The  pp.  obtained  by  adding 
H2Se  to  solutions  of  Au  is  probably  a  selenide 
(Berzelius,  P.  8,  178). 

Gold  selenocyanides  v.  p.  348. 

Gold  sulphides.  Two  sulphides,  Au2S  and 
AuS,  have  been  isolated ;  these  sulphides  form 
thio-  salts  by  reacting  with  alkaline  sulphides, 
but  the  salts  have  scarcely  been  examined. 
When  H2S  is  passed  into  AuCl3Aq,  kept  at  100°, 
Au  is  ppd. ;  if  local  cooling  takes  place  the  pp. 
contains  varying  proportions  of  combined  S, 
but  no  definite  compound  is  produced  (L.  Hoff- 
mann a.  Kriiss,  B.  20,  2369). 


AUROUS  SULPHIDE  Au2S.  Obtained  by  passing 
H2S  into  a  solution  of  KAuCy4  and  then  adding 
HClAq.  The  KAuCy4  was  prepared  by  decolour- 
ising AuCl3Aq  by  KCy,  concentrating  at  100°, 
adding  dilute  HClAq,  evaporating,  and  washing 
the  pp.  with  hot  water.  The  KAuCy4  was  dis- 
solved in  KCyAq ;  the  liquid  was  saturated  with 
H2S,  excess  of  HClAq  was  added,  and  the  whole 
was  heated  to  boiling.  The  grey  pp.  which 
formed  was  washed  with  HClAq,  then  with 
C2H60,  ether,  and  CS2,  in  succession,  and  finally 
with  ether  (L.  Hoffmann  a.  Kriiss,  B.  20,  2373). 
Au2S  is  a  brownish-black  powder ;  when  freshly 
ppd.  it  dissolves  in  water,  but  after  drying  it  is 
insoluble  in  water,  and  not  decomposed  by  boil- 
ing dilute  HClAq  or  H2S04Aq.  Dissolved  by 
BrAq,  forming  AuBr3  and  H2S04 ;  oxidised 
readily  by  aqua  regia,  &c.  It  is  not  acted  on  by 
KOHAq  even  at  100°;  slowly  dissolved  by 
alkaline  monosulphides,  easily  by  alkaline  poly- 
sulphides,  with  formation  of  thio-  salts  of  Au. 
Au2S  is  soluble  in  KCyAq,  and  is  reppd.  by 
HClAq.  It  is  completely  decomposed  by  heating 
to  240°  (H.  a.  K.). 

AURO-AURIC  SULPHIDE  AuS(  =  Au2S.Au2S3)  (L. 
Hoffmann  a.  Kriiss,  B.  20,  2704).  Obtained  by 

gassing  H2S  into  cold  AuCl3Aq  until  the 
quid  is  colourless,  washing  the  pp.  repeatedly, 
by  decantation,  with  water,  then  with  abso- 
lute alcohol,  dry  ether,  and  CS2,  successively, 
and  finally  with  ether,  and  drying  at  120°-130° 
(8AuCl3Aq  +  9H2S  +  4H20 

=  8AuS  +  24HClAq  +  H2S04Aq).  AuS  is  a  black 
powder ;  when  finely  divided  it  transmits  reddish 
light.  Heated  to  140°  S02  is  evolved,  and  at 
250°-270°  all  S  is  removed,  without  the  inter- 
mediate production  of  Au2S.  AuS  is  insoluble 
in  all  acids  except  aqua  regia ;  it  is  gradually 
oxidised  by  BrAq  to  AuBr3  and  H2S04 ;  it  is  dis- 
solved by  alkaline  sulphides;  acids  ppt.  AuS 
from  these  solutions.  Cone.  KOHAq  has  no 
action  when  cold,  but  on  heating  Au  is  ppd. 
and  K  aurate  and  thio-aurate  go  into  solution. 

H.  a.  K.  (I.e.)  have  repeated  the  experiments 
of  Berzelius,  Oberkampf,  Yorke,  and  others,  but 
have  failed  to  obtain  any  other  sulphides  of  gold 
except  Au2S  and  AuS.  (For  references  to  the 
older  memoirs,  v.  H.  a.  K.,  I.e.) 

Sodium  aurosulphide  NaAuS.4H20. 
Monoclinic  prisms;  very  easily  decomposed  in 
air ;  obtained  by  fusing  together  Au,  Na2S,  or 
Na2C03,  and  S,  lixiviating  with  water  in  an  at- 
mosphere of  N,  and  evaporating  in  the  same 
atmosphere  in  vacuo. 

Gold  sulphocyanides  v.  p.  350. 

Gold  telluride.  Probably  obtained  by  ppg. 
AuCl3Aq  by  H,Te  (Berzelius,  P.  8,  178). 

M.  M.  P.  M. 

GOSSYPOSE  is  identical  with  EAFFINOSE. 

GRAMININ  6C6HI005aq.  [209°].  S.G.  1-522. 
[o]D  =  -  38-89°.  S.  22-8  at  10°.  A  carbohydrate 
found  in  the  roots  of  Trisetum  alpestre  and  other 
plants  (Ekstrand  a.  Johanson,  B.  21,  597). 

GRANATINE.  An  alkaloid  in  the  bark  of 
the  root  of  the  pomegranate  (Durand,  J.  Ph. 
[4]  28,  168). 

GKANDIFLORINE.  Mol.  w.  236-4.  Obtained 
from  the  fruit  of  Solanum  grandiflorum  by  ex- 
tracting with  water  and  alcohol.  White  powder 
giving  the  usual  alkaloid  reactions.  Cone. 
H2S04  and  a  little  MnO2  give  a  yellow  colouration, 
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turning  green  and  then  violet  (Domingos  Freire, 
C.  R.  105,  1074). 

GRANULOSE  v.  STAKCH. 

GEAPKITE,  a  form  of  carbon;  v.  vol.  i. 
pp.  685-687. 

GRAPHITIC  ACID  C,,H405.  Formed  in  small 
quantity  in  the  electrolysis  of  mineral  acids  and 
salts  when  the  positive  pole  is  pure  graphite 
(Bartoli  a.  Papasogli,  G.  12,  114  ;  13,  37). 

Preparation. — Graphite,  purified  by  boiling 
with  acids  and  fusion  with  caustic  potash,  is 
intimately  mixed  with  KC103  (3  pts.) ;  the 
strongest  nitric  acid  is  added  in  sufficient  quan- 
tity to  render  the  mixture  fluid;  and  the  whole 
is  either  exposed  to  sunshine  or  heated  to  60° 
for  3  or  4  days.  When  no  more  yellow  vapours 
are  evolved,  the  mixture  is  shaken  into  a  large 
quantity  of  water,  and  the  undissolved  portion 
washed  by  decantation,  dried  at  100°,  and  treated 
with  KC103  and  HN03  as  before.  This  process 
is  repeated  three  or  four  times,  the  residue  being 
graphitic  acid  (Brodie,  A.  114,  6). 

Properties. — Thin  transparent  yellow  crys- 
tals ;  si.  sol.  pure  water,  insol.  water  containing 
acids  or  salts.  When  heated  it  explodes  with 
incandescence,  giving  off  gas  and  leaving  a  black 
residue.  When  suspended  in  petroleum  (boiling 
at  270°)  and  heated,  water  comes  over  between 
100°  and  200°,  CO2  being  also  evolved;  the 
petroleum  acquires  a  deep-red  colour,  and  a 
black  carbonaceous  residue  (C22H204?)  is  left. 
When  a  solution  of  ammonium  or  potassium 
sulphide  is  poured  upon  graphitic  acid  it  de- 
composes with  decrepitation,  forming  a  graphi- 
toidal  substance  with  metallic  lustre.  Acid 
solutions  of  cuprous  and  of  stannous  chloride 
behave  in  like  manner.  Gottschalk  (Z.  1865,  ! 
652)  represents  graphitic  acid  by  the  formula 
CltH4Or 

Salts. — When  graphitic  acid  is  shaken  with 
aqueous  ammonia  it  is  transformed  into  a  trans- 
parent jelly,  without  dissolving;  after  adding 
acids  and  drying  in  vacuo  the  residue  has  the 
same  weight  as  the  original  graphitic  acid. 
Moist  graphitic  acid  shaken  up  with  baryta- 
water,  washed,  and  dried  at  100°  yields  a  com- 
pound containing  21-1  p.c.  Ba  ;  after  being  sus- 
pended in  water  and  decomposed  by  a  stream  of 
C02,  the  salt,  dried  at  100°,  contains  13-3  p.c. 
Ba.  This  may  be  Ba(CHH305)2.  It  is  hygro- 
scopic and  detonates  when  heated. 

Nitro-graphitoic  acid  C22H,7NO,3.  An 
amorphous  brown  substance  got  by  treating 
graphite  from  iron  (Spiegeleisen)  with  HNO3 
(Schiitzenberger  a.  Bourgeois,  B.  8,  547).  Sol. 
water,  nitric  acid,  alkalis,  and  alcohol,  insol. 
solutions  of  salts. 

GRAPHON,  a  name  given  by  Brodie  to  a 
supposed  form  of  carbon  of  which  graphitic  acid 
was  a  compound  (v.  vol.  i.  p.  687). 

GRATIOLIN  C20H34O7.  A  glucoside  occurring 
in  Gratiola  officinalis  (Marchand,  J.  Chim.  Med. 
1845,  357;  Walz,  Jahrb.  pr.  Pharm.  21,  1). 
Amorphous  substance,  insol.  ether,  si.  sol.  water, 
v.  sol.  alcohol.  Cone.  H2S04  forms  a  purple 
solution,  the  colour  being  destroyed  by  water. 
Its  aqueous  solution  is  ppd.  by  tannin.  Boiling 
dilute  H2S04  splits  it  up  into  a  sugar,  gratio- 
letin  C17H28O5  a  crystallisable  substance  insol. 
water  and  ether,  and  gratioleretin  Cj7H2803  a 
resin,  insol.  water,  sol.  ether. 


Gratiosolin  C46H840,5.  Another  glucoside 
occurring  in  Gratiola  officinalis.  Easily  resolved 
by  acids,  alkalis,  and  even  PbO  into  glucose  and 
gratiosoletin  C40HS8017,  a  substance  soluble 
in  water  and  ppd.  by  tannin.  Gratiosoletin  is 
further  resolved  by  boiling  with  dilute  acids  into 
glucose  and  a  resinous  mixture  of  gratiosoleretin 
C34H52O9,  sol.  ether,  and  gratiosoleretin 
hydrate  C34H56On ,  insol.  ether.  It  need  hardly 
be  observed  that  all  these  formulas  are  extremely 
doubtful. 

GRAVITY,  SPECIFIC,  synonymous  with 
relative  density,  v.  p.  371. 

GREVILLEA  GUM.  Occurs  on  the  bark  of 
Grevillea  robusta.  Yellowish-red,  slightly  trans- 
lucent mass ;  swells  up  in  water,  forming  a  white 
emulsion,  whence  alcohol  ppts.  the  gum,  leaving 
6  p.c.  of  a  red  resin  in  solution.  If  soaked  in 
water  containing  a  little  KOH,  lime,  or  K2C03, 
the  resulting  solution  gelatinises  on  addition  of 
FeCl3.  The  aqueous  solution  is  laevorotatory, 
gives  no  pp.  with  lead  acetate,  but  a  blue  gela- 
tinous pp.  with  CuS04.  It  does  not  reduce  Feh- 
ling's  solution.  It  is  oxidised  by  HN03  to  mucio 
and  a  little  oxalic  acid.  Boiling  dilute  H2S04 
forms  a  sugar  (G.  Fleury,  J.  Ph.  [5]  9,  479). 

GUAIACENE  C5H80.  (118°).  Obtained  by 
distilling  gum  guaiacum.  Identical  with  TIGLIC 

ALDEHYDE  (q.  V.). 

GUAIACOL  v.   Methyl  derivative  of   PYRO- 

CATECHIN. 

GUAIACUM.  Besina  guajaci  sativa.  A  resin 
which  exudes  from  the  stem  of  Guajacum  offi- 
cinale,  a  tree  growing  in  the  West  Indies.  It  is 
composed  of  yellowish-brown  lumps  usually 
covered  by  a  greenish-grey  powder  which  renders 
it  opaque.  It  is  brittle.  S.G.  1-205  to  1-226. 
When  heated  it  emits  an  odour  somewhat  like  that 
of  gum  benzoin.  Alcohol  dissolves  about  90  p.c. 
of  the  resin,  the  solution  being  ppd.  by  water. 
Ether  and  oil  of  turpentine  dissolve  much  of  it. 
It  is  nearly  insol.  water.  It  dissolves  in  alkalis. 
1  H2S04  dissolves  it,  forming  a  splendid  red  solu- 
tion, which  yields  a  violet  pp.  with  water ;  alco- 
hol first  colours  the  liquid  violet-blue,  and  in 
larger  quantity  imparts  to  it  a  dirty  bluish-green 
tint  (Schiff,  A.  Ill,  372).  Both  the  powdered 
resin  and  its  alcoholic  solution  turn  green  when 
exposed  to  the  air  and  light  (especially  violet 
rays).  The  alcoholic  solution  is  coloured  blue 
by  nitrous  fumes,  by  Cr03,  by  ozone,  by  chlorine, 
by  K3FeCy6,  by  AuCl3,  by  KMn04,  by  Mo03,  and 
by  FeCl3 ;  the  blue  colour  is  removed  by  S02. 
Guaiacum  tincture  is  coloured  blue  by  concen- 
trated, but  not  by  dilute,  cupric  sulphate  solu- 
tion. Even  dilute  CuS04,  in  presence  of  HCy 
or  of  organic  nitriles,  also  colour  tincture  of 
guaiacum  blue  (Schonbein,  Fr.  8,  67;  Schaer, 
Fr.  9,  430).  According  to  Schonn  (Fr.  9,  210) 
guaiacum  tincture  is  coloured  blue  by  a  dilute 
solution  of  CuS04  in  presence  of  NH4C1,  BaCl2, 
NH4Br,  KI,  KCy,  and  NH4F.  Schonn  also  ob- 
serves that  guaiacum  resin  is  coloured  blue  by 
solid  lead  acetate,  by  solid  CaCl2,  by  solid  BaC03 
on  addition  of  a  little  HClAq,  by  MnCl2,  by  mer- 
curous  nitrate,  by  a  cone,  solution  of  sodium 
sulphocyanide,  and  by  cupric  chloride  even  in 
very  dilute  solutions.  Arterial  blood  colours 
tincture  of  guaiacum  blue.  According  to  Schon- 
bein ( J.  pr.  102,  164)  exposure  to  light  deprives 
I  tincture  of  guaiacum  of  the  power  of  being 
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turned  blue  by  ozone.  Heat  also  deprives  the 
resin  of  this  property  (Hager,  Fr.  26,  261). 
Potash-fusion  forms  protocatechuic  acid  from 
guaiacum.  Dry  distillation  forms  tiglic  alde- 
hyde C5H80  (118°),  guaiacol  C6H4(OH)(OMe) 
(200°),  creosol  CtiH3Me(OH)(OMe),  and  pyro- 
guaiacin  C18H1803  [181°]  (Hlasiwetz,  A.  106, 361). 
Distillation  with  zinc-dust  forms  creosol,  toluene, 
m-  andp-xylene,  i|/-cumene,  and  guaiene  C,2HI2 
(Botsch,  M.  1,  615).  Alkalis  extract  guaiaretic 
acid  from  guaiacum  (Unverdorben,  P.  16,  369). 
According  to  Hadelich  (J.  pr.  87,  321)  guaiacum 
also  contains  guaiaconic  acid  (sol.  ether),  and  a 
resin  C14H1404  or  C20H2006  (insol.  ether)  [200°], 
sol.  alkalis  and  reppd.  by  acids. 

Guaiaretic  acid  C20H26O4.  [75°-80°]. 
Powdered  guaiacum  is  boiled  with  milk  of  lime 
for  half  an  hour,  and  the  dried  insoluble  residue 
exhausted  with  hot  alcohol ;  the  alcoholic  solu- 
tion is  evaporated  and  the  residue  dissolved  in 
warm  aqueous  NaOH  (S.G.  l-3).  On  cooling, 
sodium  guaiaretate  separates,  and  may  be  puri- 
fied by  recrystallisation.  The  free  acid  is  then 
got  by  adding  HClAq  (Hlasiwetz  a.  Gilm,  A. 
119,  266 ;  cf.  Thierry,  J.  Ph.  27,  381 ;  Hlasi- 
wetz, A.  112,  182). 

Properties. — Brittle,  concentrically  grouped 
needles  (from  HO  Ac).  Colourless ;  permanent 
in  the  air.  Sol.  alcohol,  ether,  hot  HOAc, 
and  CS2.  Sol.  KOHAq ;  insol.  NH3Aq.  Ppd. 
by  adding  NH4C1  to  its  solution  in  KOHAq. 
Ppd.  as  a  resin  by  adding  water  to  its  alcoholic 
solution.  Its  alcoholic  solution  is  leevorotatory, 
and  is  coloured  grass-green  by  FeCl3.  Chlorine- 
water  does  not  colour  the  alcoholic  solution 
either  green  or  blue.  The  aqueous  solution  is 
not  coloured  blue  by  fuming  HN03.  When 
slowly  distilled  it  yields  guaiacol  and  pyro- 
guaiacin  C19H2203.  [183°].  Potash  fusion  gives 
protocatechuic  acid.  When  bromine  is  dropped 
into  a  solution  of  guaiaretic  acid  in  CS2  there 
is  formed  C20H22Br404  which  crystallises  from 
alcohol  in  needles. 

Salts. — The  guaiaretates  of  the  alkalis  are 
crystallisable  ;  those  of  the  alkaline  earths  are 
amorphous  pps.  The  neutral  salts  are  stable 
only  in  presence  of  alkali ;  when  boiled  with 
water  they  are  converted  into  acid  salts. — 
K2A"2aq:  scales  (from  alcohol).— K2A"  3aq.— 
HKA"aq:  obtained  by  boiling  the  preceding 
salt  with  dilute  alcohol ;  crystalline  pp. — 
Na2A"  2aq :  shining  laminse.  —  NaHA"aq  : 
laminaB. — BaA"zaq. — Pb2C20H2204 :  amorphous 
pp. 

Guaiaconic  acid  C19H2005  (?).  [95°-100°]. 
Remains  in  the  mother  liquor  from  which 
sodium  guaiaretate  (v.  supra)  has  crystallised 
(Hadelich,  J.  pr.  87,  321).  The  solution  is  eva- 
porated, the  residue  extracted  with  alcohol,  and 
the  alcoholic  solution  treated  with  C02.  Amor- 
phous. V.  sol.  alcohol,  ether,  chloroform,  and 
HOAc.  Lasvorotatory.  When  heated  with 
HClAq  at  180°  it  forms  MeCl  and  pyrocatechin 
(Herzig,  M.  3,  125,823).  Nitrous  acid  gas  passed 
into  its  ethereal  solution  forms  di-nitro-guaiacol. 
The  K  and  Na  salts  are  sol.  water  and  alcohol ; 
the  Ba  and  Pb  salts  are  insoluble. 

GUAIENE  C12H,2.  [98°].  Obtained  by  dis- 
tilling resin  of  guaiacum  or  pyroguaiacin  with 
zinc-dust  (Botsch,  M.  1,  618 ;  Wieser,  M.  1,  602). 
Laminae  (by  sublimation)  with  blue  fluorescence. 


Volatile  with  steam.  Sol.  alcohol  and  ether. 
Cone.  H2S04  forms  a  green  solution  ;  on  adding 
water  the  hydrocarbon  is  not  reppd.  Cr03  in 
HOAc  forms  guaiene -quinone  CI2H,002  which 
by  sublimation  forms  lemon-yellow  needles, 
[122°],  m.  sol.  water,  insol.  NaHS03Aq.  Guaiene 
forms  with  picric  acid  a  compound  crystallising 
in  slender  needles,  [123°],  v.  si.  sol.  alcohol. 

GUAIOL  v.  TIGLIC  ALDEHYDE. 

GUANAMINE.  The  substance  to  which  this 
name  was  given  by  Nencki,  was  subsequently 
called  by  him  FORMOGUANAMINE  (q.  v.). 

DIGUANIDE  C2H7N5  i.e.  NH:C(NH2j>NH' 

Biguanide.     Guanidyl-guanidine. 

Formation. — 1.  By  heating  a  salt  of  guan- 
idine  with  cyanamide;  the  yield  being  small 
(Eathke,  B.  12,  776).— 2.  By  the  action  of  PC15 
or  bromine  on  a  mixture  of  thio-urea  and 
guanidine  sulphocyanide ;  the  yield  is  very 
small.— 3.  By  heating  di-cyan-di-amide  with  an 
ammoniacal  solution  of  Cu(OH)2  at  110° ;  the 
resulting  copper  derivative  being  decomposed  by 
H2S  (Herth,  M.  1,  88). 

Preparation. — An  alcoholic  solution  of  di- 
cyandiamide  is  heated  with  ammonium  chloride 
in  a  sealed  tube  for  8  hours  at  105°  (Smolka  a. 
Friedreich,  M.  9,  228). 

Properties. — The  free  base,  liberated  from  its 
sulphate  by  baryta,  is  amorphous  and  alkaline 
in  reaction.  It  expels  ammonia  from  its  salts. 
Boiling  diluted  H2S04  splits  it  up  into  NH3  and 
C02. 

Salts.— B"H2S04aq  :  crystals,  v.  sol.  water. 
— B"2H2S04aq  :  from  the  sulphate  of  the  copper 
derivative  and  H2S  (Enrich,  M.  4,  409) ;  large 
colourless  crystals,  with  neutral  reaction,  v.  sol. 
water. — The  hydrochloride  and  nitrate 
crystallise  in  soluble  needles.— B"H2PtCl6  2aq : 
soluble  crystals.  —  Copper  derivative 
(C2H6N5)2Cu  2aq.  Obtained  by  heating  an  am- 
moniacal solution  of  cupric  oxide  with  di-cyan- 
di-amide  (Herth,  M.  1,  88).  Large  flat  prisms 
of  brick-red  colour;  v.  si.  sol.  cold,  sol.  hot, 
water,  forming  a  deep-violet  solution,  turned 
blue  by  acids.  Alkaline  in  reaction.  — 
(C2H6N5)2CuH2S043aq:  slender  red  needles,  si. 
sol.  water.  Formed  by  adding  ammoniacal 
CuS04  to  a  solution  of  a  salt  of  diguanide. 

References. — ISO-BUTYL,  ETHYL-,  METHYL-,  and 
PHENYL  DIGUANIDE. 

GUANIDINE  CH5N3  i.e.  HN:C(NH2)2.  Mol. 
w.  59. 

Formation.— I.  Together  with  parabanic 
acid,  and  small  quantities  of  xanthine,  oxaluric 
acid,  and  urea,  by  the  action  of  HC1  (S.G.  1-10) 
and  KC103  (12  g.)  on  guanine  (20  g.)  in  the  cold 
(Strecker,  A.  118,  151).— 2.  By  heating  biuret 
to  165°  in  dry  gaseous  HC1  (Finckh,  A.  124, 
335).— 3.  By  heating  chloro-picrin  for  several 
hours  at  100°  with  a  strong  alcoholic  solution  of 
ammonia  (Hofmann,  Z.  [2]  2,  1073 ;  4,  721 ;  B. 
1,  145;  A.  139,  107).— 4.  In  small  quantity  by 
the  action  of  aqueous  ammonia  at  150°  on 
ortho -carbonic  ether  (Hofmann,  A.  139,  111). — 
5.  Together  with  urea  by  the  action  of  dry  am- 
monia on  carbonyl  chloride  COC12  (Bouchardat, 
C.  B.  69,  961  ;  Fenton,  C.  J.  35,  793).— 6.  By 
heating  cyanamide  in  alcoholic  solution  with 
ammonium  chloride  at  100°  (Erlenmeyer,  Z. 
[2]  7,28;  A.  146,  259).— 7.  By  heating  cyanogen 
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iodide  with  alcoholic  NH3  for  3  hours  at  100° 
(Bannow,  B.  4,  161).  According  to  Ossikovsky 
(Bl.  [2]  18,  161)  other  products,  including  a 
volatile  fatty  acid,  are  formed  at  the  same  time. 

8.  Together  with   urea,  ammelide,  and  biuret, 
by  the  electrolysis  of  a  solution  of  ammonia 
with  carbon  electrodes  (Millot,  Bl.  [2]  46,  244). 

9.  Among  the  products  of  the  oxidation  of  egg- 
albumen  by  KMn04  in  presence  of  magnesia 
(Lossen,  A.  201,  369). 

Preparation. — Dry  ammonium  sulphocyan- 
ide  is  heated  for  20  hours  at  180°-190°.  The 
residue  consists  mainly  of  guanidine  sulpho- 
cyanide,  no  gaseous  product  being  given  off.  The 
guanidine  sulphocyanide  is  purified  by  recrys- 
tallisation  from  water  or  alcohol,  and  is  con- 
verted into  the  carbonate  by  mixing  a  solution 
of  it  (100  g.)  with  a  solution  of  K2C03  (58  g.), 
evaporating,  and  dissolving  out  the  potassium 
sulphocyanide  with  alcohol.  The  guanidine 
carbonate  is  then  recrystallised  from  water,  and 
the  base  liberated  by  dissolving  in  the  cal- 
culated quantity  of  dilute  H2S04  and  adding 
the  calculated  quantity  of  baryta  (Delitsch, 
J.  pr.  2]  8,  240 ;  9,  1 ;  Volhard,  J.  pr.  [2]  9, 
10). 

Properties. — Crystalline,  strongly  alkaline 
mass,  having  a  caustic  taste.  When  exposed 
to  the  air  it  deliquesces  and  absorbs  carbonic 
acid. 

Reactions. — 1.  When  boiled  -with  baryta 
water  it  gives  ammonia  and  urea ;  the  urea  sub- 
sequently breaking  up  into  C02  and  ammonia 
(Baumann,  B.  6,  1376).  Hence  boiling  concen- 
trated acids  and  alkalis  give  only  C02  and  NH3 
(Ossikowsky,  B.  5,  668). — 2.  With  hypobromite 
or  hypochlorite  of  sodium,  two-thirds  of  the 
nitrogen  is  evolved,  one-third  remaining  behind, 
probably  as  cyanate  (Fenton,  C.  J.  35,  14). — 
3.  Benzoic  anhydride  acting  at  100°  on  guan- 
idine carbonate  forms  s-di-benzoyl-urea  [210°] 
(McCreath,  B.  7,  1739).— 4.  With  chloro-formic 
(chloro-carbonic)  ether  it  forms  guanidine  dicar- 
boxylic  ether  HN.C^NH.CO-jEt),,.  This  ether  is 
converted  by  alcoholic  ammonia  at  100°  into 
guanidine  mono-carboxylic  ether  (so-called 
guanoline) :  HN:C(NH2)NH.C02Et  (M.  Nencki, 
J.  pr.  [2]  17,  237).— 5.  When  the  salts  of  guan- 
idine with  fatty  acids  are  heated  there  are  formed 
'  guanamines.'  Thus  guanidine  formate  forms 
formo-guanamine  C3H5N5  while  guanidine  acetate 
gives  acetoguanamine  C4H7N5  (v.  infra). — 6. 
Salts  of  guanidine  heated  with  cyanamide  form 
diguanide  (v.  supra). —  7.  When  fused  with  urea, 
guanidine  carbonate  forms  guanyl-urea  C2H6N4O. 
8.  An  aqueous  solution  of  guanidine  carbonate 
(2  mols.)  boiled  with  an  alcoholic  solution  of 
phenanthraquinone  forms  small  colourless 
prisms  of  the  base  C16HJ4N6  probably 
C6H4.C:N.C(NH2):NH 

i.    It  is  alkaline  in  reac- 
6H4.C:N.C(NH2):NH 

tion,  absorbs  C02  from  the  air,  and  forms  a 
crystalline  hydrochloride  B"H,C12  (Wense,  B. 
19,  761).— 9.  In  like  manner  benzil  (1  mol.) 
boiled  with  guanidine  carbonate  (2  mols.)  in 
dilute  alcoholic  solution  forms  benzil-di-guan- 
idide  C16H,6N6  which  may  probably  be  written 
HN:C(NH2).N:CPh.CPh:N.C(NH2):NH.  It  forms 
granular  crystals,  reacts  alkaline,  absorbs  C02 
from  the  air,  and  gives  a  hydrochloride  crystal- 


lising in  long  needles,  and  a  platinochloride 
B"H2PtCl6  crystallising  in  plates  (Wense,  B.  19, 
763).— 10.  When  benzil  (1  mol.)  is  boiled  with 
a  smaller  quantity  of  guanidine  carbonate  (1 
mol.)  in  aqueous-alcoholic  solution,  there  is 
formed  benzil  mono-guanidide  C15H13N30  pro- 
bably 0:CPh.CPh:N.C(NH2):NH.  This  body 
forms  white  oblong  plates,  sol.  alcohol,  insol. 
water.  It  is  alkaline  in  reaction  (Wense,  B.  19, 
762). — 11.  Aceto-acetic  acid  digested  in  alcoholic 
solution  with  guanidine  carbonate  for  a  few 
hours  forms  '  methyl-guanacil '  C5H7N3O  i.e. 

HN:C<NH  COe^CH<  This  body  C17stallises 
from  water  in  prismatic  needles;  sol.  hot,  si. 
sol.  cold,  water,  v.  si.  sol.  alcohol  (Behrend,  B. 
19,  219). — 12.  Phenyl-thio-carbimide  (3  pts.) 
heated  with  alcohol  and  guanidine  carbonate 
(2  pts.)  at  100°  forms  the  crystalline  compound 
NHPh.CS.NH.C(NH2):NH  [176°]  (Bamberger, 
B.  13, 1581 ;  14,  2638). 

Salts. — B'HCl:  regular  needles;  v.  sol. 
alcohol.— B'2H2PtCl6:  yellow  needles  or  prisms, 
v.  sol.  water,  v.  si.  sol.  alcohol. — B'HClHg2Cl4. — 
B'HAuCl4 :  long  needles.— B'HBr3 :  from  guan- 
idine carbonate  (1  mol.)  and  bromine  (3  mols.). 
Large  red  prisms  which  easily  lose  bromine 
(Kamenski,  B.  11,  619).— B'HI3 :  prisms.— 
B'HN03 :  ppd.  as  a  crystalline  powder  by  adding 
KN03  to  a  solution  of  the  hydrochloride.  Formed 
also  by  rubbing  guanidine  sulphocyanide  with 
pure  HN03  and  filtering  before  deflagration 
ensues  (Jousselin,  C.  R.  88,  1086).  Lamin® 
(from  hot  water) ;  si.  sol.  cold  water.  Mixed 
with  silver  nitrate  it  gives  the  crystalline  com- 
pound B'AgN03. — Sulphate  crystallises  in 
the  regular  system  and  is  v.  e.  sol.  water. — 
B'2H2C03.  May  be  obtained  by  boiling  the 
sulphocyanide  with  diluted  H2S04,  filtering, 
treating  with  BaC03,  and  allowing  the  liquid  to 
evaporate  spontaneously  (Jousselin).  Dimetric 
octahedra  or  prisms ;  v.  sol.  water,  insol.  alcohol. 
Permanent  in  the  air.  When  heated  above  120° 
it  gives  off  water,  C02  and  NH3,  and  leaves  a 
yellow  residue  resembling  mellon.— Oxalate 
B'H2C204aq :  colourless  crystals,  si.  sol.  water. — 
Lactate  forms  regular  crystals. — Cyanurate 
B'C3N303H3 :  silky  needles  (Bamberger,  B.  20, 
68).— Sulphocyanide  B'HSCy.  [120°].  S. 
73  at  0° ;  135  at  15°  (Engel,  Bl.  [2]  44,  424). 
Formed  as  above.  Large  flexible  laminae  with 
fatty  lustre  (from  water  or  alcohol).  Not  deli- 
quescent. At  150°  it  gives  off  NH3  and  leaves 
melam.  Upon  this  salt  mercuric  oxide  has  no 
action  in  alcoholic  solution,  but  in  aqueous 
solution  it  gives  a  pp.  composed  thus : 
B'.HSCN,Hg(SCN)2HgO.  The  reaction  taking 
place  as  follows:  3B'HSCN  +  2HgO  +  3H2O 
=  B'HSCN,  Hg(SCN)2,HgO  +  6NH3  +  2C02.  The 
pp.  is  converted  by  acetic  acid  into  a  mixed 
acetate  and  sulphocyanide  of  mercury.  The 
same  pp.  is  converted  by  concentrated  HC1  into 
crystalline  plates  of  CN3H5,HC12HgCl2  (Byk,  J.pr. 
[2]  20,  330).  Fused  guanidine  sulpho-cyanide 
treated  with  finely  divided  lead  (got  by  reducing 
the  oxide  by  hydrogen)  is  partially  converted  into 
'cyano-melamidine,'  C7HJ3N150,  a  body 
which  is  soluble  in  water  but  is  separated  from 
the  original  salt  by  its  insolubility  in  alcohol. 
Cyanomelamidine  forms  salts  of  melamine  when 
treated  with  HC1,  FeCl3  or  H2S04.  With  HN03 
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it  forms  the  nitrate  of  ammeline.    With  KMn04 
it  gives  melamine  (Byk,  J.  pr.  [2]  20,  338). 

Nitroso-guanidme  CH4N40  i.e. 
NO.N.C(NH2)2.  Formed  by  passing  nitrous  acid 
gas  through  dry  guanidine  nitrate  suspended  in 
cone.  HN03.  The  salt  slowly  dissolves,  and  on 
adding  water  to  the  solution,  nitroso-guanidine 
is  ppd.  in  slender  needles,  which  are  recrystal- 
lised  from  boiling  water  (Jousselin,  G.  B.  88, 
814).  Needles  ;  si.  sol.  cold  water  and  alcohol, 
insol.  ether.  Boiling  cone.  KOHAq  decomposes 
it,  giving  off  NH3.  Warm  cone.  HN03  dis- 
solves it,  and  on  cooling  the  salt  B'HN03  sepa- 
rates in  large  plates;  this  salt  is  efflorescent 
and  decomposed  by  water.  HClAq  dissolves 
nitroso-guanidine  yielding  slender  iridescent 
plates  which  are  decomposed  by  water.  On 
dissolving  nitroso-guanidine  in  water,  adding  a 
drop  of  very  dilute  aqueous  KOH  and  a  drop  of 
aqueous  FeS04  a  purple  colour  is  produced.  If 
alcohol  and  ether  are  added  to  the  coloured 
solution  minute  dark-red  crystals  are  deposited. 
Finely  divided  iron  acting  on  nitroso-guanidine 
suspended  in  water  at  40°  also  forms  a  purple 
colour,  but  after  some  time  this  disappears, 
NH3  being  evolved.  The  solution  evaporated  at 
60°  leaves  an  unstable  sulphur-yellow  residue 
which  appears  to  be  CHSN30. 

Acetoguanamine  C4H7N5  i.e. 

(Weith,  B.  9,  458),  or 


Sj  £.9>  722).  Ethenyl- 

diguanide.  Di-amido-methyl-triazoline.  [265°]. 
Formed  by  heating  dry  guanidine  acetate  for 
15  minutes  at  230°;  the  resulting  acetoguan- 
amine  acetate  being  extracted  by  water  and  de- 
composed by  NaOHAq  (Nencki,  B.  7,  776,  1585). 
Trimetric  laminae  ;  si.  sol.  cold,  v.  sol.  hot,  water. 
V.  sol.  alcohol.  Slightly  alkaline  in  reaction. 
Chlorine  passed  into  acetoguanamine  suspended 
in  water  forms  a  granular  pp.  C4H5C12N5 
(Nencki,  B.  9,  237).  This  is  insol.  water,  sol. 
alkalis  ;  by  heating  with  dilute  HC1  it  is  con- 
verted into  an  isomeric  body  which  crystallises 
from  dilute  acetic  acid  in  needles,  is  insol. 
alkalis  and  forms  the  salts  (C4H5Cl2N5)2H2PtCL 
and  C4H5Cl2N5AgN03. 

Salts.  —  B'HCl  2aq:  tables  or  prisms.— 
B'2H2Pt016:  yellow  crystalline  pp.;  v.  sol. 
water.  —  B'HN03  :  prisms,  v.  sol.  water.  — 
B'2H2S04  2aq  •  plates,  v.  e.  sol.  water.  — 
B'2AgN03  :  small  plates  (from  hot  water). 

Acetoguanide  C4H6N4O  i.e. 


Oxy-amido-methyl-triazoline.  Formed  by  boil- 
ing acetoguanamine  (1  pt.)  with  KOH  (2  pts.) 
and  water  (4  pts.)  for  1-|  hours,  and  ppg.  with 
HOAc  (Nencki,  B.  9,  233).  Crystalline  pp. 
Almost  insol.  water,  alcohol,  dilute  HOAc,  and 
aqueous  NH3,  v.  sol.  alkalis  and  HClAq.  — 
C4H5NaN40  2aq.—  C4H5KN40  2aq.—  C4H6N4OHC1: 
needles.—  C4H6N4OAgNO3. 

Acetoguanamide  C4H5N302  i.e. 


Di-oxy-methyl-triazoline.  From  acetoguan- 
amine (1  pt.),  by  warming  with  cone.  H2S04  (2 
pts.)  at  150°.  Small  needles  (from  alcohol)  ;  v. 
e.  sol.  water,  acids,  and  alkalis,  si,  sol.  alcohol. 


On  warming  with  nitric  acid  (S.G.  1-3)  it  yields 
cyanuric  acid.  Chlorine  passed  into  its  aqueous 
solution  forms  crystalline  C4H5C12N303.  SI.  sol. 
hot  water,  being  decomposed  thereby  with  forma- 
tion of  cyanuric  acid.  —  B'HCl :  needles.  — 
B'2H2PtCl6  4aq. 

References. — BKOMO-,  CHLOBO-,  OXY-,  BENZYL-, 
ETHYL-,  METHYL-,  NAPHTHYL-,  NITRO-PHENYL-, 
PHENYL-,  TOLYL-,  and  XYLYL-  GUANIDINES. 

GUANIDINE  CARBOXYLIC  ETHEE 

C4H9N302  i.e.  HN:C(NH2).NH.C02Et.  Guaniline. 
[115°].  Formed  as  below.  Trimetric  laminae 
(from  water  or  alcohol) ;  the  crystals  contain  aq 
and  melt  at  100° ;  when  anhydrous  it  melts  at 
115°.— B'HN03 :  trimetric  prisms.— B'H2S04.— 
B'2H2PtCl6. 

Guanidine  dicarboxylic  ether  C7HnN304  i.e. 
NH:C(NH.C02Et)2.  [162°].  Formed  by  slowly 
adding  ClC02Etto  a  concentrated  alcoholic  solu- 
tion of  guanidine  (Nencki,  J.  pr.  [2]  17,  237). 
Needles ;  insol.  water,  v.  sol.  alcohol  and  ether. 
Alcoholic  NH3  converts  it  at  100°  into  guanidine 
carboxylic  ether. 

GUANIDO-ACETIC  ACID  C3H7N3O2  i.e. 
NH:C(NH2).NH.CH2.C02H.  Glycocyamine. 

Formed  by  allowing  an  aqueous  solution  of  gly- 
cocoll,  cyanamide,  and  a  little  NH3  to  stand  for 
some  days  (Strecker,  C.  R.  52, 1212).  Formed  also 
by  heating  glycocoll  with  guanidine  carbonate 
(Nencki  a.  Sieber,  /.  pr.  [2]  17,  477).  Crystals, 
si.  sol.  water,  insol.  alcohol.— B'2H2PtCl6  3aq.— 
(C3H6N302)Cu :  blue  pp.— B'HCl :  prisms. 

By  heating  to  160°  it  is  split  up  into  water  and 
the  hydrochloride  of  '  glycocyamidine  '  C3H3N30 

or  NH:C<*J2'cH  >»  a  base  which  crystallises 
in  laminse,  v.  sol.  water,  and  forms  the  salts 
C3H5N3OHC1  and  (C,H5N30)2H2PtCls  2aq. 

GUANIDO-BENZENE  p-SULPHONIC  ACID 
C7H9N3S03  i.e.  S03H.CfiH4.NH.C(NH2):NH. 
Formed  by  heating  amido-benzene  ^-sulphonio 
acid  (10  g.)  with  cyanamide  (3  g.),  water  (200 
c.c.),  and  ammonia  (23  drops)  at  100°  for  three 
days  (Ville,  C.  R.  104,  1281).  Brilliant  needles, 
v.  si.  sol.  cold  water,  insol.  alcohol  and  ether. 
Neutral  to  litmus.  Decomposes  at  180°.  Dis- 
solves without  alteration  in  H2S04  and  HClAq. 
NaOBr  gives  a  purple  colouration,  with  evolution 
of  nitrogen. 

GUANIDO-BENZOIC  ACID  C8H9N302  i.e. 
NH:C(NH2).NH.C6H4.C02H.  Benzglycocy- 

amine.  Formed  by  allowing  an  alcoholic  solu- 
tion of  m-amido-benzoic  acid  and  cyanamide  to 
stand,  after  addition  of  a  little  ammonia  (Griess, 
B.  7,  575).  Formed  also  by  boiling  the  dicyanide 
of  w-amido-benzoic  acid  with  caustic  potash 
(Griess,  B.  3,  703),  and  by  treating  the  compound 
NH:C(OEt).NH.C6H4.C02H  with  cone.  NH3Aq 
(Griess,  B.  8,  323).  Thin  four-sided  plates  (con- 
taining aq)  ;  m.  sol.  hot  water.  Boiling  baryta- 
water  gives  uramido-benzoic  acid,  m-amido- 
benzoic  acid,  urea,  and  NH3. — B'2H2PtCl6. — 
B'HCl. 

Reference. — Vol.  i.  p.  462. 

Guanido-di-benzoic  acid  v.  vol.  i.  p.  157. 

GUANIDO-BTJTYRIC  ACID  C-HHN302  i.e. 
NH:C(NH2).NH.CHEt.C02H.  Oxybutyrocy- 

amine.  Amidobutyro-cyamine.  Formed  by 
adding  cyanamide  and  a  few  drops  of  NH3Aq  to 
a  cold  saturated  solution  of  a-amido-butyric  acid. 
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Crystals  are  deposited  in  about  a  month,  and  are 
purified  by  recrystallisation  from  water  contain- 
ing a  little  NH3  (Duvillier,  C.  E.  91,  171).  Long 
slender  needles,  si.  sol.  cold  water,  v.  sol.  dilute 
acids,  almost  insol.  alcohol  and  ether.  By  boil- 
ing with  dilute  H2S04  it  is  converted  into  the 

anhydride  CHEt<™^H^>,  which  crystal- 
lises from  water  in  long  transparent  needles 
(containing  aq)  ;  sol.  alcohol. 

GUANIDO-ETHANE  SULPHONIC  ACID 
NH:C(NH2).NH.CH2.CH2.S03H.  Tauro-cyamine. 
[225°].  Prepared  by  heating  taurine  (1-578  grm.) 
with  cyanamide  (-85  grm.),  and  enough  water  to 
dissolve  them,  for  five  hours  at  120°.  Evaporated 
to  crystallisation.  The  yield  is  1'6  grms.  (Dit- 
trich,  J.  pr.  [2]  18,  76).  Hexagonal  prisms. 
Eeadily  sol.  water.  Insol.  alcohol  and  ether.  No 
salts  have  been  obtained. 

GUANIDO-HEXOIC  ACID  C7H15N302  i.e. 
NH:C(NH2).NH.CH(CH2Pr).C02H.  Amido-capro- 
cyamine.  Formed  by  mixing  an  aqueous  solu- 
tion of  leucine  with  cyanamide  and  a  few  drops 
of  NH3Aq,  and  allowing  the  liquid  to  stand  for 
some  time  (Duvillier,  C.  R.  104,  1290).  Kadia- 
ting  plates  ;  si.  sol.  cold,  m.  sol.  hot,  water,  si. 
sol.  alcohol.  When  boiled  with  dilute  H2S04  for 
several  hours  it  changes  to  the  anhydride 

/NH.CO 
NH:C<          1  ,    which    crystallises    in 

\NH.CH.C4H9 

groups  of  needles ;  S.  (alcohol)  17  at  22° ;  si. 
sol.  cold,  m.  sol.  hot,  water.  This  anhydride 
('amido-caprocyamidine ')  readily  takes  up  water, 
reproducing  guanido-hexoic  acid. 

a-GUANIDO-PBOPIONIC    ACID    v.    ALA- 

CBEATINE. 

0  -  Guanido  -  propionic  acid  C4H9N302  i.e. 
NH:C(NH2).NH.CH2.CH2.C02H.  Formed  by 
adding  a  little  NH3Aq  to  a  solution  of  £-amido- 
propionic  acid  (20  pts.)  and  cyanamide  (7  pts.) 
(Mulder,  B.  8,  1261 ;  9,  1902).  Crystals ;  not 
decomposed  below  200°.— B'HCl :  very  deliques- 
cent needles. 

o-GUANIDO-VALERIC  ACID  C6H)3N302  i.e. 
NH:C(NH2).NH.CHPr.C02H.  •  Oxy  -  valero  - 
cyamine.'  From  a-amido- valeric  acid,  an 
aqueous  solution  of  cyanamide,  and  a  little 
NH3  (Duvillier,  C.  R.  91,  171).  Small  cubic 
crystals,  si.  sol.  water,  v.  si.  sol.  alcohol ;  insol. 
ether.  Boiling  dilute  H2S04  converts  it  into  the 

.NH.CO 
anhydride  C6HnN30  or  NH:C<          I        ,  which 

\NH.CHPr 

forms  delicate  needles  (containing  ^aq) ;  m.  sol. 
water  and  alcohol. 

GU ANILINE  v.  GUANIDINE  CAKBOXYLIC  ETHER. 

GUANINE  C3H5N50  i.e. 

/NH.CH:C.NHV 
HN:C<  >CO  (Fischer,  B.  15, 455). 

\NH C  :  N/ 

Mol.  w.  151.  Occurs  in  all  kinds  of  guano, 
especially  in  Peruvian  guano  (Unger,  A.  51,  395  ; 
69,  58).  Constitutes  the  greater  part  of  the 
excrement  of  the  garden  spider,  and  found  in 
the  green  gland  of  the  fresh- water  crayfish,  and 
in  the  Bojanian  organ  of  the  pond-mussel 
(Gorup-Besanez  a.  F.  Will,  A.  69,  117;  Griffiths, 
Pr.  38,  187).  Found  in  the  pancreas  of  horses 
(Scherer,  A.  112,  257)  and  oxen  (Baginsky,  H. 
8,  396),  in  the  scales  of  the  bleak  (Barreswil, 


C.  E.  53,  246),  and  in  the  excrement  of  the 
heron  (Hoppe-Seyler,  Med.-Chem.  Unters.  1871, 
582).  Guanine  occurs  as  a  concretion  in  the 
knee-joints  of  pigs  suffering  from  guano-gout 
(Virchow,  Z.  1866,  377),  and  perhaps  also  in  the 
urine  of  such  pigs  (Pecile,  A.  183,  141).  It  has 
also  been  found  to  the  amount  of  5  or  6  p.c. 
in  the  sperm  of  the  salmon  (Piccard,  B.  7, 1714), 
and,  together  with  other  bases,  in  the  extract 
obtained  by  boiling  yeast  with  water  (Schiitzen- 
berger,  B.  7,  192).  Kossel  (H.  8,  404)  finds 
guanin  in  the  liver,  spleen,  and  embryonic 
muscle  of  oxen. 

Preparation. — Guano  suspended  in  water  is 
gradually  mixed  with  milk  of  lime ;  the  liquid 
is  heated  to  boiling,  and  the  brown  solution  is 
strained  through  a  cloth  filter,  this  treatment 
being  repeated  till  the  liquid  becomes  colour- 
less. Guanine  and  uric  acid  remain  almost 
wholly  undissolved,  and  this  residue  is  now  re- 
peatedly boiled  with  carbonate  of  sodium,  and 
the  united  solutions  are  mixed  with  acetate  of 
sodium,  and  then  with  hydrochloric  acid  in 
sufficient  quantity  to  produce  a  strong  acid  re- 
action. The  pp.,  consisting  of  guanine  and  uric 
acid,  is  washed  with  moderately  dilute  hydro- 
chloric acid,  then  boiled  with  the  acid,  and  the 
solution  of  hydrochloride  of  guanine,  filtered 
from  the  uric  acid,  is  evaporated.  The  hydro- 
chloride  of  guanine  thus  obtained  still  contains 
uric  acid,  to  remove  which  the  guanine  is  ppd. 
from  the  solution  by  boiling  with  dilute  am- 
monia, then  dissolved  in  hot  nitric  acid  to  de- 
compose the  uric  acid ;  and  from  the  nitrate  of 
guanine,  which  crystallises  from  this  solution, 
the  pure  base  is  ppd.  by  ammonia  (Strecker,  A. 
118,  151).  According  to  Neubauer  and  Kerner 
(A.  101,  318),  pure  guanine  is  most  easily  ob- 
tained by  dissolving  the  compound  of  guanine 
with  mercuric  chloride  in  very  dilute  hydro- 
chloric acid,  decomposing  the  compound  with 
H2S,  and  ppg.  the  colourless  filtrate  with  am- 
monia. 

Properties. — White  amorphous  powder,  insol. 
water,  alcohol,  and  ether.  It  is  si.  sol.  cone. 
NH3Aq,  and  is  deposited  as  crystals  by  spon- 
taneous evaporation  of  the  ammoniacal  solution 
(Drechsel,  J.pr.  [2]  24,  44).  When  guanine  is 
evaporated  with  fuming  HN03  a  yellow  residue 
is  left,  which  is  turned  red  by  ammonia,  and 
then  becomes  purple  on  warming  (cf.  Von  Briicke, 
M.  7,  617).  A  solution  of  a  salt  of  guanine 
gives  an  orange  pp.  with  K2Cr04  and  a  brown 
pp.  with  K3FeCy6.  A  saturated  solution  of  picric 
acid  gives  an  orange-yellow  pp.  (Capranica,  H. 
4,  233). 

Reactions.— 1.  Nitrous  acid  converts  it  into 
xanthine,  imidogen  being  displaced  by  oxygen 
(Strecker,  A.  108,  141).— 2.  KC103  and  HC1  form 
guanidine  and  parabanic  acid,  together  with 
smaller  quantities  of  oxaluric  acid,  xanthine, 
and  urea.— 3.  KMn04  and  NaOH  at  80°  form 
oxyguanine  CIOHj4N8Og,  which  may  be  ppd. 
by  acids  as  a  jelly,  insol.  water,  alcohol,  and 
dilute  HClAq,  sol.  alkalis  (Kerner,  A.  103,  251). 
With  ammoniacal  AgN03  oxyguanine  gives  a 
silver  derivative. 

Salts. —  The  compounds  of  guanine  with 
acids  are  decomposed  by  water.  Guanine  does 
not  appear  to  form  an  acetate  or  formate. — 
B'HCl  aq :  delicate  needles,  deposited  from  a 
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solution  of  guanine  in  hot  cone.  HClAq.  — 
B'HC12aq  (Scherer,  A.  112,  277).  — B'H2C12 : 
from  guanine  and  gaseous  HC1 ;  gives  off  half 
its  acid  at  100°  (Unger).— B'HBr  aq  :  prismatic 
needles.— B'HI  aq  :  prismatic  needles,  si.  sol. 
water,  v.  sol.  HIAq.— B'HClPtCl,  2aq  (?) :  orange- 
yellow  crystals  (U.).— B'2H,Cl,HgCl2  aq :  ppd. 
when  alcoholic  HgCl2is  added'to  a  strong  solution 
of  guanine  hydrochloride. — Ef^3..2Gl2ZnCl2  3aq  : 
large  crystals,  obtained  by  adding  guanine  hydro- 
chloride  to  a  strong  solution  of  ZnCl2.  — 
B'4H4Cl4Cd5Cl10  9aq.  —  B'HNO,  If  aq  :  hair-Hke 
interlacing  needles,  deposited  from  a  solution 
of  guanine  in  boiling  HN03  as  it  cools. — 
B'(HNO3)2  2aq:  short  prisms.— B'3(HN03)44aq.— 
B'3(HN03)55£aq.— B'2H2S042aq:  obtained  by 
diluting  with  water  a  solution  of  guanine  in 
cone.  H2S04.  Long  needles.  —  B'3(H2C204)2 : 
separates  as  crystals  on  mixing  a  solution  of 
guanine  hydrochloride  with  one  of  ammonium 
oxalate.— Tartrate  B',(H80408)2  2aq  :  yellowish 
radiating  nodules. 

Metallic  derivatives  C5H3Na2N50  4aq : 
deposited  on  adding  alcohol  to  a  strong  solution 
of  NaOH  saturated  with  guanine.  Confused  efflo- 
rescent laminae,  which  rapidly  absorb  C02  from 
the  air.  Decomposed  by  water. — C5H3BaN50  (at 
110°)  :  pointed  prisms.  Separates  on  cooling 
from  a  solution  of  guanine  in  baryta-water. — 
B'HgCl2  2^aq :  obtained  as  a  crystalline  powder 
on  adding  cold  saturated  aqueous  HgCl2  to  a  so- 
lution of  guanine  hydrochloride.  V.  sol.  acids 
and  KCy  aq.— B'AgN03 :  flocculent  pp. ;  formed 
by  mixing  solutions  of  silver  nitrate  and  guanine 
nitrate.  Crystallises  from  hot  HN03  in  slender 
needles  (Strecker). 

Reference. — BBOMO-GUANINE. 

GUANOLINE  v.  GUANIDINE  CAKBOXYLIC  ETHEB. 

GUANYL-PHENYL-THIO-UBEA  C8SN4H10 
i.e.  NHPh.CS.NH.C(NH2):NH.  [176°].  Prepared 
by  heating  a  mixture  of  phenyl-thiocarbimide 
(3  pts.),  guanidine  carbonate  (2  pts.),  and  alcohol 
at  100°  (Bamberger,  B.  13,  1580;  14,  2638). 
Colourless  monoclinic  crystals.  V.  sol.  alcohol. 
Alkaline  in  reaction.  Slowly  decomposed  by 
boiling  water  into  guanidine,  phenyl  thiocar- 
bimide,  aniline,  H2S,  and  C02.  Boiling  HClAq, 
forms  guanidine,  aniline,  H2S,  and  CO2. 

Salt  s.— B'HCl :  long  glistening  needles,  more 
soluble  in  alcohol  than  in  water  ;  on  boiling  with 
water  it  evolves  H2S  ;  CuS04  produces  a  violet 
pp.  turning  black  on  heating. — B'2H2S04X  :  pearly 
plates. — B/2H2C204X  :  white  glistening  scales. — 
B'C6H2(N02)3OH :  yellow  felted  needles. 

GUANYL-THIO-UBEA  C2H6N4S  i.e. 
SC(NH2).NH.C(NH2):NH.  Thiodicyandiamidine. 
White  glistening  prisms ;  m.  sol.  cold  water. 

Formation. — 1.  By  digesting  di-cyan-diamide 
with  aqueous  H2S  (Bamberger,  B.  16,  1459). — 
2.  By  heating  guanyl-urea  with  aqueous  H2S 
(B.).— 3.  From  CSC12  and  thio-urea  at  110°.— 
4.  In  small  quantity  by  the  action  of  PC15  (1  mol.) 
on  thio-urea  (3  mols.)  (Eathke,  B.  11,  962). 

Beactions.— Silver  salts  readily  displace  the 
S  by  0.  On  heating  with  ammoniacal  AgNO3 
it  is  resolved  into  H2S  and  di-cyan-diamide. 
When  heated  alone  at  100°  it  changes  to  the 
isomeric  guanidiue  sulphocyanide. 

Salts.— B"2H2C2O4  2aq  :      sparingly  soluble 
crystalline  pp. — B"H2S04X  :  white  silky  needles. 
— B"HC1. 
VOL.  II. 


GUANYL-TJBEA  C2HGN40  i.e. 
OC(NH2).NH.C(NH2):NH.    Di-cyan-di-amidine. 

Formation. — 1.  By  evaporating  a  solution  of 
di-cyan-di-amide  (CN)2(NH2)2  in  dilute  H2S04 
(Haag,  A.  122,  25),  and  is  therefore  also  formed 
by  the  action  of  dilute  H2S04  or  H3P04  on  cyan- 
amide  (Baumann,  B.  6,  1374).— 2.  By  fusing 
guanidine  carbonate  (1  pt.)  with  urea  (2  pts.) 
(Baumann,  B.  7,  446,  1768).— 3.  By  heating  a 
mixture  of  carbamic  ether  (2  pts.)  and  guanidine 
carbonate  (1  pt.)  at  160°  as  long  as  alcohol  dis- 
tils over  (Bamberger,  B.  20,  68). — 4.  A  mixture 
of  guanidine  hydrochloride  and  potassium  cyan- 
ate  is  heated  at  180°  (Bamberger). 

Preparation. — The  base,  prepared  by  any  of 
the  above  processes,  is  ppd.  from  the  aqueous 
solution  of  the  product  by  CuS04  and  NaOH. 
The  resulting  copper  derivative  is  then  decom- 
posed by  H?S. 

Properties.—  Strongly  alkaline  crystals;  ab- 
sorbing CO2  from  the  air.  V.  soL  water  and  al- 
cohol. KC103  and  HC1  oxidise  it  to  guanidine. 
Boiling  baryta-water  converts  it  into  urea,  CO2, 
and  NH3.  On  evaporating  a  solution  of  guanyl- 
urea  carbonate  there  is  left  guanidine  carbonate, 
NH3  and  C02  having  been  given  off. 

Salts. — B'HCl  faq:  laminae,  v.  sol.  water 
and  alcohol. — B'2H2PtCl6 :  small  orange  crystals. 
— B'HN03:  needles. — Aurochloride  :  long 
golden  needles.— B'2H2S04  2aq :  long  needles. — 
B'H2C03 :  crystalline  powder.  S.  '67  at  18°.— 
B'2H2C204. 

GUM.  This  term  is  applied  to  carbohydrates, 
whether  produced  by  plants  or  animals,  which 
are  amorphous,  insoluble  in  alcohol,  but  form 
a  sticky  liquid  with  water,  in  which  they  either 
dissolve  or  swell  up  greatly.  By  nitric  acid  the 
vegetable  gums  are  oxidised  to  mucic  and  oxalic 
acids.  They  give  no  colouration  with  iodine 
either  before  or  after  treatment  with  cone.  H2SO4. 
Boiling  dilute  H2S04  converts  them  into  glucose 
or  a  sugar  C6H1206.  Thus  dextrose  (glucose)  is 
formed  from  lichenin  ;  laevulose  is  formed  from 
lasvulin;  galactose  is  formed  from  galactin, 
agar-agar,  some  kinds  of  gum  arabic,  and  a  gum 
in  lucerne  and  other  leguminous  plants ;  while 
arabinose  is  formed  from  gum-arabic,  cherry 
gum,  gum  tragacanth,  and  the  gum  in  the  cell 
walls  of  beet -root  and  poppies  (Bauer,  J.  pr.  [2] 
30,  388).  Gums  are  described  under  AGAB-AGAK, 
ABABIN,  BASSOBIN,  CEBASIN,  DEXTBANE,  DEXTBIN, 
GAMBOGE,  GELOSE,  GBEVILLEA  GUM,  KAUBI  GUM, 
LACTOSIN,  L^VULANE,  L^EVULIN,  LICHENIN,  MUCI- 
LAGE, PROTEIDS,  Appendix  C,  QUEBRACHO  GUM, 
SHELLAC,  SINISTBIN,  TEITICIN. 

GUM  AMMONIAC.  The  dried  sap  of  Dorema 
ammoniacum.  It  is  partly  soluble  in  water,  but 
contains  also  an  insoluble  resin  (Johnston,  A. 
44,  328  ;  Hirschsohn,  J.  1875,  859  ;  Moss,  J. 
1873,  867).  When  fused  with  potash  it  gives 
resorcin  and  protocatechuic  acid.  The  portion 
of  gum  ammoniac  (from  Morocco)  soluble  in 
alcohol  'gives  by  potash-fusion  an  acid  C10H,006, 
which  forms  minute  crystals,  si.  sol.  water,  m. 
sol.  alcohol,  melting  with  decomposition  at  265°, 
and  giving  with  FeCl3  a  violet  colouration  (Gold- 
schmiedt,  B.  11,  850).  HN03  acting  on  gum 
ammoniac  forms  tri-nitro-resorcin.  Distillation 
with  zinc-dust  forms  m-  and  ^-xylene,  w-ethyl- 
toluene,  [2:l]C6H4Et(OMe),  and  a  hydrocarbon 
C13H20  (235°)  which  on  oxidation  with  chromic 
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mixture  forms  benzole  and  acetic  acids  and  re- 
sinous products  (Ciamician,  B.  12,  1663 ;  G.  9, 
313). 

GUM,  ANIMAL,  v.  PROTEIDS,  Appendix  C. 

GUM  ARABIC  v.  ARABIN. 

GUM  BENZOIN  v.  vol.  i.  p.  477. 

GUM,  BRITISH,  v.  DEXTKIN. 

GUMMIC  ACID  C6H10010  (Eeichardt).  This 
name  was  applied  by  Fremy  to  arabin,  but  trans- 
ferred by  Beichardt  (A.  127,  300)  to  an  acid 
formed  in  the  oxidation  of  glucose  by  Fehling's 
solution.  Felsko  (A.  149,  356;  Z.  [2]  5,  228), 
working  under  Beichardt's  direction,  gave  the 
formula  C6H160,3,  but  according  to  Glaus  (J".  pr. 
[2]  4,  63)  gummic  acid  is  more  or  less  impure 
tartronic  acid. 

Metagummic  acid  v.  ARABIN  and  CEBASIN. 

GUM  RESINS.  The  hardened  milky  juice 
which  exudes  from  incisions  in  the  stem  or  roots 
of  some  plants.  They  are  partly  soluble  in  water 
(gum)  and  part  of  the  residue  is  soluble  in  alco- 
hol (resin).  Examples:  asafoetida,  aloes,  gal- 
banum,  gamboge,  gum  ammoniac,  myrrh,  oliba- 
num,  opoponax,  and  scammony. 

GUM  SENEGAL  v.  ARABIN. 

GUN  COTTON  v.  CELLULOSE. 

GUNPOWDER.  A  mixture  of  charcoal,  nitre, 
and  sulphur,  which  when  burnt  produces  large 
volumes  of  gases  chiefly  CO,  C02,  N,  H,  H2S,  and 
O  (v.  DICTIONARY  OF  TECHNICAL  CHEMISTRY). 

GURJUN  BALSAM  v.  WOOD  OIL. 

GURJUNIC  ACID  v.  WOOD  OIL. 

GUTTA  PERCHA.  A  substance  resembling 
caoutchouc  obtained  by  boiling  to  dryness  the 
milky  sap  which  exudes  from  incisions  in  the 
bark  of  the  Isonandra  Percha,  Sapota  Muelleri 
(Bleekrode,  Rep.  chim.  app.  1,  403),  and  Bassia 
Parkii. 

Gutta  percha  is  a  brownish-red  mass,  S.G. 
•98.  It  is  a  very  bad  conductor  of  electricity. 
It  softens  at  about  48°,  but  never  possesses  the 
elastic  character  of  caoutchouc.  It  is  deposited 
from  its  solution  in  CS2  in  a  very  porous  mass. 
Gutta  percha  is  insol.  water.  It  dissolves  easily 
in  benzene,  CS2,  chloroform,  and  oil  of  turpen- 
tine. It  is  not  attacked  by  solutions  of  HC1, 
KOH,  or  HF.  Hot  cone.  H2S04  carbonises  it. 
HN03  converts  it  into  a  yellow  resin. 

According  to  Payen  (C.  R.  35,  109)  gutta 
percha,  purified  by  solution  in  CS2,  consists  of 
three  hydrocarbons :  '  gutta  '  a  portion  insoluble 
in  boiling  alcohol,  amounting  to  75  to  82  p.c. ; 
'  alban '  a  portion  soluble  in  boiling,  but  inso- 
luble in  cold,  alcohol,  amounting  to  19  to  14  p.c. ; 
and  a  yellow  resin  '  fluavil,'  soluble  in  cold  al- 
cohol, and  amounting  to  6  to  4  p.c.  of  the  whole. 

Gutta  C10Hi6.  Obtained  by  exhausting  gutta 
percha  with  boiling  alcohol  and  ether,  dissolv- 
ing the  residue  in  chloroform,  and  ppg.  by  al- 
cohol (Oudemans,  Rep.  chim.  app.  1,  455;  Von 
Baumhauer,  J.  pr.  78,  277  ;  Adriani,  Z.  1860, 
496;  Hofmann,  A.  115,  297).  White  powder, 


cakes  together  and  becomes  transparent  at  100°, 
begins  to  melt  at  150° ;  at  180°  an  oil  distils 
over,  and  at  280°  it  froths  strongly.  It  is  insol. 
alcohol  and  ether,  sol.  cold  chloroform  and  CS2, 
sol.  hot  benzene  and  oil  of  turpentine.  After 
exposure  to  the  air  it  becomes  soluble  in  ether. 
Gutta  is  strongly  attacked  by  ozonised  oxygen. 
Cone.  HClAq  attacks  it,  apparently  forming  com- 
pounds containing  chlorine.  On  dry  distillation 
it  behaves  like  caoutchouc,  giving  isoprene  C5H8, 
caoutchene  C10H16,  heveene  (Greville  Williams, 
C.  J.  15,  124),  and  a  volatile  acid.  When 
exposed  to  air  and  light,  especially  at  25°  to  30°, 
it  is  completely  deprived  of  flexibility  through 
oxidation  (Hofmann,  C.  J.  13,  87 ;  Adriani,  C.  N. 
2,  227,  289,  313).  Gutta  percha  may  be  kept  for 
a  long  time  unchanged  under  water  or  in  the 
dark  (W.  A.  Miller,  C.  J.  [2]  3,  273). 

Alban.  White  crystalline  resin ;  best  ob- 
tained by  extracting  gutta  percha  with  ether, 
and  boiling  the  resulting  extract  with  alcohol 
to  remove  fluavil.  Begins  to  melt  at  100°,  and 
is  perfectly  fluid  and  transparent  at  180°.  Insol. 
water,  alkalis,  and  acids  ;  v.  sol.  oil  of  turpentine, 
benzene,  CS2,  ether,  chloroform,  and  hot  alcohol 
(Payen,  C.  R.  35, 109).  According  to  Oudemans 
(R&p.  chim.  app.  1,  455)  alban  from  Indian  gutta 
percha  may  be  represented  by  the  formula 
C10H,6O,  and  at  130°  by  C20H300,  and  melts  at 
140°  ;  S.  (alcohol)  -51  in  the  cold  ;  5-4  at  78°. 

Fluavil  C20H320.  [42°J  (Oudemans).  Yellow 
resin ;  sol.  alcohol,  ether,  benzene,  oil  of  tur- 
pentine, CS2,  and  chloroform,  remaining  as  an 
amorphous  mass  when  these  solutions  are 
evaporated.  Cone.  HClAq  dissolves  it  without 
decomposition. 

Gutta  percha  from  Bassia  Parkii  resembles 
ordinary  gutta  percha  in  its  physical  properties, 
and  has  S.G.  -976.  It  is  much  less  soluble  in 
light  petroleum,  ether,  HO  Ac,  and  oil  of  turpen- 
tine, but  is  equally  soluble  in  CS2,  chloroform 
and  benzene.  It  consists  of  gutta  (91*5  p.c.), 
alban  (6  p.c.),  and  fluavil  (2'5  p.c.)  (Heckel  a. 
Schlagdenhauffen,  C.  E.  101, 1069). 

GYROPHORIC  ACID  C36H3(i015.  An  acid 
obtained  from  two  lichens,  Gyrophora  pustulata 
and  Lecanora  tartarea,  collected  in  Norway  for 
the  manufacture  of  archil.  The  lichen  is  mace- 
rated with  milk  of  lime,  and  the  filtrate  ppd.  by 
HC1 ;  the  pp.  is  dissolved  in  boiling  alcohol, 
containing  animal  charcoal,  from  which  the 
acid  crystallises  on  cooling  (Stenhouse,  P.  T. 
1849,  393).  Small  soft  crystals  ;  nearly  insol. 
water,  v.  si.  sol.  ether  and  cold  alcohol,  m.  sol. 
boiling  alcohol.  Its  solutions  do  not  redden 
litmus.  Boiling  aqueous  KOH  or  baryta  resolve 
it  into  C02  and  orcin.  Bleaching-powder  reddens 
its  solution.  When  mixed  with  NH3  and  ex- 
posed to  the  air  it  forms  a  purple  substance. 
Boiling  alcohol  forms  orsellic  ether.  Gerhardt 
(Trait^,  3,  818)  regarded  gyrophoric  acid  as 
identical  with  lecanoric  or  evernic  acid. 
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HJEMATEIN  v.  HEMATOXYLIN. 

HJEMATIN  v.  HEMOGLOBIN. 

ILEMATO-CRYSTALLIN  v.  HEMOGLOBIN. 

KEMATO-GLOBULIN  v.  HEMOGLOBIN. 

H.EMATOIDIN  v.  HEMOGLOBIN. 

HJEMATOIN  v.  HEMOGLOBIN. 

H.EMATOLIN  v.  HEMOGLOBIN. 

KffiMATO-PORPHYKIN  v.  HEMOGLOBIN. 

HJEMATO-PORPHYROIDIN  v.  HEMO- 
GLOBIN. 

H^MATOXYLIN  C1(iHHO6.  Hamatin.  A 
colourless  crystalline  substance  from  which  the 
colouring  matter  of  logwood  (Hcematoxylon 
campechianum)  is  derived  (Chevreul,  A.  Ch.  [2] 
80,  128 ;  82,  53,  126  ;  Golfier-Besseyre,  A.  Ch. 
[2]  70,  272  ;  Erdmann,  A.  44, 292 ;  Hesse,  J.  pr. 
75,  216  ;  A.  109,  332).  Prepared  by  leaving  the 
commercial  extract  of  logwood,  previously  mixed 
with  sand,  in  contact  with  five  times  its  volume 
of  wet  ether  for  several  days,  with  frequent 
shaking ;  the  extract  is  evaporated,  and  the 
residue  recrystallised  from  water  containing  a 
little  ammonium  sulphite.  Dimetric  crystals 
(containing  3aq).  When  a  supersaturated  solu- 
tion is  allowed  to  stand  in  the  cold  it  deposits 
hemihedral  trimetric  crystals  (containing  aq). 
The  monohydrate  is  also  obtained  in  granular 
crystals  by  pouring  a  solution  that  has  been 
saturated  at  100°  into  a  cold  vessel  containing 
a  small  quantity  of  a  solution  of  acid  ammonium 
sulphite.  Haematoxylin  is  si.  sol.  cold  water,  v. 
sol.  alcohol  and  ether.  It  dissolves  in  a  satu- 
rated solution  of  borax  more  easily  than  in  pure 
water,  the  solution  being  neutral  or  slightly  acid, 
and  exhibiting  a  bluish  fluorescence.  Alcohol 
does  not  ppt.  borax  from  this  solution.  From 
the  solution  in  borax  the  haematoxylin  is  ppd. 
by  acids  in  the  monohydrated  form,  and  by  salts 
(e.g.  NaCl,  KOI,  NH4C1,  K4FeCy6,  and  HNH4S03) 
as  an  amorphous  mass.  Hsematoxylin  dis- 
solves in  warm  Na2S203  forming  a  purple  liquid 
from  which  it  is  deposited  on  cooling  in  the 
amorphous  form.  It  also  dissolves  freely  in 
Na2HP04,  the  solution  remaining  alkaline. 
Haematoxylin  has  a  sweet  taste,  resembling 
liquorice.  Its  solutions  are  dextrorotatory, 
[a]  =  92-5°  in  a  1  p.c.  solution.  It  reduces  Feh- 
ling's  solution  and  ammoniacal  AgN03  in  the 
cold.  An  aqueous  solution  of  hamiatoxylin  is 
not  altered  by  contact  with  pure  air  or  oxygen, 
but,  if  the  slightest  trace  of  ammonia  be  present, 
the  liquid  acquires  a  red  colour  due  to  hasma- 
tein  (v.  infra).  Thus  if  the  solution  is  boiled 
in  a  glass  vessel  it  becomes  purple  by  dissolving 
alkali  from  the  glass  (Maschke,  B.  7,  1535; 
Ar.  Ph.  [3]  6,  34 ;  Mitchell,  Am.  Ch.  6,  91). 
HN03  oxidises  it  at  first  to  haematem,  but  ulti- 
mately to  oxalic  acid.  H2S04  and  HC1  have  but 
little  action  on  it.  Hasmatoxylin  dissolves  in 
alkalis  and  alkaline  carbonates  forming  a  purple 
solution,  the  colour  being  destroyed  by  acids 
(Wildenstein,  Fr.  2,  9).  Baryta-water  added  to 
a  solution  of  hrematoxylin  freed  from  air  by 
boiling  forms  a  white  pp.  which  turns  blue  if 
exposed  to  air.  Basic  and  normal  lead  acetates 
give  a  white  pp.  turned  blue  in  air  ;  cupric  ace- 


ate  gives  a  greenish-grey  pp.  which  soon  be- 
comes dark-blue  with  a  coppery  lustre.  SnCl4 
gives  a  rose-coloured  pp.  Alum  colours  the  solu- 
tion red  but  gives  no  pp.  BaCl2  colours  the 
liquid  red,  and  then  forms  a  red  pp.  AuCl3  is 
reduced  by  haematoxylin.  Ammonium  vanadate 
gives  a  blue-black  colour  (Wagner,  D.  P.  J.  223, 
631).  According  to  Schiitzenberger  a.  Paraf  (Z. 
1862,  42)  the  violet  solution  of  heematoxylin  in 
ammonia  may  be  decolourised  by  heating  for  48 
hours  at  100°  in  an  exhausted  tube  ;  the  colour- 
less product,  called  « haamatinamide '  is  re- 
oxidised  on  exposure  to  air,  becoming  violet. 
Eesorcin  and  pyrogallol  are  among  the  products 
of  the  dry  distillation  of  hasmatoxylin  (E.  Meyer, 
B.  12,  1392).  Potash-fusion  gives  pyrogallol  and 
formic  acid  (Erdmann  a.  Schultz,  A.  216,  240). 
Sodium-amalgam  or  zinc  and  dilute  H2SO4  do 
not  reduce  haematoxylin  (Eeim,  B.  4,  329). 
Chlorine,  bromine,  PC15,  and  HI  yield  resinous 
products.  According  to  Frebault  (J.  Ph.  [4]  23, 
338)  the  red  colour  of  alkaline  solutions  of 
haematoxylin  is  destroyed  by  iodine. 

Penta-acetyl  derivative  C16H9Ac506. 
[166°].  From  haematoxylin  and  AcCl  (Erd- 
mann a.  Schultz,  A.  216,  232;  cf.  Eeim,  .B.  4, 
331).  Silky  crystalline  tufts ;  becomes  coloured 
in  moist  air. 

Bromo-haematoxylin  C,6H]3Br06:  Dissolves 
in  aqueous  KOH  or  NaOH  with  a  blue  colour,  in 
aqueous  NH3  with  a  red  colour. 

Pent-acetyl  derivative  C16H8Br06Ac5 : 
[210°] ;  fine  colourless  needles  ;  sol.  alcohol, 
acetic  acid,  benzene  and  chloroform.  Formed 
by  adding  bromine  to  a  cold  acetic  acid  solution 
of  penta-acetyl-hsematoxylin  (Buchka,  B.  17, 
683). 

Di-bromo-haematoxylin  C,6H12Br206.  From 
haematoxylin  and  Br  in  HOAc  (Dralle,  B.  17, 
373).  Deep-red  needles.  Decomposes  above 
120°.  Its  aqueous  solution  is  brownish-red. 

Penta-acetyl  derivative  C]6H7Br2Ac506. 
From  penta-acetyl-haematoxylin  and  Br  in 
HOAc  at  110°  (D.).  Crystals  ;  decomposes  above 
180°  without  melting. 

Haematoxylin-phtlialein  C40H30014.  Pre- 
pared by  heating  haematoxylin  with  phthalic 
anhydride  (Letts,  B.  12,  1651).  Brown  amor- 
phous mass,  insol.  water,  sol.  alkalis,  forming  a 
purple-red  solution. 

Hsematein  C16H1206.  S.  -06  at  20°  ;  S.  (ether) 
•013  at  20°. 

Preparation. — Extract  of  logwood  is  dissolved 
in  hot  water  and,  after  cooling,  NH3  in  slight  ex- 
cess is  added.  The  solution  is  exposed  to  air 
which  changes  haematoxylin  to  haematein,  the 
ammonia  compound  of  which  is  ppd.  This  pp. 
(40 g.)  is  dissolved  in  hot  water  (1000 g.)  contain- 
ing acetic  acid  (100  c.c.),  and  the  solution  is 
filtered.  On  cooling  crystals  of  haematein 
appear  (Hummel  a.  A.  G.  Perkin,  C.  J.  41,  367  ; 
cf.  Halberstadt  a.  Eeis,  C.  J.  41,  368 ;  B.  14, 
611). 

Properties.  —  Microscopic  reddish-brown 
plates  with  yellowish -green  lustre.  Sparingly 
soluble  in  water,  alcohol,  ether,  and  acetic  acid. 
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Forms  with  NH3  a  brown-violet  solution,  with 
ccnc  NaOH  a  purple-blue  solution ;  in  air  these 
liquids  turn  red  and  finally  brown.  Freely 
soluble  in  cone.  HClAq.  It  dissolves  in  alkaline 
bisulphites,  and  is  reppd.  by  hot  dilute  H2S04. 

Reactions. — 1.  Cold  cono.  H2S04  dissolves  it. 
On  pouring  the  solution  into  water  a  reddish- 
brown  pp.  of  altered  haematein  is  formed.  On 
adding  glacial  acetic  acid  to  the  solution  in  cold 
cone.  H2S04  an  orange  crystalline  powder  iso- 
haematein  sulphate,  C16HU05.S04H,  is  ppd. 
This  body  is  converted  by  dilute  (80  p.c.) 
alcohol  into  lustrous  orange-red  crystals  of 
(C16H1206)2C16Hn05S04H.— 2.  With  HC1  at  100° 
it  forms  orange-red  needles  ofiso-haematein- 
chlorhydrin  C,6Hn05.Cl,  soluble  in  water  with 
decomposition  and  separation  of  HC1.  Its  solu- 
tion is  orange.  With  alcoholic  KOH  it  gives  a 
reddish-violet  solution.  Cone.  H2S04  converts 
it  into  iso-haematein  sulphate. — 3.  With  HBr 
it  gives  a  corresponding  bromhydrin,  C^HuOaBr. 
4.  Decolourised  by  Zn  and  dilute  H2S04,  but 
not  reduced  to  hsematoxylin  thereby.  Boiling 
aqueous  SO2  behaves  in  like  manner  (Beim). — 5. 
AcCl  gives  no  acetyl  derivative. 

Ammonium  derivative  Ci6H10(NH4)206 : 
violet-black  grains ;  forming  a  purple  solution 
in  water,  and  a  brownish-red  solution  in  alcohol, 
gives  off  NH3  over  H2S04. 

Iso-haematein  C16H1206.  A  solution  of  the 
chlorhydrin  C16Hn05Cl  gives  with  Ag20  a  solu- 
tion which,  on  evaporating,  leaves  amorphous 
iso-haematein  with  green  lustre. 

Properties. — Solution  in  NaOH  is  red- violet, 
in  NH3  is  dull  red-purple ;  with  ammonic  sul- 
phide a  red-purple  pp.  is  got  (haematein  is 
nearly  decolourised  by  this  reagent).  Lead 
acetate  gives  a  red-purple  pp. 

Iso-hcemate'in  compounds  dye  with  alumina 
chocolate-red,  with  iron,  slate  to  black.  The 
colours  are  faster  than  those  of  hsematein.  The 
generation  of  iso-haematein  in  place  of  ordinary 
haematein  from  C16H,,05C1  is  peculiar.  Perhaps 
it  is  (C16H1206)3  as  indicated  by  the  sulphate. 

(£) -Haematein  C6H12O63aq.  Deposited  as 
small  brownish-red  tufts  from  an  ethereal  solu- 
tion of  haematoxylin  to  which  a  few  drops  of 
HN03  have  been  added  (Beim,  B.  4,  331).  It  is 
more  soluble  in  boiling  water  than  haematein 
(Erdmann  a.  Schultz,  A.  216, 236).  It  is  recon- 
verted into  haematoxylin  by  boiling  with  aqueous 
S02  or  with  zinc  and  dilute  H2S04.  AcCl  gives 
an  acetyl  derivative  [216°-219°J. 

HJEMIN  v.  HEMOGLOBIN. 

HJEMOCHROMOGEN  v.  HEMOGLOBIN. 

BUEMOCYANIN  v.  PROTEIDS. 

HEMOGLOBIN  (syn.  Hcemato  -  globulin, 
hamato-crystallin).  This  pigment  composes 
from  86-90  per  cent,  of  the  solid  constituents  of 
the  red  blood  corpuscles  of  vertebrates;  it  is 
also  found  in  the  blood  plasma  of  many  inverte- 
brate animals,  and  in  the  red  corpuscles  of  the 
haemo-lymph  of  a  few  invertebrates  (Lankester). 
For  a  complete  list  of  the  animals  in  the  blood 
of  which  it  has  been  described  v.  Halliburton 
(J.  Physiol.  6,  332).  It  is  found  in  the  muscle- 
plasma  of  most  animals,  even  when  none  occurs 
in  the  blood,  as  in  some  invertebrates  (Lankester, 
PflUger's  Archiv,  4,  315) ;  it  is  most  abundant 
in  the  red  muscles  of  rodents.  It  is  also  found 


in  the  nerve-cells  of  Aphrodite  aculeata  (Gamgee, 
Physiol.  Chem.  420). 

Preparation. — Leidig  (Zeits.  f.  wiss.  Zool.  1, 
116),  Beichert  (Mailer's  Archiv,  1849,  197), 
Kolliker  (Zeits.  f.  wiss.  Zool.  1,  216)  first  ob- 
served that  blood  from  different  sources  de- 
posited crystals  of  a  red  colour.  Funke  (Zeit.  f. 
rat.  Med.  N.  F.  1,  184 ;  2,  204,  288)  recognised 
that  they  consisted  of  the  red  pigment  of  the 
blood.  Lehmann  (Site.  W.  46, 65),  Lang  (ibid.}, 
and  Preyer  (Die  Blutkrystalle,  Jena,  1871)  have 
also  worked  at  the  subject.  The  principal 
methods  for  preparing  these  crystals  will  be 
found  in  detail  in  Gamgee 's  Physiol.  Chem. 
85-88.  The  crystals  may  be  obtained  with  ease 
from  the  blood  of  some  animals  (rat,  guinea 
pig)  by  simply  adding  water  to  the  blood  ;  this 
first  dissolves  the  haemoglobin  from  the  cor- 
puscles, and  without  further  treatment  the  crys- 
tals form  in  a  few  minutes.  A  very  excellent 
method  consists  in  adding  to  the  defibrinated 
blood  one-sixteenth  of  its  volume  of  ether,  or  a 
mixture  of  alcohol  and  ether;  on  shaking  the 
mixture  the  corpuscles  dissolve,  forming  a  lake- 
coloured  fluid,  and  in  a  period  varying  in  differ- 
ent annuals  from  a  few  minutes  to  three  days, 
a  thick  magma  of  crystals  is  formed,  which  may 
be  purified  by  washing  with  25  p.c.  alcohol,  and 
by  re-crystallisation.  In  other  methods  the  cor- 
puscles are  broken  up  by  repeatedly  freezing  and 
thawing  the  blood  with  or  without  the  previous 
addition  of  a  quarter  of  its  volume  of  alcohol, 
and  crystals  are  thus  obtained.  The  blood  of 
the  mouse  is  said  to  crystallise  when  drawn, 
without  any  further  treatment ;  in  septic  diseases 
in  man,  or  by  adding  putrid  serum  to  the  blood, 
there  is  the  same  crystalline  tendency  (C.  J.  Bond, 
Lancet,  Sept.  10  and  17,  1887).  The  crystals 
obtained  by  all  these  methods  are  microscopic  ; 
larger  crystals  are  formed  by  sealing  blood  which 
has  stood  in  the  air  for  twenty-four  hours  in 
narrow  glass  tubes,  and  keeping  them  for  some 
days  at  37°C.  On  then  emptying  their  contents 
into  watch  glasses  the  crystals  form  (Gschleid- 
len,  Physiol.  Methodik,  361).  For  microscopical 
investigation  a  very  convenient  method  is  to 
mount  a  drop  of  blood  in  Canada  balsam,  and 
the  crystals  separate  in  a  few  minutes  (Stein, 
Virchow's  Archiv,  97,  483).  The  crystals  in  all 
these  cases  are  generally  spoken  of  as  haemo- 
globin crystals ;  it  would  be  more  correct  to 
speak  of  them  as  crystals  of  oxy-hsemoglobin, 
the  loose  combination  of  oxygen  and  haemo- 
globin that  exists  in  arterial  blood.  Crystals  of 
pure  or  venous  haemoglobin  have,  however,  been 
obtained  by  Hiifner  and  by  Nencki  and  Sieber 
(Chem.  Soc.  Abst.  1886,  p.  482). 

Crystalline  form. — Not  only  does  the  haemo- 
globin of  different  animals  differ  in  the  readi- 
ness with  which  it  crystallises,  and  in  its  solu- 
bility in  water,  but  also  in  crystalline  form.  As 
obtained  from  the  majority  of  animals,  the 
crystals  are  prisms  or  plates  belonging  to  the 
rhombic  system ;  the  exceptions  to  this  rule  are 
the  guinea-pig,  in  which  the  crystals  were  at 
first  supposed  to  be  regular  tetrahedra  (Kunde, 
Zeits.  fur  rat.  Med.  N.  F.  2,  276),  but  have 
since  been  shown  by  Von  Lang  to  be  rhombic 
tetrahedra.  In  birds  the  crystals  are  often 
tetrahedral.  These  crystals  are  doubly  refract- 
ing and  pleochromatic.  In  three  animals,  the 
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squirrel  (Kunde),  hamster  (Preyer),  and  mouse 
(Bojanowski),  six-sided  plates  have  been  de- 
scribed. The  statement  regarding  mouse's 
crystals  is,  however,  erroneous.  Ehombohedra 
have  been  obtained  from  hamster's  blood.  Oc- 
casionally six-sided  plates  are  obtained  from 
rat's  blood  (Halliburton,  Quart.  Jour.  Mic.  Sci. 
1887,  190).  These  crystals,  if  they  are  lying 
flat,  appear  dark  between  crossed  nicols,  and 
therefore  belong  to  the  hexagonal  system.  The 
amount  of  water  of  crystallisation  varies  greatly 
in  the  crystals  from  different  sources,  and  it  is 
probably  owing  to  this  that  the  difference  in 
crystalline  form  is  due  (Hoppe-Seyler,  Physiol. 
Chem.  377  ;  C.  Bohr,  Untersuch.  uber  d. 
Sauerstoffaufnahme  des  Blutfarbstoffes,  Kopen- 
hagen,  1885;  Halliburton,  I.e.). 

Composition. — Haemoglobin  differs  from  most 
of  the  other  proximate  constituents  of  the  body 
in  containing  iron.  Preyer's  formula  for  it  is 
C600H960NI54FeS30179.  Determinations  of  the 
sulphur  by  other  observers  were,  however,  con- 
tradictory ;  on  this  ground  Lehmann  and  others 
advanced  the  theory  that  haemoglobin  is  not  a 
chemical  unit,  but  consists  of  a  colouring  matter, 
haematin,  which  contains  the  iron,  mechanically 
mixed  with  a  crystallised  proteid.  A  seeming 
confirmation  of  this  theory  was  advanced  by 
Struve  (Zeit.  Prakt.  Chem.  1884),  who  extracted 
haematin  from  the  crystals  by  alcoholic  am- 
monia, leaving  them  colourless.  Zinoffsky 
(Zeit.  Physiol.  Chem.  10,  16)  points  out,  how- 
ever, that  alcoholic  ammonia  is  a  powerful  re- 
agent, and  shows  that  the  conflicting  results  as 
to  the  quantity  of  sulphur  present  are  due  to  bad 
methods  of  preparation  of  the  haemoglobin. 
Adopting  the  ether  method  of  preparing  the 
crystals  (for  the  modifications  of  the  method  as 
already  described  the  original  paper  must  be 
consulted),  he  found  that  the  empirical  formula 
for  haemoglobin  is  C7j2H1,30N2i4S2Fe0245.  By 
heat,  or  by  the  action  of  strong  acids  or  alkalis, 
haemoglobin  is  decomposed  into  haematin 
(C68H70N8Fe20,0)  and  a  proteid  or  mixture  of 
proteids  known  under  the  name  Globin  (for  the 
properties  of  globin  v.  PROTEIDS). 

Properties. — Though  crystallisable,  haemo- 
globin is  not  diffusible ;  its  colour  differs  with 
the  amount  of  oxygen  with  which  it  is  combined; 
the  pure  pigment  has  a  purplish  tinge  ;  the 
oxygenated  condition  in  which  it  usually  exists 
is  a  yellowish-red.  In  both  conditions  solutions 
of  the  pigment  show  with  the  spectroscope  typi- 
cal absorption  bands.  The  spectrum  of  oxy- 
haemoglobin  varies  with  the  concentration  of  the 
solution ;  in  addition  to  a  certain  amount  of  ab- 
sorption of  both  ends  of  the  spectrum  there  are 
two  typical  bands  between  the  D  and  E  lines, 
the  a  band  has  for  its  centre  the  wave-length 
579  ;  the  £  band,  which  is  wider  and  less  well- 
defined,  has  its  centre  at  wave-length  5 53  (Hoppe- 
Seyler)  (see  spectrum,  2).  Stokes  first  showed  that 
on  the  addition  of  reducing  agents  to  such  a  solu- 
tion the  colour  of  the  liquid  changes  to  that  of 
haemoglobin,  and  this  has  only  one  absorption 
band,  which  occupies  approximately  the  light 
space  between  the  two  bands  of  oxyhaemoglobin 
(see  spectrum,  3).  The  most  convenient  redu- 
cing agent  to  use  is  '  Stokes's  reagent,'  which 
must  always  be  freshly  prepared  by  adding  a 
small  quantity  of  citric  or  tartaric  acid  to  a 


solution  of  ferrous  sulphate,  and  then  ammonia 
till  the  reaction  is  alkaline.  Or  a  solution  of 
ammonium  sulphide,  or  a  stream  of  a  neutral 
gas  like  hydrogen  may  be  used.  If  the  solu- 
tion which  shows  the  spectrum  of  reduced  haemo- 
globin be  agitated  with  the  air  or  oxygen  it  once 
more  becomes  brighter  in  colour,  and  shows  the 
two  bands  of  oxyhaemoglobin.  This  spectro- 
scopic  test  is  the  one  most  usually  applied  for 
the  identification  of  haemoglobin.  The  bands 
are  still  perceptible  when  the  solution  contains 
only  1  part  of  haemoglobin  in  10,000  of  water. 
Another  test  frequently  used  is  to  obtain  crystals 
of  haemin  (q.  v.).  The  crystals  of  oxy-hserno- 
globin  dried  in  vacuo  still  retain  3-4  per  cent, 
of  water  of  crystallisation,  which  is  driven 
off  by  heating  to  110°-120°C.  The  dried  sub- 
stance may  be  heated  to  100°C.  without  under- 
going decomposition. 

Haemoglobin  gives  all  the  tests  of  proteiids. 
Oxyhaemoglobin  has  the  power  of  decomposing 
hydrogen  peroxide.  Preyer  finds  that  1  grm.  of 
haemoglobin  can  link  to  itself  1-67  c.c.  of  re- 
spiratory oxygen  ;  Hiifner  (Zeit.  physiol.  Chem. 
i.  317)  gives  approximately  the  same  figure ;  the 
theory  of  A.  Schmidt  that  haemoglobin  has  the 
power  of  ozonising  the  oxygen  it  thus  links  to 
itself  has  been  disproved  by  Pfliiger  (Pfliiger's 
Archiv,  10,  252). 

Estimation  of  hcemoglobin. — (a)  From  the 
amount  of  iron ;  dry  haemoglobin  contains  0-42 
p.c.  of  iron.  A  weighed  quantity  of  blood  is 
calcined  ;  the  ash  is  exhausted  with  hydrochloric 
acid  to  obtain  ferric  chloride,  which  is  trans- 
formed into  ferrous  chloride,  and  titrated  with 
potassium  permanganate,  (b)  Colorimetrically 
(Hoppe-Seyler  ;  Kajewsky ;  Malassez) :  the  most 
convenient  instrument  is  Grower's  haemoglobino- 
meter  (Lancet,  vol.  ii.  1878,  p.  822).  (c)  Spectro- 
scopically,  by  comparing  the  amount  of  absorp- 
tion of  light  with  that  of  a  standard  solution  (v. 
Hiifner,  I.e.,  Preyer,  I.e.  On  the  Spectrophoto- 
meter,  v.  S.  Lea,  J.  Physiol.  5,  239).  The  ab- 
sorption coefficient  of  oxyhaemoglobin  increases 
each  time  it  is  recrystallised  (F.  Kriiger,  Zeit. 
Biol.  24,  471).  7.  also  Fleischl,  Holy's  Jahrb. 
xv.  149  ;  Otto,  ibid.  146 ;  Quinquaud  and  Brany, 
ibid.  151 ;  E.  Lambling,  Arch,  de  Physiol.  [4] 
12,1. 

Compounds. — Oxyhaemoglobin.  This  loose 
combination  of  oxygen  and  haemoglobin  is  formed 
in  the  pulmonary  or  branchial  capillaries,  and 
forms  the  oxygen  carrier  to  the  tissues  to  which 
it  goes,  and  where  it  parts  with  its  oxygen,  re- 
turning in  the  venous  blood  for  a  fresh  supply. 
As  already  stated,  this  compound  can  also  be 
made  artificially  from  haemoglobin  when  in  solu- 
tion outside  the  body.  For  the  most  recent  work 
regarding  the  dissociation  of  oxyhaemoglobin  v. 
Hiifner,  Zeit.  physiol.  Chem.  12,  568 ;  13,  285. 
Carbonic  oxide  hEemoglobin  is  formed  when  car- 
bonic oxide  is  breathed  instead  of,  or  mixed  in 
undue  proportions  with,  oxygen.  The  formation 
of  this  substance  is  the  cause  of  death  in  poison- 
ing from  this  gas,  which  is  contained,  for  in- 
stance, in  the  fumes  of  burning  charcoal.  The 
compound  has  a  bright  cherry-red  colour,  is 
much  more  stable  than  oxyhaemoglobin.  Its 
absorption  bands  are  very  like  those  of  oxyhaemo- 
globin, but  they  are  situated  rather  nearer  to 
the  blue  end  of  the  spectrum  (see  spectrum,  4)  ; 
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the  addition  of  reducing  agents  does  not  cause 
any  reduction  to  the  condition  of  haemoglobin. 
It  can  be  obtained  in  a  crystalline  condition, 
and  the  crystals  are  of  the  same  form  as  those 
of  oxyhaemoglobin,  but  are  more  stable.  For 
other  tests  for  CO  haemoglobin  v.  Hoppe-Seyler 
(Zeit.  physiol.  Chem.  2,  131),  Salkowski  (ibid. 
12,  227),  Katayama  (Virch.  Arch.  1888,  p.  53). 
Nitric  oxide  haemoglobin  forms  similar  crystals, 
and  in  solution  has  an  absorption  spectrum  re- 
sembling those  of  the  two  preceding  substances. 
These  three  compounds  are  isomorphous,  one 
molecule  of  each  gas  being  replaceable  by  one  of 
either  of  the  other  two,  and  is  presumably  linked 
with  one  molecule  of  haemoglobin.  Compounds 
of  haemoglobin  with  acetylene  and  with  hydro- 
cyanic acid  have  been  also  described  (Hoppe 
Seyler,  Med.  Chem.  Unters.  2,  207). 

Methaemoglobin.  This  is  occasionally  found 
in  the  body ;  e.g.  in  sanguineous  eft'usions  and  in 
the  urine.  Our  chief  knowledge  of  it  is,  how- 
ever, obtained  from  preparations  of  it  from 
haemoglobin  made  artificially.  By  simply  allow- 
ing blood  to  stand  for  some  days  it  turns  acid, 
and  of  a  brownish  tint,  and  its  haemoglobin  is 
found  to  be  wholly  or  partially  transformed  into 
methaemoglobin.  It  may  also  be  obtained  by 
adding  oxidising  agents  to  blood,  or  to  solutions 
of  oxyhaemoglobin  or  haemoglobin,  e.g.  potassium 
permanganate,  potassium  ferricyanide,  nitrites, 
&c.  (for  a  list  of  such  substances  v.  G.  Hayem, 
Compt.  Rend.  102,  698).  On  the  subsequent 
addition  of  reducing  agents,  first  oxyhaemoglobin 
and  then  haemoglobin  is  again  formed.  This  is 
seen  best  by  spectroscopic  examination.  The 
reduction,  however,  cannot  be  effected  by  simple 
mechanical  means  like  a  vacuum  or  a  stream  of 
hydrogen.  The  typical  band  of  methasmoglobin 
is  situated  in  the  red  between  the  c  and  D  lines, 
rather  nearer  to  the  former  (see  spectrum,  5) ;  in 
a  dilute  solution  three  other  bands  are  seen  (see 
spectrum,  6).  Methaemoglobin  may  also  be  ob- 
tained in  a  crystalline  form  (guinea-pig,  tetra- 
hedra;  rat,  squirrel,  horse  occasionally,  hexa- 
gonal ;  in  most  other  animals,  rhombic).  A 
ready  method  of  obtaining  these  crystals  for 
microscopic  examination  is  by  shaking  a  few 
drops  of  amyl  nitrite  with  a  few  c.c.  of  defibrin- 
ated  blood,  and  then  on  mounting  on  a  slide  a 
drop  of  the  mahogany-coloured  mixture  that 
results,  crystals  appear  in  a  few  minutes  (Halli- 
burton, Quart.  J.  of  Mic.  Sci.  1887,201).  Other 
methods  consist  in  adding  a  nitrite  and  alcohol, 
and  freezing  (Gamgee,  Phil.  Trans.  1868,  589, 
where  they  are  described,  however,  as  a  com- 
pound of  hasmoglobin  with  nitrous  acid),  or  ferri- 
cyanide of  potassium  may  be  used  instead  (Hiif  - 
ner,  Zeit.  Physiol.  Chem.  8,  366).  Sorby  con- 
sidered methaemoglobin  as  a  peroxyhaemoglobin 
(Quart.  J.  Mic.  Sci.  1870,  400).  Hoppe-Seyler 
on  the  contrary  believed  that  it  was  a  suboxyhae- 
moglobin,  intermediate  between  oxyhaemoglobin 
and  haemoglobin,  but  that  the  oxygen  was  more 
firmly  combined  than  it  is  in  oxyhaemoglobin  ; 
he  found  by  removing  some  of  the  oxygen  from 
oxyhaemoglobin  by  means  of  an  air-pump,  or  by 
nascent  hydrogen,  that  methaemoglobin  was 
formed  (Zeit.  Physiol.  Chem.  2,  150).  Hiif  ner 
and  Kiilz  (ibid.  vol.  vii.),  having  been  able  to 
obtain  pure  crystallised  methaemoglobin,  have 
found  that  the  oxygen  in  both  that  compound 


and  in  oxyhaemoglobin  are  equal  in  amount  but 
combined  more  feebly  in  the  latter. 

Parahcemoglobin.—  This  was  described  by 
Nencki  and  Sieber  (Arch.  Exper.  Path.  u. 
Pharmakol.  10,  331;  Bar.  18,  2126)  as  a  special 
compound;  but  is  regarded  by  Hoppe-Seyler 
(Zeit.  Physiol.  Chem.  10,  331)  as  a  coagulation 
product  brought  about  by  the  action  of  alcohol 

DERIVATIVES  OP  HAEMOGLOBIN. 

Haematin  (C68H70N8Fe2O10)  is  the  brown  pig- 
ment obtained  by  the  action  of  acids  or  alkalis  on 
haemoglobin  in  the  presence  of  oxygen.  This 
decomposition  occurs  more  readily  in  the  haemo- 
globin of  some  animals  (dog,  man,  &c.)  than  in 
others  (herbivora)  (Kriiger,  Zeit.  Biol.  24, 
318).  It  may  be  obtained  by  adding  acetic  acid 
to  blood,  and  then  extracting  the  haematin  with 
ether.  Mac-Munn  recommends  the  following 
method:  blood  clot  is  extracted  with  rectified 
spirit  containing  sulphuric  acid  (1  in  17) ;  the 
extract  is  filtered  and  agitated  with  chloroform, 
which  assumes  a  reddish-brown  colour  and  is 
separated,  filtered,  and  washed  with  water  to 
remove  the  acid.  On  evaporating  the  chloroform 
the  haematin  is  obtained  as  a  bluish-black  powder 
( J.  Physiol.  6,  22).  Hoppe-Seyler  obtains  haema- 
tin from  haemin,  which  is  first  dissolved  in  solu- 
tion of  potassium  hydrate,  andthehasmatinppd. 
by  hydrochloric  acid  (Med.  Chem.  Unters.  4, 523). 
Haematin  dissolved  in  an  acid  solution  shows 
four  absorption  bands  (4  banded  hasmatin  or 
haematoin) ;  first,  one  between  the  c  and  D  lines, 
this  is  the  most  distinct  and  is  nearer  to  the  c 
line  than  the  corresponding  band  of  methaemo- 
globin ;  secondly,  a  faint  narrow  band  close  to 
D  ;  thirdly,  two  much  broader  bands,  one  between 
D  and  E  and  another  between  E  and  F  (see  spec- 
trum, 7).  When  haematin  is  dissolved  in  an  alka- 
line solution  (alkaline  haematin)  one  band  only 
is  seen,  viz.  a  faint  shading  on  the  red  side  of 
the  D  line  (see  spectrum,  8).  There  is,  however, 
a  large  absorption  of  the  violet  end  of  the  spec- 
trum. On  adding  reducing  agents  to  alkaline 
haematin,  the  bands  of  reduced  haematin  (haemo- 
chromogen)  are  seen. 

Hasmatin  is  insol.  water,  ether,  alcohol,  and 
dilute  acids  ;  v.  sol.  solutions  of  caustic  alkalis, 
and  hot  alcohol  holding  sulphuric  acid  in  so- 
lution. It  can  be  heated  to  180°  without  under- 
going decomposition;  at  a  temperature  above 
this  it  burns  and  evolves  hydrocyanic  acid,  and 
leaves  an  ash  of  oxide  of  iron  amounting  to  12-6 
p.c. 

Haemochroinogen  (C34H37N4Fe05).  When 
haemoglobin  is  decomposed  in  the  absence  of 
oxygen,  instead  of  haematin,  a  substance  of  a 
purple  colour  called  haBmochromogen  is  pro- 
duced, which  is  converted  into  haematin  in  con- 
tact with  oxygen.  A  solution  of  oxyhasmoglobin 
is  freed  from  oxygen  by  a  stream  of  hydrogen, 
and  then  mixed  with  an  alcoholic  solution  of 
sulphuric  acid  or  caustic  potash  (Hoppe-Seyler, 
Med.  Chem.  Unters.  4,  523,  377 ;  Zeit.  physiol. 
Chem.  1,  138).  This  substance  is  identical  with 
the  reduced  haematin  of  Stokes,  obtained  by 
adding  a  reducing  agent  like  ammonium  sulphide 
to  alkaline  hasmatin  in  the  presence  of  proteids 
(Jaderholm,  Holy's  Jahrb.  6,  85 ;  Linossier, 
C.  R.  104,  1296).  Hasmochromogen  shows  two 
absorption  bands,  one  midway  between  the  D 
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and  E  lines,  and  the  other  occupying  the  space 
between  E  and  b  (see  spectrum,  9).  In  testing 
for  blood  where  the  haemoglobin  has  undergone 
decomposition,  as  in  old  stains,  the  most  readily 
obtained  spectrum  is  that  of .  hasmochromogen. 
The  stained  fabric  is  extracted  with  a  little 
caustic  alkali,  and  ammonium  sulphide  or  hypo- 
sulphite of  soda  added;  the  two  bands  of  haemo- 


immediately  below  D,  and  another  nearly  inter- 
mediate between  D  and  E  (see  spectrum,  10).  The 
alkaline  solution  has  four  bands:  one  between  o 
and  D,  two  between  D  and  E,  and  a  fourth,  which 
extends  through  £  of  the  space  between  b  and 
F  (see  spectrum,  11).  A  second  iron-free  deriva- 
tive has  been  obtained  from  haematin  by  Hoppe- 
Seyler ;  he  calls  it  hcematolin  (C68H78N807),  it 
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1.  Solar  spectrum. 

2.  Spectrum  of  oxyhaemoglobin  (0'37  p.c.  solution).    First  band,  X  589-564 ;  second  band,  555-517. 

3.  Spectrum  of  haemoglobin.    Band,  \  597-535. 

4.  Spectrum  of  CO  haemoglobin.    First  band,  X  583-564 ;  second  band,  547-521. 

5.  Spectrum  of  methasmoglobin  (concentrated  solution). 

6.  Spectrum  of  methEemoglobin  (dilute  solution).    First  band,  X  647-622 ;  second  band,  X  587-571 ;  third  band,  X  552- 

532  ;  fourth  band,  X  514-490. 

7.  Spectrum  of  acid  haamatin  (ethereal  solution).    First  band,  X  656-615  ;  second  band,  X  597-577  ;  third  band,  X  557- 

529 ;  fourth  band,  X  517-488. 

8.  Spectrum  of  alkaline  hsematin.    Band  from  X  630-562. 

9.  Spectrum  of  haamochromogen  (reduced  haanatin).    First  band,  X  569-542  ;  second  band,  X  535-504. 

10.  Spectrum  of  acid  hsematoporphyrin.    First  band,  X  607-593  ;  second  band,  X  585-536. 

11.  Spectrum  of  alkaline  hasmatoporphyrin.    First  band,  X  633-612  ;  second  band,  X  589-564 ;  third  band,  X  549-529  ; 

fourth  band,  X  518-488. 

The  above  measurements  (after  MacMunn)  are  in  millionths  of  a  millimetre.    The  liquid  was  examined  in  a  layer 
one  centimetre  thick.    The  edges  of  ill-defined  bands  vary  a  good  deal  with  the  concentration  of  the  solution. 


chromogen  or  in  weak  solutions  the  better  marked 
band  (that  between  D  and  E)  then  appear. 

Haematoporphyrin  (C6SH74N8012).  This  pig- 
ment is  obtained  by  adding  blood  or  pure  haema- 
tin  to  cone,  sulphuric  or  hydrochloric  acid ;  the 
action  of  the  acid  is  to  remove  the  whole  of  the 
iron  in  the  condition  of  a  ferrous  salt.  It  can 
be  ppd.  by  adding  water  to  this  compound.  The 
pp.  is  soluble  in  water  and  in  alkaline  leys.  The 
aoid  solution  exhibits  spectroscopically  one  band 


is  nearly  insoluble  in  sulphuric  acid  and  caus- 
tic alkalis.  Various  derivatives  of  haamatopor- 
phyrin  (hasmatoporphyroidin,  isohaematoporphy- 
rin,  &c.)  are  described  by  Nobel  (G.  C.  1887. 
538).  Hagmatoporphyrin  occurs  as  a  natural 
pigment  in  many  invertebrates ;  e.g.  in  the  dorsal 
streak  of  the  earth-worm.  It  is  probably  derived 
here  not  from  haemoglobin,  but  from  histo- 
haematins  which  occur  in  these  animals,  and 
which  yield  many  of  the  decomposition  products 
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of  haemoglobin  (MacMunn,  J".  Physiol.  8,  384). 
A  derivative  called  uro-hasmatoporphyrin  may 
occur  in  morbid  human  urine  (MacMunn,  J. 
Physiol.  10,  71). 

Haemin.  Hydrochloride  of  Hamatin.  This 
is  obtained  for  microscopical  examination  by 
boiling  blood  with  glacial  acetic  acid  and  a  crys- 
tal of  sodium  chloride  (fresh  blood  contains, 
however,  sufficient  sodium  chloride)  on  a  slide  ; 
on  cooling,  rhombic  crystals  of  a  dark-brown 
colour  separate  (Teichmann) ;  this  is  one  of  the 
best  tests  for  blood.  It  has  been  prepared  on  a 
large  scale  by  Hoppe-Seyler,  who  ascribes  to  it 
the  formula  C68H70N8Fe2Oi02HCl.  Similar  crys- 
talline compounds  are  obtainable  in  which  hy- 
drobromic  and  hydriodic  acids  respectively  take 
the  place  of  HC1  in  the  above  formula  (V.  D. 
Harris,  Brit.  Med.  J.  1886,  2,  103).  Nencki  a. 
Sieber  (Ber.  17,  2267 ;  18,  392  ;  Monatschr.  9, 
115 ;  Arch.  f.  exp.  Path,  und  Pharmak.  24) 
ascribe  to  haematin  the  formula  C32H32N4Fe04 ; 
and  say  haemin  crystals  are  composed  of  the 
hydrochloride  of  its  anhydride  C32H3?N4Fe03.HCl. 
Their  formulaforhaematoporphyrinis  C32H36N406. 
Of  this  they  describe  an  anhydride  and  a  crystal- 
line hydrochloride.  It  is  isomeric  with  bilirubin. 

Cyan-haematin.  A  compound  with  this  name 
is  said  to  be  formed  when  potassium  cyanide  is 
added  to  an  ammoniacal  solution  of  pure  haema- 
tin.  It  exhibits  spectroscopically  one  band  ex- 
tending from  D  and  E,  and  split  into  two  by  re- 
ducing agents. 

Nitric  oxide  Hcematin. — This  is  produced 
by  passing  nitric  oxide  into  an  alcoholic  solution 
of  haematin.  Its  absorption  bands  resemble 
those  of  oxyhasmoglobin  (Linossier,  C.  E.  104, 
1296). 

Haematoidin.  Everard  Home  (A  Short  Tract 
on  the,  Formation  of  Tumours,  London,  1830) 
first  described  certain  microscopic  crystals  in 
old  extravasations  of  blood ;  e.g.  in  apoplectic 
clots ;  to  these  Virchow  (Virch.  Archiv,  1,  383) 
gave  the  name  haematoidin,  and  recognised  that 
they  were  derived  from  the  colouring  matter  of 
the  blood.  The  same  substance  occurs  some- 
times in  an  amorphous  condition.  The  crystals 
have  also  been  found  in  the  urine  (v.  Eeckling- 
hausen,  Landois).  The  crystals  are  identical  in 
form  with  those  of  bilirubin,  the  chief  colouring 
matter  of  human  bile,  and  give  Gmelin's  colour 
reaction  with  fuming  nitric  acid.  It  has  the 
same  formula  C32H36N406.  Neither  haematoidin 
nor  bilirubin  show  spectroscopic  bands,  but 
absorb  the  violet  end  of  the  spectrum  powerfully. 
Although  Holm  (J.  pr.  100, 142)  and  Preyer  (Die 
Blutkrystalle,  187)  deny  the  identity  of  the  two 
substances,  Salkowski  (Med.  Chem.  Unters.  3, 
436)  and  the  majority  of  physiological  chemists 
are,  however,  now  of  the  opinion  that  the  two 
are  identical.  Holm  and  Preyer  probably  mis- 
took the  lipochrome  (lutein)  of  the  cow's  ovary 
for  haematoidin  (Thudichum,  Proc.  R.  S.  17, 
255). 

Other  animal  pigments.  Bilirubin  and  the 
other  colouring  matters  of  the  bile,  stercobilin, 
the  pigment  of  the  faeces,  certain  urinary  pig- 
ments, melanin,  the  black  pigment  of  the  skin, 
retina,  and  of  melanotic  sarcomata,  are  all  pro- 
bably derived  from  haemoglobin.  The  allied  pig- 
ments myo-haematin  and  the  histo-hoamatins 
will  be  described  under  MUSCLE.  W.  D.  H. 


HALOGEN  ELEMENTS.  The  four  elements, 
F,  01,  Br,  and  I  are  classed  together  under  the 
name  halogens,  or  salt-formers.  The  name  was 
given  by  Berzelius  (Lehrbuch,  1,  266  [5th  ed.]) 
to  those  non-oxygenated  radicles,  simple  or  com- 
pound, which  combine  with  metals  to  form  salts. 
Berzelius  regarded  all  salts  as  formed  by  the 
union  of  a  positive  and  a  negative  radicle.  He 
applied  the  name  salt-former  to  the  negative 
radicles,  more  especially  to  those  which  do  not 
contain  oxygen,  and  yet  more  particularly  to  the 
simple  radicles  F,  01,  Br,  I,  and  the  compound 
radicle  cyanogen.  The  nomenclature  has  been 
maintained  as  regards  the  elements  F,  01,  Br, 
and  I.  The  binary  compounds  of  these  elements 
are  usually  called  haloid  salts.  This  name  was 
also  introduced  by  Berzelius  ;  he  used  it  to  dis- 
tinguish salts  formed  by  the  union  of  metals 
with  F,  01,  Br,  I,  or  ON  from  salts  formed  by  the 
union  of  two  radicles,  each  of  which  contained 
a  common  element,  e.g.  oxygen-salts,  sulphur- 
salts,  selenion-salts,  &c. 

The  halogens  are  found  in  combination  very 
widely  distributed.  Metallic  chlorides  are  very 
numerous  ;  bromides,  iodides,  and  fluorides  occur 
in  smaller  quantities.  The  elements  themselves 
are  scarcely  found  in  the  free  state  in  nature ; 
iodine  is  said  to  exist  in  minute  quantities  in  sea 
water.  Fluorides  of  all  elements  are  known 
except  Br,  0,  01,  N,  0,  and  some  ten  or  twelve 
metals  (mostly  rare  metals  which  have  not  been 
thoroughly  examined) ;  chlorides  of  all  elements 
except  F  have  been  isolated  ;  bromides  of  almost 
all  elements  except  F  and  0  are  known;  and 
iodides  of  all,  or  almost  all,  elements  except  F 
have  been  obtained. 

The  compounds  of  the  halogen  elements 
show  resemblances  both  in  composition  and  pro- 
perties. If  X  =  F,  01,  Br,  or  I,  the  chief  metallic 
halogen  compounds  may  be  grouped  under  the 
forms : — 

(1)  MX;   M  =  alkali  metal,  Ag,  Cu,  or  Au  ; 
also  Hg  and  Tl. 

(2)  MX2;  M  =  Be,  Mg,  Ca,  Zn,  Sr,  Cd,  Ba, 
Hg ;  also  Cu  ;  In  ;  Sn,  Pb  ;  Fe,  Ni,  Co  ;  the  Pt 
metals. 

(3)  MX3;   M  =  A1,  Ga,  In,  Tl;   As,  Sb,  Bi ; 
Fe,  Or. 

(4)  MX4 ;  M  =  Ti,  Ge,  Zr,  Sn,  Ce,  Pb,  Th,  Bio, 
U;  the  Pt  metals. 

(5)  MX5;  M  =  Nb,  Sb,  Di,  Ta  ;  Mo,  W. 

(6)  MX6;  M  =  W. 

The  non-metallic  halogen-compounds  for  the 
most  part  belong  to  the  following  forms  : — 

(i.)  MX;  M  =  H. 

(ii.)  MX2;  M  =  S,  0,  Se,  Te. 

(in.)  MX3;  M  =  B,  N,  P,  As. 

(iv.)  MX4;  M  =  C,  Si,  Te. 

(v.)  MX5;  M  =  P. 

The  resemblances  in  the  composition  of  the 
halogen-compounds  are  further  brought  out  by 
the  formulae  of  oxyacids.  These  oxyacids  for 
the  most  part  belong  to  the  four  classes  HXO, 
HX02,  HX03,  HX04 ;  but  no  oxyacid  of  F  has 
yet  been  isolated. 

The  halogens  are  all  strongly  electronegative ; 
none  of  them  replaces  the  hydrogen  of  acids  to 
form  salts.  They  combine  directly  with  very 
many  elements,  and  much  heat  is  usually  pro- 
duced in  the  process.  F  is  especially  energetic 
in  its  reactions  ;  it  reacts  with  cold  water  to  form 
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ozonised  0  and  HF,  whereas  Cl  only  reacts 
rapidly  with  water  at  a  red  heat,  and  the  reac- 
tions of  Br  and  I  with  water  at  high  tempera- 
tures are  very  slow. 

A  comparison  of  the  binary  compounds  of 
the  halogens  with  H,  and  of  the  ternary  com- 
pounds withH  andO,  brings  out  the  resemblances 
and  differences  between  the  four  elements.  The 
compounds  HX  are  all  gases  at  ordinary  tem- 
peratures ;  the  formula  HX  expresses  the  com- 
position of  the  molecules  of  each,  but  at  low 
temperatures  the  V.D.  of  hydrogen  fluoride  is 
greater  than  that  calculated  from  the  formula 
HF.  According  to  Thorpe  and  Hambly  (C.  S. 
Trans.  1888.  765 ;  1889.  163)  there  is  no  proof 
of  the  separate  existence  throughout  any  con- 
siderable temperature-interval  of  molecules 
heavier  than  those  whose  composition  is  ex- 
pressed by  the  formula  HF.  Aqueous  solutions 
of  HX  all  contain  acids  ;  whether  the  acidic  re- 
actions of  these  solutions  are  the  reactions  of 
HX,  or  of  a  compound  or  compounds,  HX.wH20, 
(?H2X.OH),  cannot  be  regarded  as  yet  finally 
determined  (v.  vol.  i.  p.  534 ;  ii.  p.  8).  The 
readiness  with  which  stable  acid  fluorides,  e.g. 
KF.HF,  BiF3.3HF,  are  formed,  whereas  corre- 
sponding chlorides,  bromides,  and  iodides  are 
few  in  number  and  unstable,  points  to  the  prob- 
able existence  of  H,>F2  as  the  chemically  reacting 
unit  of  hydrofluoric  acid.  The  formation  of 
these  stable  acid  fluorides,  and  also  of  such 
definite  acids  as  SiF4.2HF  (  =  H2SiF6),BF3.HF 
(  =  HBF4),  SnF4.2HF  (  =  H2SnF6),  differentiates 
F  from  Cl,  Br,  and  I.  But  it  is  to  be  noted  that 
HC1,  HBr,  and  HI  combine  with  chlorides,  bro- 
mides, and  iodides  of  Hg,  Au,  and  Pt,  to  form 
compounds  which  react  as  definite  acids,  e.g. 
H2HgCl4,  H2HgI4,  H2PtBr6,  HAuBr4.  The  heat 
of  neutralisation  of  HFAq  is  18  to  19  p.c.  greater 
than  that  of  the  other  acids,  HXAq;  on  the 
other  hand,  the  relative  affinity  of  HFAq  is  very 
small,  while  HClAq,  HBrAq,  and  HIAq  are  very 
strong  acids  (cf.  AFFINITY,  vol.  i.  p.  75). 

According  to  the  electrolytic  dissociation- 
hypothesis  of  chemical  change  in  solution  (v. 
PHYSICAL  METHODS),  the  small  affinity  of  HFAq 
indicates  that  in  solution  only  a  few  molecules 
HF  (or  ?  H2F2)  are  dissociated  into  their  ions  ; 
whereas  most  of  the  molecules  HC1,  HBr,  and 
HI  are  dissociated  in  aqueous  solutions  of  these 
compounds.  If  this  is  so,  it  is  probable  that 
the  affinity  of  F  for  H  is  much  greater  than 
that  of  either  Cl,  Br,  or  I  for  H.  The  stability 
of  the  fluorides  generally,  and  especially  the 
stability  of  some  non-metallic  fluorides  contain- 
ing relatively  much  F,  compared  with  the  rela- 
tively unstable  character  of  corresponding  chlor- 
ides, bromides,  and  iodides,  points  to  the  affinity 
of  F  for  metals  and  non-metals  generally,  as 
being  greater  than  that  of  any  of  the  other  three 
halogen  elements ;  e.g.  compare  PF5  with  PC15, 
or  BiF3  with  BiCl3. 

Br  decomposes  most  iodides  with  liberation 
of  I ;  Cl  decomposes  both  bromides  and  iodides 
with  liberation  of  Br  or  I  respectively ;  the  re- 
actions of  F  with  chlorides,  bromides,  and 
iodides  have  not  been  yet  examined. 

The  atoms  o*  the  halogens  are  monovalent 
in  gaseous  molecules.  The  gaseous  molecules 
of  Cl,  Br,  and  I  are  diatomic  ;  but  the  vapour- 
densities  of  bromine  and  iodine  indicate  the 


gradual  dissociation  of  the  diatomic  molecules 
Br2  and  I2  into  the  monatomic  molecules  Br 
and  I  as  temperature  increases.  In  the  case  of 
iodine  dissociation  is  almost  complete  at  about 
1500°,  but  the  lowest  S.G.  obtained  for  bromine 
(at  c.  1570°)  agrees  approximately  with  that  cal- 
culated for  §Br2.  The  results  obtained  with 
chlorine  at  c.  1500°  indicate  only  a  very  slight 
dissociation  of  the.  diatomic  molecule  CLj.  Ex- 
periments in  this  direction  have  not  yet  been 
made  with  fluorine.  (For  details  v.  BROMINE, 
vol.  i.  p.  536 ;  CHLOBINE,  vol.  ii.  p.  11 ;  and 
IODINE.)  I  dissolves  in  ether  and  some  other 
solvents  to  form  red  solutions,  and  in  CS2,  &c., 
to  form  violet  solutions ;  Loeb's  results  (C.  S. 
Trans.  1888.  805)  indicate  that  the  molecule  of 
I  in  the  red  solutions  is  probably  I4,  and  that  in 
the  violet  solutions  the  molecule  is  less  complex 
than  this ;  the  values  obtained  were  between  I3 
and  I2. 

The  halogens  show  a  gradation  of  prominent 
physical  properties :  F  is  a  colourless  gas,  Cl  is 
a  yellowish-green  gas  easily  condensed  to  a 
liquid,  Br  is  a  dark-red  liquid  with  low  B.P., 
and  I  is  a  lustrous  greyish-violet  solid. 

None  of  the  halogens  combines  directly  with 
0.  In  their  compounds  with  0  and  with  0  and 
H  the  halogens  show  considerable  differences. 
No  oxide  of  F  or  Br  has  yet  been  isolated  ;  the 
oxides  of  Cl  which  certainly  exist  are  C120  and 
C102 ;  only  one  oxide  of  I,  viz.  I205,  has  been 
certainly  isolated.  The  oxides  of  Cl  are  very 
unstable  explosive  gases ;  I205  is  a  stable  well- 
defined  solid.  C120  is  the  anhydride  of  hypo- 
chlorous  acid  HC10  ;  C1O2  reacts  with  water  to 
form  both  chlorous  and  chloric  acids  HC10.,  and 
HC103 ;  I205  is  the  anhydride  of  iodic  acid  HIO3. 

The  oxyacids  of  Cl  are  HC10,  HC102,  HC103, 
and  HC104 ;  only  the  last  has  been  obtained  apart 
from  water,  the  others  are  known  in  aqueous 
solutions  only.  The  oxyacids  of  Br  are  HBrO 
and  HBr03 ;  neither  is  known  otherwise  than 
in  aqueous  solution.  The  oxyacids  of  I  are 
HI03  and  H5I06 ;  both  have  been  isolated  as 
solids.  No  oxyacid  of  F  has  yet  been  obtained. 
Solutions  of  the  two  acids  HC10  and  HBrO  are 
obtained  by  similar  processes,  viz.  by  reactions 
between  HgO  and  ClAq  or  BrAq;  when 
Ba(C103)2,  Ba(Br03)2  or  Ba(IO3)2  is  decomposed 
by  the  proper  quantity  of  dilute  H.2S04Aq,  a 
solution  of  the  corresponding  acid,  HC103, 
HBr03,  or  HI03,  is  obtained.  Salts  of  these 
acids  are  also  obtained  by  oxidising  chlorides, 
bromides,  or  iodides ;  the  conditions  differ  some- 
what in  each  case  (v.  vol.  i.  p.  537 ;  ii.  p.  15 ;  and 
IODINE,  OXYACIDS  OF,  in  vol.  iii.).  The  following 
thermal  data  regarding  the  formation  of 
hydracids  and  oxyacids  of  the  halogens  are 
taken  from  Thomsen  : — 
M=Cl 
22,000 
39,315 
29,930 
23,940 


[H,M]       . 
[H,M,Aq] . 
[H,M,0,Aq] 
[H,M,03,Aq] 


M=I 

-6,040 

13,170 


M=Br 
8,440 
28,380 
26,080 

12,420       55,800 

Thomsen  also  gives  these  data  : — 
[M2,0,Aq]          .   -8,490   -16,200 
[HMAq.O3]       .-15,380  -15,960      42,630 
These  numbers  connect  the  differences  between 
the  relative  stabilities  of  the  acids  of  Cl,  Br,  and  I, 
with  differences  between  the  quantities  of  energy 
degraded  in  their  formations  from  their  elements. 
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From  Thomson's  thermal  values  we  might 
fairly  expect  HI03  to  be  a  more  stable  acid  than 
HC103  or  HBr03 ;  we  might  also  expect  HI03Aq 
to  be  more  readily  produced  by  oxidising  HIAq, 
than  HC103Aq  or  HBr03Aq  from  a  solution  of 
the  corresponding  hydracid  ;  and  we  might  also 
expect  HI  or  HIAq  to  be  more  unstable  than 
the  corresponding  compounds  of  Cl  or  Br. 

Chlorine  water  is  an  oxidising  agent ;  but 
the  oxidising  action  of  bromine  water  is  very 
small.     Thomsen's  thermal  measurements  con- 
nect these  facts  with  energy-changes  ;  he  gives 
the  following  constants  of  oxidation: — 
(i)  2[H,Cl,Aq]-[H*,0]  =  10,270 
(ii)  2[H,Br,Aq]  -  [H2,0]  =  - 11,600. 
(i)  represents  the  heat  produced  when  chlorine 
decomposes  water  with  formation  of  HClAq  and 
0  ;  (ii)  represents  the  heat  which  disappears  in 
the  corresponding  reaction  of  Br  with  water. 

The  heats  of  formation  of  C120  and  I205  are 
very  different:  [Cl',0]=  -17,930;  [P,05]  =  45,030 
(Thomsen).  If  we  compare  the  heats  of  forma- 
tion of  the  oxyacids  of  Cl  and  Br  with  the  heats 
of  formation  of  the  oxyacids  of  I,  we  see  that 
the  quantity  of  heat  produced  in  the  cases  of  Cl 
and  Br  decreases  as  the  quantity  of  0  increases, 
but  increases  in  the  case  of  I  as  the  quantity  of 

0  increases  (v.  supra).    The  heat  of  formation  of 
periodic  acid  H5I06  is  very  much  greater  than 
that  of  any  other  oxyacid  of  I ;  Thomsen  gives 
[HM,06,Aq]  =  184,400,  and  [HIAq.O4]  =  34,510. 

Chlorine  and  iodine  are  the  only  halogens 
which  form  oxyacids  higher  than  HM03;  per- 
chloric acid  is  HC104,  but  the  only  periodic  acid 
which  has  been  isolated  is  H5I06.  The  compo- 
sition of  these  two  acids  marks  a  point  of  differ- 
ence between  Cl  and  I.  A  great  many  periodates 
are  known  which  have  few  if  any  analogues 
among  the  salts  of  Cl  oxyacids.  The  periodates 
may  be  arranged  in  four  classes  : 
meta-periodates,  e.g.  KIO4,  derived  from  the 

hypothetical  acid  HI04  (  =  H5I06-2H20) ; 
meso ^periodates,  e.g.  Pb.,(I05)2,  derived  from  the 

hypothetical  acid  H3I05  (  =  H5I06-H20); 
para -periodates,  e.g.  Ba5(I06)2,  derived  from  the 

acid  H5I06 ; 

di-periodates,  e.g.  K4L>09,  derived  from  the  hypo- 
thetical acid  H4I~09  ( =  2H5I06  -  3H20). 
(For  details  v.  Periodates,  under  IODINE,  OXY- 
ACIDS OF.) 

The  oxyacids  of  Cl  and  Br  are  all  mono- 
basic ;  but  periodic  acid  H-I06  is  pentabasic, 
and  iodic  acid  HI03  or  H212O6  is  probably  di- 
basic (v.  IODINE,  OXYACIDS  OF). 

The  affinities  of  the  hydracids  of  Cl,  Br,  and 

1  are  approximately  equal ;  the  affinity  of  HFAq 
is  very  small,  less  than  i^h  °^  that  °*  HClAq. 
The  affinities  of  the  oxyacids  of  the  halogens, 
except  that  of  HC103Aq,  have  not  yet  been  de- 
termined ;  HC103Aq  is  nearly  as  strong  an  acid 
as  HClAq.    The  data  for  comparing  the  increase 
in  the  affinity  of  an  acid  when  H  is  substituted 
by  F,  Cl,  Br,  and  I  respectively  are  as  yet  very 
meagre ;    from  the  measurements  which  have 
been  made  the  substitution  of  Cl  seems  to  raise 
the  affinity  a  little  more  than  substitution  of  Br 
orF. 

In  the  classification  of  the  elements  on  the 
basis  of  the  periodic  law  (v.  vol.  i.  p.  351 ;  also 
CLASSIFICATION,  vol.  ii.  p.  203)  the  halogens  are 
placed  in  Group  VII.,  Cl,Br,  and  I  in  odd  series, 


(3,  5,  and  7),  and  F  in  an  even  series  (2). 
Group  VII.  also  contains  Mn.  The  analogies 
between  Mn  and  the  halogens  are  but  feebly 
marked.  Physically,  Mn  is  a  metal ;  chemically 
it  is  both  metallic  and  non-metallic.  The  per- 
manganates MIMn04  are  generally  isomorphous 
with  the  perchlorates,  and  with  some  of  the 
meta-periodates.  There  are  many  gaps  in 
Group  VII. ;  at  least  four  elements  belonging 
to  even  series,  and  two  belonging  to  odd  series, 
have  yet  to  be  discovered.  The  position  of  Mn, 
following  a  series  of  metallic  elements,  and  fol- 
lowed by  the  metals  Fe,  Ni,  and  Co,  would  lead 
us  to  expect  pronounced  metallic  properties  in 
this  element.  Looking  generally  at  the  varia- 
tions of  properties  in  groups  and  series,  we 
should  expect  the  analogy  between  Cl,  which  is 
the  first  member  of  the  odd  series  of  Group  VII., 
and  Mn,  which  belongs  to  the  even  series,  to  be 
but  feebly  marked ;  we  should  also  expect  to  find 
the  resemblances  between  the  other  even-series 
members  of  the  group  (when  they  are  discovered) 
to  be  less  distinctly  marked  than  is  the  case  in 
the  lower  groups,  and  we  should  expect  to  find 
all  the  odd-series  members  (Cl,  Br,  I,  and  two 
elements  yet  to  be  discovered)  to  resemble  one 
another  fairly  closely. 

For  details  about  the  individual  halogens  v. 
BEOMINE,  CHLOEINE,  FLUORINE,  and  IODINE. 

M.  M.  P.  M. 

HALOGENS,  BINARY  COMPOUNDS  OF 
THE.  The  four  halogen  elements, form  nume- 
rous binary  compounds  both  with  metals  and 
non-metals.  The  compositions  of  the  chief  com- 
pounds in  question  are  represented  by  general 
formulae  in  the  preceding  article.  Metallic 
fluorides,  chlorides,  bromides,  and  iodides  may 
generally  be  prepared  by  dissolving  metals  or 
\  their  oxides  or  carbonates  in  solutions  of  HF, 
HC1,  HBr,  or  HI,  and  evaporating;  many  are 
also  formed  by  the  direct  union  of  the  elements  ; 
some  are  produced  by  reactions  between  metallic 
oxides  or  hydroxides,  and  Cl,  Br,  or  I  (probably 
a  similar  reaction  will  be  found  to  occur  with 
F).  Metallic  fluorides  are  not  decomposed  by 
heat  alone  ;  many  of  them  are  unchanged  even 
when  heated  with  carbon  or  oxygen ;  a  few  me- 
tallic chlorides  are  decomposed  by  heat  alone  to 
metal  and  Cl,  e.g.  PdCl4 ;  some  are  reduced  by 
heat  to  lower  chlorides,  e.g.  CuCl2  to  CuCl ;  but 
the  majority  are  volatilisable  without  decompo- 
sition ;  metallic  bromides  and  iodides  as  a  class 
resemble  chlorides  in  their  behaviour  towards 
heat ;  many  chlorides,  bromides,  and  iodides  are 
decomposed  with  formation  of  oxy-haloid  com- 
pounds or  of  oxides  by  strongly  heating  in  moist 
air  or  oxygen.  As  a  class,  metallic  chlorides, 
bromides,  and  iodides  are  soluble  in  water  ;  some 
are  decomposed  to  oxy-haloid  salts ;  on  the 
whole  the  iodides  are  less  readily  decomposed  by 
water  than  the  chlorides  or  bromides  ;  metallic 
fluorides  are  generally  insoluble  in  water  ;  they 
are  distinctly  more  stable  towards  water  than  the 
other  haloid  salts.  Metallic  fluorides  very  readily 
combine  with  HF  to  form  acid  salts,  which  are 
generally  decomposed  by  heat  with  formation  of 
the  normal  salt  and  HF.  A  few  chlorides,  bro- 
mides, and  iodides  combine  with  HC1,  HBr,  and 
HI  respectively ;  but  such  acid  chlorides  are  com- 
paratively few  in  number,  and  are  much  less 
stable  than  the  acid  fluorides- 
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The  non-metallic  halogen  binary  compounds 
as  a  class  are  gasifiable  ;  some,  however,  are  de- 
composed by  heat,  e.g.  chlorides  and  bromides 
of  S ;  generally  speaking  the  fluorides  are  more 
stable  than  the  corresponding  compounds  of  the 
other  halogens.  Most  non-metallic  chlorides  and 
bromides  are  decomposed  by  water  with  forma- 
tion of  haloid  acid  and  an  oxyacid  of  the  non- 
metal  ;  in  this  respect  iodides  are  more  stable 
than  chlorides  and  bromides,  and  fluorides  are 
more  stable  than  iodides. 

Chlorine  forms  binary  compounds  with  all 
non-metals  except  F ;  bromine  with  all  except 
F,  0,  and  perhaps  N  ;  iodine  with  all  except  B  ; 
and  fluorine  with  all  except  Br,  Cl,  C,  0,  and  N. 
The  binary  compounds  of  the  halogens  with  H 
are  acids,  HC1,  HBr,  and  HI  are  strong  acids, 
but  HF  has  a  very  small  affinity.  The  binary 
compounds  which  the  halogens  form  by  com- 
bining one  with  another  are  not  numerous  ;  the 
chief  are  IF5,  IC1,  IC13,  IBr,  BrCl ;  the  only  one 
of  these  which  has  been  gasified  without  decom- 
position is  Id.  M.  M.  P.  M. 

HALOID  SALTS.  Binary  compounds  of  the 
halogens  F,  Cl,  Br,  I,  with  metals. 

HAMATHIONIC  ACID  CI2HI8S016.  An  acid 
produced  by  the  action  of  H2S04  on  euxanthic 
acid  (Erdmann,  A.  60,  240).  Syrup ;  decomposed 
by  boiling  water.— Pb3C12H,2S016. 

HARMALINE  C13H14N20.  Harmine  di- 
hydride.  [c.  238°].  Occurs,  together  with  harm  - 
ine,  in  the  seeds  of  Perganum  harmala,  a  plant 
growing  in  Southern  Bussia.  These  alkaloids 
make  up  4  p.c.  of  the  seeds,  and  are  found  in 
the  seed  coating,  not  in  the  kernel  (Gobel,  A. 
38,  363  ;  Fritzsche,  A.  64,  360 ;  68,  351,  355  ; 
72,  306  ;  88,  327).  Occur  probably  in  the  form 
of  phosphates. 

Preparation. — The  seeds  are  extracted  with 
dilute  HOAc  or  H2S04,  and  the  brown  extract 
mixed  with  NaCl.  The  hydrochlorides  of  the 
bases  are  ppd.  together  with  colouring  matter  ; 
the  pp.  is  washed  with  brine,  and  then  treated 
with  pure  water,  which  dissolves  the  hydrochlor- 
ides of  the  bases.  The  solution  is  treated  with 
animal  charcoal  and  the  filtrate  heated  to  60° 
and  mixed  with  ammonia.  Harmine  comes  down 
first  in  minute  needles,  on  further  addition  of 
ammonia  harmaline  is  ppd.  in  minute  scales. 

Properties. — Trimetric  octahedra  (from  al- 
cohol) ;  a:b:c  =  1:1-804:1-415.  SI.  sol.  water  and 
ether,  m.  sol.  cold  alcohol,  v.  sol.  boiling  alcohol. 
On  oxidation  with  HN03  it  forms  harmine. 
Harmine  is  also  formed  when  the  acid  chrom- 
ate  of  harmaline  is  heated  to  120°.  By  heating 
with  HC1  it  is  converted  into  harmalol. 

Salts. — The  salts  of  harmaline  are  yellow 
and  exhibit  strong  fluorescence. — B'HCl  2aq  : 
long  yellow  prismatic  needles  ;  m.  sol.  water  and 
alcohol.— B'2H2PtCl6 :  yellow  pp.— B'2H2Cr2O7 : 
crystalline. — Acetate  is  crystalline. — B'HCy: 
from  harmaline  hydrochloride  and  KCy.  Formed 
also  by  dissolving  harmaline  in  boiling  dilute 
HCy.  Thin  tables  (from  alcohol).  By  heating 
to  180°  or  by  boiling  with  water  or  alcohol  it  is 
resolved  into  barmaline  and  HCy.  It  combines 
with  acids  ;  thus  HC1  forms  B'HCyHCl,  a  crys- 
talline powder  composed  of  small  octahedra. 

Methylo-iodide  B'Mel.  [260°]  (O.Fischer 
a.  Tauber,  B.  18,  400), 


Nitro-harmaline  C1;)H13(N02)N20.  [120°]. 
Chrysoharmine.  Formed  by  suspending  harm- 
aline (1  pt.)  in  alcohol  (7  pts.  of  80  p.c.)  adding 
cone.  H2S04  (2  pts.)  and,  when  the  solution  is 
complete,  moderately  concentrated  nitric  acid 
(2  pts.)  ;  the  mixture  is  heated  to  100°,  and  when 
the  reaction  is  over  it  is  cooled  quickly.  The 
liquid  then  deposits  the  sulphate  of  nitro-har- 
maline,  which  is  washed  with  alcohol  contain- 
ing H2S04,  dissolved  in  water,  and  treated  with 
KOH.  It  may  be  further  purified  by  sulphurous- 
acid  with  which,  unlike  harmaline  and  harm- 
ine, it  forms  a  sparingly  soluble  salt.  Orange 
powder,  composed  of  minute  prisms  (by  ppn.) ; 
larger  crystals  are  deposited  from  the  alcoholic 
solution.  SI.  sol.  cold  water,  to  which,  however, 
it  imparts  a  yellow  colour ;  m.  sol.  boiling  water ; 
si.  sol.  cold  ether.  More  soluble  in  alcohol  than 
harmine  or  harmaline.  It  expels  NH3  when 
heated  with  ammonium  salts. 

Salts. — B'HCl:  small  yellow  prisms.  — 
B'2H2PtCl6:  yellow  pp.,  which  ultimately 
assumes  the  form  of  minute  prisms. — Nitrate  : 
yellow  needles ;  si.  sol.  dilute  HN03.  — 
Ci3H12Ag(N02)N20  aq  :  yellowish-red  flocculent 
pp.,  obtained  by  adding  ammoniacal  silver  ni- 
trate to  a  solution  of  nitro-harrnaline  nitrate. — 
Normal  sulphate:  crystalline  pp. — B'H2S04: 
pale-yellow  crystalline  powder,  nearly  insol. 
cold  water. — B'HCy :  obtained  by  dissolving 
nitro-harmaline  in  hot  alcoholic  HCy.  Slender 
yellow  needles.  Eesolved  by  boiling  water  into 
HCy  and  nitro-harmaline. 

Harmine  C13H,2N20.  [257°].  Occurs  in  the 
seeds  of  Perganum  harmala  (v.  supra).  Formed 
also  by  the  oxidation  of  harmaline  by  a  mixture 
of  equal  parts  of  alcohol  and  HClAq  to  which 
a  little  nitric  acid  has  been  added ;  the  liquid 
is  boiled,  and  on  cooling  harmine  hydrochloride 
crystallises  out  in  slender  needles.  The  solution 
of  this  salt  decomposed  by  NH3  yields  the  base. 

Properties.  —  Long  colourless  monoclinic 
prisms  (from  alcohol)  ;  nearly  insol.  water,  less 
soluble  in  alcohol  than  harmaline,  v.  si.  sol. 
ether.  Expels  ammonia  from  boiling  solutions 
of  its  salts.  By  heating  with  fuming  HClAq  at 
140°,  harmol  and  MeCl  are  formed  (Fischer  a. 
Tauber,  B.  18,  400).  Cr03  oxidises  it  to  harm- 
inic  acid. 

Salts. — Colourless;  but  in  solution  they 
exhibit  indigo-blue  fluorescence. — B'HCl  2aq  : 
needles,  sol.  water  and  alcohol,  v.  si.  sol.  HClAq. 
—B'HCl  (from  alcohol).— B'2H2PtCl6 :  flocculent 
pp.,  becoming  crystalline  when  the  liquid  is 
heated. — B'2H.,804  2aq :  concentrically  grouped 
needles.— B'H^S04  (from  alcohol).— B'2H2Cr207. 
— B'H2C204  aq  :  radiating  needles. 

Methylo-iodide  B'Mel.  [c.  298°].  Long- 
white  needles  (F.  a.  T.). 

Di-chloro-harmine  C13H10C12N20.  Formed 
by  heating  a  solution  of  harmine  hydrochloride 
(2  pts.)  in  water  (100  pts.)  to  boiling  and  adding 
cone.  HClAq  (15  pts.),  followed  by  KC1OS  in 
small  quantities  until  the  brownish-red  colour 
which  at  first  appears  is  changed  to  pure  yellow  ; 
on  cooling,  di-chloro-harmine  hydrochloride 
separates  and  is  washed  with  dilute  HClAq. 
The  salt  is  recrystallised  from  alcohol,  and  de- 
composed by  boiling  NaOHAq.  Needles  (from 
alcohol) ;  insol.  cold,  v.  si.  sol.  boiling,  water, 
sol,  alcohol,  ether,  benzene,  and  CS,,.  With 
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iodine  it  forms  a  compound  containing  46-5  p.c. 
iodine  (Ci3HIOCl2N2OI2  requires  47*5  p.c.). 

Salts.— The  salts  of  di-chloro-harmine  are 
v.  si.  sol.  dilute  acids ;  the  normal  salts  are 
partially  decomposed  by  much  water,  di-chloro- 
harmine  separating.  Ammonia  ppts.  the  base 
from  its  salts  as  a  jelly ;  NaOHAq  also  forms  a 
gelatinous  pp.  which,  however,  becomes  crystal- 
line on  long  boiling  with  a  large  excess  of 
NaOHAq.— B'HCl  2aq :  needles  (from  water); 
separated  from  its  aqueous  solution  by  NaCl  as 
a  jelly  which  subsequently  becomes  crystalline. 
B'HN03 :  ppd.  as  a  jelly,  changing  to  needles,  by 
adding  HNO3  to  a  solution  of  di-chloro-harmine 
in  dilute  HN03. 

Nitro-harmine  C,3Hn(N02)N20  (Fritzsche,^. 
88, 328 ;  92,  330).  Produced  by  the  action  of  nitric 
acid  on  harmaline  or  nitro-harmaline.  Prepared 
by  dissolving  harmaline  (1  pt.)  in  water  (2  pts.)  and 
the  requisite  quantity  of  HOAc,  and  then  adding 
HN03  (12  pts.  of  S.G.  1-40)  in  a  thin  stream. 
The  liquid  is  boiled  as  long  as  nitrous  fumes 
escape,  and  the  nitro-harmine  then  ppd.  by  KOH. 
Yellow  octahedra  which  soon  change  to  needles 
(from  alcohol) ;  si.  sol.  cold,  m.  sol.  boiling,  water, 
si.  sol.  ether. — H ydrochloride:  B'HCl 2aq  : 
slender  yellow  needles.  —  Di -iodide  B'I2. 
Separates  as  minute  yellowish-brown  needles  on 
mixing  the  boiling  solutions  of  iodine  and  nitro- 
harmine  in  alcohol.  In  water,  alcohol,  and  ether 
it  is  nearly  insol.  in  the  cold,  but  si.  sol.  on 
warming.  Boiling  alcohol  resolves  it  into  iodine 
and  nitro-harmine ;  boiling  dilute  H2S04  acts  in 
like  manner. 

Bromo-nitro-harmine  Ci3H10Br(N02)N20. 
Ppd.  by  addition  of  bromine,  followed  by  am- 
monia, to  a  dilute  solution  of  a  salt  of  nitro- 
harmine.  When  bromine-water  is  added  to  its 
solution  in  hot  dilute  alcohol  there  is  deposited 
on  cooling  minute  yellow  needles  of  the  di- 
bromide  C13H10Br3(NO,)N20. 

Chloro-nitro-harmine  C1SH10C1(N02)N20. 
Produced  by  the  action  of  chlorine  on  nitro- 
harmine  or  of  aqua  regia  on  harmaline. 

Preparation. — Harmaline  (1  pt.)  is  dissolved 
in  water  (2  pts.),  and  the  requisite  quantity  of 
HOAc,  and  the  solution  is  poured  into  boiling 
nitric  acid  (12  pts.  of  S.G.  1-40)  mixed  with 
fuming  HClAq  (2  pts.).  When  the  reaction  is 
over  a  solution  of  NH4C1  mixed  with  lumps  of 
ice  is  poured  into  the  liquid,  which  is  afterwards 
further  diluted,  and  ppd.  by  NaOHAq.  Bright 
yellow  brittle  mass  composed  of  minute  needles. 
Ppd.  from  its  salts  by  NH3  as  a  jelly.  SI.  sol. 
cold,  m.  sol.  boiling  water  and  boiling  alcohol. 
SI.  sol.  ether.  Iodine  solution  forms  slender 
needles  of  C13H,0C1(N02)N2OI2,  sol.  alcohol. 

Salts.— B'HCl  :  slender,  hair-like  needles, 
m.  sol.  water.  Ppd.  from  its  aqueous  solution 
by  HClAq  as  a  jelly,  and  by  NaCl  as  white 
flocculi. — B'2H2PtCl6' :  slender  yellow  prisms 
(from  alcohol). 

Harmine  tetrabromide  C,3H12N2OBr4.  Ob- 
tained as  a  reddish-yellow  flocculent  pp.  on 
adding  excess  of  bromine  to  a  cold  solution  of 
harmine  in  dilute  H2S04  (0.  Fischer,  B.  22,  638). 
^Reconverted  into  harmine  by  S02  or  by  warm 
aqueous  Na2C03. 

Harmine  tetrahydride  CI8H16N2O. 

Harmaline  dihydride.  [199°].  Obtained  by 
reducing  a  hot  concentrated  solution  of  harmaline 


in  alcohol  by  means  of  sodium  (0.  Fischer,  B. 
22,  638).  Formed  in  the  same  way  from  harmine. 
Irregular  pointed  needles  (from  alcohol).  Its 
solutions  fluoresce  pale  bluish-green,  becoming 
deep-green  on  addition  of  FeCl3  or  AgN03.  Gives 
a  nitrosamine  C13H,5N302. 

Apoharmine  C8H8N2.  [183°].  Got  by  distilling 
harminic  acid  (v.  infra]  in  a  partial  vacuum  in 
portions  of  -5  g.  at  a  time  (0.  Fischer,  B.  22, 
640).— B'HAuCl4:  yellow  needles.— B'HIaq: 
fan-shaped  groups  of  white  needles  (from  MeOH), 
decomposing  at  220°  without  melting. 

Apoharmine  tetrabromide  C8H8N2Br4.  A 
lemon-yellow  pp.  got  by  adding  excess  of  bromine 
water  to  a  solution  of  apoharmine  in  dilute 
H2S04. 

Apoharmine  dihydride  C8H10N2.  [49°]. 
(262°).  Obtained  by  reducing  apoharmine  with 
cone.  HIAq  and  red  phosphorus  at  160°.  Tables 
(from  ether-ligrom).  Smells  of  excrement  of 
mice.  From  ether  it  separates  with  ether  of 
crystallisation.  Its  solution  in  dilute  H2S04 
exhibits  violet  fluorescence.  Its  hydrochloride 
colours  pine-wood  deep-orange. — B"HC1 :  felted 
needles.  —  B"H2PtCl6  2aq  :  orange  crystals.  — 
B"HAuCl4  [149°] :  reddish-brown  needles. 

Nitrosamine  C8Hp(NO)N2.  [135°].  Small 
needles  (from  hot  water).  May  be  sublimed. 

^  Harmol  C12H10N20.  [321°].  Formed  by 
elimination  of  a  methyl  group  from  harmine 
C13H12N20,  by  heating  it  with  fuming  HC1  at 
140°  (0.  Fischer  a.  Tauber,  B.  18,  402).  Small 
needles.  V.  e.  sol.  aqueous  alcohol,  si.  sol. 
absolute  alcohol,  nearly  insol.  water.  Dissolves 
in  acids  and  in  caustic  alkalis.  The  acid  solu- 
tions have  a  violet  fluorescence. 

Harminic  acid  Ci0H8N204.  [345°].  Formed 
by  oxidation  of  harmine  in  HOAc  with  Cr03  (O. 
Fischer  a.  Tauber,  B.  18,  403).  Formed  in  like 
manner  from  harmaline.  Silky  needles,  si.  sol. 
hot  water,  nearly  insol.  alcohol,  ether,  chloroform, 
and  benzene.  On  heating  to  its  melting-point 
it  evolves  C02,  and  yields  apoharmine  C8H8N2 
which  melts  at  [183°]. 

Harmalol  C12H12N2O.  Obtained  as  hydro- 
chloride  by  heating  harmaline  (3  g.)  with  cone. 
HClAq  (lOc.c.)  at  150°.  The  base  may  be 
liberated  by  NaOH.  Eed  needles,  sol.  hot  water, 
si.  sol.  benzene,  sol.  chloroform  and  acetone. 
Keadily  oxidised  by  air.  It  crystallises  from 
dilute  alcohol  with  3aq. — B'HCl  2aq:  crystals. — 
B'2H2PtCl6. 

Acetyl  derivative  C12H10Ac2N20.  Nodules. 

Harmolic  acid  C,2H10N205.  [247°].  Formed 
by  fusing  harmol  with  KOH,  and  ppg.  the  aqueous 
solution  of  the  melt  with  H2S04.  Small  needles 
(from  hot  water).  The  solution  of  its  ammonium 
salt  gives  amorphous  pps.,with  salts  of  Pb,  Cu,  Ca, 
and  Ag.  On  distilling  in  a  partial  vacuum  har- 
molic  acid  yields  a  sublimate  CnH1()N20  in  small 
needles,  si.  sol.  ether,  m.  sol.  alcohol,  forming  a 
solution  that  fluoresces  violet.  This  body  appears 
to  be  a  phenol  and  a  base.  It  forms  a  platino- 
chlorideB'2H2PtCl6  crystallising  from  hot  water  in 
small  prisms  united  in  stars,  si.  sol.  cold  water, 
decomposing  at  about  180°  (0.  Fischer,  B.  22, 
642). 

HARTIN  Ci0H16O.  Psatyrin.  [210°]. 
(260°).  A  fossil  resin  resembling  hartite.  Crys- 
tallises from  petroleum  in  triclinic  needles.  SI. 
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sol.  ether  and  boiling  alcohol  (Schrotter,  P.  54, 
45). 

HARTITE  (G0H}0)X.  [74°].  S.G.  1-05.  A 
fossil  resin  found  in  Styria  (Haidinger,  P.  54, 
261 ;  Eumpf,  J.  pr.  107,  189).  White  triclinic 
crystals.  V.  sol.  ether,  m.  sol.  alcohol. 

HATCHETIN.  C.  86  p.c.  H.  14  p.c.  [46°]. 
S.G.  ^  -916.  A  transparent  fossil  resin  found 
in  the  coal  measures  of  Glamorganshire  (John- 
ston, P.  M.  12,  338).  SI.  sol.  boiling  alcohol, 
m.  sol.  hot  ether. 

HEAT  v.  PHYSICAL  METHODS,  section  Ther- 
mal. 

HECDECANE  v.  HEXADECANE. 

HEDERIC  ACID  C16H2604.  A  substance 
occurring  in  the  berries  and  leaves  of  the  ivy 
(Hedera  helix)  (Poaselt,  A.  69,  62;  Hartsen, 
Ar.  Ph.  April  1875 ;  Davies,  Ph.  [3]  7,  275 ;  8, 
205).  Needles  or  delicate  scales  (Posselt).  Davies 
found  it  to  be  uncrystallisable.  V.  sol.  hot  alco- 
hol, v.  si.  sol.  ether,  CS2,  chloroform,  benzene, 
and  water.  Its  solution  does  not  redden  litmus. 
Cone.  H2S04  colours  it  a  splendid  violet,  the 
colour  lasting  some  days  ;  on  pouring  into  water 
a  flocculent  greenish  pp.  is  formed.  According 
to  Davies  '  hederic  acid  '  is  not  an  acid.  HN03 
forms  a  nitro-  derivative  Ci6H25(N02)04,  v.  sol. 
chloroform.  Block  (Ar.  Ph.  [3]  26,  953)  finds  in 
ivy-leaves  a  glucoside  C32H52010  2aq. 

HELENIN  C6H8O.  [110°].  Occurs  in  the 
root  of  elecampane  (Inula  Helenium),  from  which 
it  may  be  extracted  with  hot  alcohol  (Gerhardt, 
A.  34,  192  ;  52,  389 ;  Gerh.  4, 296  ;  Kaller,  B.  6, 
1506).  Needles,  nearly  insol.  water,  v.  sol.  alco- 
hol. The  crystals  first  obtained  from  the  alco- 
hol melt  at  72°,  being  a  mixture  of  helenin  and 
inula-camphor  [64°] ;  the  latter  is  got  rid  of  by 
repeated  crystallisation  from  alcohol. 

HELIANTHIC  ACID  C14H1808.  An  acid 
occurring  in  sunflower  seeds  (Ludwig  a.  Krom- 
ayer,  Ar.  Ph.  [2]  99, 1,  285).  Boiling  dilute  HC1 
splits  it  up  into  a  fermentable  sugar  and  an  acid 
violet  colouring  matter. 

HELIANTHIN  v.  Di-methyl-amido-benzene- 
Azo-benzene-sulphonic  acid. 

HELICHRYSIN.  A  yellow  pigment  con- 
tained in  the  involucral  bracts  of  Helichrysum 
bracteatum  (Kosoll,  M.  5,  94).  Amorphous 
yellow  mass,  si.  sol.  cold,  v.  sol.  boiling,  water, 
alcohol,  and  ether. 

HELICIN  C13H1607  i.e.  (C6HU05.0)C6H4CHO. 
Glucoside  of  o-oxy-benzoic  aldehyde.  Mol.  w. 
284.  [170°]  (S.)  ;  [174°]  (P.)  ;  [175°]  (M.). 
[o]D=  —  60'43  in  a  T4  p.c.  aqueous  solution  at 
20°  (Wegscheider,  B.  18, 1600).  S.  1-6  at  8°. 

Formation. — 1.  By  the  action  of  very  dilute 
HN03  upon  salicin  (C6HH05.0)CSH4CH.,OH  (Piria, 
A.  Ch.  [3]  14,  287 ;  B.  14,  304 ;  Sorokin,  J.  pr. 
[2]  37,  332).— 2.  By  boiling  its  benzoyl  derivative 
with  magnesia  (Piria,  A.  96,  380).— 3.  By  the 
action  of  acetochlorhydrose  C6H7ClAc405  on 
potassium  salicylic  aldehyde,  the  substances 
being  mixed  in  alcoholic  solution  and  left  for 
several  days  (Michael,  Am.  1,  308;  C.  B.  89, 
355). 

Preparation. — Pulverised  salicin  (1  pt.)  is 
mixed  with  nitric  acid  (lOpts.  of  S.G.  1-157)  and 
the  mixture  left  to  itself;  after  24  hours  the 
salicin  is  dissolved  and  crystals  of  helicin  have 
separated.  They  are  washed  with  ether. 


Properties.— Very  slender,  white  silky  nee- 
dles (containing  |aq).  Neutral,  slightly  bitter, 
si.  sol.  cold,  v.  sol.  boiling,  water,  sol.  alcohol, 
insol.  ether.  At  100°  it  gives  off  its  water  of 
crystallisation.  Its  solutions  are  laevorotatory. 
FeCl3  gives  no  colouration.  Cone.  H2S04  dis- 
solves it  with  yellow  colour.  With  NaHSO3 
helicin  forms  a  hygroscopic  crystalline  mass  of 
C13H1607NaHS03  (Schiff,  A.  210,  126). 

Reactions. — 1.  Under  the  influence  of  emul- 
sin  or  of  boiling  dilute  acids  or  alkalis,  helicin 
is  resolved  into  glucose  and  o-oxy-benzoic  (sali- 
cylic) aldehyde. — 2.  Sodium-amalgam  reduces 
helicin  to  salicin  (Lesensko,  Z.  1864,  577 ;  cf. 
Swarts,  Institut.  1865,  325).— 3.  When  hot  alco- 
holic solutions  of  helicin  and  urea  are  mixed 
together,  and  the  liquid  is  allowed  to  evaporate, 
there  is  formed  a  thick  syrup  which,  when  kept 
over  H0S04,  slowly  solidifies.  The  product  is 
the  di-ureide  C6HU05.O.C6H4.CH(NH.CO.NH2)2 
and  forms  a  hygroscopic  crystalline  powder,  v. 
sol.  water,  forming  a  solution  that  is  ppd.  by 
Hg,(N03)2but  not  byHN03  (H.  Schiff,  G.  12,460). 
4.  An  alcoholic  solution  of  thio-urea  forms 
C6Hn05.O.C6H4.CH(NH.CS.NH2)2,  a  very  hygro- 
scopic crystalline  powder  (Schiff). — 5.  Aniline 
forms  the  anilide  CBHn05.O.C6H4.CH:NPh,  a 
yellow  powder  (containing  aq),  sol.  alcohol  and 
ether,  insol.  water.  It  is  prepared  by  gently 
heating  helicin  with  aniline,  treating  the  product 
several  times  with  acetic  acid  to  remove  excess 
of  aniline,  dissolving  the  residue  in  alcohol, 
adding  ether,  filtering,  and  ppg.  with  water 
(H.  Schiff,  Z.  [2]  4,  638  ;  A.  154,  31).  By  heating 
with  aniline  at  120°  it  is  converted  into  the  di- 
anilide  C25H26N205.  Both  anilides  are  resolved 
by  boiling  dilute  H2S04  into  glucose,  helicin,  and 
aniline. — 6.  Tolylene-m-diamine  forms  in  like 
manner  (C6Hu05.O.C6H4.CH:N)2C6H3Me,  which 
crystallises  in  orange-red  tufts ;  its  solution 
exhibits  marked  green  fluorescence. — 7.  By  dis- 
solving m-amido-benzoic  acid  in  a  cold  aqueous 
solution  of  helicin  a  transparent  vitreous  mass 
is  produced,  which  crystallises  from  alcohol 
in  colourless  plates  [142°].  This  compound 
is  C6H1A.O.C6H4.CH(OH).NH.C6H4.C02H.  On 
heating  with  acids  it  is  split  up  into  glucose, 
7?i-amido-benzoic  acid,  and  salicylic  aldehyde 
(H.  Schiff,  G.  10,  470).— 8.  Amido-cuminic  acid 
forms  in  like  manner  the  crystalline  compound 
C13H1607Ci0H13N02.— 9.  By  the  action  of  glucose 
and  excess  of  HOAc  on  helicin  there  is  formed 

amorphous       C6Hn05.O.C6H4.CH<g>  C6H1203 

(H.  Schiff,  A.  244,  26).— 9.  By  adding  leucine  to 
an  aqueous  solution  of  helicin  saturated  with 
gaseous  sulphurous  acid  there  is  formed 

CtiHn05.O.C6H4.CH(OH)S03NH3.C5H10.CO,H, 
which  crystallises  with  difficulty.  Other  amido- 
acids  behave  in  like  manner. — 10.  A  solution  of 
helicin  (15  pts.)  in  water  (500  pts.)  heated  to 
55°  and  alternately  treated  with  an  aqueous 
solution  of  caustic  soda  (5  p.c.  solution)  and 
acetone  (5  pts.)  dissolved  in  water  (40  pts.)  de- 
posits on  cooling  crystals  of  the  glucoside  of  di- 
oxy-di-styryl  ketone  (C6H,  ,05.O.C6H4.CH:CH)2CO 
[257°],  while  the  filtrate  on  evaporation  deposits 
the  glucoside  of  oxy-di-styryl  methyl  ketone 
C6Hnqs.O.C6H4.CH:CH.CO.CH,  [192°],  of  which 
the  oxim  melts  at  173°  (Tiemann  a.  Kees,  B.  18, 
1964). 
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Tetra-acetyl  derivative 
C6H7Ac405.O.C6H4.CHO.  Formed  by  mixing 
helicin  with  AcCl ;  after  24  hours  the  solution 
is  heated  to  60°,  and  the  product  extracted  with 
ether  and  crystallised  from  alcohol  (H.  Schiff ,  Z. 
[2]  5,  1 ;  A.  154,  22).  Shining  prisms ;  insol. 
water,  si.  sol.  ether  and  cold  alcohol,  v.  e.  sol. 
hot  alcohol.  Eesolved  by  boiling  dilute  H2S04 
into  glucose,  HOAc,  and  salicylic  aldehyde. 
With  aniline  at  80°  it  forms  the  anilide 
C6H7Ac405.O.C6H4.CH:NPh,  a  yellowish  powder, 
sol.  alcohol. 

Benzoyl  derivative 

C6H10Bz05.O.C6H4.CHO.  Obtained  by  dissolving 
populin  (1  pt.)  in  nitric  acid  (11  pts.  of  S.G-. 
1'3).  Formed  also  by  treating  helicin  withBzCl. 
Tufts  of  silky  needles ;  si.  sol.  boiling  water, 
m.  sol.  alcohol,  insol.  ether.  Not  attacked  by 
emulsin,  but  boiling  dilute  acids  and  alkalis 
split  it  up  into  benzoic  acid,  glucose,  and  sali- 
cylic aldehyde.  Boiling  with  water  and  mag- 
nesia resolves  it  into  magnesium  benzoate  and 
helicin.  Sodium-amalgam  reduces  it  to  populin 
C6HIOBz05.q.C6H4CH2OH.  Aniline  at  150°  forms 
a  brown  resinous  di-anilide  C32H30N206. 

Tetra-benzoyl  derivative 
C6H7Bz405.O.C6H4.CHO.   From  helicin  andBzCl 
at  160°.    Amorphous.    Sol.  alcohol  and  ether, 
nearly  insol.  water.     Aniline   at  150°  forms  a 
brown  resinous  di-anilide  C53H42N209. 

Phenyl  hydrazide 

C6H4(OC6HU05).CH:N2HC6H5 :  [c.  187°] ;  white 
slightly  crystalline  solid.  Sol.  alcohol,  ether, 
and  hot  water,  nearly  insol.  cold  water.  By 
emulsin  it  is  split  up  into  glucose  and  salicylic 
aldehyde  phenyl-hydrazide  (Tiemann  a.  Kees, 
B.  18,  1657). 

Oxim  C6H4(OC6HU05).CH:NOH:  [190°]; 
fine  white  needles  containing  aq.  Sol.  water, 
more  sparingly  sol.  alcohol,  insol.  ether.  By 
emulsin  it  is  split  up  into  glucose  and  salicyl- 
aldoxim.  It  is  lasvorotatory  (Tiemann  a.  Kees, 
B.  18,  1662). 

Bromo-helicin  C13H]5Br07  aq:  gelatinous, 
drying  up  to  an  amorphous  mass. 

(o)-CMoro-lielicin  C13H15C107.  Obtained  by 
agitating  helicin  with  water  in  a  vessel  filled 
with  chlorine.  Small  needles  containing  |aq 
(from  water).  Sometimes  it  separates  as  an 
amorphous  jelly.  Nearly  insol.  cold,  m.  sol.  hot, 
water ;  m.  sol.  alcohol.  Emulsin  or  boiling 
dilute  acids  hydrolyse  it,  forming  chloro-salicylic 
aldehyde  and  glucose. 

()8)-Chloro-helicin  C13H15C107.  A  white 
granular  substance  obtained  by  passing  chlorine 
into  an  alcoholic  solution  of  helicin.  Insol. 
water,  nearly  insol.  boiling  alcohol,  not  decom- 
posed by  emulsin,  acids,  or  alkalis. 

Isohelicin  C13H1607.  Formed  by  heating 
helicin  to  185°.  Formed  also  by  moistening 
helicin  with  dilute  (1  p.c.)  nitric  acid,  leaving  it 
for  some  days  exposed  to  the  air,  and  then  heat- 
ing to  110°  (H.  Schiff,  B.  14,  318 ;  G.  11,  112). 
Jelly  ;  drying  up  to  an  amorphous  powder.  De- 
composes at  250°  without  previous  fusion.  SI. 
sol.  water,  alcohol,  cold  KOHAq,  and  HOAc. 
Boiling  dilute  H2SO4  slowly  splits  it  up  into 
glucose  and  salicylic  aldehyde.  By  warming 
with  very  dilute  HClAq  it  is  changed  into 
ordinary  helicin. 


Helicoidine  C26H34Oj4.  This  substance,  which 
may  be  regarded  as  a  compound  of  helicin  with 
salicin,  is  obtained  by  treating  salicin  with  very 
dilute  nitric  acid  (S.G.  1-088)  (Piria,  A.  Ch.  [3] 
14,  292).  Needles  containing  l|aq  (from  boiling 
water).  Split  up  by  emulsin  and  by  dilute 
alkalis  into  glucose,  salicylic  aldehyde,  and 
saligenin.  Aniline  at  70°  forms  the  amorphous 
di-anilide  C38H44N20,2. 

Octo-acetyl  derivative  C26H.^A.csOir 
[80°].  From  helicoidine  and  Ac2O  at  100° 
(H.  Schiff,  A.  154, 28).  Drusic  aggregates  ;  insol. 
water,  v.  sol.  alcohol  and  ether. 

HELLEBORIN  G36H4206.  A  glucoside  that 
occurs  sparingly  in  black  hellebore  (Helleborus 
niger)  and  more  abundantly  in  green  hellebore 
(H.  viridis)  (Husemann  a.  Marine1,  A.  135,  55  ; 
cf.  Weppen,  Ar.  Ph.  [3]  2,  101,  193).  Prepared 
by  extracting  old  roots  of  green  hellebore  with 
alcohol,  evaporating  the  extract,  boiling  the 
residue  with  water,  and  evaporating  the  aqueous 
extract  till  crystals  are  deposited  on  cooling. 
White,  concentrically  grouped  needles  (from 
alcohol),  insol.  cold  water,  si.  sol.  ether,  v.  sol. 
boiling  alcohol  and  chloroform.  Decomposes 
when  heated  above  250°.  Cone.  H2S04  colours 
it  deep  red,  and  then  dissolves  it  with  the  same 
colour.  Helleborin  is  a  stronger  narcotic  than 
helleborein.  It  is  resolved  by  boiling  with  dilute 
acids,  or  more  completely  with  cone.  ZnCl2Aq, 
into  glucose  and  helleboresin  C30H3804. 
Helleboresin  is  a  resinous  body,  insol.  water,  si. 
sol.  ether,  v.  sol.  boiling  alcohol ;  water  separates 
it  from  its  alcoholic  solution  as  a  flocculent  pp. 

Helleborein  C26H440,5.  Occurs  more  abun- 
dantly in  black  than  in  green  hellebore,  but  is 
E  resent  in  greater  quantity  than  helleborin  even 
i  the  latter.  The  aqueous  decoction  of  the 
root  is  ppd.  with  lead  subacetate,  the  concen- 
trated filtrate  freed  from  excess  of  lead  by  sodium 
sulphate  and  phosphate,  and  the  filtrate  concen- 
trated and  ppd.  with  tannin.  The  pp.  is  stirred 
up  with  alcohol  and  PbO,  dried,  and  exhausted 
with  boiling  alcohol;  the  helleborein  is  ppd. 
from  the  strongly  concentrated  alcoholic  solution 
by  ether.  Transparent  nodular  groups  of  minute 
needles  (from  alcohol) ;  on  exposure  to  air  these 
crumble  to  a  yellowish-white  hygroscopic  powder. 
Helleborein  has  a  sweetish  taste,  is  v.  e.  sol. 
water,  m.  sol.  alcohol,  and  insol.  ether.  It  is 
poisonous.  The  aqueous  solution,  which  scarcely 
reddens  litmus,  dries  up  to  an  amorphous  mass 
which  loses  water  at  120°,  becomes  straw-yellow 
at  160°,  brown  at  220°,  and  carbonises  above 
280°.  Cone.  H2S04  dissolves  it  with  brownish- 
red  colour  changing  to  violet.  Alkalis  and 
alkaline  earths  have  no  action  upon  it.  Boiling 
dilute  acids  split  it  up  into  glucose  and  h  e  1 1  e  - 
bore  tin.  Helleboretin  is  deposited  as  a  dark 
violet-blue  pp.  which,  when  dry,  forms  a  grey- 
green  amorphous  powder,  melting  above  200°, 
insol.  water  and  ether,  sol.  cone.  H2S04  forming 
a  brownish-red  solution  whence  it  is  ppd.  by 
water  in  its  original  state.  The  alcoholic  solu- 
tion of  helleboretin  is  red,  and  gives  a  brown 
colouration  with  H.,S04  (Greenish,  C.  J.  38,  719  ; 
Ph.  [3]  10,  909,  1013).  Helleboretin  is  not 
poisonous. 

HEMELLITHENE  v.  HEMIMELLITHENE. 

HEMELLITHENE-CARBOXYLIC  ACID  v, 
TRI-METHYL-BENZOIO  ACID. 
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HEMELLITHENE     SULPHONIC     ACID    v. 

TJBI-METHYL-BENZENE-SULPHONIC  ACID. 

HEMI-ALBUMEN  v.  PROTEI'DS. 

HEMI-COLLIN  v.  PROTEIDS,  Appendix  C. 

HEMIMELLITHENE  C6H3Me3  [1:2:3].  c-Tri- 
methyl-benzene.  (175°).  Formed  by  distilling 
(a)-cuminio  acid  with  lime  (0.  Jacobsen,  B.  15, 
1857  ;  19,  2517).  Formed  also  by  the  action  of 
sodium  upon  a  mixture  of  (2,l,3)-bromo-xylene 
and  Mel  (0.  Jacobsen  a.  Deike,  B.  20,  903). 

Hemimellithene  may  also  be  isolated  from 
coal-tar  oil.  Itforms  atri-bromo-derivative 
C6Br3Me3  [209°].  Coal-tar  oil  also  contains  an- 
other hydrocarbon  boiling  at  175°  which  yields 
a  very  soluble  sulphamide  [123°]  and  gives  on 
oxidation  two  acids  [121°]  and  [99°]  (Jacobsen, 

B.  19,  2511). 
HEMIMELLITHENOL  C9H120  i.e. 

C6H2Me3(OH)[5:4:3:l].  [81°].  Formed  by  fusing 
the  sulphonic  acid  of  hemimellithene  with 
potash  (0.  Jacobsen,  B.  19,  2518).  Long  flat 
needles,  sol.  alcohol  and  ether.  Not  coloured  by 
FeCl3. 

HEMIMELLITHIDINE  v.  CUMIDINE. 

HEMIMELLITHYLIC  ACID  v.  DI-METHYL- 

BENZOIC  ACID. 

HEMIMELLITIC  ACID  C9H606  i.e. 
C6H3(C02H)3[1:2:3].  Hemimellithic  acid.  Benz- 
ene c-tri-carboxylic  acid.  Mol.  w.  210.  [185°]. 
Formed,  together  with  phthalic  anhydride,  by 
heating  the  hydride  of  mellophanic  acid 
C6H6(C02H)4  with  H2S04  (Baeyer,  A.  Suppl.  7, 
31).  Needles ;  begins  to  melt  at  185°,  being  de- 
composed into  phthalic  anhydride,  benzoic  acid, 
C02,  and  H20.  M.  sol.  cold  water.  Ppd.  from 
its  concentrated  aqueous  solution  by  HC1  (dif- 
ference from  phthalic  acid). — Ba3A'"2  5aq :  short 
thick  needles,  v.  sol.  water. — Ag3A'":  flocculent 
pp. 

HEMI-PEPTONE  v.  PROTEIDS. 

HEMIPIC  ACID  C10H1006  i.e. 
C6H2(OMe)2(C02H)2[l:2:3or5:4].  Di-methyl 

derivative  of  di-oxy -phthalic  acid.  Mol.  w.  226. 
[180*]. 

Formation.— I.  By  the  oxidation  of  opianic 
acid  C6H2(OMe)2(CHO)(C02H)  by  Pb02  and  H2S04 
(Wohler,  A.  50,  17),  by  aqueous  PtCl4  (Blyth,  A. 
50,  36,  43),  or  by  chromic  acid  mixture  (Matthi- 
essen,  Pr.  17,  341).— 2.  By  the  oxidation  of  nar- 
cotine  by  dilute  HN03  (Anderson,  A.  86,  194), 
by  PbO,  and  H2S04,  by  Mn02  and  H2SO4  (Wohler ; 
Liechti,  A.  Suppl.  7,  150),  or  by  aqueous  PtCl4 
(Blyth).  In  these  reactions  the  narcotine  is  first 
converted  into  opianic  acid. — 3.  Together  with 

meconine  C6H2(OMe)2<^2>0,  by  fusing  opi- 
anic acid  with  potash  (Matthiessen  a.  Foster, 
Pr.  11,  58;  C.  J.  15,  346;  Beckett  a.  Wright, 

C.  J.  29, 281). — 4.  By  the  oxidation  of  narceine. — 
5.  By  the  oxidation  of  berberine  (E.  Schmidt,  B. 
16,  2589  ;  Perkin,  jun.,  C.  J.  55,  71).— 6.  By  the 
oxidation  of  papaverine  by  KMn04  (Goldschmiedt, 
M.  6,  380). — 7.  By  boiling  di-azo-hemipic  acid 
(from  amido-hemipic  acid)  with  alcohol  (Lieber- 
mann,   B.  19,  2278;  Griine,   B.  19,  2303).— 8. 
Formed,  together  with  cinchomeronic  acid,  by 
the  action  of  4  p.c.  alkaline  KMn04  on  the  di- 
methyl derivative  of  di-oxy-isoquinoline  (Gold- 
schmiedt, M.  9,  327). 

Preparation. — Opianic  acid  is  converted  by 
hydroxylamine  hydrochloride  into  opianic  oxim 


anhydride  which  is  then  boiled  with  aqueous 
KOH.  The  product  is  acidified  and  the  hemipic 
acid  is  extracted  with  ether  (Goldschmiedt,  M. 
9,  765). 

Properties. — Monoclinic  efflorescent  crystals 
(containing  |aq,  aq,  2aq,  or2|aq).  After  drying 
at  100°,  its  melting-point  varies  from  157°  to 
175°  according  to  the  rapidity  with  which  it  is 
heated  (G.).  SI.  sol.  cold  water,  m.  sol.  alcohol 
and  ether.  Its  aqueous  solution  is  acid  in  re- 
action. Sublimes  in  shining  laminte.  Gives  an 
orange  colouration  with  FeCl3.  Gives  the  fluor- 
escein  reaction. 

Reactions.— 1.  By  boiling  with  HClAq  or 
HIAq  it  is  resolved  into  MeCl  (or  Mel)  and  the 
methyl  derivative  of  di-oxy-phthalic  acid  (nor- 
hemipic  acid)  C6H2(OH)(OMe)(C02H)2,  which 
then  splits  up  into  CO2,  and  the  methyl  deriva- 
tive of  protocatechuic  acid  (isovanillic  acid) 
C(iH3(OMe)(OH)(C02H)  [251°].— 2.  By  heating 
with  HClAq  at  170°  it  is  resolved  into  MeCl, 
protocatechuic  acid  and  C02  (Wegscheider,  M. 
4,  270).— 3.  Heated  with  seven  times  its  weight 
of  KOH  and  a  little  water  at  210°  for  fifteen 
minutes,  it  is  converted  into  protocatechuic 
acid. — 4.  Distillation  with  soda-lime  gives  the 
di-methyl  derivative  of  pyrocatechin  (Beckett  a. 
Wright). — 5.  Cone.  H2S04  converts  it  on  heating 
into  rufiopin  (Liebermann  a.  Chojnacki,  A.  162, 

Salts .— NH4HA"aq.  Needles.  — KHA'^aq  : 
large  hexagonal  tables,  v.  sol.  water  and  alcohol, 
insol.  ether. — Ag2A"  :  white  pp.  insol.  water. — 
Barium  salt:  when  a  solution  of  the  barium 
salt  is  boiled,  shining  crystalline  plates  are  de- 
posited ;  the  liquid  on  cooling  redissolves  this 
pp.,  but  after  standing  for  some  hours,  feathery 
tufts  of  very  small  silky  needles  separate  ;  these 
dissolve  on  heating,  and  the  crystalline  plates 
are  again  deposited  (Matthiessen  a.  Foster). — 
Ferric  salt:  orange-yellow  pp. — Lead  salt: 
white  pp.  insol.  water,  sol.  Pb(OAc)2Aq  whence 
it  separates  as  transparent  nodules. 

(a)-Methyl  ether 

C6H2(OMe)2(C02Me)(C02H)  [4:3or5:2:l].  [122°]. 
Formed  by  oxidising  methyl  opianate  with 
aqueous  KMn04  at  90°  (Wegscheider,  M.  3,  359). 
Long  trimetric  needles  (containing  aq  or  1^  aq). 
Melts  at  98°  in  its  water  of  crystallisation.  SI. 
sol.  cold,  m.  sol.  hot,  water,  v.  sol.  alcohol,  ether, 
and  benzene,  almost  insol.  ligroin.  Its  aqueous 
solution  is  feebly  acid  in  reaction,  and  gives  a 
golden  pp.  with  FeCl3.  On  heating  to  200°  it 
gives  hemipic  anhydride.  Distillation  with 
lime  gives  the  di-methyl-  derivative  of  methyl 
protocatechuate,  methyl-di-oxy-phthalic  acid, 
hemipic  acid,  the  methyl  derivative  of  pro- 
tocatechuic acid  (isovanillic  acid)  and  protoca- 
techuic acid.  By  heating  with  cone.  HClAq 
at  120°  it  is  resolved  into  MeCl,  hemipic 
acid  CdH2(OMe)(OH)(C02H)2,  isovanillic  acid 
C6H3(OMe)(OH)(C02H)  [4:3:1],  and  protocatech- 
uic acid. 

(fi)-M  ethyl  ether 

C6H2(OMe)2(CO?Me)(CO.jH)  [4:3or5:l:2].  [138°]. 
Formed  by  passing  HC1  into  a  solution  of  hemipic 
acid  in  MeOH  (Wegscheider,  M.  3,  359;  cf. 
Anderson,  A.  86,  195).  Trimetric  crystals  (from 
chloroform);  a:b:c  =  -624:1: -758.  V.  sol.  water, 
alcohol,  ether,  and  benzene.  Its  aqueous  solu- 
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tion  gives  no  pp.  with  FeCl3.  At  200°  it  yields 
hemipic  anhydride. 

Ethyl  ether  C6H2(OMe)2(C02Et)(C02H). 
[132°]  (A.);  [142°]  (W.).  Formed  by  passing 
HC1  into  a  solution  of  hemipic  acid  in  alcohol. 
Needles  (from  MeOH)  or  monoclinic  prisms 
(from  benzene) ;  v.  si.  sol.  cold,  m.  sol.  hot, 
water ;  v.  e.  sol.  MeOH,  v.  sol.  alcohol  and  ether. 
Its  aqueous  solution  is  ppd.  by  FeCl3. 

Anhydride  C10H8O5.  [167°  cor.].  Formed 
by  heating  hemipic  acid  at  180°  for  an  hour, 
and  crystallising  from  alcohol  (Beckett  a.  Wright, 
C.  J.  29, 281).  Formed  also  by  treating  hemipic 
acid  with  PC15  (Prinz, /.  pr.  [2]  24,  370).  Shining 
needles.  V.  e.  sol.  hot  benzene,  v.  sol.  hot 
alcohol,  m.  sol.  ether,  insol.  ligroin.  Eeduced 
by  boiling  with  zinc-dust  and  HO  Ac  to  pseudo- 
meconine.  Boiling  dilute  alcoholic  pota'sh  con- 
verts it  into  mono-ethyl  hemipate  (Matthiessen 
a.  Wright,  Pr.  17,  341). 

Imide  C10H9N04  i.e. 

C6H2(OMe)2<£°>NH  (?).    [230°].  Formed  by 

distilling  ammonium  hemipate  (Liebermann,  B. 
19,  2278).  Formed  also  by  molecular  change 
from  the  isomeric  compound  opianic-oxim- 
anhydride  by  heating  the  latter  to  its  melting- 
point  [115°],  heating  it  with  cone.  H2S04,  or  with 
alcohol  containing  a  trace  of  HC1.  Hence  it  is 
produced  in  place  of  the  oxim-anhydride  by 
boiling  opianic  acid  with  an  alcoholic  solution 
of  hydroxylamine  hydrochloride  (Liebermann, 
B.  19,  2923).  Long  slender  colourless  needles 
(from  alcohol).  The  dilute  alcoholic  and  aqueous 
solutions  fluoresce  blue.  Sublimable.  Dissolves 
in  caustic  alkalis  but  not  in  Na2C03Aq.  Hot 
KOHAq  converts  it  into  hemipic  acid  and  NH3. 
Boiling  with  tin  and  cone.  HClAq  converts  it 
into  'hemipimidine'  C10HnN03  or 

C6H2(OMe)2<°H2>NH    (?),      [181°],      which 

crystallises  from  benzene-ligroin  in  laminae  and 
gives  a  nitrosamine  C10H10(NO)N03  [156°], 
whence  hot  aqueous  NaOHAq  forms  nitrogen 
and  pseudo  -  meconine  C10H1004  (Salomon, 
B.  20,  884).— C10H8KN04 :  crystalline  solid.— 
C,0H8AgN04 :  white  pp. 

Ethyl-imide    C6H2(OMe)2<£j£>NEt  (?). 

[98°].  Formed  by  heating  the  potassium  de- 
rivative of  the  imide  with  EtI,  or  by  distilling 
ethylamine  hemipate.  Needles  (from  water) ;  v. 
e.  sol.  alcohol  and  ether  (L.). 

Iso-imideCloH.9N04.  [above 320°].  Formed, 
together  with  other  bodies,  by  oxidising  papa- 
verine  with  KMn04  (Goldschmiedt,  M.  8,  512). 
Small  needles  (from  water).  May  be  sublimed. 
V.  si.  sol.  hot  water,  alcohol,  and  ether,  m.  sol. 
hot  HOAc.  The  alcoholic  solution  exhibits 
blue  fluorescence.  Boiling  KOHAq  splits  it  up 
into  NH3  and  hemipic  acid. 

Ethyl-iso-imide  C10H8EtN04.  [227°]. 
Formed  by  oxidising  papaverine  ethylo-bromide 
with  KMn04  (G.).  Needles  (from  alcohol) ;  si.  sol. 
boiling  alcohol ;  sublimes  in  colourless  needles. 
Potash  converts  it  into  ethyl-hemipamic  acid 
C6H2(OMe)2(C02H)(CONHEt)  which  resembles 
the  corresponding  benzyl  derivative. 

Benzyl-iso-imide  C10H8(CH2Ph)N04. 
[225°].  Formed,  together  with  other  products, 
by  oxidising  papaverine  benzylo-chloride  (30  g.) 


with  2  p.c.  aqueous  KMn04  (lOOg.)  (Goldschmiedt, 
M.  9,  327).  Needles  (from  alcohol).  May  be 
sublimed.  Neutral;  insol.  dilute  acids  and 
alkalis.  Split  up  by  boiling  KOHAq  into  hemi- 
pic acid  and  benzylamine,  an  intermediate 
product  being  the  mono-benzylamide  of 
hemipic  acid  C6H2(OMe)2(C02H)(CONHC,H7), 
which  crystallises  from  alcohol  in  very  slender 
needles,  reconverted  by  heat  into  the  imide. 
The  mono-benzylamide  is  v.  sol.  aqueous  alka- 
lis ;  its  K  salt  crystallises  in  needles,  v.  sol. 
water ;  its  Ag  salt  is  amorphous ;  the  Ca  salt, 
CaA'2,  crystallises  in  small  needles,  in.  sol. 
water. 

Nitro-hemipic  acid  C6H(N02)(OMe)2(C02H)2. 
[166°]. 

Formation. — 1.  By  boiling  nitro-opianio 
acid  with  HN03  (4  pts.)  (Liebermann,  B.  19, 
2285  ;  Griine,  B.  19,  2303).— 2.  Together  with 
nitro-pseudo-meconine,  by  heating  meconine  or 
pseudo-meconine  (lg.)  with  HN03  (10  c.c.  of 
S.G.  1-14)  for  1  hour  at  150°  (Salomon,  B.  20, 


Preparation. — When  opianic  acid  is  nitrated 
by  HN03  and  the  solid  cake  produced  crystal- 
lised from  water,  nitro-opianic  acid  separates 
and  nitro-hemipic  acid  remains  in  the  mother 
liquor.  Nitro-hemipic  acid  is  obtained  in  larger 
quantity  by  heating  opianic  acid  (50  g.)  with  HN03 
(50  g.)  as  long  as  red  fumes  come  off.  The  mass 
is  crystallised  from  water  and  the  mother  liquor 
mixed  with  NH3  and  BaCl2.  Baric  nitro-hemi- 
pate  separates.  The  free  acid  is  got  by  decom- 
posing this  with  H2S04  (Prinz,  J.  pr.  [2]  24, 
359). 

Properties. — Yellow  prisms  (containing  aq). 

Salts. — A"K2 :  yellow  prisms,  v.  sol.  water 
and  alcohol. — A"Ag2 :  yellow  pp. 

Anhydride  CtiH(N02)(OMe)2<°°>0: 

[145°]  ;  thick  yellow  prisms  ;  formed  by  heating 
the  acid  to  160°-165°  (Liebermann,  B.  19, 
2285  ;  Griine,  B.  19,  2303). 

o-Amido-hemipic  acid  Ci0Hn06N  i.e. 
CtiH(OMe)2(NH2)  (C02H)2.       Amido-di-methoxy- 
phtJwlic  acid.     The  free  acid  was  not  isolated 
as  its  solution  easily  decomposes  on  evapora- 
tion. 

Formation. — 1.  By  reduction  of  nitro-hemi- 
pic acid  with  FeS04  andNaOH.-2.  By  boiling 
the  anhydro-acid  (so-called  '  azo-opianic  acid  ') 

/COH 

C6H(OMe)2(C02H)<'  \\  with  excess  of  baryta- 
water. 

Reaction. — By  diazotisation  and  boiling  with 
alcohol  it  may  be  converted  into  hemipic  acid 
C6H2(OMe)2(C02H)2. 

Salts. — A"Na23aq:  easily  soluble  long 
white  needles. — A"Ba  :  glistening  golden-yellow 
spangles,  si.  sol.  water. — A"Cu7aq:  slender 
green  needles. — A"Ag2*  :  yellowish-white  pp. 
(Griine,  B.  19,  2301). 

Acetyl  derivative 

CliH(OMe)2(NHAc)(C02H)2:  [160°-170°];  colour- 
less needles  containing  aq.  Heated  to  125°  it 
is  converted  by  elimination  of  water  into  the 
acetyl  derivative  of  the  anhydro-acid  (Lieber- 
mann, B.  19,  2921). 
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Anhydro-o-amido-hemipic     acid     (so-called 

'  azo-opianic  acid ')  C10Ha05N  i.e. 


or 


XCOH 

C6H(OMe)2(C02H)/|| 


[200°].  Formed  by  boiling  nitro-opianic  acid 
with  SnCl2  and  HC1  (Prinz,  J.  pr.  [2]  24,  364). 
Long  white  slender  needles  (from  hot  water). 
Decomposed  on  fusion.  It  dissolves  in  cone. 
H2S04  and  is  thrown  down  unaltered  by  water. 
It  is  not  affected  by  sodium-amalgam,  or  by 
KMn04  in  presence  of  H2S04.  By  boiling  with 
baryta  water  it  is  converted  into  amido-hemi- 
pic  acid  CtiH(OMe)2(NH2)(CO,H)2  (Liebermann, 
B.  19,  2275  ;  Griine,  B.  19,  2299). 

Salts. — A'K:  white  crystalline  powder. — 
A'Ag :  white  pp. — BaA'2  6aq  :  slender  needles. 

Methyl  ether  A'Me:  [127°]. 

Ethyl  ether  A'Et:  [98°];  needles,  sol. 
alcohol,  ether,  &c. 

Phenyl    hydrazide 

/CO.NPh 
C6H(OMe)2f-C=N      :  [222°]  ;  small  glistening 

\NH 
yellow  tetragonal  pyramids,  a:c  =  l:0'5947. 

Acetyl  derivative 

C6H(OMe)2(C02H)<^c  :       [165C] ;       yellow 

needles.  Formed  by  acetylation  of  the  an- 
hydro-acid ;  by  heating  amido-hemipic  acid  with 
Ac20  and  NaOAc  ;  or  by  heating  acetyl-amido- 
hemipic  acid  to  125°.  By  warming  with  aqueous 
alkalis  it  is  converted  into  acetyl-amido-hemi- 
pic  acid  (Liebermann,  B.  19,  2920). 

Propionyl  derivative  C,0H8(C3H30)05N : 
[139°]. 

Iso-hemipic  acid  C6H2(OMe)2(C02H)2[5:4:3:l]. 
[246°].  Formed  by  oxidising  iso-opianic  acid 
with  a  dilute  solution  of  KMn04  (Tiemann  a. 
Mendelsohn,  B.  10,  398).  White  needles  (from 
hot  water) ;  nearly  insol.  cold  water,  v.  sol.  al- 
cohol and  ether.  May  be  sublimed.  The  salts 
of  the  alkalis  and  alkaline  earths  are  easily  solu- 
ble and  crystallise  well. 

Mono-methyl  ether  MeB.A.".    [167°]. 

Nor-methyl-liemipic  acid  v.  Methyl  deriva- 
tive Of  Dl-OXY-PHTHALIC  ACID. 

Nor-methyl-nitro-hemipic  acid  v.  Methyl  de- 
rivative Of  NlTKO-DI-OXY-PHTHALIC  ACID. 

Nor-methyl-anhydro-amido-lieinipic  acid  v. 

Methyl    derivative    of    Anhydro-vi-ox.'Y-AMiDO- 

PHTHALIC  ACID. 

HEMP.  Cannabis  sativa.  Hemp-seeds  con- 
tain about  25  p.c.  of  a  drying  oil,  S.G.  ^  -928, 
which  on  saponification  yields  an  acid  C18H3202. 
When  this  acid  is  dissolved  in  HO  Ac  and  treated 
with  bromine  there  is  formed  C18H32Br402  [115°] 
and  C]8H32Br602  [177°].  The  acid  C18H3202  yields 
on  oxidation  sativic  acid  Cj8H32(OH)402  (Hazura, 
M.  8,  147).  Hemp  leaves  yield  on  distillation  an 
essential  oil  C15H24  (257°),  V.D.  7-1,  S.G.  g  -93, 
[a>=  -10-8°  at  25-5°  (Valente,  O.  10,  479;  11, 
196). 

Indian  Hemp  v.  CANNABIS  INDIOA. 

HENDECANAPHTHENE  v.  HENDECYLENE. 

w-HENDECANE  CUH24.  [-26-5°].  (195°). 
S.G.  |  -7559 ;  f  -6816.  Formed  by  the  action 
of  HI  and  phosphorus  at  230°  upon  hendecoic 
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(undecylic)  acid,  or  upon  CMH22C12  obtained  by 
treating  oil  of  rue  with  PC15  (Kratft,B.  15,  1697). 

HENDECENOIC  ACID  CnH2002  i.e. 
CH2:CH(CH,)8.C02H  (?).  Undecylenic  acid.  [24-5°]. 
(165°  at  15  mm.)  (B.)  ;  (275°  at  760  mm.)  ;  (199° 
at  90mm.)  (K.).  Formed  by  distilling  castor  oil 
under  diminished  pressure  (Krafft,  B.  10,  2035  ; 
Brunner,  £.19,  2228).  Large  plates;  distils  with 
decomposition  at  275°.  Split  up  by  potash- 
fusion  into  acetic  acid  and  n-ennoic  acid  C9H1802. 
Fuming  HN03  oxidises  itto  sebacic  acid  C,0H1804. 
With  bromine  it  forms  CMH20Br202  [38°].  HBr 
forms  CnH21Br02  [35°].  HI  gives  CUH21I02 
[24°].—  BaA'2  :  flat  needles  or  laminse,  S.  -093  at 
15-5°  (Becker,  B.  11,  1412). 

Di-hendecenoic  acid  (CnH2002)2  i.e. 
C10H19.CO.O.C10H20.C02H.  Diundecylenic  acid. 
[30°].  (275°  at  15  mm.).  Formed,  together  with 
the  following  acid,  by  heating  the  preceding  acid 
in  a  sealed  tube  above  300°  (Krafft  a.  Becker,  B. 
10,  2034  ;  11,  1412  ;  Krafft  a.  Brunner,  B.  17, 
2986).  Formed  also  by  the  action  of  silver  hen- 
decenoate  on  iodo-hendecenoic  acid  (Brunner,  B. 
19,  2224).  Crystallises  from  dilute  alcohol.  On 
heating  with  KOH  hendecenoic  acid  is  among  the 
products.  Br  forms  C22H40Br204,  an  almost 
colourless  oil. 

Poly-hendecenoic  acid  (Cn'KK>02)x.  Poly- 
undecylenic  acid.  Formed  as  above,  and  also 
found  in  the  residue  after  distilling  castor  oil. 
Amorphous.  Gives  ennoic  acid  on  fusion  with 
potash,  and  sebacic  acid  on  treatment  with 
HN03. 

Hendecenoic  acid  CnH2002.  Petroleumic  acid. 
(250°-260°).  S.G.  °-  -982  ;  ^  .909.  Occurs  in 
petroleum  (Hell  a.  Medinger,  B.  7,  1217  ;  10, 
451  ;  Markownikoff  a.  Ogloblin,  J.  R.  15,  345). 
Extracted  from  rectified  petroleum  by  aqueous 
alkalis,  and  ppd.  by  H2S04.  Liquid.  Not  affected 
by  potash-fusion  or  by  nitrous  acid.  Does  not 
combine  with  bromine.  Boiling  HN03  (S.G.  1-3) 
forms  acetic  acid  and  an  acid  C9H1802.  —  AgA'  : 
flocculent  pp. 

Methyl  ether  MeA'.  (236°-240°)  at  739 
mm.  S.G.  $  -939  ;  ^-  -919. 

HENDECINENE  C,,H20.  Eutylidene.  (c.200°) 
(Giesecke,£.  1870,  431);  (210°-215°)  (Bruylants, 
J3.  8,  413).  Formed  by  the  action  of  alcoholic 


KOH    at    130°    on 


obtained    from 


C9H13.CO.CH3  (in  oil  of  rue)  and  PC15.  Liquid. 
Gives  a  white  pp.  with  ammoniacal  AgN03  and 
a  brownish-yellow  pp.  with  ammoniacal  Cu2Cl2. 

HENDECINOIC  ACID  C,,H1802.  Undecolic 
acid.  [59'5°].  From  the  dibromide  of  hende- 
cenoic (undecylenic  acid)  C,,H20Br202  and  alco- 
holic KOH  (Krafft,  B.  11,  1414).  Thin  lamina  ; 
decomposed  on  distillation.  V.  si.  sol.  water,  v. 
sol.  alcohol.  Fuming  HN03  oxidises  it  to 
arachic  acid  C9H16O4. 

S  alt  s.—  CaA'2  aq.—  BaA'2.  S.  -47  at  15-5°.— 
AgA'. 

Hendecinoic  acid  CnH1802.  (270°-280°). 
Among  the  products  obtained  by  passing  CO  at 
160°  over  a  mixture  of  sodium  isovalerate  and 
sodium  ethylate  (Looss,  A.  202,  321).  Liquid. 

HENDECOIC  ACID  CnH2,02.  Undecylic 
acid.  [28-5°].  (228°  at  160  mm.).  Formed  by 
heating  hendecenoic  acid  (undecylenic  acid)  with 
HIAq  and  red  phosphorus  at  210°.  Formed 
also  by  oxidising  methyl  hendecyl  ketone 
-jg  with  chromic  acid  mixture  (Krafft, 

A  X 
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B.  11,  2219;  12,  1667).  Crystalline  mass. 
Insol.  water,  v.  e.  sol.  alcohol,  sol.  ether. — 
BaA'2.— AgA'. 

Hendecoic  acid  CUH2202  i.e. 
(Me3C)2CMe.C02H.  Methyl-di-tert-butyl-acetic 
acid.  [66°-70°].  (266°  cor.).  Formed  by  oxidis- 
ing tri-iso-butylene  with  chromic  acid  mixture 
(Butlerow,  J.  E.  11,  203).  Crystalline  mass. 
Insol.  water,  v.  e.  sol.  alcohol  and  ether. — 
NaA'^aq:  crystalline.  Absorbs  C02  from  the 
-air,  the  acid  being  liberated. — Magnesium 
salt :  v.  si.  sol.  cold  water. 

Methyl  ether  MeA'.    (217°-220°). 

Ethyl  ether  EtA'.     (225°-230°). 

Hendecoic  acid  CnH^Cv  Umbellulic  acid. 
[c.  23°].  (275°-280°  cor.).  The  glyceryl  de- 
rivative of  this  acid  constitutes  the  greater  part 
of  the  fatty  substance  in  the  kernels  of  the 
Calif ornian  laurel  (Umbellularia  californica) 
(Stillman  a.  O'Neill,  Am.  4,  206).  Crystalline.— 
AgA'. 

Methyl  ether  MeA'.    (245°). 

Ethyl  ether  EtA'.     (254°). 

Isoamyl  ether  C5H,,A'.    (295°). 

HENDECONENE  CnH18.  (182°).  Occurs, 
together  with  the  following,  in  Dippel's  animal 
oil  (Weidel  a.  Ciamician,  B.  13,  80).  Does  not 
combine  with  HC1. 

Hendeconene  CnH18.     (203°).     V.  supra. 

Hendeconene  (CnH18)x.  [196°].  Extracted 
by  ether  from  Cascara  amarga  and  Phlox  Caro- 
lina (Abbot,  B.  21,  2598).  Needles,  sol.  ether, 
HOAc,  chloroform,  hot  alcohol,  petroleum  ether, 
and  Ac.,O. 

HENDECYL  ALCOHOL  C,,H240  i.e. 
C9H19.CH(OH).CH3.   (229°).  S.G.^-827.  From 
oil  of  rue  by  reduction  with  sodium  amalgam 
(Giesecke,  Z.  1870,  428). 

Hendecyl  alcohol  CnH240.  (245°-255°).  A 
product  of  the  action  of  sodium  on  isoamyl  iso- 
valerate  (Lourenpo  a.  Aguiar,  Z.  1870,  404). 

HENDECYL  BROMIDE  CMH23Br  i.e. 
C9H,9.CHMeBr.    From  the  corresponding  alco- 
hol (v.  supra),  Br,  and  P  (Giesecke).     Splits  up 
on  distillation  into  HBr  and  hendecylene  CMH,2. 

HENDECYL  CHLORIDE  CnH23Cl.  (2205- 
224°).  Formed  by  chlorinating  the  hendecane  in 
petroleum  (Pelouze  a.  Cahours,  A.  Ch.  [4]  1,  5). 

HENDECYLENE  C.^H^.  Undecylene. 
(193°).  Formed  by  distilling  hendecyl  bromide 
(Giesecke). 

Hendecylene  CMH22.  (195°  cor.).  S.G.  * 
•791.  Occurs  among  the  products  of  the  distil- 
lation of  the  lime  salts  obtained  by  saponifying 
train  oil  (Warren  a.  Storer,  Z.  1868,  230). 

Hendecylene  d,,^.  (196°  cor.).  S.G.  £ 
•840.  Occurs  in  Burmese  petroleum  (W.  a.  S.). 

Hendecylene  0,,^.  (194°).  A  product  of 
the  action  of  heat  on  paraffin  (Thorpe  a.  Young, 
A.  165,  23). 

Hendecylene  CUH22.  Hendecanaphthene. 
(180°).  S.G.  2  -812.  Occurs  in  petroleum  from 
Baku  (Markownikoff  a.  Ogloblin,  J.  B.  15,  335). 
On  chlorination  it  gives  a  mixture  (210°-225°) 
of  chlorides  CnH21Cl,  whence  alcoholic  KOH 
forms  hydrocarbons  CUH20,  which  combine 
directly  with  Br  and  H2S04  but  do  not  ppt. 
ammoniacal  AgN03. 

HENICOSANE  C21H44.  [40°].  (215°  at 
15  mm.).  S.G.  45°  -778;  n,9  -74.  Formed  by  re- 
duction of  the  dichloride  (C10H21)oCCl2  of  the  ke- 


tone  (C10H2])2CO,  obtained  by  the  dry  distillation 
of  barium  hendecenoate  (Krafft,  B.  15,  1718). 
Obtained  also  from  brown  coal  paraffin  by  frac- 
tional distillation  (Krafft,  B.  21,  2263).  Silvery 
plates. 

HENICOSENOIC    ALDEHYDE    CH0  i.e. 


itr 

Di-heptyl-heptoic  aldehyde,  (c.  320°)  at  300  mm. 
S.G.  jf  -874.  Formed  by  the  action  of  sodium 
amalgam  on  heptoic  aldehyde  ;  the  yield  being 
5  to  10  p.c.  (Perkin,  jun.,  C.  J".43,  71).  Slightly 
yellow  oil  ;  sol.  CS2.  Eeduces  ammoniacal  sil- 
ver solution.  Does  not  appear  to  combine  with 
NaHS03.  Combines  with  bromine  (1  mol.)  in 
CS2.  Decomposed  by  boiling  with  dilute  H2S04. 
Blackens  when  heated  with  potash. 

w-HENTRIACONTANE  C31H64.  [68°].  (302° 
at  15  mm.).  S.G.  <£  -773  ;  f  -762.  Occurs  in 
bee's  wax  (Schwalb,  A.  235,  106).  Formed  by 
reduction  of  the  dichloride  (Ci5H31).,CCl2  of  pal- 
mitone  (ClaH3i)2CO  with  HI  and  P  (Krafft,  B.  15, 
1714).  SI.  sol.  ether. 

HEPTACOSANE  v.  HEPTAICOSANE. 

n-HEPTADECANE  C17H36.  [23°].  (163°  at 
10mm.)  ;  (223°  at  100mm.)  ;  (303°  at  760mm.). 
S.G.  255  -775;  f  -771;  if  '724.  Hexagonal 
tables.  Formed  by  reduction  of  the  dichloride 
of  methyl  hexadecyl  ketone,  or  of  margaric  acid 
with  P  and  HI  (Krafft,  B.  15,  1702).  Occurs 
in  crystalline  commercial  scaly  paraffin  (Krafft, 
B.  21,  2256). 

HEPTADECOIC  ACID  v.  MAKGAEIC  ACID. 

HEPTADECYLAMINE  C17H35NH2.  [49°]. 
(335°-340°).  Formed  by  distilling  stearyl-hep- 
tadecyl-urea  C18H35O.NH.CO.NH.C17H35  with 
lime  (Hofmann,  B.  15,  774;  Turpin,  B.  21, 
2486).  Fatty  crystalline  mass,  sol.  alcohol  and 
ether.  Absorbs  moisture  and  C02  from  the  air. 
Not  volatile  with  steam.  Its  ethereal  solution  eva- 
porated with  CS2forms  C17H35NH3.S.CS.NHC17H35 
[90°],  which  on  boiling  with  alcohol  forms  di- 
heptadecyl-thio-urea  [94°]  .  The  hydrochlor- 
ide  is  insol.  water,  and  crystallises  from  alcohol 
in  plates  with  a  fatty  lustre.  —  B'2H2PtCl6  :  minute 
yellow  crystals. 

Benzoyl  derivative^  C17H35NHBz.  [91°]. 
Crystallises  from  benzene  in  plates. 

HEPTADECYL-CARBAMIC  ETHER 
C17H35NH.C02Et.  [62°].  Formed  by  the  ac- 
tion of  boiling  alcohol  on  heptadecyl  cyanate 
C17H35N:CO,  an  oil  which  is  obtained  by  heating 
heptadecylamine  hydrochloride  with  COC12  in 
benzene  at  100°  (Turpin,  B.  21,  2486).  Lustrous 
plates. 

DI-HEPTADECYL  KETONE  (CI7H35)2CO. 
[88°].  One  of  the  products  obtained  by  distilling 
stearyl-heptadecyl-urea  with  lime  (Turpin,  B. 
21,  2487).  SI.  sol.  alcohol. 

HEPTADECYL  THIOCARBIMIDE 
C17H35NCS.  [32°].  Formed,  together  with  a 
small  amount  of  di-heptadecyl-thio-urea,  when 
heptadecylamine  is  heated  with  alcohol  and  CS2 
at  100°  (Turpin,  B.  21,  2486).  V.  sol.  alcohol 
and  ether.  Cannot  be  distilled. 

HEPTADECYL-THIO-UREA 
C)7H35NH.CS.NH.,.    [1110].    From  the  preceding 
and  alcoholic  NH,  at  100°  (T.).    SI.  sol.  alcohol. 

Di  -  heptadecyl  -  thio  -  urea  (C,  .H?5NH)2CS. 
[94°].  From  heptadecylamine  by  boiling  with 
alcoholic  CS2. 
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HEPTADECYL  -  UREA  C,  7H35NH.CO.NH2. 
[109°].  From  heptadecylamine  hydrochloride 
and  alcoholic  potassium  cyanate  (Turpin,  B.  21, 
2486).  81.  sol.  alcohol. 

Stearyl  derivative 

C17H35NH.CO.NH.C18H35O.  [112°].  Formed  by 
the  action  of  bromine  and  NaOH  on  the  amide 
of  stearic  acid.  Pearly  laminae  (Hofmann,  B. 
15,  761). 

Di-heptadecyl-urea  (C17H35NH)2CO.  [73°]. 
From  di-heptadecyl-thio-urea  and  HgO. 

n-HEPTAICOSANE  C27H56.  [60°].  (270°  at 
15  mm.).  S.G.  *£  -779 ;  ^  .754.  Formed  by 
reduction  of  the  dichloride  of  myristone 
(C13H27)2CO  with  HI  and  P  (Krafft,  B.  15,  1713). 
Appears  also  to  be  present  in  bee's  wax  (Schwalb, 
A.  235,106).  Occurs  also  in  commercial  paraffin 
(Krafft,  B.  21,2264). 

HEPTANAPHTHENE  C7H14.  (101°).  A  hy- 
drocarbon in  Caucasian  petroleum  (Milkowsky, 
Bl.  [2]  45,  182). 

w-HEPTANE  C.H^.e. 

CH3.CH2.CH2.CH2.CH2.CH2.CH3.  Heptyl  hydride. 
Meihyl-hexane.  Ethyl-amyl.  Di-propyl-methane. 
Abietene.  Mol.  w.  100.  (98-43°)  (Thorpe); 
(98-4°  cor.)  (Perkin,  C.  J.  45,  447).  S.G.  £- 
•7005  (T.)  ;  if  -6885 ;  p  '6814.  M.M.  7'669  at 
14-1°.  C.E.  (0°-10°)  -001222  ;  (0°-100°)  -001439 
(T.).  H.C.  1137450  (Louguinine,  C.  R.  93,  274). 
S.V.  162-56  (T.) ;  165-0  (Ramsay).  V.D.  50-0 
(Theory  49-9).  n»  =  1-3879.  RD  =  56-4  (calc. 
55-8).  Coefficient  of  viscosity:  -004236  at  15-3°. 
Angle  of  capillarity  167°  (Thorpe).  Critical 
temperature,  281°  (Thorpe  a.  Eiicker,  C.  J.  45, 
165).  Occurs  almost  absolutely  pure  in  the 
exudation  of  the  nut  pine  (Pinus  sabiniana) 
(Thorpe,  C.  J.  35,  296  ;  37,  213  ;  cf.  Wenzell,  Ph. 
[3]  2, 789).  Occurs  also  in  American  petroleum, 
in  coal-tar  oil  (Pelouze  a.  Cahours,  C.  B.  56,  505  ; 
Warren,  J.  1865,  516 ;  Schorlemmer,  C.  J.  15, 
423  ;  26,  319 ;  Pr.  14,  164,  464),  and  in  Galician 
petroleum  (Lachowicz,  A.  220,  193).  Formed 
by  distilling  azelaic  acid  with  baryta  (Dale,  C.  J. 
17,  258).  Occurs,  together  with  heptylene, 
amongst  the  hydrocarbons  obtained  by  distilling 
the  lime-soap  of  Menhaden  oil  (Warren  a.  Storer, 
Z.  [2]  4,  231).  Obtained  also  by  distilling  tri- 
olein  under  pressure  (Engler,  B.  22,  596). 
Treated  with  chlorine  heptane  gives  a  mixture 
of  chloroheptanes  (143°-158°).  These  may  be 
converted  into  a  mixture  of  a  primary  heptyl 
alcohol  (165°-170°)  and  a  secondary  heptyl 
alcohol  (156°-158°).  By  oxidising  with  chromic- 
mixture  the  former  gives  heptoic  acid,  the  latter 
methyl  amyl  ketone  and,  by  further  oxidation, 
valeric  and  acetic  acids ;  hence  the  alcohols  are  : 
CH3.CH2.CH2.CH2.CH2.CH2.CH,OHand 
CH3.CH2.CH2.CH2.CH2.CH(OH)"CH3 
(Schorlemmer  a.  Thorpe,  T.  174,  270 ;  A.  217, 
150).  The  mixture  of  chlorides  (143°-157-5°)  is 
converted  by  alcoholic  potash  partly  into  hep- 
tylene (98-5°),  partly  into  a  mixture  of  ethyl 
heptyl  oxides.  The  heptylene  gives  on  oxida- 
tion valeric  and  acetic  acids,  hence  it  is 
C4H8.CH:CH.CH3.  Liquid  bromine  acting  upon 
hot  w-heptane  forms  chiefly  secondary  heptyl 
bromide ;  gaseous  bromine  forms  primary  and 
secondary  heptyi  bromides  in  about  equal  quan- 
tities. Liquid  Br  dissolved  in  cold  heptane  forms 
chiefly  di-bromo -heptanes  (Venable,  Am.  10, 
237). 


Heptane  Me2CH.CH.,.Et.  Ethyl-isoamyl. 
(90-35°)  (Thorpe,  C.  J.  37,  216).  S.G.  £  -69692 
(T.);  i*f  -6833  (G.).  C.E.  (0°-10°)  -001253; 
(0°-50°)  -0013318;  S.V.  161-98.  V.D.  3-45 
(calc.  3-47).  A  product  of  the  distillation  of 
whale  oil  under  pressure  (Engler,  B.  22,  595). 
Formed  by  the  action  of  sodium  (14  pts.)  on  a 
mixture  of  EtI  (60  pts.)  and  iso-amyl  iodide 
(70  pts.)  (Wurtz,  A.  Ch.  [3]  44,  275).  Formed 
also  by  gradually  adding  sodium  to  a  mixture  of 
ethyl  and  isoamyl  bromides  at  25°,  then  heating 
for  a  few  hours  at  100°  and  fractionally  distilling 
•(Grimshaw,  C.  J.  26,  309).  Obtained  also  from 
CH3.CH(OH).CH2.CH2.CHMe  by  successive  treat- 
ment with  HI  and  with  Zn  and  HC1  (Purdie, 
C.  J.  39,  467).  According  to  Berthelot  (BL  [2] 
9,  455)  phthalic  and  terephthalic  acid  heated 
with  (80  pts.)  saturated  HIAq  yield  a  heptane 
(91°-93°) ;  Berthelot  also  obtained  by  this  treat- 
ment heptanes  from  toluene  and  from  o-  and  p- 
toluidine  (C.  R.  68,  606). 

Heptane  CMeEtPrH.  Methyl-ethyl-propyl- 
methane.  (91°).  S.G.  |§ -6895.  [a] +  2-70  for  100 
mm.  From  active  amyl  iodide,  propyl  iodide 
and  sodium  (Just,  A.  220,  153). 

Heptane  CHEt3.  Tri-ethyl-methane.  (96°). 
V.D.  101-5.  S.G.  21  -689.  Formed  by  the  action 
of  ZnEt2  and  sodium  upon  orthoformic  ether 
(Ladenburg,  B.  5,  752).  Colourless  liquid. 

Heptane  CMe2Et2.  (87°).  S.G.  a  -7111; 
?2j?  -6958.  Formed  by  the  action  of  ZnEt2  upon 
CH3.CC12.CH3  (from  acetone),  the  distillate  being 
mixed  with  water  and  fractionally  distilled 
(Friedel  a.  Ladenburg,  A.  142,  310).  Besides 
w-heptane,  Pennsylvanian  petroleum  contains  a 
heptane  (90°).  S.G.  ifi  -709  which  is  either 
CMe2Et2  or  CHMeEtPr  for  it  gives  on  oxidation 
a  ketone  C7H]40  (142°-146°)  which  on  further 
oxidation  yields  nothing  but  acetic  acid  (Schor- 
lemmer, C.  J.  26,  319).  The  heptane  in  question 
gives  rise  to  a  mixture  of  heptyl  chlorides  (144°- 
158°),  to  a  heptylene  (90°-92°),  to  a  primary 
heptyl  alcohol  (165°-170°),to  a  secondary  heptyl 
alcohol  (148°-150°),  and  to  a  heptoic  acid  (209°- 
213°). 

References.  —  DI-BROMO-     and    DI-CHLOKO- 

HEPTANE. 

HEPTANE  PHOSPHONIC  ACID 

,  C6H13CH2PO(OH)2.  [106°]. 
\  Formed  by  heating  oxy -heptane  phosphonic  acid 
C6H13CH(OH).PO(OH)2  with  cone.  HIAq  at 
200°  (Fossek,  M.  7,  29).  Swells  up  in  a  little 
water,  forming  a  jelly.  Sol.  alcohol,  ether,  and 
ligroin. 

Oxy-heptane  phosphonic  acid 
C6H13.CH(OH)PO(OH)2.     [185°].     From  cenan- 
thol  by  successive  treatment  with  PC13  and  water 
(Zepharovitch,  M.  7,  28).     Tables. 

w-HEPTANE  SULPHONIC  ACID  C7H,.S03H 
(Winssinger,  Bull.  Acad.  Belg.  [3]  14,  12).  Is 
converted  by  chlorine  into  a  chloro-  derivative  of 
which  the  Ba  salt  is  (C7H13Cl2S03)2Ba.  A  tri- 
chloro-sulphonic  acid  is  also  formed.  IC13  yields 
two  compounds,  the  one  insoluble  in  water  is 
C7H8C1603  and  the  other  is  C7H9C1,,02.  The  Ba 
salts  of  these  acids  crystallise  out  together 
forming  crystals  which  on  analysis  correspond  to 
the  formula 

2(C7H12Cl3S03)2Ba  +  3(C7H8Cl,0.,).,Ba  +  24aq 
(Spring  a.  Winssinger,  Bl.  [2]  49,  68). 

HEPTENE  v.  HEPTYLENE. 
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HEPTENOIC  ACID  C7H1202.  Tetr acrylic  acid. 
(218°  i.  V.).  Formed  by  the  dry  distillation  of 
turpenylic  acid  C8H,204  (Fittig  a.  Krafft,  A.  208, 
79).  Liquid,  smelling  like  valeric  acid ;  lighter 
than  water.  SI.  sol.  water.  Gives  acetic  acid 
by  potash -fusion.  Combines  with  HBr  forming 
C7Hi3Br02  which,  on  standing,  changes  to  the 
anhydride  of  oxy-heptoic  acid.  Combines  with 
bromine.— CaA'2  5aq  :  needles  or  prisms,  v.  sol. 
water. — AgA' :  small  needles  (from  water). 

Ethyl  etherEtAf.  (190°).  (Amthor, Ar. Ph. 
[3]  18,  536). 

Heptenoic  acid  Pr.CH2.CH:CH.C02H.  Formed 
by  heating  isovaleric  aldehyde  with  HOAc  and 
NaOAc  (Fittig,  B.  16,  1438).  Liquid,  volatile 
with  steam. 

Heptenoic  acid  Pr.CH:CK.CH2.C02H.  (225°). 
Formed,  together  with  the  lactone  of  oxy-heptoic 
acid,  by  heating  propyl-paraconic  acid  (the  lac- 
tone  of  oxy-butyl-succinic  acid)  (Fittig,  B.  20, 
3179). 

Reference. — CHLOBO-HEPTENOIC  ACID. 

HEPTENYL  BROMIDE  C7H13Br.  (165°). 
Formed  by  the  action  of  alcoholic  KOH  on  di- 
bromo-heptane  derived  from  cenanthol  and  PBr5 
(Eubien,  A.  142,  294  ;  B.  8,  409). 

HEPTENYL  CHLORIDE  C7H13C1.  Chloro- 
cenanthylene.  Chloro-heptylene.  (155°  cor.). 
From  di-chloro-heptane  (oananthylidene  chloride) 
C.H^CLj  and  alcoholic  KOH  (Limpricht,  A.  103, 
82).  Heated  with  alcoholic  KOH  it  yields  C7H12 
which  forms  with  alcoholic  AgN08  a  pp. 
C7HnAgAgN03  (Behal,  Bl.  [2]  49,  581). 

Heptenyl  chloride  C7H13C1.  (141°).  From 
di-propyl  ketone  and  PC15  (Tavildaroff,  B.  9, 
1442). 

Heptenyl  chloride  C7H13C1.  (119°).  S.G.-9 
•951.  From  di-isopropyl  ketone  and  PC15  (Henry, 

B.  8,  400).     Alcoholic  KOH  converts  it  into 
tetra-methyl-allylene  (70°). 

Heptenyl  chloride  C7H13C1.  (55°  in  vacua). 
From  the  heptinene  derived  from  perseite  and 
HC1  (Maquenne,  C.  E.  108,  101).  Crystalline. 
Does  not  combine  with  Br.  Potash  reproduces 
the  heptinene. 

HEPTIC  ACID  (so  called)  C8H1203  (Pawloff, 

C.  R.  97, 99) ;  C7H10Oa  i.e.  CH3.CO.C(C02H):C4H8 
(DemarQay).    [151°].     One  of  the  products  of 
the  action  of  alcoholic  KOH  on  bromo-isobutyl- 
aceto-acetic  ether  (Demarcay,  C.  R.  86,  1135). 
Flat  needles  (from  water) ;  sol.  chloroform,  si. 
sol.  cold  water.   Colours  FeCl3  pale  brown.    De- 
composes carbonates  only  on  heating. 

HEPTINENE  C7H12  i.e.  Pr.CH2.CH2.C:CH. 
(Enanthylidene.  Heptine.  Amyl-acetylene. 
(107°)  (R.) ;  (102°)  (B.).  S.G.  s  -7508.  Formed  by 
boiling  di-chloro-heptane  Pr.CH2.CH2.CH2.CHCl2 
with  alcoholic  KOH  and  heating  the  resulting 
heptenyl  chloride  with  alcoholic  KOH  at  150° 
(Limpricht,  A.  103,  84;  Eubien,  A.  142,  294). 
Oil,  with  alliaceous  odour,  lighter  than  water, 
v.  sol.  alcohol  and  ether.  Bromine  acts  vio- 
lently upon  it,  forming  C7H12Br2  and  C7H12Br4. 
Ammoniacal  AgN03  gives  a  white  pp. ;  ammo- 
niacal  Cu2Cl2  forms  a  yellow  pp.  (Bruylants,  B. 
8,  409).  An  alcoholic  solution  of  AgN03  gives 
a  pp.  of  C.HjjAg.jNOa,  sol.  excess  of  the  precipi- 
tant (Behal,  Bl.  [2]  49,  335).  When  heated  for 
36  hours  at  145°  with  alcoholic  KOH  in  a  sealed 
tube  it  changes  to  methyl  -  butyl  -  acetylene 
C«H8.CiCMe  (Behal,  A.  Ch.  [6J  15,  428).  When 


dissolved  in  excess  of  H2S04  and  distilled  with 
water  it  gives  methyl  amyl  ketone  C5H,,.CO.CH3 
(Behal,  A.  Ch.  [6]  15,  270). 

Heptinene  C7H12.  (104°).  S.G.  ^  -803. 
From  the  product  of  distillation  of  rosin  (Tilden, 

B.  13,  1605  ;  Eenard,  C.  R.  91,  419 ;  Morris, 

C.  J.  41,  173).    Occurs  also  among  the  products 
of  the  action  of  boiling  HIAq  upon  perseite 
(Maquenne,  C.  R.  107,  583  ;  108,  101).    Liquid, 
not  precipitated  by  ammoniacal  AgNO?. 

Reactions. — 1.  Absorbs  oxygen  readily.  Thus 
in  10  days  it  absorbs  100  volumes  of  oxygen,  and 
if  the  product  be  distilled  crystalline  C7H,402  is 
got.— 2.  H2S04  converts  it  into  di-heptineneC14H24 
(246°) ;  V.D.  94-2.— 3.  HN03  (S.G.  1*8)  forms  a 
little  di-nitro-heptylene  C7H12(N02)2  (q.  v.),  C02, 
formic,  acetic,  butyric,  and  succinic  acids. — 

4.  K2Cr207  and  H2S04  give  C02  and  acetic  acid. — 

5.  Forms  two  bromides,  C7H12Br2  and  C7HJ2Br4.— 

6.  When  heated  to  a  dull  red  heat  it  gives  pen- 
tinene,  hexinene   (72°),  benzene,  toluene,  and 
hydrogen,  the  two  last  named  being  the  chief 
products  (Eenard,   C.  R.   104,  574).— 7.  Cone. 
HIAq  forms,  even  in  the  cold,  crystalline  C7H13I. 
8.    Cone.    HClAq    at     150°    forms    crystalline 
C7H]3C1  which  boils  in  vacuo  at  55°. 

Constitution.— MeCH:C:CHPr  would  give 
butyric  and  acetic  acids  on  oxidation.  Maquenne, 
however,  considers  the  hydrocarbon  to  contain  a 
tetra-methylene  nucleus. 

Heptinene  C7Hi2  i.e.  CH3.C:C.C4H9.  Methyl- 
butyl-acetylene.  (113°).  S.G-  ^  -763.  Formed 
by  heating  C5Hn.C:CH  with  alcoholic  KOH  at 
150°  (Behal,  A.  Ch.  [6]  15,  428).  Liquid.  Gives 
no  pp.  with  ammoniacal  Cu2Cl2,  with  ammonia- 
cal AgN03,  or  with  alcoholic  AgN03.  Gives  a 
ketone  on  hydration.  Forms  a  compound  with 
HgCl2. 

Heptinene  C7H12  i.e.  Et.C:C.C3H7.  Ethyl- 
propyl-acetylene.  (106°).  S.G.  fi  -760.  Prepared 
from  di-propyl  ketone  by  treating  with  PC15,  and 
heating  the  resulting  (C3H7)2CC12  with  alcoholic 
KOH  for  20  hours  at  140°  (Behal,  Bl.  [2]  48, 
216  ;  A.  Ch.  [6]  15,  413).  Liquid,  with  strong 
odour  resembling  acetylene.  Does  not  react  with 
ammoniacal  Cu2Cl2.  Forms  a  white  compound 
with  HgCl2,  which  when  treated  with  dilute 
HC1  reproduces  di-propyl  ketone.  Combines 
energetically  with  bromine.  If  the  hydro- 
carbon be  dissolved  in  cone.  H2S04,  and  the 
solution  be  diluted  with  ice,  di-propyl  ketone  is 
obtained. 

Heptinene  C7H12  i.e.  Me2C:C:CMe2.  Tetra- 
methyl-isoallylene.  (70°).  From  di-isopropyl 
ketone  by  successive  treatment  with  PC15  and 
alcoholic  KOH  (Henry,  B.  8,  400).  Does  not 
ppt.  ammoniacal  AgN03  or  Cu2Cl2. 

Heptinene  C7H12.  Heptylidene.  (115°-125°). 
Formed  in  small  quantity  in  distilling  calcium 
succinate  (Funaro,  O.  11,  276). 

HEPTINENE  GLYCOL  v.  DI-OXY-HEPTYLENE. 

HEPTINOIC  ACID  C7H1002  i.e. 
Pr.CH2.C:C.C02H.  Butyl-acetylene  carboxylic 
acid.  (135°  at  20  mm.).  From  methyl-propyl- 
acetylene  (hexinene)  by  heating  with  sodium  at 
155°  and  treating  the  product,  suspended  in 
ether,  with  C02  (Favorsky,  J.  R.  1887,  553).  Oil, 
which  does  not  solidify  at  -20°.  The  silver 
salt  soon  decomposes  into  C02  and  silver- 
hexinene. 
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Salt  a.— CaA'2 :  slender  needles  (from  water). 
— BaA'2:  small  spangles  (after  drying  over 
H2SO<). 

HEPTINYL  ALCOHOL  C7H120  i.e. 
(CH2:CH.CH2)2CH.OH.  Di  -  ollyl  -  carbinol. 
(151°  cor.).  S.G.  §  -8758 ;  ^  -8644.  Formed  by 
the  action  of  zinc  on  a  mixture  of  allyl  iodide 
(2  vols.)  and  formic  ether  (1  vol.) ;  the  mixture 
is  kept  cold,  and  is  finally  mixed  with  water 
and  distilled  (Saytzeff,  A.  185,  129  ;  B.  9,  1600). 
A  by-product  in  its  preparation  boils  at  c.  211°, 
and  appears  to  be  C,0H180,  or  di-allyl-carbinol, 
in  which  one  H  is  displaced  by  propyl  (W. 
Schestakoff,  J.pr.  [2]  30,  215).  Di-allyl-carbinol 
is  an  oil.  It  unites  with  bromine,  forming  a 
tetrabromide.  Chromic  acid  mixture  oxidises  it 
to  formic  acid  and  C02,  no  acetic  acid  being  pro- 
duced. KMn04  gives  oxalic  acid  and  an  acid 
C5H803  (Schirokoff,  J.  pr.  [2]  23,  207).  With 
HC10,  followed  by  elimination  of  Cl,  it  gives, 
not  C7H,,(OH)5,  but  its  anhydride  C7Hn(OH)30 
(S.  Eeformatsky,  J.  pr.  [2]  31,318). 

Acetyl  derivative  C7HHOAc.  (170° cor.). 
S.G.  2  -9167  ;  ^  -8997  (Saytzeff,  A.  185,  136). 

Methyl  ether  (C3H5)2CH.OMe.  (136° i.V.). 
S.G.  g -826;  25° -810.  C.E.  (0°-20°) : -001.  Formed 
by  the  action  of  sodium  and  Mel  on  the  alcohol 
(K.  Ejabinin,  J.  pr.  [2]  23,  270).  Reactions.— 1. 
When  bromine  is  added  to  an  ethereal  solution 
combination  takes  place,  a  tetra-bromide, 
(C3H5Br2)2CH(OMe),  being  formed.— 2.  Oxidised 
by  KMn04,  the  double  unions  are  broken,  the 
product  being  the  methyl  derivative  of  )8-oxy- 
glutaric  acid  (C02H.CH2)2CH.OMe  (q.  v.). 

Ethyl  ether  (C3H5)2CH.OEt.  (144°  i.  V.). 
S.G.  g  -821 ;  %°  -802.  C.E.  (0°-20°)  -0012.  From 
the  alcohol  by  sodium  and  EtI  (Ejabinin,  J.  pr. 
[2]  23,  272). 

HEPTINYL  CHLORIDE  C7HMC1  i.e. 
(CH2:CH.CH2)2CHC1.     (144°).     From  heptinyl 
alcohol  and  PC15.    Converted  by  alcoholic  KOH 
into  heptonene  C7H10  (115°). 

HEPTINYL  GLYCOL  v.  DI-OXY-HEPTYLENE. 

n-HEPTOIC  ACID  C7H14O2  i.e. 
Pr.CH2.CH2.CH2.C02H.  (Enanthic  acid.  Mol.  w. 
130.  [-10-5°].  (223°) ;  (222°  cor.)  (Perkin,  C. 
J.  45,  484).  S.G.  §  -9313  (Zander,  A.  224,  69) ; 
l|  -9225;  |f  -9160;  2¥°  '9160  (Bruhl).  C.E. 
(6°-10°) -00087.  M.M.  7-552  at  14-5°.  /*»  1-4266 
(B.).  EOO  58-19.  S.V.  174-6  (Z.). 

Formation. — 1.  By  the  oxidation  of  osnanthol 
with  nitric  or  chromic  acid  (Bussy,  J.  Ph.  [3]  8, 
329 ;  A.  60,  248 ;  Tilley,  A.  67,  107 ;  Schneider, 
A.  70,  112  ;  Schorlemmer  a.  Grimshaw,  C.  J. 
26,  1073 ;  A.  170,  141 ;  Mehlis,  A.  185,  358).— 
2.  By  oxidation  of  castor  oil  (Tilley,  A.  39,  160  ; 
c/.  Arzbacher,  A.  73,  200 ;  Brazier  a.  Grossleth, 
A.  75,  249).— 3.  By  the  action  of  HN03  on  oleic 
acid  (Laurent  a.  Eedtenbacher,  A.  59,  50). — 
4.  By  saponification  of  hexyl  cyanide,  obtained 
from  n-hexyl  alcohol  (Lieben  a.  Janecek,  A.  187, 
126). — 5.  By  oxidation  of  w-heptyl  alcohol 
(Schorlemmer,  Pr.  14,  171 ;  A.  161,  279 ;  170, 
141). — 6.  By  reducing  isodulcite  carboxylic  acid 
with  HI  and  phosphorus  (E.  Fischer,  B.  21, 
2175).— 7.  By  the  action  of  HN03  on  Chinese 
wax  (Buckton,  C.  -7.  10,  166),  on  azelaic  acid, 
and  on  spermaceti  (Arppe,  A.  120,  288). — 8.  By 
fusing  sebacic  acid  with  potash  (Koch,  A.  119, 
173). — 9.  By  boiling  the  barium  salt  of  mannite 


carboxylic  acid  with  aqueous  HI  and  red  phos- 
phorus, diluting,  and  extracting  with  ether. 
The  ethereal  solution  is  shaken  with  mercury, 
and  the  product  treated  with  H2SO4  and  zinc- 
dust.  The  acid  is  finally  distilled  over  with 
steam  (E.  Fischer  a.  Hirschberger,  B.  22,  372). 

Preparation.— (Enanthol  (1  pt.)  is  treated  in 
the  cold  with  dilute  HN03  (2  pts.  composed  of 
1  vol.  HNO3  S.G.  1-4  and  2  vols.  water) ;  the  re- 
sulting acid  is  distilled  in  vacuo  (Krafft,  B.  15, 
1717). 

Properties. — Liquid.  Gives  propionic  and 
succinic  acids  when  oxidised  by  chromic  acid 
mixture. 

Salts. — Ammonium  salt  is  v.  sol.  water, 
alcohol,  and  ether,  and  non-crystalline.— KA' 
(at  100°)  :  silky  mass.— NaA' :  needles  ;  often 
obtained  as  a  jelly.— CaA'2:  thin  flat  needles. 
S.  -914  at  8-5°  (S.  a.  G.).— CaA'2  aq :  thin  needles. 
S.  (of  CaA'2)  -94  at  12°  (L.  a.  J.).— BaA'2 :  thin 
laminae  or  broad  needles.  [239°]  (M.).  S.  1-76 
at  12°  (G.  a.  S.) ;  1-56  at  22°  (M.) ;  1-68  at  9° 
(L.  a.  J.). — ZnA', :  prisms  (from  alcohol) ;  si.  sol. 
water,  v.  sol.  alcohol.  [132°].— ZnA'2iaq.— CdA'2 : 
laminae.  [96°]. — PbA'2:  laminae  (from  hot  water). 
— CuA'2:  green  prisms  (from  alcohol). — AgA' : 
small  woolly  needles  (from  hot  water) ;  insol. 
cold  water  and  alcohol,  si.  sol.  boiling  water. 

Methyl  ether  MeA'.  (180°)  (Neuhof,  J. 
1866,  323);  (173°)  (Cahours  a.  Demarcay,  BL 
[2]  34,  481) ;  (172°)  (Gartenmeister,A233,  249). 
S.G.  S  -887  (N.) ;  is  -889  (C.  a.  D.) ;  §  -8981  (G.). 
S.V.  196-2.  C.E.  (0°-10°)  -00102. 

Ethyl  ether  EtA'.  (188°  i.  V.).  S.G.  * 
•8879  (L.  a.  J.) ;  g  -8861  (G.) ;  |f  -8718  ;  |§ -8648 
(Perkin,  C.  J.  45,  502).  M.M.  9-54  at  14-9°. 
C.E.  (0°-10°)  -00101  (G.).  By  boiling  the  ether 
(20  c.c.)  with  wi-amido-benzoic  acid  (10  g.)  for 
eighthoursthereisformedC7H13O.NH.C6H..C02H 
[202°]  (Pellizzari,  A.  232,  149). 

Propyl  ether  PrA'.  (206-4°).  S.G.  g-8824. 
C.E.  (0°-10°)  -0097.  S.V.  246-5  (G.). 

Butyl  ether  PrCH2A'.  (225-1°).  S.G.  § 
•8807.  C.E.  (0°-10°)  -00092.  S.V.  271-3  (G.). 

n-Heptyl  ether  C7H15A'.  (274-6°)  (G.); 
(277°  cor.).  S.G.  ifi  -870  (Cross,  C.  J.  32,  123  ; 
B.  10,  1602);  if  -8652;  f£  -8593  (Perkin); 
g  -8761.  C.E.  (0°-10°)  -00086.  S.V.  350-2. 
M.M.  14-655  at  13-6°. 

Octyl  ether  C8H17A'.  (290-4°).  S.G.  g 
•8757.  S.V.  376-2.  C.E.  (0°-10°)  -0086  (Garten- 
meister). 

Phenyl  ether  C^H.A'.  (275°-280°).  From 
the  chloride  C7H13OC1  and  phenol  (Cahours,  C. 
R.  39,  257). 

Amide  C6H13.CONH2.  [96°].  (250°-258°). 
Formed  by  heating  the  ammonium  salt  to  230° 
(Hofmann,  B.  15,  983),  and  by  the  action  of 
NH3  on  the  anhydride  (Mehlis,  A.  185,  368). 
Laminae  (from  water)  or  needles  (from  alcohol). 
Converted  by  a  mixture  of  KOH  and  bromine 
into  C6H]3NH.CO.NH.CO.C6H13  [97C]  (Hofmann, 
B.  15,  759). 

Methyl-amide  C6H)3CONHMe.  (266°). 
S.G.  i*  -895.  Thick  liquid.  Obtained  by  heat- 
ing the  acid  with  methylamine  for  5  hours  at 
230°,  dissolving  the  product  in  ether,  and  adding 
K2C03  (Franchimont  a.  Klobbie,  R.  T.  C.  6,  247). 

Di-methyl-amide  C6H13CONMe2.  (243°). 
S.G.  i*  -894. 

Ethylamide  C6H13.CO.NHEt.  [6°].  (268°). 
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Formed  by  heating  the  ethyl-ammonium  salt  at 
230°.  Decomposed  by  pure  HNO3  with  evolu- 
tion of  N20  (Franchimont  a.  Klobbie,  E.  T.  C. 
6,  248). 

Di-etTiyl-amide  C6H13.CO.NEt2.  (258°). 
S.G.  ^  -881.  Liquid  (F.  a.  K.). 

Anhydride  (C6Hn.CO)20.  Mol.  w.  242. 
(268°-271°).  S.G.  a  -932.  Obtained  by  dis- 
tilling the  acid  with  PC15,  and  heating  the  re- 
sulting heptoyl  chloride  with  potassium  heptoate 
(Mehlis ;  cf.  Chiozza  a.  Malerba,  A.  91,  102). 

Nitrile  C6H13.CN.  (175°-178°  i.  V.j.  S.G. 
21  -895.  Formed  by  heating  heptoic  acid  with 
potassium  sulphocyanide  (Mehlis).  Formed  also- 
by  the  action  of  Ac2O  on  the  oxim  of  heptoic 
aldehyde  (Lach,  B.  17,  1572) ;  and,  together 
with  heptylamine,  by  allowing  a  mixture  of  the 
amide  of  octoic  acid  (1  mol.)  and  bromine  (3 
mols.)  to  run  into  a  10  p.c.  solution  of  NaOH 
(Hofmann,  B.  17,  1407).  Oil;  sol.  alcohol  and 
ether. 

Chloride  C6HI3COC1.  With  di-methyl- 
aniline  in  presence  of  ZnCl2  it  gives  as  conden- 
sation products,  C6H13.CO.C6H4NMe2,  and  a  base 
C23H32N2.  This  latter  body  has  all  the  proper- 
ties of  a  leuco-base.  Heated  with  Mel  at  100° 
it  gives  the  salt  C.^H^N^Mel.  Oxidising  agents 
act  on  it  very  easily,  and  develop  a  fine  blue 
colour ;  Fe2Cl6  gives  C^E^HCl,  having  a  fine 
blue  colour.  This  is  reduced  by  Zn  in  acid 
solution  to  the  original  leuco-base.  The  blue 
colour  disappears  with  excess  of  acid.  KOH  or 
NaOH  does  not  set  free  the  base,  but  causes  a 
complete  decomposition  (Auger,  Bl.  [2]  47,  48). 

Isoheptoic  acid  Pr.CH2.CHMe.C02H.  Me- 
thyl-butyl-acetic acid.  Butyl-propionic  acid. 
(212°).  S.G.  §  -9305  ;  *j  -9138.  S.  -36  at  4°. 
Formed  by  saponification  of  the  corresponding 
nitrile  which  is  obtained  from  KCy  and  the 
secondary  hexyl  iodide  derived  from  mannite 
(Hecht,  A.  209,  309 ;  Hecht  a.  Munier,  B.  11, 
1781).  Colourless  oil ;  si.  sol.  water,  miscible 
with  alcohol,  ether  and  chloroform.  On  oxida- 
tion with  chromic  acid  mixture  it  yields  acetic 
and  butyric  acids.  A  solution  of  its  Na  salt  gives 
white  pps.  with  salts  of  Ca,  Al,  Zn,  Cd,  Mn, 
Hg,  Pb,  and  Ag;  a  brown  pp.  with  FeCl3,  a 
green  pp.  with  NiCl2,  and  a  blue  pp.  with 
CuS04. 

Salts.— KA':  very  deliquescent,  and  y.  e. 
sol.  water. — NaA':  very  deliquescent.— LiA' : 
crystalline,  v.  sol.  water,  m.  sol.  alcohol. — 
CaA'2l|aq  :  S.  11-9  at  1°  ;  13-9  at  6-7°;  12-1  at 
16-8°;  11-3  at  28°;  6-1  at  100°.— SrA'2  2aq : 
grouped  needles.  S.  19-2  at  3°.— BaA'2l£aq : 
crystalline  aggregates.  S.  (of  BaA'2)  30  at  1°.— 
AgA'.  S.  -23  at  4°. 

Methyl  ether  MeA'.  (157°  i.V.).  S.G. 
ff  '879. 

Ethyl  ether  EtA'.  (173°  i.V.).  S.G.  U 
•8685  ;  f  £  -8570. 

Propyl  ether  PrA'.  (192°  i.  V.).  S.G. 
i|  -86357 

^Isopropyl   ether   PrA'.     (177°).     S.G.  if 
*859. 

Heptoic  acid  C7H14O2  i.e. 

Pr.CH2.CHMe.C02H.  (210°  cor.).  Formed  from 
methyl-butyl-aceto-acetic  ether  and  cone,  alco- 
holic KOH.  Formed  from  laevulose  by  shaking 
with  HCy,  decomposing  the  resulting  C7H,,N08 
by  fuming  HClAq,  and  reducing  the  product 


with  HI  and  phosphorus  (Kiliani,  B.  18,  3066  ; 
19,  221).  Oil.— CaA'2  6aq :  long  needles.  S. 
(of  CaA'2)  7-8  at  17'5°.— SrA'25aq.  This  acid 
should  be  identical  with  the  preceding,  but  does 
not  seem  to  be  so. 

Heptoie  acid 

(CH?)2CH.CH2.CH2.CH2.C02H  (?)  Iso  -  amyl  - 
acetic  or  iso-cenanthylic  acid.  (216'5°-21S° 
cor.).  S.G.  i*  -926.  Formed  when  CO  is 
passed  at  180°  over  NaOAc  mixed  with 
NaOC3H,,  (Poetsch,  A.  218,  67). 

Salts .— NaA'aq.— CaA'2  3  |aq. 

Methyl  ether  MeA'.  (166°-167'5°  cor.). 
S.G.  i*  -884. 

Ethyl  ether  EtA'  (182°  cor.).  S.G.  -^ 
•872.  Not  attacked  by  alcoholic  NH3  at  120°. 

Heptoic  acid  C7H1402.  (210°-213°).  Formed 
from  isoheptane  (ethyl-isoamyl)  Pr.CH2.Pr  by 
chlorinating,  displacing  Cl  by  OH,  and  oxidising 
the  resulting  heptyl  alcohol  (Grimshaw,  A. 
166,  168).  Oil,  with  unpleasant  odour.  Proba- 
bly identical  with  isoheptoic  acid. — CaA'2  2aq : 
small  needles. — AgA' :  small  needles.  The 
barium  salt  is  amorphous. 

Heptoic  acid  (CH3)2CH.CH2.CH2.CH2.C02H. 

Isoamyl-acetic  acid.  An  oil,  formed  by 
treating  acetic  ether  with  sodium  and  isoamyl 
iodide  successively,  the  resulting  isoamyl-aceto- 
acetic  ether  being  saponified  (Frankland  a. 
Duppa,  A.  138,  338).  Probably  identical  with 
the  acid  of  Poetsch. 

Heptoic  acid  C7H14O2.  (209°-213°).  Formed 
by  oxidising  the  isoheptane  (90°)  in  Pennsyl- 
vanian  petroleum  (Schorlemmer,  C.  J.  26,  319). 
Its  barium  salt  is  amorphous.  The  calcium 
salt  crystallises  by  spontaneous  evaporation 
in  long  transparent  needles  or  prisms.  The 
silver  salt  is  a  flocculent  pp. 

Heptoic  acid  C7H1402  i.e.  CH3.CEt2.C02H. 
Di-a-ethyl-propionic  acid.  (208°).  Formed  by 
acting  on  ZnEt2  with  acetyl  chloride ;  converting 
the  resulting  CMeEt2Cl  into  the  corresponding 
iodide  ;  heating  this  compound  with  KCy  for  a 
week ;  and  digesting  the  resulting  CMeEt.,Cy 
with  fuming  HClAq  (Idanoff,  BL  [2]  26,  450). 
Oil. — BaA'25aq:  separates  on  rapid  cooling  in 
stellate  groups  of  flat  needles ;  on  slow  cooling  in 
flat  prisms. — KA' :  very  soluble,  and  non-crys- 
talline.—KHA'2  :  stellate  groups  of  needles. — 
The  silver  salt  is  si.  sol.  boiling  water,  sepa- 
rating as  tufts  of  small  needles. — The  lead 
salt  is  a  white  pp.  si.  sol.  cold  water,  the 
solution  becoming  turbid  when  heated. 

Heptoic  acid  C7H1402  i.e. 

(CH3)2CH.CHMe.CH2.C02H(?).  (220°).  Formed 
by  passing  CO  over  a  mixture  of  NaOEt  and 
sodium  isovalerate  at  160°  (Looss,  A.  202,  321). 
Oil. 

Heptoic  acid  C7H1402.  Amethenic  acid. 
(185°-230°).  Obtained,  together  with  C02  and 
acetic  acid,  by  oxidising  diamylene  with  K2CrO4 
and  dilute  H2S04  (Von  Schneider,  A.  157,  185). 
Oil,  lighter  than  water.  Its  salts  are  decom- 
posed even  by  C02.  The  K,  NH4,  Ca,  and  Mg 
salts  are  crystallisable  and  v.  sol.  water. — 
SrA'2  8aq :  small  needles  (Wyschnegradsky  a. 
Pawloff,  /.  R.  7,  170).— ZnA'2 :  nodules,  si.  sol. 
cold  water;  the  aqueous  solution  deposits  a 
gelatinous  pp.  when  heated. — AgA' :  pulverulent 
pp.,  si.  sol.  water. 
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Heptoic      acid      CH3.CH2.CH2.CHEt.C02H. 

Ethyl-propyl-acetic  acid.  (209°  cor.).  From 
ethyl-propyl-aceto-acetic  ether  by  saponification 
with  cone,  alcoholic  KOH  (Kiliani,  B.  19,  227). 
Oil.— CaA'.,2aq  :  soft  needles.  S.  (of  CaA'.,)  11-4 
at  19-5°.— SrA'22aq  :  small  prisms.  S.  (of  SrA'2) 
27-9.— PbA'23aq.— CuA'2.  The  silver,  barium, 
and  lead  salts  form  colourless  needles.  The 
acid  is  perhaps  identical  with  that  of  Hecht. 

References. — AMIDO-,  and  BBOMO-,  HEPTOIO 
ACIDS. 

HEPTOIC  ALDEHYDE  C7HI40  i.e. 
CH3.CH,.CH2.CH2.CH2.CH,.CHO.  (Enanthol. 
Mol.  w.  114.  (155°).  S.G.  2?°  -8495  (Bnihl) ; 
&  -8226  ;  ff  -8158  (Perkin,  C.  J.  45,  477).  V.D. 
4-14  (calc.  3-95).  ^1-4.309.  B^  55-59.  M.M. 
7-422  at  16-2°.  The  name  cenanthol  is  due  to 
the  belief  of  Liebig  that  heptoic  acid  was  the  chief 
product  of  the  saponification  of  fusel  oil  from 
wine  (Liebiga.  Pelouze,  A.  19, 241).  Obtained  by 
distilling  castor  oil  (Bussy,  A.  60,  246 ;  J.  Ph. 
13,  62;  [3]  8,  321 ;  H.  Schiff,  Z.  1870,  77  ;  Krafft, 

B.  10,  2035).     Purified  by  preparing  its  com- 
pound with  NaHS03,  which  is  subsequently  dis- 
tilled with  Na2C03    (Bertagnini,   A.  85,  281). 
Dried  over  Na.,S04  and  rectified  (Erlenmeyer  a. 
Sigel,  A.  176,  342).     The  yield  is  12  p.c.  of  the 
castor  oil  (Jourdan,  A.  200,  102).     Oil,  miscible 
with  alcohol  and  ether.     Has  a  strong  odour. 
When  moist  heptoic  aldehyde  is  exposed  for  a 
long  time  to  a  low  temperature  it  deposits  crys- 
tals of  a  hydrate  C7HI40|aq  (?  heptoic  orthalde- 
hyde)  (Bouis,  A.  Ch.  44,  87).    Heptoic  aldehyde 
reduces  AgN03,  forming  a  mirror. 

Reactions. — 1.  Heptoic  aldehyde  is  poly- 
merised by  prolonged  contact  with  K2C03.  The 
product  is  a  crystalline  solid  [53°]  which,  when 
heated,  begins  to  decompose  at  115°  into  heptoic 
aldehyde,  the  aldehyde  C^Ho^CHO,  and  an  alde- 
hyde C28H5403  (c.  335°  at  250  mm.).  The  solid 
polymeride  when  treated  in  acetic  acid  solution 
with  sodium  yields  heptyl  alcohol  and  a  sub- 
stance Co,H4402  (Bruylants,  B.  8, 414 ;  Perkin,  jun., 

C.  J.  43,*67).— 2.  Alcoholic  (1-5  p.c.)  potash  yields 
tetradecenoic  (amyl-hexyl-acrylic)  acid  C,4H2602, 
its   aldehyde   C14H260,  the    aldehyde   C28H500, 
and  heptoic  acid  (Perkin,  jun.,  C.  J.  43,  67 ;  B. 
15,  2806).— 3.  Cone.  KOHAq  also  forms  con- 
densation products,  together  with  heptoic  acid. 
4.  Solid  KOH  polymerises  heptoic  aldehyde  even 
at  0°,  forming  a  solid  and  a  liquid  polymeride. 
Each  of  these  bodies  when  distilled  gives  heptoic 
aldehyde,  tetradecenoic  aldehyde,  and  C28H5403 
(Borodin,  B.  5,  481 ;    6,  982).     Solid  KOH  at 
120°  forms  an  oil  C14H.,S0  which  boils,  with  de- 
composition, at  260°  (Tilley,  P.  M.  33,  81 ;  A. 
67,  109).— 5.  ZnCl2  forms  the  aldehyde  C14H,«0. 
6.  Cold  cone.  HNO.,  forms   a   solid   isomeride 
'  metoenanthol.' — 7.  Dilute  chromic  acid  mixture 
forms   heptoic   acid. — 8.    When  left  for   some 
weeks  in  contact  with  quicklime,  there  is  formed 
heptyl  alcohol,  heptoic  acid,  heptylene  (95°-100°), 
octylene  (122°-125°),  ennylene  (145°),  and  the 
ketone  C13H260  (Fittig,  A.  117,76).— 9.  In  acetic 
acid  solution  sodium  reduces  it,  forming  heptyl 
alcohol,  tetradecenyl  alcohol  C13H25CH2OH,  and 
tetradecenoic  aldehyde  C13H25CHO  (Perkin).    In 
a  wet  ethereal  solution  Na  forms  heptyl  alcohol, 
heptoic  acid,  tetradecenoic  aldehyde,  and  a  body 
C2,H400. — 10.    PC15     forms     di-chloro-heptane 
C6H13CHC12.— 11.    PCl3Br2  forms    CfiH13CHBr2. 


Chlorine  forms  oily  C7HUC130  (A.  W.  Williamson, 
A.  61,  44).—  12.  Resorcin  and  dilute  HC1  form  a 
resin  in  the  cold  (Michael  a.  Eyder,  Am.  9,  134). 
13.  Heptoic  aldehyde  (20  g.)  heated  with  tri- 
methylene  glycol  (30  g.)  at  160°  gives  rise  to 


2,  an  oil,  (c.  216°),  S.G. 
-  '933.  With  glycol,  in  like  manner,  it  forms 
C6H13.CH<;Q-^2>  (Lochert,  A.  Ch.  [6]  16,  35, 

52).—  14.  NaOAc2and  Ac20  at  170°give  ennenoic 
acid  (Schneegans,  A.  227,  85).  —  15.  Ac?0  and 
barium  succinate  give  hexyl-paraconic  acid 
(Schneegans).  —  16.  Aqueous  ammonia  (150  g.  of 
S.G.  -89)  added  to  cooled  heptoic  aldehyde  (80  g.) 
forms  an  oily  layer  of  heptoic  aldehyde 
ammonia  C6H13.CH(OH)NH,  (Erlenmeyer  a. 
Sigel,  A.  176,  343).  —  17.  Dry  'ammonia  passed 
into  dry  heptoic  aldehyde  forms  heptoic  hy- 
dramide  (C6H13CH)3N2,  which  boils  above  400° 
and  does  not  combine  with  acids.  The  hydramide 
is  converted  by  boiling  water  into  a  yellow  oil 
C21H41NO,  and  by  water  at  125°  into  C28H53NO, 
which  is  also  a  yellow  neutral  oil  (Schiff,  A.  Suppl. 
3,  367  ;  Suppl.  6,  24).  —  18.  Colourless  ammonium 
sulphide  in  concentrated  solution  forms  heptoic 
thialdine  C21H43NS2  a  colourless  oil,  S.G.  s* 
•896.  It  forms  a  hydrochloride  B'HCl,  which  is 
insol.  water,  and  crystallises  from  alcohol  in 
needles  (Schiff).  —  19.  A  solution  of  heptoic  alde- 
hyde saturated  with  ammonia  is  converted  by 
hydrogen  cyanide  into  oily  C6H13CH(NH,).CN, 
and  another  oil  C16H29N3  (Erlenmeyer  a.  Sigel,  A. 
177,  111).—  20.  If  heptoic  aldehyde  (100  pts.)  be 
mixed  with  a  little  PC15  (1  pt.)  and  dry  hydrogen 
sulphide  be  passed  in,  there  is  formed  the  com- 

pound C6H,3.CH<;g>CH.C6H13,      (200°-250°). 

S.G.  SS  -875  (Schiff).—  21.  An  alcoholic  solution 
of  heptoic  aldehyde,  on  saturation  with  HC1, 
yields  C6H13CHCl(OEt),  a  light  oil,  which  is  de- 
composed on  distillation  into  a  mixture  of  hydro- 
carbons and  other  bodies  (Williamson  ;  Schiff, 
Z.  [2]  6,  74).—  22.  Phosphonium  iodide  at  0° 
forms  (C6H,3.CH.OH)  ,PI,  which  crystallises  in 
minute  leaflets,  [122°],  insol.  water,  si.  sol.  ether, 
v.  sol.  alcohol  (Girard,  A.  Ch.  [6]  2,  40).— 
23.  Isoamylamine  forms  C6H13.CH:NC5Hn,  a 
yellow,  non-volatile,  basic  oil  (Schiff,  A.  140, 
93).—  24.  Heptoie  aldehyde  (70  g.)  heated  with 
aniline  (57  g.)  and  HOAc  (150  g.)  at  100°  forms 
C6H13.CH(OH).NHPh,  a  red  oil  with  pleasant 
odour  (Leeds,  A.  C.  J.  5,  2).—  25.  By  heating 
with  aniline  or  di-phenyl-urea  there  is  formed 
CtiH13.CH:NPh  (or  (C6H13.CH)2(NPh)2),  a  neutral 
yellow  oil,  which  combines  with  isoamyl  iodide 
at  100°  forming  C2(jH38N2C5HnI  (Schiff,  A.  148, 
336  ;  Suppl.  3,  351).—  26.  Benzoyl-aniline  forms 
C6H13.CH(NPhBz),,  which  is  split  up  on  distil- 
lation into  Bz20  and  (C6H13.CH).,(NPh)2  (Schiff). 
27.  Ethyl-aniline  forms  CHH13.CH(NPhEt)2 
(215°-220°),  a  neutral  oil.—  28.  Allyl-aniline 
forms  C6H13.CH(NPhC3H5)2,  a  neutral  oil.  — 
29.  Di-phenyl-thio-urea  in  the  cold  forms 

C6H13.CH<^pj;^>CS,  a  neutral  solid,  sol.  ether 

(Schiff).  —  30.  Z^/ZwZmeinglacialaceticacidforms, 
according  to  Leeds  (A.  C.  J.  5,  2),  a  red  liquid 
C6H,3.CH(OH).NHC6H3Me2  with  pleasant  odour. 
31.  (a)-Naphthylamine  in  HOAc  forms,  in  like 
manner  CeH,3.CH(OH).NHC10H7,  a  red  liquid, 
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smelling  like  pine-apples  (Leeds). — 32.  (a)-Naph- 
thylamine  added  to  a  dry  ethereal  solution  of 
heptoic  aldehyde  forms  a  yellow,  amorphous, 
neutral  substance  (0»H1,,OH)1(NOieHT)t ;  insol. 
water,  sol.  alcohol  and  ether  (Papasogli,  A.  171, 
139). — 33.  Treated  with  di-methyl- aniline  in 
presence  of  ZnCl2  there  is  formed  (together  with 
products  resulting  from  the  polymerisation  of 
the  aldehyde)  a  condensation  product  C23H34N2 
or  C6H,s.CH(C6H4NMe2)2.  This  forms  long 
colourless  needles  [59'5°],  (275°  at  15  mm.) ;  si. 
sot.  cold  alcohol,  insol.  water.  On  oxidation 
this  base  does  not  yield  the  corresponding  car- 
binol,  but  gives  a  passing  colouration  and  an 
odour  of  oananthol  (Auger,  Bl.  [2]  47,  42). — 
34.  ZnEt2  followed  by  water  forms  the  alcohol 
C6H13.CHEt.OH  (195°)  (Wagner,  B.  17,  Eef.,  315, 
Kef.).— 35.  Heptoic  aldehyde  (75  g.)  heated  with 
aniline  (20  g.)  and  cone.  HClAq  (60  g.)  for  2  hours 
at  100°  forms  amyl-hexyl-quinoline  (Doebner  a. 
Miller,  B.  17,  1719). 

Combinations  with  sulphites. — The 
combinations  with  bisulphites  of  the  alkalis  may 
be  obtained  directly,  or  by  passing  S02  into  an 
alcoholic  solution  of  heptoic  aldehyde  containing 
potash,  soda,orNH3.— C6H13.CH(OH).S03Naaq : 
brilliant  unctuous  scales  ;  v.  sol.  water,  v.  e.  sol. 
hot,  nearly  insol.  cold,  alcohol.  Decomposed  by 
acids  and  alkalis,  with  liberation  of  heptoic  al- 
dehyde. With  BaCl2  its  solution  gives  a  pp.  of 
(C7H,3S03)2Ba,  whence  H2S04  liberates  oily 
C7H,4S03,  a  compound  which  is  also  formed  by 
passing  S02  into  an  aqueous  solution  of  heptoic 
aldehyde  (Mendelejeff,  A.  110,  241).  — 
C7H13S03NH4:  small  shining  prisms,  si.  sol. 
water  and  alcohol.  Decomposed  by  boiling  water 
into  heptoic  aldehyde  and  acid  ammonium  sul- 
phite. When  heated  with  potash-lime  at  265° 
it  yields  tri-hexyl-amine  (Petersen  a.  Gossmann, 
C.  C.  1857,  193).— (C7H140)2S02(NH2Ph)2:  nee- 
dles. Obtained  by  mixing  heptoic  aldehyde  with 
an  ethereal  solution  of  aniline  sulphite  (Schiff ,  A. 
140,  129).— C7H13S03NH3Ph  :  usually  obtained 
in  attempting  to  prepare  the  preceding  (Schiff, 
A.  210,  127).  Decomposed  by  water  at  65°  into 
C6H13.CH:NPh  and  crystalline 

C6HI3.CH(OH).S03NH3Ph  aq.— 
C6H13.CH(OH).S03.NH3.CH2.C02H  :    crystalline 
mass,  insol.  ether,  si.  sol.  alcohol.     Obtained 
by  dissolving  heptoic  aldehyde  in  an  aqueous 
solution  of  glycocoll  saturated  with  S02  (Schiff, 

A.  210, 125). 

Phenyl-hydrazide  C7H14:N.NH(C6H5). 
(240°  at  77  mm.).  Oil.  Formed  by  the  action 
of  phenyl-hydrazine  on  cenanthol  (Eeisenegger, 

B.  16,  663). 

Oxim  C7H14.NOH.  [50°].  (195°  cor.). 
Formed  by  the  action  of  hydroxylamine  (base) 
on  oenanthol  (Westenberger,  B.  16,  2992).  Large 
white  tables.  Sol.  alcohol,  ether,  and  hot  water. 
With  Fe2Clg  it  gives  a  rose-red  colouration.  HC1 
resolves  it  into  its  constituents.  By  the  action 
of  Ac20  it  is  converted  into  the  nitrile  of  heptoic 
acid  (Lach,  B.  17,  1572). 

Ethyl   ether  C7H)4.NOEt.     (186°).      Oil. 

HEPTOLACTONE  v.  Lactone  of  OXY-HEPTOIC 
ACID. 

HEPTONENE  C7H10  i.e. 

CH2:CH.CH2.CH:CH.CH:CH2.  Heptone.  (115°). 
From  di-allyl-carbinyl  chloride  and  alcoholic 


KOH  (Saytzeff,  A.  185,  144).  Bromine  forms 
liquid  C7Hj0Br6. 

Heptonene  C5Hn.C:CH.  (c.  112°).  S.G.  2f 
•7458.  HD  1-4207.  From  heptoic  aldehyde  and 
PC15  followed  by  alcoholic  KOH  (Briihl,  A.  235, 
10). 

Isoxneride :  TOLUENE  DIHYDRIDE. 

HEPTONITEILE  v.  Nitrile  of  HEPTOIC  ACID. 

HEPTOYL.    The  radicle  C^H^.CO. 

HEPTOYL-ACETIC  ALDEHYDE.  Sodium 
derivative  C6H13.CO.CHNa.CHO.  Obtained  by 
treating  methyl  hexyl  ketone  (1  mol.)  and  formic 
ether  (1  mol.)  with  NaOEt  suspended  in  ether 
(Meyerwitz,  B.  21,  1144).  Phenyl-hydrazine 
converts  it  into  phenyl-hexyl-pyrazole  C15H20N2, 
a  thick  oil  (319°). 

HEPTYL.    The  radicle  C7H15. 

Diheptyl  v.  TETRADECANE. 

HEPTYL  ACETATE  v.  HEPTYL  ALCOHOL. 

HEPTYL-ACETIC  ACID  v.  ENNOIC  ACID. 

Di-heptyl-acetic  acid  v.  HEXADECOIC  ACID. 

HEYTYL-ACETO-ACETIC  ETHER  v.  ACETO- 

ACETIC  ACID. 

HEPTYL-ACETONE  v.  METHYL  OCTYL  KETONE. 

n-HEPTYL  ALCOHOL  C7H160  i.e. 
CH3.CH2.CH2.CH2.CH2.CH2.CH2OH.  Mol.  w. 
116.  (175-8C  i.V.)  (Zander,  A.  224,  84);  (176-5° 
i.V.)  (Grimshaw  a.  Schorlemmer,  C.  J.  26, 1081) ; 
(175-5°)  (C.  F.  Cross,  C.  J.  32,  123) ;  (176°  cor.) 
(Perkin).  S.G.  g -8342  (Z.) ;  2-838(0.);  H  '8308; 
||  -8252  (P.).  M.  M.  7-850  at  12-6°.  C'.E.  (0°- 
10°)  -00083  (Z.).  S.V.  168-3  (Z.).  Occurs  to  a 
small  extent  (1-5  g.)  in  brandy  (100  litres)  (Ordon- 
neau,  C.  B.  102,  219 ;  c/.  Faget,  Bl.  1862,  59). 

Formation. — 1.  By  reducing  heptoic  alde- 
hyde (oenanthol)  in  acetic  acid  solution  with 
sodium-amalgam ;  the  resulting  heptyl  acetate 
being  saponified  with  potash  (Schorlemmer,  A. 
177, 304 ;  c/.Bouisa.  Carlet,-4.124, 352;  Jourdan, 
A.  200,  102 ;  Sorabji,  C.  J.  47,  41).— 2.  By  re- 
ducing  heptoic  aldehyde  with  zinc -dust  and 
HOAc  (Krafft,  B.  16,  1723).— 3.  From  n-heptyl 
chloride  (Schorlemmer  a.  Thorpe,  T.  174,  270). 
4.  Among  the  products  of  the  distillation  of 
sodium  ricinoleate  with  NaOH  (Chapman,  Z. 
1865,  737  ;  Wills,  C.  J.  6,  307 ;  Petersen,  A.  118, 
69  ;  Bailton,  C.  J.  6,  205). 

Properties. — Liquid ;  gives  n-heptoic  acid  on 
oxidation. 

Acetyl  derivative  C7HI5OAc.  (191-5° cor.) 
(Cross);  (191-3°  cor.)  (Gartenmeister).  S.G. 
is  -874  (C.) ;  g  -8891  (G.).  S.V.  221-0.  C.E. 
(0°-10°)  -00096.  When  obtained  by  heating 
heptoic  aldehyde  (oananthol)  with  zinc  and 
glacial  HOAc  it  boils  at  180°  according  to  Bouis 
a.  Carlet  (C.  B.  55,  140).  The  rate  of  formation 
of  this  ether  has  been  studied  by  Menschutkin 
(Z.  P.  C.  1,  611). 

Methyl  derivative  C7H15OMe.  Methyl 
heptyl  oxide.  (161°)  (W.) ;  (150°)  (D.).  S.G. 
w*  -830  (W.) ;  g  -7953  (D.).  C.E.  (0°-10°)  -001 
(Dobriner,  A.  243,  3).  From  NaOC7H15  and  Mel 
(Wills,  C.  J.  6,  307). 

Ethyl  derivativeC7U.t,OEt.  Ethylheptyl 
oxide.  (166°).  S.G.  ifi  -790.  From  n-heptyl 
iodide  and  NaOEt  (Cross).  Wills  obtained  from 
NaOC7H15  and  EtI  a  compound  (177°);  S.G. 
ia  -791. 

w-Iso-heptyl  alcohol  CHr(CH2)3.CHMe.CH2OH 
or  (CH3)2CH.(CH,)3.CH2OH.  (165°)  (G.) ;  (164°) 
(S.).  S.G.  "2  -829  (S.).  Obtained,  together  with 
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methyl  -  iso  -  amyl  -  carbinol,  by  passing  dry 
chlorine  into  the  vapour  of  boiling  isoheptane 
(CH3)2CH(CH,)3CH3,  converting  the  resulting 
mixture  of  chlorides  into  acetates,  and  saponify- 
ing these  (Grimshaw,  A.  166, 167  ;  Schorlemmer, 
Pr.  14,  164,  464).  It  gives  a  heptoic  acid  (210°- 
213°)  on  oxidation. 

Acetyl  derivative  C7H15OAc.  (179°). 
S.G.  1«  -871. 

Heptyl  alcohol  C7H15OH.  (165°-170°).  Ob- 
tained  by  chlorination,  &c.,  from  the  heptane 
(90°)  which  occurs  along  with  w-heptane  in 
Pennsylvanian  petroleum  (Schorlemmer,  C.  J. 
26,  319).  Perhaps  identical  with  the  preceding 
alcohol.  Gives  on  oxidation  a  heptoic  acid 
(209°-213°). 

Acetyl  derivative  C7H15OAc.  (180°). 

Sec-heptyl  alcohol  CH3(CH2)4CH(OH).CH3. 

Methyl-amyl-carbinol.  (161°)  (Schorlemmer, 
C.  J.  26,  319 ;  A.  161,  279) ;  (157°)  (Schor- 
lemmer a.  Thorpe,  T.  174,  270).  Formed  from 
the  sec-heptyl  chloride  which  is  obtained  by 
chlorinating  ?i-heptane.  Formed  also  from 
petroleum  heptylene  by  treatment  with  cold 
cone.  HClAq,  and  heating  with  HIAq  at  120°  the 
portion  which  does  not  combine  with  HC1 ;  the 
resulting  iodide  is  then  heated  with  Pb(OAc)2 
and  the  acetate  saponified  (Morgan).  On  oxida- 
tion it  gives  a  ketone  (151°),  and  finally  acetic 
and  7t-valeric  acid. 

Acetyl  derivative  C7H15OAc.  (170°). 
(Schorlemmer,  A.  188,  254). 

fifec-heptyl  alcohol  Pr.CH2.CH2.CH(OH).CH3. 
Methyl-isoamyl-carbinol.  (147°) ;  (148°-154°) 
(P.).  S.G.  !£*  -8185.  One  of  the  alcohols  ob- 
tained from  isoheptane  Pr.CH2.Pr  by  chlorination 
&c.  (Grimshaw,  C.  J.  26,  309).  Obtained  also 
by  reducing  methyl  isoamyl  ketone  with  sodium 
amalgam,  the  yield  being  72  p.c.  (Kohn,  A.  190, 
309  ;  Purdie,  C.  J.  39,  467).  Gives  on  oxidation 
methyl  isoamyl  ketone  (143°)  and  finally  acetic 
and  isovaleric  acids. 

Acetyl  derivative  C7H15OAc.  (167°).  S.G. 
^•8595. 

&?c-heptyl  alcohol  C7H15OH  i.e. 
Et.CH(OH).CH2Pr.  Ethyl-butyl-carbinol.  (141°). 
Formed  from  petroleum  heptane  by  successive 
con  version  into  heptyl  chloride,  heptylene,  heptyl 
chloride,  and  heptyl  acetate  (Morgan,  C.  J.  28, 
301).  On  oxidation  it  gives  a  ketone  (141°), 
and  finally  acetic  and  w-butyric  acids. 

tfec-heptyl  alcohol  C7H15OH.  (149°).  Formed 
together  with  a  primary  alcohol  (165°-170°) 
from  one  of  the  heptanes  (90°)  in  Pennsylvanian 
petroleum,  by  chlorination,  &c.  (Schorlemmer, 
C.  J.  26,  319).  Gives  on  oxidation  a  ketone 
(142°-146°),  and  finally  nothing  but  acetic  acid. 

Sec-heptyl  alcohol  Pr2CH.OH.  Di-propyl- 
carbinol  (150°)  (K.) ;  (154°)  (S.) ;  (155°)  (U.  a. 
8.).  S.G.  :2«£'-8188  ;  %°  -8106  (U.  a.  K.) ;  ^  -814 
(K.) ;  -  -8331  Formed  by  the  action  of  sodium 
on  di-propyl-ketone  mixed  with  a  little  water 
(Friedel,  A.  Ch.  [4]  16,  310 ;  Kurz,  A.  161,  205), 
or  by  treating  n-butyryl  chloride  with  zinc  propyl 
followed  by  water  (Stcherbakoff,  Bl.  [2]  34,  347  ; 
37,  344).  Formed  also  from  di-propyl  ketone 
(1  mol.),  propyl  iodide  (3  mols.) -and  zinc 
(Ustinoff  a.  Saytzeff,  J.  pr.  [2]  34,  468).  Oxida- 
tion produces  di-propyl-ketone,  and  finally  pro- 
pionic  and  butyric  acid. 


Acetyl  derivative  (170°-172°).  S.G.  25° 
•8587.  Volatile  liquid,  with  camphor-like  odour, 
si.  sol.  water,  miscible  with  alcohol. 

Sec-heptyl  alcohol  Pr2CH.OH.  Di-isopropyl- 
carbinol.  (131°).  S.G.  i*  -8323.  Formed  by 
reducing  di-isopropyl-ketone  by  sodium-amalgam 
(Miinch,  B.  7,  1370 ;  A.  180,  333).  Liquid, 
smelling  like  peppermint,  si.  sol.  water,  v.  sol. 
alcohol  and  ether.  Chromic  acid  mixture 
oxidises  it  to  di-isopropyl-ketone. 

Sec-heptyl  alcohol  Pr.CH2.CEtH.OH.  Ethyl- 
isobutyl-carbinol.  (148°).  S.G.  ^  '827.  Formed 
by  treating  isovaleric  aldehyde  with  ZnEt2  and 
water  successively  (Wagner,  BL  [2]  42,  330). 
On  oxidation  it  gives  ethyl  isobutyl  ketone,  and, 
finally,  acetic  and  isovaleric  acids. 

Acetyl  derivative  C7H,5OAc.    (163°). 

TerMieptyl  alcohol  CEt3OH.  Tri-ethyl-car- 
binol.  (141°-143°  i.V.).  V.D.  3-74  (for  4-01). 
S.G.  %°  -8389  ;  3o0  -8299  (B.  a.  S.) ;  &  -859  (N.). 

Formation. — 1.  Fromdi-ethyl  ketone  (1  mol.), 
EtI  (3  mols.)  and  zinc  (Barataeff  a.  Saytzeff, 
J.  pr.  [2]  34,  463).— 2.  From  ZnEt2  and  pro- 
pionyl  chloride  (Nahapetian,  Z.  [2]  7,  274 ;  A. 
162,  44). 

Gives  on  oxidation  C02,  di-ethyl  ketone, 
heptylene,  propionic  acid,  and  acetic  acid. 

Acetyl  derivative  C7H15OAc.  (160°- 
163°). 

Tertf-heptyl  alcohol  Pr.CH2.CMe2OH.  Di- 
methyl-isobutyl-carbinol.  (130°).  From  pseudo- 
heptylene  Me2C:CH.Pr  by  passing  gaseous  HI 
into  the  hydrocarbon,  and  decomposing  the 
resulting  iodide  with  moist  Ag20  (Markownikoff , 
Z.  1871,  268).  Formed  also  by  dropping  iso- 
valeryl  chloride  (1  mol.)  into  cooled  zinc  methyl 
(2  mols.),  leaving  the  mixture  to  itself  for  a 
month,  and  then  decomposing  it  with  water 
(Pawloff,  A.  173, 192).  Colourless  liquid,  lighter 
than  water  and  nearly  insoluble  therein.  Smells 
like  camphor.  Gives  acetic  and  isobutyric  acids 
on  oxidation. 

TerMieptyl  alcohol  CMe3.CMe2OH.  Di- 
methyl-tert-butyl  alcohol.  Penta-methyl-ethyl 
alcohol.  [17°].  (131°).  Formed  by  the  action 
of  ZnMe2  on  CMe3.CO.Cl,  the  product  being  de- 
composed by  water  (Butlerow,  A.  177,  176). 
Formed  also  from  a-bromo-isobutyryl  bromide 
by  treatment  with  ZnMe,  followed  by  water 
(Kaschirski,  C.  C.  1881,  278);  and  from 
CC13.COC1  (1  mol.)  and  ZnMe2  (5  mols.)  (Bogo- 
moletz,  A.  209,  78).  The  oily  liquid  obtained 
by  any  of  these  processes  is  distilled  with  steam, 
and  a  hydrate  C;H160|aq  is  got  which  crystal- 
lises in  long  prisms,  si.  sol.  water,  v.  sol.  alcohol 
and  ether ;  it  has  a  burning  taste  and  an  odour 
like  camphor.  This  hydrate  melts  at  83°  and 
begins  to  boil  at  100°,  giving  off  water,  and  at 
130°  the  anhydrous  alcohol  passes  over.  The 
dehydration  may  also  be  effected  by  leaving  the 
hydrate  in  a  closed  vessel  over  baryta  at  100°. 
The  anhydrous  alcohol  is  hygroscopic,  readily 
changing  to  glistening  leaflets  of  the  hydrate. 

Tertf-lieptyl  alcohol  C7H15OH  i.e. 
CHMeEt.CMe2OH.  (139°).  S.G.  2  -8487;  Sfi 
•8329.  Formed  by  treating  o-bromo-w-butyric 
bromide  with  ZnMe2  followed  by  water  (Ka- 
schirski, C.  C.  1881,  278).  Oil,  smelling  like 
camphor.  Gives  methyl  ethyl  ketone,  acetone, 
and  HOAc  on  oxidation.  Gives  rise  to  a  heptyl- 
ene (92°-95°). 
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ZVrl-heptyl  alcohol  MeEtPrC.OH.  Methyl- 
ethyl-propyl  carbinol.  (135°-138°)  (P.) ;  (140°) 
(S.).  S.G.  ^  -823;  Sfi  -811.  From  butyryl 
chloride,  ZnMe2,  and  ZnEt2,  followed  by  water 
(Pawloff,  A.  188,  122).  Formed  also  by  treating 
ethyl  propyl  ketone  with  Mel  and  zinc  (Sokoloff, 
J.  R.  1887,  587).  Gives  rise  to  a  heptylene  (75°- 
80°).  Chromic  acid  oxidises  it  to  acetic  and  pro- 
pionic  acids,  C02,  and  some  ethyl  propyl  ketone, 
together  with  a  small  quantity  of  a  heptylene 
C7H14  (97-4°),  S.G.  *2  -718  ;  22  .799. 

Acetyl  <Z«r*«a**06  OMeEtPrOAo.    (159°). 

Tcrt-heptyl  alcohol  MeEtPrC.OH.  (124°- 
127°).  From  isobutyryl  chloride,  ZnMe2,  and 
ZnEt2  (P.).  Gives  rise  to  a  heptylene  (75°-80°). 

References. — TETBA-BBOMO-HEPTYL  ALCOHOL 
and  CHLOBO-HEPTYL  ALCOHOL. 

n-HEPTYL-AMINE  C7H15.NH2.  (154°)  (H.); 
(166°)  (H.  a.  D.). 

Preparation. — 1.  A  mixture  of  equal  mols. 
of  octoic  amide  and  bromine  is  run  into  an  ex- 
cess of  a  5  p.c.  solution  of  KOH  at  60° ;  the 
yield  is  30  p.c.  (Hofmann,  B.  15,  772 ;  Hooge- 
werff  a.  Van  Dorp,  R.  T.  C.  6,  386).— 2.  An  alco- 
holic solution  of  w-heptoic  aldehyde-phenyl- 
hydrazide  is  reduced  by  means  of  sodium- 
amalgam  and  acetic  acid  at  25°-30°  ;  the  yield 
is  23  p.c.  of  the  theoretical  (Tafel,  B.  19, 1928). 

Properties. — Liquid ;  forms  a  carbonate  on 
exposure  to  the  air. — B'2H2PtCl6:  blackens  be- 
tween 220°-230°.— Pier  ate  B/C6H3N30,:  needles 
[121°]. 

Heptylamine  C7H15NH2.  (146°).  Formed 
by  heating  heptyl  chloride  (from  petroleum 
heptane)  with  ammonia  at  120°  for  several 
days ;  di-  and  tri-heptylamines  being  also  pro- 
duced (Schorlemmer,  C.  J.  16,  221 ;  cf.  Cahours 
a.  Pelouze,  A.  Ch.  [4]  1,  5).  Light  oil,  smelling 
like  ammonia,  m.  sol.  water,  but  separated  from 
its  aqueous  solution  by  KOH.— The  hydro  - 
chloride  crystallises  in  small  scales,  v.  sol. 
cold  water. — B'2H2PtCl6:  small  yellow  scales,  si. 
sol.  cold,  v.  sol.  hot,  water ;  sol.  alcohol  and 
ether. 

HEPTYL-BENZENE  C13H20  i.e.  C7H15.CfiH5. 
(110°  at  15  mm.).  Formed,  together  with 
C7H,4(C6H5)2,  by  the  action  of  A1C13  on  a  mix- 
ture of  C6H13.CHC12  and  benzene  (Auger,  Bl  [2] 
47,  50  ;  Krafft,  B.  19,  2982).  When  nitrated  at 
20°  it  gives  C7H15.C,.H4.N02  as  a  yellowish  oil 
(178°  at  10  mm.),  whence  tin  and  HC1  produce 
C7H15.C6H4.NH2  (175°  at  15  mm.). 

n-HEPTYL  BROMIDE  C7H,5Br.  Bromo- 
heptane.  (179°).  S.G.  is  1-133.  From  w-heptyl 
alcohol  and  HBr  (Cross,  C.  J.  32,  123). 

Sec-heptyl  bromide  C5H,,.CHBr.CH3.  (167°). 
S.G.  —  T422.  Prepared  by  the  action  of  bromine 
on  boiling  w-heptane  (Venable,  B.  13,  1649). 
Colourless  liquid. 

TerMieptyl  bromide  MegC.CMe-jBr.  [150°]. 
From  penta-methyl-ethyl  alcohol  and  PBr3 
(Kaschirski,  C.  C.  1881,  278).  Formed  also 
from  Me2C:CH.CHMe2  and  HBr.  Solid,  sol. 
alcohol,  v.  e.  sol.  ether. 

w-HEPTYL  CHLOEIDE  C7H15C1  i.e. 
CH,(CH2)5CH2C1.  Chloro  -  heptane.  (159°). 
S.G.  is  -881.  From  n-heptyl  alcohol  and  HC1 
(C.  F.  Cross,  C.  J.  32,  123).  Formed  also,  to- 
gether with  CH3(CH2)4CHC1.CH3,  by  chlorinating 
heptane  from  Pinus  Sabiniana. 


n-S<?c-heptyl  chloride  C7H15C1  i.e. 
CH3(CH,)4CHC1.CH3.  Formed  as  above  (Schor- 
lemmer a.  Thorpe,  A.  217,  150).  Not  obtained 
free  from  the  preceding,  the  mixture  of  the  two 
boiling  between  143°  and  158°.  When  chlorine 
acts  upon  %-heptane  (98°),  from  petroleum,  a 
mixture  of  heptyl  chlorides  (145°-160°)  is  ob- 
tained (Schorlemmer,  C.  /.  26,  319  ;  cf.  Pelouze 
a.  Cahours,  A.  Ch.  [4]  1,  5).  When  passed  over 
heated  lime  this  mixture  of  chlorides  gives  a 
mixture  of  heptylenes  (96°-99°),  with  one  of 
which  HC1  combines  in  the  cold,  forming  a  sec- 
heptyl  chloride  (138°-142°)  (Morgan,  A.  177, 
307). 

Heptyl  chloride  C7H]5C1.  By  chlorinating 
the  isoheptane  (90°)  in  petroleum,  there  is  ob- 
tained a  mixture  of  heptyl  chlorides  (144°- 
158°),  whence  KOAc  forms  a  mixture  of  heptyl 
acetates  (160°-185°),  whence  a  mixture  of  a  pri- 
mary and  a  secondary  heptyl  alcohol  may  be 
got  (Schorlemmer). 

Heptyl  chloride  C7H15C1.  By  chlorinating 
isoheptane  Pr.CH2.Pr  there  is  formed  a  mixture 
of  heptyl  chlorides  (140°-150°),  whence  KOAc 
gives  a  mixture  of  acetates  (160°-175°),  from 
which  a  primary  and  a  secondary  heptyl  alcohol 
may  be  obtained  (Schorlemmer). 

Sec-heptyl  chloride  Pr.CH2.CH2.CHMeCl. 
(136°).  From  the  corresponding  alcohol  and 
HC1  (Eohn,  A.  190,  312). 

Ter£-heptyl  chloride  CMe3.CMe2Cl.  [135°] 
(K.) ;  [123°]  (E.).  From  the  corresponding  alco- 
hol and  PC15  (Butlerow,  A.  177, 176  ;  Kaschirski, 
C.  C.  1881,  278  ;  Eltekoff,  J.  R.  14,  384).  Small 
crystals.  With  aqueous  AgN03  it  gives  a  pp.  of 
AgCL 

Ter^-heptyl  chloride  CMeEtPrCl.  (135°- 
138°).  S.G.  fi  -899.  From  the  alcohol  and  HC1 
(Kaschirski,  J.  R.  13,  90). 

rc-HEPTYLENE  C7H14  i.e.  CH3(CH2)4CH:CH2. 
n-Amyl-ethylene.  Mol.  w.  98.  (99°).  S.G. 
i9j5  .793.  Formed  from  w-heptane  (of  petroleum) 
by  chlorinating,  and  heating  the  resulting  mix- 
ture of  heptyl  chlorides  with  KOAc  and  Ac20  at 
160°  (Schorlemmer,  C.  J.  26,  322),  or  by  passing 
them  over  heated  lime  (Morgan,  C.  J.  26,  303). 
The  mixture  of  heptylenes  so  obtained  is  treated 
with  HC1,  which  combines  only  with  ^/-heptylene 
leaving  %-heptylene  free.  n-Heptylene  occurs 
amongst  the  products  formed  in  the  preparation 
of  oil  gas  (Armstrong,  C.  J.  49,  74).  w-Heptylene 
combines  with  HC1  when  heated  with  fuming 
HClAq  at  120°.  With  hydriodic  acid  at  120°  it 
forms  C5Hn.CHI.CH,.  With  water  it  forms,  ac- 
cording to  Le  Bel  (C.  R.  81,  967),  a  hydrate, 
which  is  resolved  by  heat  into  water,  a  resin, 
and  an  unsaturated  alcohol  (140°). 

4/-Heptylene  C4H9.CH:CH.CH3.  (98-5°).  The 
mixture  of  chloro-heptanes  from  the  heptane  of 
Pinus  Sabiniana,  containing  CH3(CH2)5CH2C1 
and  CH3(CH2)4CHC1.CH3  if  heated  with  alco- 
holic KOH  at  100°  forms  a  mixture  of  heptylenes 
and  ethyl  heptyl  oxides.  The  heptylene,  purified 
by  distilling  over  sodium,  boils  at  (98-5°).  This 
heptylene,  placed  with  fuming  HC1  in  the  dark 
for  six  weeks,  is  but  slightly  affected,  only  10  p.c. 
combining.  On  the  other  hand,  petroleum  hep- 
tylene combines  under  the  same  conditions  to 
the  extent  of  50  p.c.  But  after  several  months 
the  first  heptylene  (from  Pinus)  is  almost  com- 
pletely combined  with  HC1,  while  more  of  the 
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petroleum  heptylene  has  combined.  Thus  cold 
HC1  will  not  separate  isomeric  defines.  Pinus 
heptylene  is  oxidised  by  H2S04  and  K2Cr207  to 
valeric  and  acetic  acids  only  (Schorlemmer  a. 
Thorpe,  A.  217,  151 ;  cf.  Venable,  A.  C.  J.  4, 22). 
It  rapidly  absorbs  C10H  in  the  cold  (Grissom, 
Am.  10,  225). 

Heptylene  C;H,,.  From  heptylidene  chloride 
and  sodium  (Limpricht,  A.  103,  86). 

Iso-heptylene  Pr.CH2.CH:CH.CH3.  (91°). 
S.G.  is  -706.  From  EtC5Hu,  by  chlorinating  and 
heating  the  resulting  mixture  of  heptyl  chlorides 
with  KOAc  and  Ac20  at  160°  (Grimshaw,  C.  J. 
26,  313).  The  product,  however,  is  probably  a 
mixture ;  for  a  part  only  combines  in  the  cold 
with  HC1. 

Heptylene  C7H14  i.e.  Pr.CH2.CH2.CH:CH2  ? 
(75°-80°).  From  Pr.CH2.CH2.CHI.CH3  and  alco- 
holic KOH  (Eohn,  A.  190,  314). 

Heptylene  C7H14.  (91°).  From  the  isohep- 
tane  in  petroleum  (Schorlemmer,  C.  J.  26,  320). 

^-Heptylene  Pr.CH:CMe2  or  Pr.CH2.CMe:CH.,. 
(84°).  S.G.  fi  -7144.  From  di-methyl-isobutyf- 
carbinyl  iodide  and  alcoholic  KOH  at  100° 
(Pawloff,  A.  173,  194).  Unites  with  HI,  repro- 
ducing the  parent  iodide. 

Heptylene  Pr.CH:CMe2.  (82°).  S.G.  li-6995. 
From  oxy-iso-octoic  acid  (C3H7)2C(OH).C02H  by 
heating  with  water  and  a  few  drops  of  H2S04  at 
180°  (Markownikoff,  Z.  1871,  268).  Unites  with 
HI,  forming  PrCMeJ,  and  is  perhaps  identical 
with  the  preceding  heptylene. 

Heptylene  CMe3.CMe:CH2.  (80°).  From 
CMe3.CMe2I  and  alcoholic  KOH  (Butlerow,  J.  R. 
7,  44;  Kaschirski,  C.  C.  1881,  278).  Formed 
also  by  heating  CMe2:CHMe  with  Mel  and  PbO 
at  225°  (Eltekoff,  J.  E.  14,  382  ;  B.  16,  395). 
Combines  with  HI,  forming  CMe3.CMe2I. 

Heptylene  CMe2:CMeEt.  (75°-80°)  (Pawloff, 
A.  188,  122) ;  (92°-95°)  (Kaschirski,  C.  C.  1881, 
278).  S.G.  2  -7355;  ^  -7188  (K.).  From 
MeEtPrC.OH. 

Heptylene  HCEt:CMeEt  (?).  (90°-95°). 
From  MeEtPrC.OH  (P.).  Socoloff  (J.  R.  1887, 
587)  among  the  products  of  the  oxidation  of 
CMeEtPrOH  found  a  heptylene  (97°),  S.G.  aa 
•718  which  on  further  oxidation  yielded  acetic 
and  propionic  acids  but  no  ketone. 

Heptylene  C7H14.  (96°).  S.G.  -742.  Occurs 
in  the  product  of  the  distillation  of  colophony, 
and  separated  from  toluene  by  sulphonating  the 
latter  (Eenard,  Bl.  [2]  39,  540 ;  cf.  C.  R.  91,  419  ; 
Emmerling,  B.  12,  1441). 

Heptylenes  have  also  been  obtained  with  the 
following  boiling-points  :  (a)  by  strongly  heating 
paraffin  (94 °-97°)  (Thorpe  a.  Young,  A.  165,  11) ; 
(b)  by  heating  heptoic  aldehyde  with  lime  (95°- 
100°)  (Fittig,  A.  117,  77) ;  (c)  by  heating  fusel 
oil  with  ZnCl2  (80°-85°)  (Wurtz,  Bl.  5,  307)  ; 
(d)  by  distilling  a  lime  soap  formed  from  train 
oil  (94°  cor.)  (Warren  a.  Storer,  Z.  1868,  229). 

Reference. — BBOMO-HEPTYLENE. 

HEPTYLENE  BROMIDE  v.   DI-BROMO-HEP- 

TANE. 

HEPTYLENIC  ACID  v.  HEPTENOIC  ACID. 
DI-HEPTYL-HEPTOIC  ALDEHYDE  v.  HEN- 

ICOSENOIC   ALDEHYDE. 

HEPTYL  HYDEIDE  v.  HEPTANE. 
HEPTYLIC  ACID  v.  HEPTOIC  ACID. 
HEPTYLIDENE.    The  radicle  CSH13.CH. 


HEPTYLIDENE  DI-ACETONAMINE  v.  ACE- 

TONAMINE. 

HEPTYLIDENE-DI-AMINE  Di-benzoyl 
derivative  C21H26N202  i.e.  C6H13.CH(NHBz)2. 
[128°].  Formed  by  heating  heptoic  aldehyde  with 
benzamide  (Medicus,  A.  157,  44).  Insol.  water, 
HClAq,  and  KOH ;  si.  sol.  boiling  ether,  v.  sol. 
boiling  alcohol.  Split  up  by  boiling  HClAq  into 
benzamide  and  heptoic  aldehyde  (cenanthol). 

Di-nitro-di-benzoyl    derivative 
CtiHI3.CH(NH.CO.C6H4.N02)2.      [170°].       From 
heptoic  aldehyde  and  nitro-benzoic  aldehyde. 

HEPTYLIDENE    BROMIDE    v.  DI-BROMO- 

HEPTANE. 

HEPTYLIDENE  CHLORIDE   v.   DI-CHLORO- 

HEPTANE. 

HEPTYLIDENE  THIOCARBIMIDE 

CGH13.CH(NCS)22/  From  C6H13.CH(NH.CS.NH2)2 
by  warming  with  alcohol  and  HC1  (H.  Schiff ,  B. 
11,  833).  Oil,  with  disgusting  odour.  Combines 
with  NH3  reproducing  the  parent  substance. 

HEPTYLIDENE-DI-THIO-DI-TIREA 
C9H20N402  i.e.  C6H]3.CH(NH.CS.NH,)2.  Formed 
by  adding  a  drop  of  HC1  to  an  alcoholic  solution 
of  thio-urea  and  heptoic  aldehyde  (cenanthol) 
(H.  Schiff,  B.  11,  833).  Decomposed  by  HC1 
forming  the  preceding  body. 

HEPTYLIDENE-DI-UREA  C9H20N402  i.e. 
C6H13.CH(NH.CO.NH2)2.  [166°].  Formed  by 
adding  heptoic  aldehyde  (cenanthol)  to  an  alco- 
holic solution  of  urea.  Small  needles ;  v.  si.  sol. 
alcohol  and  ether.  Decomposed  by  heat.  Boil- 
ing dilute  acids  split  it  up  into  urea  and  heptoic 
aldehyde.  When  warmed  with  an  alcoholic 
solution  of  benzoic  aldehyde  there  is  formed 
C6H..CH(NH.CO.NH.CH(C6H13).NH.CO.NH2)2  ; 
a  powder  insol.  water,  si.  sol.  alcohol  and  ether 
(Schiff,  A.  151,  195). 

Di  -  heptylidene  -  tri  -  urea  C17H36N603  i.e. 
(NH2.CO.NH.CH(C6H]3).NH)2.CO.  [162°]. 

Formed  by  triturating  urea  with  heptoic  alde- 
hyde. Crystalline  powder.  Boiling  dilute  acids 
convert  into  it  urea  and  heptoic  aldehyde. 
Benzoic  aldehyde  forms  CaHvCH{NH.CO.NH. 
CH(C(iH13).NH.CO.NH.CH(CtiH13).NH.CO.NH2}2 
a  gelatinous  substance  that  swells  up  in  water 
(Schiff). 

Tri  -  heptylidene  -  tetra  -  urea  C25H52N804. 
[155°].  Formed,  together  with  penta-heptyl- 
idene-hexa-ureaC41H8,N12O6  [c.  150°],  by  heating 
either  of  the  preceding  ureides  with  heptoic 
aldehyde  at  100°.  Amorphous  yellow  powder ; 
insol.  water,  si.  sol.  alcohol  and  ether.  Swells 
up  in  cold  water  (Schiff ;  cf.  Leeds,  B.  16,  293, 
who  questions  the  above  formulae). 

n-HEPTYL  IODIDE  C.H15I  i.e. 
CH3(CH2)5CH.,I.     (203-8°).'    S.G.  §  1-4008.   S.V. 
198-6.     C.E.   "(0°-10°)   -00091.    From  n-heptyl 
alcohol  and  HI  (Cross,  A.  189,  4 ;  Dobriner,  A. 
243,  28). 

n  -tiec-  heptyl  iodide  CH^CH^CHI.CH,. 
(98°  at  50  mm.).  From  the  corresponding  bromide 
by  treatment  with  KI  (Venable,  B.  13,  1649). 
Converted  by  NaOEt  into  heptylene.  When 
distilled  under  atmospheric  pressure  it  splits  up 
into  HI  and  heptylene. 

Heptyl  iodide  C7H15I.  (170°).  Obtained  from 
heptylene  (from  petroleum  heptane)  and  HI  at 
100°  for  12  hours  (Schorlemmer,  C.  J.  16,220). 

Heptyl  iodide  C7H15I.  (190°).  Obtained  by 
the  action  of  iodine  and  phosphorus  on  the 
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heptyl  alcohol  derived  from  heptane  of  pe- 
troleum (Schorlemmer,  C.  J.  16,  219  ;  cf.  Peter- 
sen,  A.  118,  74).  Heavy  oil ;  alcoholic  AgN03 
separates  the  whole  of  its  iodine  as  Agl. 

Heptyl  iodide  C7H)5I  i.e.  Pr2CHI.  (180°) 
(K) ;  (185°)  (F.).  S.G.^1'2.  From  di-propyl- 
carbinol,  I,  and  P  (Kurtz,  A.  161,  205  ;  Friedel, 
A.  Ch.  [4]  16,  310). 

Heptyl  iodide  C7H15I  i.e.  Pr.CH2.CMe2I. 
From  di-methyl-isobutyl-carbinol  and  HI  (Paw- 
loff,  A.  173, 192).  Also  from  Me2CH.CH:CMe2and 
HI.  Heavy  oil. 

Heptyl  iodide  CMe3.CMe2I.  [142°].  From 
the  alcohol  and  HI  (Butlerow,  A.  177,  184; 
Kaschirski,  C.  C.  1881,  278).  Solid,  smelling 
like  camphor. 

Heptyl  iodide  Pr.CH^CH^CHLMe.  (165°- 
175°).  From  the  alcohol  and  iodide  of  phos- 
phorus (Kohn,  A.  190,  313). 

Heptyl  iodide  MeEtPrCI.  (146°).  S.G. 
2  1-93 ;  so  1-373.  From  the  alcohol  and  HI 
(Kaschirski,  J.  R.  13,  90).  Suffers  much  de- 
composition when  distilled. 

DI-HEPTYLKETONE  C15H30(K.e.  (C7H15)2CO. 
[40°].  (178°).  Obtained  by  distilling  barium 
octoate  (caprilate)  with  excess  of  lime  (Guckel- 
berger,  A.  69,  201).  Waxy  solid. 

n-Sec-HEPTYL-MALONIC  ACID  C10H1804  i.e. 
C5HnCHMe.CH(C02H)2.  [98°  uncor.]  White 
crystals.  Sol.  alcohol,  chloroform,  and  ether,  si. 
sol.  water. 

Salts  (Leeds,  A.  C.  J.  5,  10).— BaA":  white 
powder,  insol.  water  and  alcohol. — CuA" :  light- 
blue  crystals,  si.  sol.  water,  sol.  alcohol.— PbA" : 
[235°].  White  mass,  insol.  water,  si.  sol.  alcohol. 
— ZnA":  [247°];  minute  crystals.  —  Ag-A" : 
[244°J ;  minute  crystals,  insol.  boiling  water. 

EthyletherA.'Et.  (263°-265°).  Colourless 
liquid.  Prepared  by  the  action  of  n-sec-heptyl 
iodide  and  sodium  on  a  mixture  of  alcohol  and 
malonic  ether.  On  heating  the  acid  to  160°  it 
gives  heptyl-acetic  acid  and  C02  (Venable,  B.  13, 
1651). 

HEPTYL  OCTYL  OXIDE  C7H15OC8H17. 
(278-8°).  S.G.  §  -8182.  S.V.  376-8.  C.E.  (0°-10°) 
•00085  (Dobriner,  A.  243,  10). 

DI-HEPTYL-OXIDE  (C7H15)2O.  (261-9°). 
S.G.  §  -8152.  S.V.  352-7.  C.E.  (0°-10°)  -00098 
(Dobriner,  4.  243,  9). 

HEPTYL  -  TJBEA  Octoyl  derivative 
C7H)5NH.CO.NH.CO.C7H15.  [102°].  Formed  by 
the  action  of  an  alkaline  solution  of  bromine  on 
octoic  amide  (Hofmann,  B.  15,  760  ;  17, 1408). 

HERACLEUM  OIL.  The  essential  oil  of  the 
cow-parsnep  (Heracleum  Sphondylium)  is  light- 
green,  mobile,  S.G.  --  -864,  and  consists  mainly 
of  octyl  acetate  (200°-212°),  whence  by  saponifi- 
cationoctyl  alcohol  (191°)  may  be  obtained.  The 
portions  boiling  at  a  higher  temperature  contain 
octyl  hexoate  (270°)  (Zincke,  A.  152,  1).  The 
oil  also  contains  ethyl  butyrate,  hexyl  acetate, 
octyl  decoate,  and  octyl  laurate  in  small  quan- 
tities (Moslinger,  A.  185,  26).  The  water  with 
which  the  oil  has  been  distilled  contains  methyl 
alcohol,  ethyl  alcohol  (in  smaller  quantity),  acetic 
acid,  and  caproic  acid. 

The  volatile  oil  of  Heracleum  giganteum  is 
a  mixture  of  octyl  acetate,  hexyl  butyrate,  and 
ethyl  butyrate  (Franchimont  a.  Zincke,  B.  4, 
822  ;  A.  163,  193  ;  Gutzeit,  A.  177,  344). 


HEEACLIN  C^H^O.o.  [185°].  S.  (alcohol) 
•14  in  the  cold ;  1-7  at  78°.  S.  (CS2)  '083  in  the 
cold  ;  -25  at  46°.  Occurs  in  the  seeds  of  Hera- 
cleum giganteum  (Gutzeit,  J.  1879,  905).  Silky 
needles  (from  alcohol).  Insol.  water,  v.  sol. 
chloroform,  m.  sol.  ether. 

HESPEEETIC  ACID  v.  ISOFERULIC  ACID. 

HESPEEETIN  v.  HESPERIDIN. 

HESPEEETOL 

C(JH3(OMe)(OH).CH:CH2  [4:3:1].  [57°].  Prepared 
by  the  dry  distillation  of  calcium  isoferulate 
(Tiemann  a.  Will,  B.  14,  967).  Crystalline  solid, 
sol.  alcohol  and  ether.  Dissolves  in  caustic  alkalis. 
Gives  a  red  colouration  with  H2S04. 

HESPEEIC  ACID  C^H^O,.  An  acid  which 
may  be  extracted  by  alcohol  from  orange-peel 
(Tanret,  Bl.  [2]  46,  500).  Slender  white  crystals ; 
not  volatile  ;  insol.  water  and  ether,  si.  sol.  cold 
alcohol,  sol.  boiling  (90  p.c.)  alcohol  and  chloro- 
form. Its  K,  Na,  and  Ca  salts  are  amorphous, 
and  decomposed  by  C02. — CaA'2. 

HESPEEIDENE  0lpHI6.  (178°  cor.).  S.G.  & 
•846.  A  terpene  contained  in  the  volatile  oil  of 
orange-peel  (Wright,  C.  J.  26,  549).  It  forms  a 
tetrabromide  C)0H16Br4  [105°],  and  with  NOC1  a 
nitroso-  derivative  [71°].  Identical  with  citrene, 
carvene,  limonene,  &c.  (v.  TEBPENES). 

HESPEEIDIN  C22H26O12  (T.  a.  W.),  or 
C50H60027  (Tanret).  [251°].  S.  (hot  water)  -02 
(Hilger,  B.  9,  26) ;  1-3  at  100°  (T.) ;  S.  (alcohol) 
•5  in  the  cold ;  1-8  at  78° ;  S.  (EtOAc)  -67 
(Tanret,  BL  [2]  46,  502).  [a]D=  -89°.  Dis- 
covered by  Lebreton  (J.  Ph.  14,  377)  in  many 
fruits  of  the  genus  Citrus  ;  thus  it  may  readily 
be  obtained  from  the  white  spongy  inner  coating 
of  the  peel  of  unripe  Seville  oranges,  or  from 
dry  unripe  bitter  oranges  (Citrus  Bigaradia). 

Preparation. — Dried  unripe  orange-peel  is 
thoroughly  extracted  with  water  to  remove  other 
substances,  and  the  residue  then  dissolved  out 
with  dilute  alcoholic  NaOH;  the  impure  hes- 
peridin  is  ppd.  from  the  solution  by  adding 
HC1  and  purified  by  extraction  with  alcohol, 
solution  in  NaOH,  and  reppn.  with  C02;  the 
yield  is  at  most  10  p.c.  (Tiemann  a.  Will,  B.  14, 
946). 

White  minute  hygroscopic  needles.  Nearly 
insol.  alcohol  and  water,  insol.  ether.  Weak 
acid,  dissolving  in  aqueous  NaOH.  It  does  not 
react  with  AcCl,  or  form  a  compound  with  picric 
acid  (Patern6  a.  Briosi,  G.  6,  169). 

Reactions. — 1.  On  reduction  with  sodium 
amalgam  it  gives  a  body  which  dissolves  in  alco- 
hol with  a  magenta-like  colour. — 2.  By  boiling 
dilute  H2S04  it  is  split  up  into  sugars  and  hes- 
peritin  (C16H1406).  The  sugar  obtained  is  a  mix- 
ture of  2  pts.  of  glucose  with  1  pt.  of  isodulcite 
(Tanret,  Bl.  [2]  49, 20) ;  these  sugars  may  be  sepa- 
rated by  means  of  their  phenyl-hydrazides,  that 
of  isodulcite  [180°]  being  soluble  in  acetone 
(Will,  B.  20,  1186).  — 3.  Hesperidin  dissolves  in 
dilute  KOH,  the  solution  becoming  gradually 
yellow ;  if  it  be  evaporated  to  dryness,  and  the 
residue  be  treated  with  dilute  H2S04,  it  is  turned 
red,  and  afterwards  violet. — 4.  Potash-fusion 
forms  protocatechuic  acid. 

Hesperetin  C16H14O6  i.e. 

[4:3:1]  C8H3(OMe)(OH).CH:CH.CO.O.C6H3(OH)!l  [1:3:5]  ? 
[226°].  Prepared  by  heating  hesperidin  with 
dilute  H2S04  to  120°  (E.  Hoffmann,  B.  9,  687  ; 
Tiemann  a.  Will,  B.  14,  951).  White  plates. 


HEXAMIDINE. 


685 


V.  sol.  alcohol,  m.  sol.  ether,  si.  sol.  water, 
benzene,  and  chloroform.  Weak  phenolic  acid, 
dissolving  in  NaOH,  ppd.  by  C02.  Has  a  sweet 
taste.  Like  hesperidin,  on  reduction  with 
sodium-amalgam  it  gives  a  substance  which 
dissolves  in  alcohol  forming  a  magenta-like  solu- 
tion. On  boiling  with  aqueous  KOH  it  decom- 
poses into  phloroglucin  and  isoferulic  acid  (hes- 
peretic  acid).  FeCl3  gives  a  brownish-red  colour. 
Lead  acetate  gives  a  pp.  Potash-fusion  yields 
protocatechuic  acid. 

Iso-hesperidin  C22H260]22aq  or  C50H60027 5aq. 
[o]D  =  -  89°.  S.  200  at  100°.  S.  (90  p.c.  alcohol) 
11  in  the  cold.  Obtained  from  orange-peel  by 
extracting  with  (60  p.c.)  alcohol,  evaporating, 
and  shaking  the  residue  with  chloroform 
(Tanret,  Bl.  [2]  46,  502;  49,  20).  Minute 
needles  from  water  (containing  2aq),  with 
slightly  bitter  taste.  SI.  sol.  cold  water,  v.  e.  sol. 
hot  water.  Lsevorotatory.  Split  up  by  boiling  dilute 
H2S04  into  hesperitin,  dulcite,  and  glucose.  The 
substance  called  hesperidin  by  De  Vrij  is  de- 
scribed as  NAEINGIN. 

HETERO-ALBUMOSE  v.  PROTEIDS. 

HEVEENE  C15H24?  (315°).  S.G.  Si  -921. 
The  least  volatile  part  of  the  product  of  the  dry 
distillation  of  caoutchouc  and  gutta-percha 
(Bouchardat,  A.  27,  30).  Amber-yellow  oil. 
Miscible  with  alcohol  and  ether.  HC1  forms 
unstable  C15H24HC1.  V.  TEBPENES. 

w-HEXADECANE  C16H34.  Hecdecane.  Di- 
octyl.  [14°]  (E.);  [18°]  (K.)  ;  [20°]  (L.);  [21°] 
(Z.).  (150°  at  10  mm. ;  209°  at  100  mm. ;  288° 
at  760  mm.) ;  (278°)  (Z. ;  S.) ;  (158°  at  15  mm.) 
(K.).  S.G.  2f  -774;  i£°  -719.  Odourless  solid. 
Formed  by  reduction  of  palmitic  acid  with  P  and 
HI  (Krafft,  B.  15,  1701 ;  16,  1722 ;  19,  2218). 
Also  from  w-octyl  iodide  and  sodium  (Lachovitch, 
A.  220,  180 ;  c/.  Zincke,  A.  152,  15 ;  Krafft,  B. 
19,  2222);  and  by  heating  Hg(C8H17)2  at  200° 
(Eichler,  B.  12, 1882).  Probably  the  same  hydro- 
carbon [20°],  (278°),  V.D.  7-9,  is  formed  by  digest- 
ing an  alcoholic  solution  of  cetyl  iodide  with 
zinc  and  fuming  HC1  for  a  week  (Sorabji,  C.  J. 
47, 37).  Pearly  plates,  sol.  hot  alcohol  and  ether. 

Hexadecane  C6H13.CHMe.CHMe.C6H13.  Di- 
iso-octyl.  (263°-265°)  (L.) ;  (269°  cor.)  (A.). 
S.G.  J-8  -800  (L.) ;  £  -802  (A.).  V.D.  114-3  (for 
113).  From  secondary  octyl  bromide  (or  iodide) 
and  sodium.  Liquid  smelling  of  freshly  extin- 
guished tallow  candles  (Lachovitch,  A.  220, 187 ; 
cf.  Alechin,  Bl.  [2]  40,  186). 

Hexadecane  C16H34.  Cetyl  hydride.  Cetane. 
(280°).  V.D.  8-08  (calc.  7'96).  Obtained  from 
American  petroleum  by  fractional  distillation 
(Pelouze  a.  Cahours,  C.  E.  57,  62).  Probably 
identical  with  n-hexadecane. 

Beference. — DI-BROMO-HEXADECANE. 

HEXADECOIC  ACID  HC(C.H15)2C02H.  Di- 
n-heptyl-acetic  acid.  [26°].  (240°-250°)  at 
80-90  mm.  Obtained  by  decomposing  its  ether 
with  concentrated  alkalis.  Crystalline.  Insol. 
water,  sol.  alcohol  or  ether. 

Salts. — The  salts  of  the  alkalis  are  soapy 
and  v.  sol.  water  or  alcohol.  The  salts  of  the 
alkaline  earths  aod  heavy  metals  have  a  great 
tendency  to  form  basic  salts. — BaA'2 :  slender 
needles  (from  alcohol) ;  insol.  water. — CuA'2: 
bluish-green  crystalline  pp.  [227°]. 

Ethyl  e^erEtA'.  (c.  310°).  Fromheptyl- 


aceto-acetic    ether,  NaOEt,  and  heptyl  iodide 
(Jourdan,  A.  200,  114).     Oil. 

Isomeride  v.  PALMITIC  ACID. 

HEXADECYL.  The  radicle  C,6H33,  also 
called  CETYL  (q.  v.). 

HEXADECYL  ALCOHOL  v.  CETYL  ALCOHOL. 

HEXADECYL  ALLOPHANATE 
C16H33.O.CO.NH.CO.NH2.    [70°].   Formed  by  the 
action  of  chloro-formamide  on  an  ethereal  solu- 
tion of  cetyl  alcohol  (Gattermann,  A.  244,  41). 
Colourless  plates  (from  alcohol). 

HEXADECYL-BENZENE  CI6H33.C6H5.  [27°]. 
(230°  at  15  mm.).  S.G.  Y  -8567.  From  cetyl 
iodide,  iodobenzene,  and  Na.  SI.  sol.  cold  al- 
cohol, v.  sol.  ether,  benzene,  CS2,  and  chloro- 
form (Krafft  a.  Gottig,  B.  19,  2683 ;  21,  3180). 
Gives  a  nitro-  derivative  [36°J  which  reduces  to 
C16H33.C6H4.NH2  [53°]  (255°  at  14  mm.)  whence 
C]6H33.C6H4.NHAc.  [104°]. 

HEX  ADEC  YL-CRESOL  C6H13.C6H3Me.OH. 
[62°].  (268°).  Formed  fromp-hexadecyl-toluene 
sulphonic  acid  by  potash-fusion  at  150°.  Crystals 
(from  alcohol). 

Ethyl  ether  C6H)3.C6H3Me.OEt.  [26-5°]. 
Fromhexadecyl-cresol,  ethyl  iodide,  and  alcoholic 
KOH  (Krafft  a.  Gottig,  B.  21,  3180). 

HEXADECYLENE  v.  CETENE. 

HEXADECYLENE  BROMIDE  v.  DI-BROMO- 
HEXADECANE. 

HEXADECYL-MESITYLENE 
C6H13C6H2Mes[6:5:3:l].  [c.40°J.  (258° at  15  mm.). 
From  bromo-mesitylene,  cetyl  iodide,  and  sodium 
(Krafft  a.  Gottig,  B.  21,  3180). 

HEXADECYL-PHENOL  C16H33.C6H4.OH. 
[77-5°].  (261°  at  15  mm.).  From  hexadecyl- 
benzene  by  sulphonating  and  fusing  the  result- 
ing sulphonic  acid  with  KOH  (Krafft,  B.  19, 
2683 ;  21,  3180). 

Ethyl  derivative  C16H33.C6H4OEt.  [43°]. 
Plates;  gives  on  oxidation  [4:l]CdH4(OEt)(C02H). 

o-HEXADECYL-TOLUENE 
C16H33.C6H4Me[l:2].     [9°].     (239°  at  15  mm.). 
S.G.  9-J  -8676  ;  959  -8072.    From  o-bromo-toluene, 
cetyl  iodide,  and  sodium  (Krafft  a.  Gottig,  B.  21, 
3181]. 

w-Hexadecyl-toluene  C16H33.C6H4Me[l:3]. 
[12°J.  (237°  at  15  mm.).  From  w-bromo-tolu- 
ene,  cetyl  iodide,  and  Na  (K.  a.  G.). 

p-Hexadecyl-toluene  C16H33C6H4Me[l:4]. 
[27-5°].  (240°  at  15  mm.).  Converted  by  HN03 
(S.G.  1-2)  at  125°  into  jp-toluic  acid.  Fuming 
H2S04  sulphonates  it. 

HEXA-D  EC  YL-ra-X  YLENE 
C6H13.C6H3Me2[4:3:l].  ^  [33-5°].     (250°).     From 
bromo-w-xylene,  cetyl  iodide,  and  sodium.   Crys- 
tallises from  ether-alcohol  (Krafft  a.  Gottig,  B. 
21,  3180). 

HEXA-ICOSANE  C2fiH54.  [44°].  A  soft  waxy 
substance  found  among  the  products  of  the  dis- 
tillation of  cerotic  acid  (Nafzger,  A.  224,  236). 

HEXAIN  DECA-CARBOXYLIC  ETHER  v. 
HEXANE  DECA-CARBOXYLIC  ACID. 

HEXAMIDINE  CfiH14N2  i.e. 
Pr.CH2.CH2.C(NH2)  :NH.  Capronamidine. 

Heated  with  acetic  anhydride  and  sodium  ace- 
tate it  yields  the  nitrile  of  hexoic  (caproic)  acid. 

Salts.— B'HCl:  large  plates  [107°],  v.  sol. 
alcohol.— B'2H.2Cl2PtCl4 :  yellowish-red  plates 
[199°],  sol.  hot,  si.  sol.  cold,  water  (Pinner,  B. 
17, 175). 
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HEXAMIDOXIM. 


HEXAMIDOXIM    C5Hn.C(NOH)NH2.     Ca- 

pramidoxim.  Isobutylacetamidoxim.  [58°]. 
Formed  by  direct  combination  of  hexonitrile 
(capronitrile)  with  hydroxylamine.  Glistening 
white  silvery  tables.  V.  sol.  alcohol,  ether,  &c., 
si.  sol.  water.  Dissolves  in  aqueous  acids  and 
alkalis.— B'HCl :  [116°]  ;  white  needles,  v.  sol. 
water  and  alcohol,  si.  sol.  ether. 

Ethyl  ether  C5HnC(NH2)NOEt :  [35°]; 
very  hygroscopic,  long  white  needles ;  v.  sol. 
alcohol,  ether,  &c.,  si.  sol.  water. 

Acetyl  derivative  C5HH.C(NH2)NOAc : 
[87°] ;  very  fine  silky  white  scales  ;  v.  sol.  alco- 
hol and  ether,  nearly  insol.  water. 

Benzoyl  derivative  C5HnC(NH2)NOBz : 
[106°] ;  felted  white  needles ;  sol.  alcohol,  ether, 
and  benzene,  insol.  water. 

Hexoyl  derivative 

C5Hn.C(NH2)NOCOC5Hn:  [115°];  silvery  scales ; 
v.  sol.  alcohol,  ether  and  benzene,  si.  sol.  water. 

Carbonyl  derivative 

(C5Hn.C(NH2)NO)2CO :  [114°J ;  felted  silky 
needles ;  v.  sol.  alcohol  and  chloroform,  nearly 
insol.  water  and  benzene.  Formed  by  the  ac- 
tion of  carbonyl  chloride  upon  hexamidoxim 
(Jacoby,  B.  19,  1500). 

n-HEXANE  C6H14  i.e. 

CH3.CH2.CH2.CH2.CH2.CH3.  Di-n-propyl.  Hexyl 
hydride.  Methyl  -  pentane.  Methyl  -  amyl. 
Ethyl-butane.  Ethyl-butyl  Mol.  w.  86.  (68-7°) 
at  751  mm.  (Schiff,  A.  220,  88) ;  (69'0°  i.V.) 
(Zander,  A.  214,  165);  (68-6°)  at  744  mm. 
(Briihl,  A.  200, 184) ;  (69°)  (Perkin,  C.  J.  45, 446). 
V.D.  3-06  (calc.  2-99)  (Schiff).  S.G.  g  -6753  (Z.); 
¥  -6603  (B.) ;  l~  '668  (S.) ;  }|  -6739 ;  |f  -6662 
(P.).  M.M.6-670atll°(P.).'  S.V.  139-7  (Schiff) ; 
140  (Z.) ;  138-7  (Kamsay).  pp  1-3799.  B^  47-59 
(B.).  Critical  temperature  250-3°  (Pawlewsky,  B. 
16, 2634).  Occurs  in  Pennsylvanian  petroleum,  in 
the  light  oils  from  coal  tar  (Schorlemmer,  T.  16.2, 
111),  and  in  Galician  petroleum  (Lachovitch,  A. 
220, 192).  Is  the  chief  -constituent  of  so-called 
1  petroleum  ether '  or  '  ligroin.' 

Formation. — 1.  By  reducing  with  zinc  and 
dilute  HC1  the  sec-hexyl  iodide  derived  from 
mannite  ;  the  product  being  freed  from  hexylene 
by  treatment  with  bromine  (Schorlemmer;  cf. 
Erlenmeyer,  Z.  1863,  274).— 2.  By  heating 
w-propyl  iodide  dissolved  in  ether  with  sodium 
at  145°  (Schorlemmer,  A.  161,  277).— 3.  By  dis- 
tilling suberic  acid  with  lime  or  baryta  (Dale, 
C.  J.  17,  258 ;  c/.Biche,  A.  113, 106).— 4.  Among 
the  products  obtained  by  distilling  tri-olein  under 
pressure  (Engler,  B.  22,  596). 

Properties. — Oil,  with  faint  Characteristic 
odour,  unlike  petroleum. 

Reactions. — 1.  On  passing  through  a  red-hot 
tube  the  following  products  were  obtained : 
ethylene,  propylene,  butinene  C4H6,  amylene, 
hexylene,  benzene,  and  gases  not  absorbed  by 
bromine.  Decomposition  begins  at  600°  to  700°, 
but  benzene  is  not  formed  except  at  a  high  tem- 
perature (Norton  a.  Andrews,  Am.  8,  1). — 2. 
Chlorination  gives  CH3.CH2.CH2.CH2.CH2.CH2C1 
and  CHa.CH^CH^CH^CHCl.CH.,  (Schorlemmer, 
A.  199,  139;  cf.  Morgan,  C.  J.  28,  301).— 3. 
Bromine  vapour  passed  through  boiling  hexane 
forms  only  secondary  hexyl  bromide  (Schor- 
lemmer, T.  1878,  1 ;  A.  188,  250).  Bromine  at 
125°  forms  crystalline  CBH4Br8  and  also  C6H6Br8 


and  C6H8Br6 ;  at  135°  it  forms  CKBr8,  which,  at 
a  higher  temperature,  is  resolved  into  bromine 
and  hexa-bromo-benzene  (Wahl,  B.  10,  402, 
1234). 

Sec-hexane  C6HI4  i.e.  3?r.Pr.  Isohexane. 
Propyl-isopropyl.  Ethyl-isobutyl.  Methyl-iso- 
amyl.  Isopropyl-propane.  (62°)  (W.) ;  (59°- 
62°)  (Perkin,  C.  J.  45,  447).  S.G.  a  -701 ;  if 
•6633  ;  |f  -6534  (P.).  M.M.  6-769  at  17°  (P.). 
V.D.  3-05  (calc.  2-98).  Prepared  by  decomposing 
isobutyl  iodide  (40  g.)  with  EtI  (34  g.)  and  sodium 
(11  g.)  (Wurtz,  A.  Ch.  [3]  44,  275).  Occurs  in 
Galician  and  in  American  petroleum  (Warren ; 
Lachovitch,  A.  220,  192).  By  passing  through 
a  red-hot  tube  it  is  decomposed  into  ethylene, 
propylene,  butylene,  amylene, hexylene,  butinene, 
and  some  paraffins  (Norton  a.  Andrews,  Am.  8, 

Sec-hexane  C6H,4  i.e.  Pr.Pr.  Di-isopropyl. 
Isohexane.  (58-0°)  (Zander,  A.  214, 167).  S.G. 
•°-  -6829  (Z.) ;  -668  (Perkin,  C.  J.  45,  447).  M.M. 
6-784  at  15°  (P.).  S.V.  136-5  (Z.).  Formed  by 
the  action  of  sodium  on  an  ethereal  solution  of 
isopropyl  iodide  (Schorlemmer,  A.  144,  184). 
Formed  also  by  the  action  of  HI  on  pinacone 
CMe2(OH).CMe2(OH)  (Bouchardat,  C.  R.  74, 
809).  According  to  Berthelot  (Bl.  9,  268)  this 
hexane  is  also  obtained  by  heating  di-  allyl  with 
HI.  Biche  (A.  Ch.  [5]  9,  432)  obtained  it  by 
distilling  barium  n-heptoate  at  a  red  heat.  It 
also  occurs  among  the  products  obtained  by  dis- 
tilling whale  oil  under  pressure  (Engler,  B.  22, 
595).  It  is  an  oil,  with  faint  odour.  Chromic 
acid  oxidises  it  to  C02  and  acetic  acid. 

Stec-hexane  C6H14  i.e.  CH3.CHEt2.  Methyl- 
di-ethyl-methane.  (64°).  S.G.  ^5  -6765.  One 
of  the  products  of  the  reduction  of 
CH3.CHI.CHMeEt  with  zinc  and  glacial  acetic 
acid  CH3.C(OH)Et2  and  CH2:CH.CHMeEt  being 
also  formed  (Wislicenus,  A.  219, 315).  The  same 
hydrocarbon,  (60°),  was  said  by  Le  Bel  (Bl.  [2] 
25,  546)  to  be  formed,  together  with  ethane  and 
decane,  by  the  action  of  sodium  on  a  mixture  of 
Mel  and  optically  active  amyl  iodide ;  Just  (A. 
220,  150)  failed,  however,  to  obtain  it  by  this 
method. 

Tert-hexane  C6H,4  i.e.  CMe3Et.  Tri-methyl- 
ethyl-methane.  (43°-48°).  From  teri-butyl 
iodide  and  ZnEt2  (Goriainoff,  A.  165,  107). 

References.  —  DI-BKOMO-    and     DI-CHLOKO- 

HEXANE. 

HEXANE  CARBOXYLIC  ACID  v.  HEPTOIC 

ACID. 

Hexane  di-carboxylic  acid  v.  DI-ETHYL-SUC- 
CINIC,  TETRA-METHYL-SUCCINIC,  AMYL-MALONIC, 
SUBERIC,  and  DI-ALDANIC  ACIDS. 

Hexane  tri-carboxylic  acid 
CHEt(C02H).CEt(C02H)2.  [150°].  Ethyl-bu- 
tenyl  tri-carboxylic  acid.  Formed  by  saponify- 
ing the  ether  (1  mol.)  with  KOHAq  (9  mols.)  to 
which  a  little  alcohol  has  been  added  (Hjelt,  B. 
21,  2089).  Crystalline  solid,  v.  sol.  water.  At 
150°-160°  it  is  split  up  into  C02  and  di-ethyl- 
succinic  acid. 

Ethyl  ether  Et3A"'  (186°  at  36  mm.); 
(281°  at  760  mm.).  S.G.  2g  1-024. 

Formation. — 1.  By  the  action  of  a-bromo- 
butyric  ether  on  sodium  ethyl-malonic  ether 
(Hjelt,  .B.  21,  2089 ;  cf.  Hjelt,  B.  20,  3078).— 
2.  Sodium  (11-5  g.)  is  dissolved  in  alcohol 


HEXENOIC  ACID. 
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(200  c.c.)  and  butane  tri-carboxylic  ether 
CH(C02Et)2.CHEt(CO,Et)  (137  g.)  is  added  to- 
gether with  EtI  (80  g.).  The  reaction  is  com- 
plete after  heating  at  100°  for  4  hours  (Bischoff, 
B.  21,  2092). 

Properties. — Oil,  which  distils  with  partial 
decomposition.  By  boiling  with  H2S04  it  is 
saponified,  CO2  being  given  off,  and  two  isomeric 
di-ethyl-succinic  acids  formed,  one  being  v.  sol. 
ether,  the  other  si.  sol.  ether. 

First  nitrile  C02Et.CCyEt.CHEt.C02Et. 
(280°-286°).  A  product  of  the  action  of  alco- 
holic KCy  on  a-bromo-butyric  ether  (Zelinsky  a. 
Britschinin,  B.  21,  3398).  Oil. 

Hexane  tri-carboxylic  acid  C6Hn(C02H)3. 
Subero-carboxylic  acid.  S.  35-6  at  14°.  Formed 
by  boiling  chloro-suberic  acid  with  KCy  and  de- 
composing the  resulting  cyano-suberic  acid  with 
KOH  (Groger,  M.  1,  510 ;  Bauer,  M.  4,  341).— 
Pb3A'"2  (at  100°).— FeA'":  brown  pp.— Ag,A'". 

Hexane  tetra-carboxylic  acid.  Ethyl 
ether  CEt(C02Et)2.CEt(C02Et)2.  Di-ethyl- 
acetylene-tetra-carboxylic  ether.  (199° at  11  mm.). 
S.G.  ^|  1*043.  Formed  from  chloro-ethyl-malonic 
ether  and  sodium  ethyl-malonic  ether  (Bischoff, 
B.  21,  2085).  Oil.  On  saponification  it  yields 
di-ethyl-succinic  acid  [188°]. 

Hexane  deca-carboxylic  acid  Ethyl  ether 
CHH4(C02Et)10^. 
CH2(C02Et).C(C02Et)2.C(C02Et)2 

So-called 

CH2(C02Et).C(C02Et)2.C(C02Et)2 
'  hexa'in  '  decacarboxylic  ether.    A  thick  oil,  ob- 
tained by  treating 

CH2(C02Et).C(C02Et)2.C(C02Et)2Clwith 
CH,(C02Et).C(C02Et)2.C(C02Et)2Na  (Bischoff,  B. 

21,  2115). 

HEXANE  SULPHONIC  ACID  CaH13.S03H. 
Formed  by  oxidising  hexyl  mercaptan  (from 
petroleum  hexane)  (Pelouze  a.  Cahours,  A.  127, 
192).  Syrup.— BaA'2  (at  100°) :  scales. 

HEXECONTANE  C60H122.  [102°].  Obtained 
by  heating  (10  pts.  of)  myricyl  iodide  [70'5°] 
with  potassium  (1  pt.)  at  135°,  the  product  being 
boiled  successively  with  water,  alcohol,  petro- 
leum-ether, and  glacial  acetic  acid,  and  finally 
crystallised  from  benzene  (Hell  a.  Hagele,  B. 

22,  502).    V.  si.  sol.  hot  alcohol  and  ether,  si. 
sol.  petroleum-ether  and  HOAc,  m.  sol.  chloro- 
form  and  benzene.     Partially   decomposed  by 
distillation.  On  distilling  under  reduced  pressure 
there  is  formed  a  paraffin-like  mass,  v.  sol.  petro- 
leum-ether, which  extracts  a  hydrocarbon  [70°]. 

HEXENOIC  ACID  CKH1002  i.e. 
CH3.CH:CEt.C02H.    a-Ethyl-crotonic  acid.  Mol. 
w.  114.     [41°].     (209°). 

Formation.— 1.  From  oxalic  ether  by  treat- 
ment with  ZnEt2  and  decomposition  of  the  re- 
sulting C02Et.CEt2.OH  with  PC13.  By  this 
means  the  ether  is  obtained,  and  is  subsequently 
saponified  (Frankland  a.  Duppa,  C.  J.  18,  133  ; 
Fittig  a.  Howe,  A.  200,  21).— 2.  By  heating 
C02Et.CEt2.OEt  with  HC1  at  150°  (Geuther,  Bl. 
[2]  10,  34).— 3.  By  treating  CO2H.CEt2OH  with 
PC15,  and  decomposing  the  distillate  with  water 
(Geuther).  —  4.  By  distilling  oxyhexoic  acid 
CH3.CH(OH).CHEt.C02H  (Waldschmidt,^.  188, 
245). 

Properties. — Large  four-sided  prisms  (after 
fusion) ;  si.  sol.  water,  v.  e.  sol.  alcohol  and 
ether.  Its  aqueous  solution  reddens  litmus,  but 


its  salts  easily  give  up  part  of  their  acid  when 
evaporated.  Sublimes  in  the  cold.  Keadily 
polymerised  by  heating  or  exposing  to  the  air. 
Not  affected  by  reducing  agents. 

Reactions. — 1.  Potash-fusion  forms  acetio 
and  w-butyric  acid  (Petrieff,  B.  6,  1098).— 2. 
HBr  forms  C6HnBr02  [25°]  which  when  boiled 
with  water  or  alkalis  gives  amylene  and  oxy- 
hexoic acid  [48°-52°J  (Fittig  a.  Howe).— 3.  Bro- 
mine forms  C6H10Br202  [80-5°]. — 4.  Chromic 
acid  mixture  forms  C02  and  acetic  acid  (Chap- 
man a.  Smith,  P.  M.  [4]  36,  290).— 5.  KMn04 
added  to  a  very  dilute  solution  of  the  K  salt  forms 
CH3.CH(OH).CEt(OH).C02H  [96°]  (Fittig,  B.  21, 
919). 

Salts.  —  CuA'2:  greenish-blue  pp.  — 
Cu(OH)A' :  formed  from  the  preceding  by  heat- 
ing with  alcohol. — PbA'2  aq  :  crystalline  pp.,  si. 
sol.  water. — AgA':  scales  (from  hot  water). 

Ethyl  ether  EtA'.  (165°).  S.G.  ^  -920. 
Mobile  oil,  smelling  of  peppermint  and  of  fungi 
(F.  a.  D.).  Saponified  by  boiling  alcoholic  KOH. 

Hexenoic  acid  C6H10O2  i.e. 

CH2Et.CH:CH.C02H  (?).  y-Ethyl-crotonic  acid. 
(c.  126°  at  26  mm.).  From  tri-methyl-leucine 
Pr.CH2.CH(NMe3OH).C02H  by  heating  at  125° 
(Korner  a.  Menozzi,  G.  13,  354).  Liquid.  Com- 
bines with  HBr.  Its  Cd  salts  form  long  prisms. 

Hexenoic  acid  C6H1002  i.e.  Et.CH:CMe.CO2H. 
&-Ethyl-methacrylic  acid.  [24°].  (213°  cor.). 
S.G.  |f  -9812.  One  of  the  products  of  the  oxida- 
tion of  the  corresponding  aldehyde  (methyl- 
ethyl-acrolem)  (Lieben  a.  Zeisel,  M.  4,  70 ;  Solo- 
nina,  J.  B.  1887,  302).  Monoclinic  prisms ; 
a:b:c  =  1-41:1:  -385;  0=104°  38'.  Volatile  with 
steam ;  si.  sol.  water,  v.  e.  sol.  ether  and  benzene. 
Combines  with  bromine,  forming  di-bromo-hexoic 
acid.  Eeduced  by  zinc  and  HBr  (or  HI)  to 
methyl-propyl-acetic  (hexoic)  acid.  Its  soluble 
salts  give  white  pps.  with  salts  of  Zn,  Ag,  and 
Pb,  a  blue  pp.  with  CuS04,  and  an  oily  pp.  with 
FeCl3. — CaA'2  4aq  :  prisms  or  silky  needles.  — 
AgA' :  sparingly  soluble  needles  or  leaflets. 

Hexenoic  acid  C6H1002  i.e. 
(CH3)2C:CH.CH2.C02H  or 

CH2:CMe.CH2.CH2.C02H.  Pyroterebic  acid. 
Formed,  together  with  teraconic  acid  and  the 
lactone  of  oxy-isohexoic  acid,  by  the  dry  distilla- 
tion of  terebic  acid  (Chautard,  J.  Ph.  [3]  28, 192 ; 
Williams,  B.  6,  1095 ;  Mielck,  A.  180,  52).  If 
the  process  be  conducted  slowly  the  lactone  is 
the  chief  product,  if  rapidly,  pyroterebic  acid  is 
mainly  produced.  The  distillate  is  heated  with 
baryta- water,  and  C02  is  passed  in  until  the  ppd. 
BaC03  is  redissolved ;  the  lactone  is  then  ex- 
tracted with  ether,  and  on  evaporating  the  resi- 
due barium  teraconate  crystallises  out.  The 
mother-liquor  is  treated  with  H2S04,  and  pyro- 
terebic acid  distilled  over  with  steam,  and  puri- 
fied by  means  of  its  Ca  salt.  The  yield  is  about 
14  p.c.  (Geisler,  A.  208,  37). 

Properties. — Liquid,  not  solidifying  at  - 15°  ; 
si.  sol.  water.  On  adding  3  or  4  vols.  of  water 
to  the  dry  acid  a  homogeneous  liquid  is  obtained, 
but  further  addition  of  water  causes  separation 
into  two  layers,  the  upper  one  being  the  acid. 
The  acid  is  not  affected  by  boiling  for  some  time 
with  water. 

Reactions. — -1.  Converted  by  prolonged  heat- 
ing at  its  boiling-point  into  the  isomeric  lactone 
of  oxy-isohexoic  acid.  The  same  change  occurs 
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when  HBr  is  passed  into  the  acid,  probably 
through  intermediate  formation  of  the  acid 
(CH3).2CBr.CH.2.CH2.Cp.iH.— 2.  Bromine  forms  a 
di-bromo-isohexoic  acid. 

Salt s. — CaA'23aq :  glisteningprisms. — AgA' : 
leaf-like  crystals,  si.  sol.  water. 

Hexenoic  acid  CttH1002.  Formed  by  oxidising 
hexenyl  alcohol  with  chromic  acid  mixture  (Dest- 
rem,  A.  Ch.  [5]  27,  72).  Liquid,  volatile  with 
steam.  Split  up  by  potash-fusion  into  acetic  and 
butyric  acids.  Its  salts  are  amorphous.  Pro- 
bably identical  with  the  preceding  acid. 

Hexenoic  acid  C6H1002  i.e. 
CH2:CMe.CH2.CH2.C02H  or 
(CH3)2C:CH.CH.,.C02H.     (203°uncor.).    Formed 
from  the  lactone  of  7-oxy-isohexoic  acid  by  boil- 
ing with  alcohol  and  NaOEt  for  12  hours  (H. 
Erdmann,  A.  228,  183).     Colourless  liquid  with 
pungent  odour  and  acid  taste.     When  boiled  for 
a  long  time  it  partially  changes  to  the  isomeric 
lactone    of    7-oxy-isohexoic   acid. —  CaA'2aq. — 
CaA'2  3aq  :  trimetric  crystals.— AgA'. 

Hexenoic  acid  C6H1002  i.e.  Pr.CH:CH.C02H(?). 
Isopyroterebic  acid.  Formed,  together  with  iso- 
sorbic  acid,  by  the  action  of  C02  on  crude  C5H7Na, 
possibly  through  presence  of  C5H9Na  as  an  im- 
purity (Lagermarck  a.  Eltekoff ,  BL  [2]  33,  159  ; 
J.  E.  11,  125).  Liquid,  si.  sol.  water;  heavier 
than  water.  Slightly  volatile  with  steam.  Com- 
bines with  HBr.  Bromine  forms  CtiH10Br202. 
[99°].  The  silver  salt  dissolves  in  water. 

Hexenoic  acid C6H10O2i.e.Pr.CH:CH.C02H(?). 
Hydrosorbic  acid.  (205°  cor.);  (208°  i.V.) 
(Fittig,  A.  200,  42).  S.G.  ^  '969.  Formed  by 
reducing  sorbic  acid  with  sodium-amalgam 
(Fittig  a.  Barringer,  B.  9,  1198  ;  A.  161,  309). 
Liquid  ;  on  prolonged  boiling  it  is  decomposed, 
the  boiling-point  being  raised.  Combines  with 
bromine.  Combines  with  fuming  HBrAq  readily 
in  the  cold,  forming  liquid  bromo-hexoic  acid 
(Stahl,  B.  9,  120).  Potash-fusion  gives  acetic 
and  n-butyric  acid.  On  warming  with  H2S04  it 
changes  to  the  lactone  of  oxy-hexoic  acid.  Its 
rate  of  etherification  has  been  studied  by  Men- 
schutkin  (B.  13,  163).— CaA'2  aq  [c.  125°].  S.  (of 
CaA'2)  6-2  at  16°.  Needles,  more  sol.  cold  than 
hot  water.— BaA'2.  [above  265°].  Needles.— 
CuA'2 :  green  pp.  [185°-190°].— AgA' :  pp.  SI. 
sol.  cold  water. 

Ethyl  ether  ~EtA.'.    [167°]. 

Hexenoic  acid  C6H1002.  Isohydrosorbic  acid. 
[-10°].  (209°  i.V.).  Formed,  together  with  the 
lactone  of  oxy-hexoic  acid,  by  boiling  bromo- 
hexoic  acid  (the  hydrobromide  of  hydrosorbic 
acid)  with  water  (Hjelt,  B.  15,  618 ;  cf.  Lands- 
berg,  A.  200,  51).  Combines  with  HBr,  forming 
the  parent  bromo-hexoic  acid. — CaA'2  aq :  laminae ; 
more  sol.  hot  than  cold  water. 

Hexenoic  acid  C6H1002.  Hexylenic  acid. 
[39°].  From  tri-chloro-hexoic  acid,  zinc,  and 
HClAq  (Pinner,  B.  10,  1054).  Long  flat  needles 
(from  ether),  or  lozenge-shaped  plates  (from 
ligroin) ;  nearly  insol.  water,  v.  sol.  alcohol.  Does 
not  sublime  in  the  cold. 

Hexenoic  acid  C(iH1002.  (208°).  Occurs  in 
small  quantity  in  crotonoil  (Schmidt  a.  Berendes, 
A.  191,  121). 

References. — BBOMO-  and  CHLOKO-HEXENOIC 
ACIDS. 

HEXENOIC  ALDEHYDE  C8H100  i.e. 
Et.CH:CMe.CHO.  Methyl-ethyl-acrolein.  (137° 


cor.).  S.G.  §  '86.  Formed  by  heating  propionic 
aldehyde  at  100°  with  an  equal  volume  of  a  so- 
lution of  NaOAc  (containing  21  p.c.  NaOAc) ;  on 
fractionally  distilling  the  product  the  chief  por- 
tion passes  over  at  135°-140°  (Lieben  a.  Zeisel, 
M.  4,  16).  Colourless  liquid,  with  penetrating 
odour,  insol.  water.  Gradually  turns  yellow  on 
exposure  to  air.  It  forms  a  crystalline  com- 
pound with  NaHS03. 

Reactions. — 1.  HC1  forms  unstable  CgH,,C10. 

2.  Bromine  forms  C6H,0Br20,  a  heavy  oil  which 
forms     crystalline     C6H10Br2(OH)S03Na  oaq.— 

3.  Iron  filings  and  HO  Ac  reduce  it  to  a  mixture 
of  a  hexyl  alcohol  PrCHMe.CH.jOH,  the  corre- 
sponding   aldehyde,   and    an    alcohol   C6H,20, 
which  is  readily  converted  into  tri-oxy-hexane 
Et.CH(OH).CMe(OH).CH2OH.  —  4.    Oxidation 
with  chromic  acid  mixture,  free  oxygen,  or  moist 
silver  oxide  gives  carbonic,  formic,  acetic,  pro- 
pionic, hexenoic  (ethyl -me thacrylic),  anddi-oxy- 
hexoic  acids,  together  with  methyl  propyl  ke- 
tone. — 5.  Ammonia  unites  with  it,   forming  a 
solid  product  (?  C,8H36N4  or  C12H25N3),  which  is 
converted  at   140°    into  parvoline    C9H,3N,    a 
homologue  of  pyridine  (Waage,  M.  4,  725).    By 
heating  the  compound  of  hexenoic  aldehyde  with 
NH3  to  200°  there  is  formed  picoline,  parvoline 
(196°),  a  base  CnH17N  (233°),  and  a  base  C12H19N, 
which  is  a  mobile  liquid,  with  pale-blue  fluor- 
escence.     The  parvoline  gives,   on    oxidation, 
pyridine  (o£)-di-carboxylic  acid  (Hoppe,  M.  9, 
634). — 6.  Heated  with  aqueous  S02  for  4  hours 
at  80°  there  is  formed,  after  neutralising  with 
BaC03,  a  salt  C6H120(S03)2Ba  2aq,  which  is  split 
up  by  heating  with  baryta-water  into  barium 
sulphite  and  hexenoic  aldehyde.    If  the  contents 
of  the  tube  are  boiled  with  water  before  neutral- 
ising there  is  obtained  amorphous  C6HI2(S04)2Ba. 
7.   If   the    aldehyde    be  left  in    contact  with 
aqueous  S0?  for  some  days  and  the  product  be 
saturated  with  BaC03  and  oxidised  with  bromine 
water,  there  is  formed  a  salt  of  sulpho-hexoic 
acid:    C6H10S05Ba  crystallising  in    hexagonal 
plates  (Ludwig,  M.  9,  658). 

Hexenoic  aldehyde  C6H1002.  (135°-138°). 
Formed,  together  with  allyl  chloride  and.  di-allyl- 
oxide  by  heating  allyl  alcohol  with  dilute  (10 
p.c.)  HClAq  at  100°  for  20  hours  (Solonina,  J.  E. 
1887,  302).  Oil.  Absorbs  oxygen  eagerly  from 
the  air,  producing  hexenoic  (ethyl-methacrylic 
acid).  Forms  an  oxim  [49°]  (194°).  Probably 
identical  with  the  preceding  aldehyde. 

HEXENYL  ALCOHOL  C6H120  i.e. 
CH2:CH.CH2.CMe2OH.  Di-methyl-allyl-carUnol. 
(120°  cor.).  S.G.  g  -8438  ;  \f  -8307.  E^  49-84 
(Kanonnikoff).  H.C.  914,000  (Louguinine,  A.  Ch. 
[5]  23,  385). 

Preparation. — By  slowly  pouring  a  mixture 
of  acetone  and  allyl  iodide  on  granulated  zinc  at 
0°  (M.  a.  A.  Saytzeff,  A.  185,  151,  175).  The 
product  is  mixed  with  water  and  distilled.  In 
the  preparation  of  this  body  from  allyl  iodide, 
zinc,  and  acetone,  a  by-product  of  the  formula 
C9Hj80  (c.  176°)  occurs  if  the  allyl  iodide  con- 
tains isopropyl  iodide.  Its  specific  refractive 
power,  R  GO  =  72-27,  indicating  a  double  union  of 
carbon  atoms.  It  combines  with  bromine  form- 
ing C9HlfBr20.  With  PC15  it  forms  C9H17C1, 
which  boils  about  180°,  with  partial  decompo- 
sition. The  same  body  is  also  formed  by  the 
action  of  isopropyl  iodide  and  zinc  on  the  pure 
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hexenyl  alcohol  (W.  Dieff,  J.  pr.  [2]  27,  364).  A 
mixture  of  acetone  (75g.),allyl  iodide  (205g.), 
and  isobutyl  iodide  (230  g.),  is  converted  by  zinc 
into  di-methyl-allyl-carbinol,  but  a  small  quan- 
tity (2g.)  of  an  alcohol  C10H20O  (c.  195°)  is 
formed.  These  bodies  appear  to  be  di-methyl- 
allyl  carbinol,  in  which  an  atom  of  hydrogen  is 
displaced  by  isopropyl  and  by  isobutyl  respec- 
tively (E.  Schatzky,  /.  pr.  [2]  30,  216).  The  al- 
cohol C9H)8O  is  converted  by  Na  and  Mel  into  a 
methyl  ether  CMe2(OMe).CtiHn  (169°-172°  un- 
cor.),  E^  77-01,  S.G. 2-^  -8027,  which  is  oxidised 
by  KMn04  to  acetic,  isobutyric,  oxalic,  and 
methoxy-valeric  acids  (Kononovitch,  J.  pr.  [2] 
30,  399). 

Properties. — Liquid,  smelling  like  camphor  ; 
si.  sol.  water,  with  which  it  forms  a  hydrate 
CaHI20  aq  (117°). 

Reactions.  — 1.  Chromic  acid  mixture  oxidises 
it  to  formic  acid,  /3-oxy-isovaleric  acid,  and  ace- 
tone. KMn04  acts  in  like  manner  (Schirokoff, 
J.pr.  [2]  23, 205).— 2.  Bromine  forms  C6H12Br20. 
3.  HOC1,  followed  by  displacement  of  Cl  by  OH, 
gives  tri-oxy-hexane  (hexyl-glycerin)  (Reformat- 
sky,  J.  pr.  [2]  31,  318).— 4.  By  heating  the  al- 
cohol (1  vol.)  with  H,SO4  (2  vols.)  and  water 
(1  vol.)  for  3  days  at  100°,  and  distilling  the  oily 
product,  two  hydrocarbons  are  got,  viz.  C6H10 
boiling  below  100°,  and  C12H20  boiling  at  180°- 
200°.  The  latter  is  purified  by  shaking  with  P205 
and  redistilling,  and  exhibits  the  following  pro- 
perties :  (194°-199°).  V.D.  80-3  (H  =  l).  S.G. 
g  -853;  ^  -839.  C.E.  (0°-21°)  -00082.  E^ 
89-34.  It  combines  readily  with  bromine.  With 
fuming  HC1  it  appears  to  form  a  compound 
C12H20,HC1.  It  is  oxidised  by  chromic  mixture 
to  acetone,  acetic  acid,  propionic  acid  and  a  fixed 
acid  with  the  formula  C,0H,606  or  C10H1406  (W. 
Nikolsky  a.  A.  Saytzeff,  J.pr.  [2]  27,  380).  Its 
specific  rotation  is  5*22  more  than  that  calculated 
from  Briihl's  numbers.  This  would  indicate 
three  C:C  groups  (Albitzky,  J.  pr.  [2]  30,  214). 
The  hydrocarbon  C6H,0  is  formed  by  removal  of 
H20  from  the  alcohol,  so  that  it  is  either 

(CH3)2C:CH.CH:CH2    or    CH2:C<;^3  CH:CH 

The  hydrocarbon  Ci2H20  is  a  polymeride  of  this. 

Acetyl  derivative  C6HHOAc.  (138°  cor.). 
S.G.  g  -9007  ;  f?  -8832. 

Secondary  hexenyl  alcohol 
CH2:CH.CH2.CH2.CH(OH).CH3.  Di-allyllnjdrate. 
Allyl-isopropyl  alcohol.    (139°).    S.G.  $  -842 
(Crow) ;  2  -861  (Wurtz). 

Preparation. — 1.  Allyl-acetone  (1  vol.)  is 
mixed  with  ether  (1  vol.),  and  put  into  a  flask 
containing  water  (2  vols.).  Small  pieces  of  so- 
dium are  thrown  into  the  flask,  which  is  cooled 
meanwhile  by  standing  in  water.  The  ethereal 
solution  is  poured  off ,  dried  over  K2C03,  and  dis- 
tilled (J.  K.  Crow,  C.  J.  33,  53 ;  cf.  Kablukoff, 
J.  E.  1887,  513).— 2.  From  hydriodide  of  di- 
allyl  and  Ag.,0  (Wurtz,  A.  Ch.  [4]  3,  172). 

Properties.— SI.  sol.  water,  v.  sol.  alcohol  and 
ether.  Sweet  taste,  but  rather  pungent  odour. 
Combines  violently  with  bromine.  Gives  acetic 
acid  on  oxidation  (Sorokin,  J.  pr.  [2]  23,  20). 

Acetate     C3H,.CH.,.CH(OAc)CH3.       (148°) 

(Crow) ;  (158°  cor.)  (Markownikoff,  J.  R.  13, 355). 

Formed  from  the  alcohol  by  heating  with  Ac20 

in  a  flask  with  inverted  condenser.     Formed 
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also  from  di-allyl  di-hydro-iodide  and  AgOAc. 
Liquid  with  pleasant  refreshing  odour. 

Dibromide 

CH2Br.CHBr.CH2.CH2.CH(OH)CH3.  Formed  by 
adding  bromine  to  a  solution  of  the  alcohol  in 
CHC13.  The  chloroform  is  then  distilled  off  in 
vacuo.  It  cannot  be  distilled.  K2C03  converts 
it  into  an  oil,  C6H,,Br(OH)2 ;  volatile  with  steam. 

Hexenyl  alcohol  C6H,2O  i.e. 
CH3.CH:CH.CMe2.OH.    (110°-115°).    From  the 
chloride  of  crotonic  acid  and  ZnMe2  (Pawlow- 
sky,  B.  5,  331). 

Hexenyl  alcohol  C6H120  i.e. 
CH3.CH2.CH:CMe.CH,OH.  One  of  the  products 
of  the  action  of  iron  filings  and  HO  Ac  on  hexe- 
noic  aldehyde  (methyl  ethyl-acrolein).  Forms  a 
bromide  C,,H12Br20,  which  is  converted  by  distil- 
lation with  water  into  a  tri-oxy-hexane  (Lieben 
a.  Zeisel,  M.  4,  28). 

Hexenyl  alcohol  C6H120.  (137°).  S.G.  is 
•891.  S.  10  at  10°.  Formed  by  distilling  calcium 
glycerin  CaC3H603  (Destrem,  A.  Ch.  [5]  27,  58). 
Liquid,  smelling  like  peppermint  and  allyl  alco- 
hol. Not  reduced  by  sodium-amalgam.  Na 
and  K  form  gelatinous  CBH,,ONa  and  G,,H,,OE. 
Chromic  acid  oxidises  it  to  pyroterebic  acid. 
Bromine  forms  C6HI2Br2O  (252°-255°) ;  S.G. 
^  1-99.  PC15  gives  CaHuCl  (71°).  HBr  forms 
C6HnBr  (100°) ;  S.G.  ia  1-35.  Chlorine  forms 
C6H12C120  (205°-210°) ;  S.G.  ia  1-4.  PI3  forms 
C6HUI  (131°) ;  S.G.  ia  1-92,  whence  K2S  forms 
(C.HU),S  (169°). 

Acetyl  derivative  C6H,,OAc.     (145°). 

Benzoyl  derivative  C6H,,OBz.  [105°]. 
(275°-280°).  Yellow  prisms. 

Reference. — CHLORO-HEXENYL  ALCOHOL. 

HEXENYL  CHLOEIDE  C6HnCl.  Chloro- 
hexylene.  (71°).  From  the  corresponding 
alcohol  (Destrem,  A.  Ch.  [2]  27,  5).  Light  oil. 

Hexenyl  chloride 

CH2:CH.CH2.CH2.CHC1.CH3.  (130°-140°). 

Formed,  together  with  di-chloro-hexane,  by 
heating  di-allyl  (hexinene)  with  fuming  HClAq 
(Wurtz). 

Hexenyl  chloride  C6HMC1.  (122°).  S.G.  ii 
•9036.  V.D.  4-02.  Formed  by  the  action  of  cone, 
alcoholic  KOH  on  the  di-chloro-hexane,  which 
is  a  by-product  in  the  action  of  HOC1  on  hexyl- 
ene  from  mannite  (Henry,  C.  R.  97,  260). 
H2S04  converts  it  into  a  ketone  C6H,20  (125°)  ; 
S.G.  ii  -8343  ;  V.D.  3-45. 

HEXENYL  GLYCERIN  v.  TRI-OXY-HEXANE. 

DI-HEXENYL  OXIDE  (C6Hn)80.  Diallyl 
oxide.  (180°).  A  product  of  the  action  of  Ag.2O 
on  the  mono-  or  di-hydroiodide  of  diallyl  (Wurtz, 
A.  Ch.  [4]  3,  175). 

Di-hexenyl  oxide  (C6Hn)20.  (117°).  From 
hexenyl  iodide  and  HgO.  Also  from  CHHUI  and 
C^HjjONa  (v.  HEXENYL  ALCOHOL).  Oil,  heavier 
than  water  (Destrem,  A.  Ch.  [5]  27,  58). 

DI-HEXENYL  SULPHIDE  (C6Hn)2S.  (169°). 
From  iodo-hexylene  and  K2S  (Destrem,  A.  Ch. 
[5J  27,  58).  Heavy  oil,  of  nauseating  odour. 
Gives  a  maroon-red  colouration  with  H2S04. 

HEXIC  ACID  C7H1003  ?  [126°].  An  acid 
formed  from  propyl-aceto-acetic  ether  by  suc- 
cessive treatment  with  bromine  and  alcoholic 
KOH  (Demarcay,  C.  R.  88,  126 ;  cf.  Fittig,  B. 
16,  1939;  Pawloff,  B.  16,  486).  Large  pearly 
plates  (from  hot  water). 
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Isohexic  acid  C7H1003  ?  [124°].  Formed  in 
like  manner  from  isopropyl-aceto-acetic  ether. 
Prisms  (from  ether). 

HEXINENE  C6Hlo;.e.Pr.CH2.C:C.H.  Butyl- 
acetylene.  (70°).  Formed  by  the  action  of 
metallic  sodium  on  methyl  propyl  acetylene  at 
160°,  and  decomposition  of  the  sodium  com- 
pound with  water  (Faworsky,  J.  pr.  [2]  37,  428). 
Gives  pps.  with  ammoniacal  copper  and  silver 
solutions.  Yields  on  treating  the  sodium  com- 
pound with  C02  a  carboxylic  acid. 

Hexinene  Me3C.CiCH.  (39°).  Formed  by 
the  action  of  alcoholic  potash  at  140°  for 
12  hours  on  di-chloro-tetra-methyl-ethane 
(Faworsky,  J.  pr.  [2J  37,  393).  Forms  pps.  with 
ammoniacal  cuprous  and  silver  solutions.  Is 
not  altered  by  heating  with  alcoholic  potash  to 
200°. 

Hexinene  C6H10  i.e. 

CH2:CH.CH2.CH2.CH:CH2.  This  compound  has 
been  described  as  DI-ALLYL  (q.v.).  When  heated 
with  bromine  it  gives  a  crystalline  mass  [46°]. 
This  is  a  mixture  of  two  substances,  [65°]  and 
[56°],  both  having  the  formula  C6H10Br4.  From 
this  it  appears  that  the  di-allyl  obtained  by  the 
action  of  Na  on  C3H5I  is  a  mixture  of  two  isomeric 
bodies,  probably  CH2:CH.CH2.CH2.CH:CH2  and 
CH3.CH:CH.CH:CH.CH3  (dipropenyl)  (Sabaneeff, 
Bl.  [2]  45,  182).  When  diallyl  is  diluted  with 
(1  vol.)  paraffin  oil  and  treated  with  H2S04, 
the  lower  layer  separated  and  distilled  with 
water  yields  'hexylene  oxide,'  a  liquid  C6H,20, 
smelling  like  menthol  (93°).  Oxidation  of  this 
C6H120  gives  HO  Ac  and  C02 ;  sodium-amalgam 
has  no  action ;  HI  at  100°  gives  £-hexyl 
iodide  (166°)  (Jekyll,  Bl.  [2]  15,  233).  Another 
method  of  hydration  is  to  add  the  diallyl  drop 
by  drop  to  well  cooled  H2S04.  The  acid  is 
diluted  with  ice,  neutralised,  and  distilled,  when 
hexylene  oxide  passes  over  at  92°-95°.  Some 
of  the  salt  of  the  undecomposed  sulphuric  acid 
remains  behind  in  the  flask.  The  Ba  and  Ca 
salts  can  be  obtained  in  this  way  (Behal,  BL  [2] 
48,  43). 

Hexinene  C6H10.  (c.  80°).  S.G.  ^  -71.  V.D. 
2-84  (calc.  2-79).  Formed  from  petroleum 
hexane  by  bromination,  followed  by  treatment 
of  the  resulting  hexenyl  bromide  with  alcoholic 
KOH  at  155°  (Caventou,  C.  E.  59,  449  ;  Beboul 
a.  Truchot,  C.  E.  65,  73).  Forms  a  liquid  di- 
bromide  and  a  crystalline  tetrabromide. 

Hexinene  CH3.CH2.CH2.C:C.CH3?  (80°-83°). 
S.G.  g  -7494  ;  ^  -7377.  Formed  by  the  action 
of  alcoholic  KOH  on  the  hexenyl  bromide  de- 
rived from  mannite  vid  di-bromo-hecane  (Hecht, 
B.  11,  1050).  Does  not  ppt.  ammoniacal  silver 
or  cuprous  solutions.  Oxidised  by  chromic  acid 
mixture  to  acetic  n-butyric  acids. 

Hexinene  (CH3)2C:CH.CH:CH2?  (80°).  From 
(CH3)2CC1.CH2.CH:CH2  and  alcoholic  KOH 
(M.  a.  A.  Saytzeff,  A.  185,  157 ;  v.  HEXENYL 
ALCOHOL). 

Hexinene  C6Hj0.  (c.  80°).  In  coal  tar 
(Schorlemmer,  A.  139,  250).  Forms  C6H,0Br4 
[112°]. 

Hexinene  CSHI0.  (70°-73°).  V.D.  2-97.  Ob- 
tained, with  other  products,  by  passing  the 
vapour  of  heptinene  through  an  iron  tube  heated 
to  incipient  redness  (Kenard,  C.  E.  104,  574). 
Rapidly  absorbs  oxygen.  Does  not  ppt.  ammo- 
niacal AgN08  or  Cu-jCLj.  Bromine  forms  un-  ! 


stable,  oily  C6H10Br2.  Cone.  H2S04  polymerises 
it,  forming  C12H20  (210°-215°). 

References. — DI-BBOMO-  and    TETEA-CHLOBO- 

HEXIKENE. 

HEXINENE  GLYCOL  v.  DI-OXY-HEXINENE. 
HEXINENE  DIOXIDE  C6H1002  i.e. 
CH2.CH.CH2.CH2.CH.CH2 

V  V      •       (182°).      Formed 

by  acting  with  KOH  on  the  dichlorhydrin  pre- 
pared by  treating  diallyl  with  hypochlorous 
acid  (Przybytek,  Bl.  [2]  43,  110).  Colourless 
mobile  liquid.  Heated  with  water  it  forms 
C6H,0(OH)4  sol.  alcohol,  water,  insol.  ether. 
Treated  with  HC1  a  dichlorhydrin  is  formed. 

HEXINOIC  ACID  C6H802  i.e.  Pr.CrC.CO.OH. 
[27°].  (125°)  at  20  mm.  Formed  by  the  action 
of  C02  on  the  sodium  compound  of  propyl 
acetylene  suspended  in  ether  (Faworsky,  J.  pr. 
[2]  37, 419).  Feathery  crystals.  SI.  sol.  water,  v. 
sol.  alcohol,  ether,  and  petroleum  ether.  Deli- 
quesces in  the  air.  Decomposes  on  heating  or 
keeping  into  C02  and  propyl-acetylene.  Its 
silver  salt  at  once  decomposes  in  the  same  way. 

Salts.— (C6H702)2Ba  3aq.  V.  sol.  water.— 
A'2Ca.  Thin  needles,  v.  sol.  water.— A'2Cu  2aq. 
Blue  plates,  v.  sol.  water. 

Hexinoic  acid  C^O,.  [93°-96°].  From 
pyroterebic  acid,  by  successive  treatment  with 
bromine  and  alcoholic  KOH  (Mielck,  A.  180, 56). 
Crystalline  mass ;  m.  sol.  water.  Volatile  with 
steam.— BaA'2 :  amorphous. 

Hexinoic  acid  v.  SOKBIC  ACID. 

Hexinoic  acid  C6H802  i.e. 
(CH3)2.CH.C:C.C02H.      Iso-sorbic  acid.     From 
Pr.C-CNa  and  C02  (Lagermark  a.  Eltekoff,  J.  E. 
11,125).    Liquid.    Combines  with  HBr,  forming 
C6H10Br202. 

Hexinoic  acid  Pr.C:C.C02H.  Isopropyl- 
acetylene  carboxylic  acid.  [38°].  (107°  at 
20  mm.).  From  di-methyl-allylene  sodium,  and 
C02  (Favorsky,  J.  E.  1887,  553).  Should  be 
identical  with  the  preceding. 

HEXINYL  ALCOHOL  C8H100  i.e.  C6H9OH. 
(140°).  A  by-product  of  the  action  of  glycerin 
on  zinc-dust  (Glaus,  B.  18,  2931).  Forms  C.jH.,1 
(133°). 

Acetyl  derivative  CeH9OAc.     (127°). 

HEXINYL  CHLORIDE  C6H9C1.  Chloro- 
diallyl.  (150°).  S.G.  ™?  -9197.  V.D.  4-15  (calc. 
4-02).  A  product  of  the  action  of  PC15  upon 
allyl-acetone  (Henry,  C.  E.  87, 171).  Oil ;  com- 
bines with  bromine,  forming  oily  CtiH9ClBr.,. 
Alcoholic  KOH  at  100°  forms  hexonene  (di- 
allylene).  This  hexinyl  chloride  is  perhaps  a 
mixture  of  the  chloride  C3H5.CH2.CC1:CH2  with 
C3H5.CH:CC1.CH3. 

Hexinyl  chloride  CGH9C1.  (130°).  From 
mesityl  oxide,  by  treatment  with  PC15  and  dis- 
tillation of  the  resulting  C6H10C12  with  lime 
(Baeyer,  A.  140,  298). 

HEXITAMALIC    ACID   v.   OXY-HEPTYL-SUC- 

CINIC  ACID. 

71-HEXOIC  ACID  C6H1202  i.e. 
CH3.CH2.CH2.CH2.CH2.CO.,H.  n-Caproic  acid. 
Mol.  w.  116.  [-1'5°]  (Fittig,  4.200,49).  (205°). 
S.G.  g  -9446  (Zander,  A.  224,  67) ;  -9453  (Garten- 
meister,  A.  233,  277);  ^  "9237  (Briihl).  C.E. 
(0°-10°)  -00095  (Z.).  S.V.  152-5  (Z.).  ^  1-4190. 
ROD  50-56  (B.).  H.C.  830,209  (Louguinine,  A.  Ch. 


HEXOIO  ACID. 
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[5]  25,  140).  Heat  of  neutralisation:  Gal  a. 
Werner,  Bl.  [2]  46,  802. 

Occurrence. — Among  the  products  of  the 
butyric  fermentation  of  sugar  (Grillone,  A.  165, 
127  ;  cf.  Sticht,  Z.  1868,  220 ;  Linnemann,  A. 
160,  225  ;  Lieben,  A.  170,  89). 

Formation. — 1.  By  the  oxidation  of  n-hexyl 
alcohol  (Zincke  a.  Franchimont,  A.  163,  199).— 
2.  By  the  action  of  boiling  alcoholic  KOH  on  its 
nitrile  (w-amyl  cyanide)  (Lieben  a.  Eossi,  (?.  1, 
314  ;  3,  27 ;  A.  159,  75  ;  165,  118).— 3.  Together 
with  other  fatty  acids  by  the  oxidation  of  pro- 
te'ids. — 4.  From  n-butyl-aceto-acetic  ether  and 
alcoholic  KOH  (Gartenmeister,  A.  233,  277). 

Preparation. — By  fractionally  distilling  crude 
fermentation  butyric  acid,  and  shaking  the 
portion  boiling  above  180°  with  6  volumes  of 
water. 

Properties.  —  Oil,  with  faint  unpleasant 
odour. 

Reactions. — 1.  Oxidised  by  nitric  acid  to 
acetic  and  succinic  acids  (Erlenmeyer,  Sigel  a. 
Belli,  B.  7,  696;  A.  180,  215).— 2.  Magnesic 
caproate  in  solution  subjected  to  an  alternating 
electric  current  produces  butyric,  valeric,  oxy- 
caproic,  oxalic,  succinic,  glutaric,  and  adipic 
acids  (Drechsel,  J.pr.  [2]  34,  135). 

Salts.— CaA'2aq.  S.  2-6  at  18°  (Kottal,  A. 
170,  95) ;  4-6  (Grillone) ;  2-73  at  -7°  (Keppich, 
M.  9,  589).— BaA'2.  S.  9-3  at  18-5°  (Lieben  a. 
Kossi) ;  9-1  at  22°  (Grillone) ;  9-47  at  -5°  (Kep- 
pich).—BaA'22aq.  S.  (of  BaA'2)  12-5  at  10-5° 
(Lieben  a.  Janecek,  A.  187,  128).— BaA'23aq.  S. 
(of  BaA'2)  12-9  at  23°  (K.).— SrA'23aq  :  laminae. 
S.  9-7  at  24°  (K.).— ZnA'2aq.  S.  1  at  24°  (K.).— 
CdA'22aq.  S.  1  at  24°  (K.).— CuA'2.  Insol.  ether, 
sol.  alcohol. — AgA' :  pp.  (Franchimont  a.  Zincke, 
A.  163,  200).  S.  -077  at  0°  (Keppich). 

Methyl  ether  MeA'.  (150°).  S.G.  g  -9039. 
C.E.  (0°-10°)  -00105.  S.V.  172-2  (Garten- 
meister). 

Ethyl  ether  EtA'.  Mol.  w.  144.  (166-6°) 
(G.).  S.G.  g  -8888.  C.E.  (0°-10°)  -00103. 
S.V.  197-7. 

P  ropy  I  ether  PrA'.  (186°).  S.G.  g  -8844. 
C.E.  (0°-10°)  -00101.  S.V.  222-2. 

Butyl  e^er  Pr.CH2A'.  (204°).  S.G.g-8824. 
C.E.  (0°-10°)  -00099.  S.V.  246-0. 

n-Hexyl  ether  C6H13A'.  (246°  cor.).  S.G. 
£*  -865  (Franchimont  a.  Zincke,  A.  163,  197). 

Heptyl  ether  C7H15A'.  (259°).  S.G.  g -8769. 
C.E.  (0°-10°)  -00088.  S.V.  323-9. 

n-Octylether  C8H17A'.  (275°).  S.G.g-8748. 
C.E.  (0°-10°) -00088.  S.V.  349-6  (Gartenmeister). 
Occurs  in  oil  of  Heracleum  (Zincke,  A.  152, 18). 

Chloride  C6HHOC1.  (c.  138°)  (Bechamp, 
A.  130,  364). 

Anhydride  (CSHU0)20.    Liquid  (Chiozza, 

A.  86,  259). 

Acetyl-hexoic  anhydride  C^Hj^.OAc. 
(165°-175°).  Liquid,  lighter  than  water.  Formed 
by  heating  hexoic  acid  with  Ac.,0  (Autenrieth, 

B.  20,  3187). 

Amide  [100°].  (255°)  (Henry,  B.  2,  490). 
Plates.  Sol.  alcohol  and  hot  water.  Prepared 
by  heating  ammonium  hexoate  at  230°  under 
pressure ;  the  yield  is  70  p.c.  (Hofmann,  B.  15, 
983 ;  17,  1411). 

^niZ^eC3Hn.CONHPh.  [95°].  Formed  by 
heating  the  amide  with  aniline  (Kelbe,  B.  16, 
1200).  Needles,  v.  sol.  alcohol  and  ether. 


Phenyl  hydrazide  C3H,,.CO.NH.NHPh. 
[117°]. 

Nitrile  C3HMCN.  n-Amyl  cyanide.  Mol. 
w.  97.  (154°).  S.V.  141-1  (E.  Schiff,  B.  19,  568). 
Formed,  together  with  hexylamine,  by  allowing 
a  mixture  of  the  amide  of  heptoic  acid  (1  mol.) 
and  bromine  (3  mols.)  to  run  into  a  10  p.c.  solu- 
tion of  NaOH  (Hofmann,  B.  17,  1410). 

Isohexoic  acid  C6H1202  i.e.  Pr.CH2.CH2.C02H. 
Isocaproic  acid.  Isobutyl-acetic  acid.  (200°  i.V.). 
S.G.  so  .925.  Heat  of  neutralisation:  Gal  a. 
Werner,  Bl.  [2]  46,  802). 

Occurrence.  —  As  glyceryl  ether  in  butter 
(Chevreul,  Recherclies  sur  les  corps  gras),  in 
cheese,  and  in  cocoa-nut  oil  (Fehling,  A.  53,  406). 
Occurs  in  the  free  state,  together  with  butyric 
and  valeric  acids  in  the  flowers  of  Satyrium 
hircinum,  which  have  an  odour  of  bugs  (Chau- 
tard,  Bl.  [2]  2,  56)  ;  and,  together  with  several  of 
its  lower  homologues,  in  the  sarcocarp  of  OingJco 
biloba  (Bechamp,  A.  130,  364).  Found  by  C. 
Kraut  (A.  103,  29)  in  the  water  of  a  brook 
running  out  of  a  peaty  soil.  Formed  also  by 
the  fermentation  of  wheat  bran  (Freund,  /.  pr. 
[2]  3,  224). 

Formation.  —  1.  By  saponifying  its  nitrile 
(isoamyl  cyanide),  which  is  obtained  from  iso- 
amyl  iodide  by  boiling  with  alcohol  and  calcined 
K4FeCy6  (Frankland  a.  Kolbe,  A  65,  303;  Wurtz, 
A.  105,  295).  —  2.  By  the  action  of  C02  on  sodium 
isoamyl  (produced  by  treating  ZnEt2  with  so- 
dium) (Wanklyn  a.  Schenk,  C.  J.  21,  31).—  3.  By 
the  oxidation  of  proteids,  fats,  and  oils,  hexoic 
acid  is  often  formed,  but  in  most  cases  it  has 
not  been  determined  whether  it  is  n-  or  iso- 
hexoic  acid  (Eedtenbacher,  A.  59,  41  ;  Schneider, 
A.  70,  112;  Arzbacher,  A.  73,  203;  Guckel- 
berger,  .4.  64,  70).  —  4.  From  7-oxy-isohexoic  acid 
by  heating  with  HI  and  red  phosphorus  (Mielck, 
A.  180,  45).  —  5.  By  decomposing  isobutyl-aceto- 
acetic  ether  with  baryta  (Eohn,  A.  190,  316).— 

6.  Either  n-  or  iso-hexoic  acid  occurs  to  the  ex- 
tent of  3  p.c.  among  the  acids  produced  by  the 
fermentation  of  the  perspiration  of  sheep  (yolk). 

7.  From  leucine  and  nitrous  acid.  —  8.  One  of 
the  products  of  the  action  of  zinc  isoamyl  on 
oxalic  ether  (Frankland  a.  Duppa,  A.  142,  17). 

Properties.—  Liquid,  with  rancid  smell.  Not 
solidified  by  cooling  to  —  18°.  When  its  potas- 
sium salt  in  aqueous  solution  is  decomposed  by 
an  electric  current  decane  is  produced  (Brazier 
a.  Grossleth,  A.  75,  249). 

Reaction.  —  Oxidised  by  KMn04  to  7-oxy-iso- 
hexoic acid  (CH3)2C(OH).CH2.CH2.C02H  which 
splits  off  water,  giving  the  lactone 


Salts.—  CaA'23aq.  S.  (of  CaA'2)  12-7  at 
18-5°  (Lieben  a.  Eossi,  A.  165,  124)  ;  5-8  at  21° 
(Mielck)  ;  9'9  at  19°  (Eohn).—  BaA'2aq.  S.  (of 
BaA'2)  21  at  22°  (Mielck).—  BaA'2  2aq.  S.  53  at 
18-5°  (L.  a.  E.)  ;  25  at  14°  (Eohn). 

Methyl  ether  MeA'.  (150°).  S.G.  «  -898 
(Fehling,  A.  53,  410). 

Ethyl  ether  EtA!.  (161°cor.).  S.G.g-887; 
|§  -8705  (L.  a.  E.). 

Isoamyl  ether  C3HnA'.  (215°-220°) 
(Frankland  a.  Duppa,  A.  142,  18). 

Amide  Pr.CH2.CH2.CONH2.  [120°].  Pre- 
pared by  heating  ammonium  iso'caproate  at  230° 
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under  pressure ;  the  yield  is  63  p.c.  of  the  theo- 
retical (Hofmann,  B.  15,  983  ;  17, 1411). 

Nitrile  Pr.CH2.CHo.CN.  Isoamy I  cyanide. 
(155°)  (Wurtz,  A.  105,  296).  S.G.  2-°  -806.  V.D. 
3-34.  Formed  by  heating  isoamyl  oxalate, 
chloride,  or  iodide  with  KCy  (calcined  K4FeCy6) 
(Balard,  A.  Ch.  [3]  12,  294;  Franklanda.Kolbe, 

A.  65,    288 ;   Brazier  a.  Gossleth,  A.  75,  251 ; 
Medlock,  A.  69,  229  ;  Wurtz,  A.  105,  296).     So 
prepared  it  is  dextrorotatory  ;  [o]D  =  1'59,  and  is 
therefore  impure.     It  forms  the  following  com- 
pounds :    (C6HnN)2TiCl4.  —  (QlHuN)tSnO»t,  — 
C6HnNSbCl3. 

Hexoic  acid  C6HI202  i.e.  CHPrMe.CO-jH. 
Methyl-propyl-acetic  acid.  (194°  cor.).  S.G.  a-5 
•9231 ;  x-8  -9279  (Liebermann  a.  Scheibler,  B.  16, 
1823) ;  Jo5  -9286  (Liebermann  a.  Kleemann,  B. 
17,  918).  C.E.  -00075. 

Formation. — 1.  From  amylene  by  combina- 
tion with  HI,  treatment  of  the  product  with 
KCy  at  115°,  and  saponification  of  the  product 
(A.  Saytzeff,  B.  11, 511 ;  A.  193,  349).— 2.  By  oxi- 
dising PrCHMe.CH2OH  with  chromic  acid  mix- 
ture (Lieben  a.  Zeisel,  M.  4,  37).— 3.  By  reducing 
EtCHiCMe.COaH  with  HI  (L.  a.  Z.).— 4.  By  re- 
duction of  the  lactone  of  7-pxy-o-methyl- valeric 
acid  (caprolactone)  by  heating  with  HI  and  red 
phosphorus  at  200°  (L.  a.  S.). — 5.  By  the  action 
of  n-propyl  iodide  on  sodium  methyl-aceto-acetic 
ether  and  saponification  of  the  product  (L.  a. 
K. ;  E.  J.  Jones,  A.  226,  294).— 6.  From  iso- 
saccharin  by  reduction  with  HI  and  P  (Kiliani, 

B.  18,  632).— 7.  In  oil  of  resin,  obtained  by  the 
dry  distillation  of  colophony  (Kelbe  a.  Warth,  B. 
15,  308). 

Properties. — Inactive  liquid,  si.  sol.  water. 
Weak  acid.  FeCl3  gives,  in  a  solution  of  the 
ammonium  salt,  a  flesh-coloured  pp.  soluble  in 
excess  of  the  reagent  (S.). 

gaits. — CaA'2.  Prisms  (from  alcohol)  (S. ; 
L.  a.  Z.  obtained  CaA'2aq). — CaA'2aq:  small 
needles  (from  a  solution  saturated  at  50°)  (K. 
a.  W.).— CaA'22£aq:  long  needles.  S.  11'8  at 
17°;  7-6  at  100°.  —  CaA'2  3aq  (L.  a.  Z.).  — 
CaA'24aq  (L.  a.  Z.).— CaA'2  5aq  (L.  a.  Z.). 
— CaA'2  8aq :  silky  needles  (Kiliani).  S.  (of  CaA'2) 
32  at  18-5°  (A.  Saytzeff,  J.pr.  [2]  23,293).— BaA'2: 
gummy;  v.  sol.  water  (S.).—ZnA'2:  more  sol.  cold, 
than  hot,  water  (S.).  [72°]  (K.  a.  W.).— CuA'2: 
green  pp. — CuA'2Cu202 :  light  green  pp. — AgA' : 
slender  needles.  S.  '47  at  20°  ;  -9  at  100°  (S.). 

Ethyl  ether  EtA'.  (153°  i.V.).  S.G.  § 
•8816 ;  «  -8670  (A.  Saytzeff,  A.  193,  352). 

Hexyl  ether  C^H-^A.'.  (224°  cor.).  Formed 
in  the  oxidation  of  CMePrH.CH2OH  by  chromic 
acid  mixture  (L.  a.  Z.). 

^mideC5HuCONH2.  [95°].  Needles  (K.  a. 
W.).— (C^.CO.NH^g.  [c.  158°].  Needles. 

Hexoic  acid  C6H12O2  i.e.  CHPrMe.C02H. 
Methyl-isopropyl  acetic  acid.  (190°).  S.G.  ^ 
•928. 

Formation.  —  1.  From  CHPrMel  vid 
CHPrMeCN  (Markownikoff,  Z.  1866,  502).— 2. 
From  methyl-isopropyl-aceto-acetic  ether,  ob- 
tained by  treating  aceto-acetic  ether  successively 
with  NaOEt  and  PrI  followed  by  Mel ;  or  with 
Mel  followed  by  3?rl.  Neither  method  gives  a  good 
yield  (VanKomburgh,  R.  T.  C.  5,  228).— 4.  From 
malonic  ether  by  like  processes  (K.). 

Properties.—  Liquid,  smelling  like  its  isomer- 
ides. 


Salts. — CaA'2.  Less  sol.  hot,  than  cold, 
water.  S.  20  at  15°.  Slender  needles  (from  al- 
cohol).— AgA' :  needles  (from  water). 

Amide  C5Hn.CONH2.  [129°].  Sol.  water, 
alcohol,  ether,  and  benzene.  Easily  sublimed 
(E.). 

Hexoic  acid  C6Hi202  i.e.  CEtMe2.C02H.  Di- 
methyl-ethyl-acetic acid.  [-14°].  (186°).  Ob- 
tained from  the  corresponding  iodide  CEtMe2CH2I 
by  heating  with  potassio-mercuric  cyanide,  frac- 
tionally distilling  the  resulting  nitrile,  and  then 
heating  it  with  fuming  HC1  for  6  days  at  100°, 
and  then  for  2  days  at  120°  (Wischnegradsky,  B. 
7,  730  ;  A.  174,  56  ;  178,  103).  Formed  also  by 
reducing  methyl  ethyl  ketone  with  sodium  amal- 
gam and  oxidising  the  resulting  pinacolin  C8HltiO 
with  Cr03  (Lavrinovitch,  A.  185,  126). 

Salts. — BaA'25aq  :  large  transparent  plates 
(from  water) ;  v.  sol.  water. — ZnA'2:  white  pp. — 
AgA':  slender  needles  (from  hot  water). 

Chloride  CMe.Et.COCl.     (132°). 

Nitrile  CMe^t.CN.     (130°). 

Hexoic  acid  C6H1202  i.e.  CEt-JLCO.^.  Di- 
ethyl-acetic  acid.  (190°  i.V.)  (Saytzeff).  (191°) 
(Burton,  Am.  3,  393) ;  (196°)  (Schnapp,  A.  201, 
70).  S.G.  §  -936  ;  «  -920  (Saytzeff)  ;  £|  -945 
(Schnapp). 

Formation. — 1.  From  oxy-hexoic  ether  (di- 
ethyl-oxalic  ether)  CEt2(OH).C02Et  by  treatment 
with  PC15  which  gives  CEt2Cl.C02Et,  which  is 
then  reduced  by  sodium  amalgam  (Markowni- 
koff, B.  6,  1175).  The  same  chloro-hexoic  ether 
is  resolved  by  distillation  into  HC1  and  hexenoic 
ether,  which  may  be  reduced  in  like  manner  by 
sodium-amalgam. — 2.  From  di-ethyl-aceto-acetic 
ether  (Frankland  a.  Duppa,  A.  138,  218).— 3.  By 
passing  CO  over  a  mixture  of  NaOEt  and  NaOAc 
heated  to  205°  (Frohlich,  A.  202,  308).— 4.  To- 
gether with  aldehyde,  by  distilling  j8-oxy-di-a- 
ethyl-butyric  acid  CH3.CH(OH).CEt2.C02H 
(Schnapp,  A.  201,  70),  or  by  treating  the  same 
acid  with  PC15  followed  by  water  (Burton).  Also 
from  the  same  acid  and  HI  (B.). — 5.  From  CHEt2I 
vid  thecyanide  (A.  Saytzeff,  4. 193,349).— 6.From 
di-ethyl-malonic  ether  (Conrad,  A.  204,  141).— 
7.  From  ethyl-crotonic  acid  CH2:CH.CEtH.C02H 
by  combining  with  HBr  and  reducing  the  result- 
ing bromo-hexoic  acid  (Howe  a.  Fittig,  A.  200, 
24;  A.  Saytzeff,  J.pr.  [2]  23,  288). 

Properties. — Liquid;  not  solidified  at  —15°. 

Salts.— CaA'2.  S.  25  at  23°.  Gummy  (from 
water)  or  twin-crystals  (from  alcohol).— CaA'2aq : 
laminte.  S.  (of  CaA'2)  33  at  18-5°  (H.  a.  F.) ;  30 
at  -7°  (Keppich,  M.  9,  589).  On  evaporating  the 
solution  a  thin  crust  forms  which  dissolves  again 
on  cooling.  Crystals  may  be  obtained  by  stirring 
during  evaporation. — BaA'22aq. — ZnA'2:  less  sol. 
hot  than  cold  water.— AgA'.  S.  '4  at  -7°  (Keppich) ; 
•5  at  20° ;  -75  at  100°. 

Ethyl  ether  EtA'.  (151°).  S.G.  g  -883 ; 
^  -869  (Saytzeff). 

Hexoic  acid  CtiH1202  i.e.  CHEtMe.CH2.CO,H. 
0-Methyl-P-ethyl-propionic  acid,  (c.  197°).  S.G. 
^•930.  [a]D  =  8'92°.  Formed  by  oxidising  active 
hexyl  alcohol  by  K.,Cr207  and  H2S04  (Van  Bom- 
burgh,  R.  T.  C.  5,  222). 

Salts. —  CaA'23aq:  tufts  of  small  needles 
(from  water). — AgA' :  needles  (from  hot  solu- 
tions). 

Hexyl   ether  CtiH13A'.      (233°).      S.G.  i* 
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•867.    [o]D  =  12-86°.    Formed  in  the  oxidation  of 
the  alcohol. 

Oroide  C5HnCONH2.     [124°]. 

References. — AMIDO-,  BROMO-,    and  CHLORO- 

HEXOIC  ACIDS. 

n-HEXOIC  ALDEHYDE  C6H120  i.e. 
Pr.CH2.CH2.CHO.  n-Caproic  aldehyde.  Mol. 
w.  100.  (128°  cor.).  S.G.  2  '850;  22  -834. 
Formed  by  distilling  calcium  caproate  (10  pts.) 
with  calcium  formate  (7£  pts.)  (Lieben  a.  Janecek, 
A.  187,  130 ;  C.  J.  32,  879).  Limpid  liquid, 
smelling  like  aldehyde.  Forms  a  crystalline 
compound  with  NaHS03.  Is  readily  oxidised 
and  readily  polymerised. 

Hexoic  aldehyde  Pr.CH2.CH2.CHO.  Iso- 
caproic  aldehyde.  (121°).  Formed  by  distilling 
sodium  formate  with  sodium  isohexoate  (Kossi, 
A.  133,  178).  Liquid  with  pungent  odour,  si.  sol. 
water,  miscible  with  alcohol  and  ether.  Eeduces 
ammoniacal  AgN03.  Gives  on  oxidation  iso- 
hexoic  (isobutyl-acetic)  acid.  Keduced  by 
sodium-amalgam  to  hexyl  alcohol  (150°).  Com- 
bines with  NaHS03. 

Hexoic  aldehyde  C6HI20  i.e.  Pr.CHMe.CHO. 
(116°  cor.).  From  Et.CH:CMe.CHO,  iron,  and 
dilute  HOAc  by  standing  in  the  cold  for  a  month 
(Lieben  a.  Zeisel,  M.  4,  23).  Combines  with 
NaHS03.  Gives  Pr.CHMe.C02H  on  oxidation. 

Reference. — TRI-CHLORO- andDi-BROMO-HEXOic 

ALDEHYDE. 

HEXONENE  C6H8.  (80°-85°).  S.G.  -80. 
Among  the  products  deposited  on  compressing 
the  gas  obtained  by  heating  oils  (Couerbe,  J.  pr. 
18,  165).  The  same  hydrocarbon  (85-5°)  occurs 
in  petroleum  from  Amiano  (Dumas,  A.  6,  257). 

Isomeride :  DIALLYLENE  (q.  v.).  V.  also 
BROMO-HEXONENE. 

HEXONITBILE  v.  Nitrile  of  HEXOIC  ACID. 

HEXONYL  BROMIDE  C6H7Br.  Bromo-di- 
allylene.  (150°).  From  di-bromo-diallyl  and  KOH 
(Henry,  B.  14,  400).  Liquid,  heavier  than 
water.  Combines  with  bromine.  Ppts.  ammo- 
niacal AgNO3  and  Cu2Cl2. 

HEXUNENE  C6H6.  [64°].  (130°).  V.D.  2-81. 
Formed  by  distilling  cuprous  acetylide  with  an 
alkaline  solution  of  K2FeCy6  (Griner,  C.  R.  105, 
283).  In  presence  of  CS2  it  combines  with 
bromine  forming  crystalline  C6H6Br4  [44°].  It 
does  not  ppt.  ammoniacal  cuprous  chloride. 

Isomerides.    BENZENE  and  DIPROPARGYL. 

DI-HEXYL  v.  DODECANE. 

HEXYL  ACETATE  v.  Acetyl  derivative  of 
HEXYL  ALCOHOL. 

HEXYL  ACETYLENE  v.  OCTINENE. 

n-HEXYL  ALCOHOL  C6H140  i.e. 
Pr.CH2.CH2.CH2OH.  Mol.  w.  102.  (157°  cor.). 
S.G.  2  -832.  C.E.  (0°-10°)  -00087.  S.V.  146-2 
(Zander,  A.  224,  82).  Occurs  in  fusel  oil  from 
brandy  (Faget,  A.8S,  325)  to  the  amount  of  -6  p.c. 
(OrdonneaUj  C.  R.  102,  219).  n-Hexyl  acetate 
and  butyrate  occur  in  the  essential  oil  of  Hera- 
cleum  (Franchimont  a.  Zincke,  B.  4,  822  ;  A.  163, 
193  ;  Moslinger,  A.  185, 41).  Perhaps  the  hexyl 
alcohol  in  these  cases  is  Pr.CH2.CH2.CH2OH. 

Formation. — 1.  Through  the  acetate,  from 
n-hexyl  chloride  which  is  formed,  together  with 
sec-hexyl  chloride,  by  chlorinating  hexane 
(Cahours  a.  Pelouze,  C.  R.  54, 1245 ;  Schorlemmer, 
A.  161,  271). — 2.  By  reducing  the  corresponding 
aldehyde  with  sodium-amalgam  (Lieben  a.  Eossi, 
A.  133,  178  ;  Lieben  a.  Janecek,  A.  187,  126). 


Formyl  derivative  C^OCHO.  (146°). 
S.G.  II  -8495.  Smells  like  apples. 

Acetyl  derivative  C6H)3OAc.  (170°  i.V.). 
S.G.  !^  -889  (F.  a.  Z.) ;  §  -8902.  C.E.  (0°-10°). 
•00100.  S.V.  197-7  (Gartenmeister). 

Benzoyl  derivative  C6H13OBz.  (272°). 
S.G.  il  -998.  Oil,  smelling  like  apples  (Frentzel, 

B.  16,  745). 

Hexoyl  derivative  C6H13O.CO.C5Hn. 
(246°).  S.G. 17-5  -865. 

Ethyl  ether  CttH13OEt.    (134°-137°). 

Isohexyl  alcohol  Pr.CH2.CH,.CH,OH.  (150°). 
Formed  by  reducing  the  corresponding  aldehyde 
with  sodium  amalgam  (Kossi,  A.  133,  180). 

Hexyl  alcohol  CH3.CH2.CHMe.CH2.CH2OH. 
^-Ethyl-butyl  alcohol.  (154°  cor.).  S.G.  ^ 
•829.  [o]D  =  8-2°.  Obtained  among  the  products 
of  saponification  of  Eoman  oil  of  chamomile 
(Van  Eomburgh,  R.  T.  C.  5,  220).  Gives  on 
saponification  a  dextrorotatory  hexoic  acid  and 
a  hexyl  hexoate  (234°),  S.G.  i*  -867,  [o]D  =  12-86 
at  19°. 

Hexyl  alcohol  CH3.CH2.CH2.CHMe.CH2OH. 
a-Propyl-propyl  alcohol.  (147°).  S.G.  g  -8375. 
One  of  the  products  of  the  reduction  of 
CHEt:CMe.CHO,  and  separated  from  the  ac- 
companying CHEt:CMe.CH2OH  by  treatment 
with  bromine  and  water,  whereby  the  latter  is 
changed  to  CHEt(OH).CMe(OH).CH2OH  (Lieben 
a.  Zeisel,  M.  4,  28).  Optically  inactive  liquid. 
j  On  oxidation  with  chromic  acid  mixture  it  yields 
CH^t.CHMe.CO-jH  and  methyl  propyl  ketone. 

Acetyl  derivative  C6H13OAc.  (162° cor.). 
S.G.  ff  -8717. 

Hexyl  alcohol  Pr.CHMe.CH2OH  (?).  (153° 
i.V.).  S.G.  is  -830.  Occurs  as  angelate  and  tig- 
late  in  Eoman  oil  of  chamomile  (Kobig,  A.  195, 
102).  Formed  also  from  3?r.Pr  by  chlorination, 
&o.  (Silva,  B.  6, 147). 

Acetyl  derivative  C6H,3OAc.  (155°-160°). 

fitec-hexyl  alcohol 

CH3.CH2.CHo.CH2.CHMe.OH.  Methyl-butyl-car- 
binol.  (&)-Hexyl  alcohol.  (137°)  (E.  a.  W.) ; 
(141°)  (S.).  S.G.  2  -833 ;  is  -821. 

Formation. — 1.  By  digesting  (jS)-hexyl  iodide 
with  water  and  Ag20  (Wanklyn  a.  Eiienmeyer, 

C.  J.  16,  221 ;  Hecht,  A.  165,  146),  or  with  a 
large  excess  of  boiling  water  (Niederist,  A.  196, 
351). —  2.  From  the  corresponding  chloride  which 
is  formed  together  with  n-hexyl  chloride  by 
chlorinating  w-hexane  (Schorlemmer, -A.  161, 
272). — 3.  From  the  mixture  of  chlorides  obtained 
from  n-hexane  by  conversion  into  hexylene  and 
treatment  with  HC1  (Morgan,  A.  177,  307).— 4. 
By  converting  ()8)  -hexyl  iodide  into  hexylene, 
treating  the  product  with  H2S04and  distilling  the 
resulting  C6H,3O.S03H  with  water  (W.a.E.). — 5. 
Formed  also  by  treating  hexylene  from  mannite 
with  HOC1  and  reducing  the  product  with  iron 
filings  and  acetic  acid  (Domac,  M.  2,  320 ;  A. 
213,  124). 

Properties.  —  Thick  liquid  with  pleasant 
odour,  very  unlike  that  of  isoamyl  alcohol. 
Chromic  acid  mixture  oxidises  it  to  an  aldehyde, 
and  afterwards  to  butyric  and  acetic  acids. 

Acetyl  derivative  C6H13OAc.  (156° cor.). 
S.G.  2  -878. 

Ethyl  ether  C6H13OEt.  (133°).  S.G.  12 
•776. 
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alcohol 

CH3.CH.,.CHMe.CHMe.OH.  Methyl- sec-butyl- 
carbinol.  (134°  i.V.).  S.G.  \8  -8307.  Formed 
by  reducing  methyl  sec-butyl  ketone  dissolved  in 
wet  ether  by  sodium.  A  pinacone  C12H26O2 
(249°)  is  also  formed,  and  this,  when  warmed 
with  dilute  H2S04  gives  two  pinacolines  C12H210 
(Wislicenus,  A.  219,  319).  Colourless  oil. 

Sec-hexyl  alcohol 

CH3.CH2.CH(OH).CH2.CH2.CH3.  Ethyl-propyl- 
carbinol.  (135°  cor.).  S.G.  s.  -834;  22  '819. 
Formed  by  reducing  ethyl  propyl  ketone  by 
sodium-amalgam  (Volker,  B.  8,  1019  ;  Oechsner 
de  Coninck,  Bl.  [2]  25,  7  ;  B.  9,  193).  Gives  on 
oxidation  ethyl  propyl  ketone  and  propionic 
acid. 

Acetyl  derivative  C6H]3OAc.    (150°). 

Hexyl  alcohol  C6H,40.  (138°).  From  di- 
chloro-di-ethyl  oxide  CH2Cl.CHC1.0Et  by  treat- 
ment with  ZnEt2  and  treatment  of  the  resulting 
CH2Et.CHEt.OEt  with  HI,  KOAc,  and  KOH 
successively  (Lieben,  A.  178,  22).  Gives  acetic 
and  butyric  acids  on  oxidation,  and  would  there- 
fore appear  to  be  identical  with  methyl-butyl- 
carbinol. 

Ethyl  ether  C6H13OEt.  (131°).  S.G.  2 
•787  ;  22  -770. 

Sec-hexyl  alcohol  (CH3)3.C.CHMe.OH. 
Methyl-tert-butyl-carbinol.  [4°].  (120-5°).  S.G. 
-  *635.  Formed  by  reducing  the  corresponding 
ketone  (pinacolin)  with  sodium-amalgam  (Friedel 
a.  Silva,  C.  R.  76,  226).  Liquid  smelling  like 
camphor,  solidifying  in  a  freezing-mixture  to  a 
mass  of  long  silky  needles.  Oxidised  by  chromic 
mixture  to  pinacolin  and  tri-methyl-acetic 
acid. 

Acetyl  derivative  C6H,3OAc.  (c.  142°). 

2VMiexyl  alcohol  CMeEt2OH.  Methyl-di- 
ethyl-carbinol.  (123°).  S.G.  25°  -8237  ;  f  '8194 ; 
f  -8104. 

Formation. — 1.  By  treating  acetyl  chloride 
with  ZnEtj,  leaving  the  product  for  two  days 
until  it  has  become  viscid ;  then  heating  to  100° 
and  mixing  with  water  (Butlerow,  Bl.  [2]  5,  17). 
2.  Together  with  hexylene,  hexane,  and  other 
products  by  treating  CH3.CHI.CHMeEt  dissolved 
in  alcohol  with  HO  Ac  and  zinc  (Wislicenus,  A. 
219,  315).— 3.  From  the  corresponding  iodide 
CMeEt2I  and  cold  very  dilute  KOHAq  (W.).— 4. 
By  acting  on  di-ethyl  ketone  (1  mol.)  with  Mel 
(3  mols.)  and  zinc,  followed  by  water  (Eefor- 
matsky,  J.  pr.  [2]  36,  340).  Colourless  mobile 
liquid,  smelling  like  ter£-butyl  alcohol.  Chromic 
acid  mixture  oxidises  it  to  acetic  acid  only. 

Acetyl  derivative  CMeEt2.COAc.  (148° 
cor.).  S.G.  *£  -8824  ;  f  -8772  ;  f  -8679. 

Teri-hexyl  alcohol  CMe2Pr.OH.  Di-methyl- 
projnjl  carbinol.  (115°)  (B.) ;  (123°)  (J.).  Formed 
by  treating  butyryl  chloride  with  ZnMe2  followed 
by  water  (Butlerow,  Z.  1865,  617 ;  Jawein,  A. 
195,  254).  Eather  viscid  liquid,  lighter  than 
water,  and  somewhat  soluble  therein.  Does  not 
solidify  at  —  38°.  Gives  on  oxidation  acetic  and 
propionic  acids. 

TerMiexyl  alcohol  CMe2PrOH.  Di-methyl- 
isopropyl-carbinol.  (113°)  (P.) ;  (117°)  (Pavloff, 
A.  196,  123) ;  (119°)  (K.).  S.G.  2  -836  ;  12  -823 
(P.) ;  ^  -837  (K.).  C.E.  (0°-50°)  -00099. 

Formation. — 1.  By  treating  isobutyryl  chlor- 
ide with  ZnMe2  followed  by  water  (Prianisch- 
nikoff,  BL  [2]  16,  303).— 2.  From  o-bromo-pro- 


pionyl  bromide  by  successive  treatment  with 
ZnMe2  and  water  (Kaschirski,  C.C.  1881, 278). — 
3.  By  acting  on  ZnMe2  (5  pts.)  with  chloral  (2 
pts.)  (Eizza,  Bl.  [2]  38,  164).— 4.  From  ZnMe2 
and  di-chloro-acetyl  chloride,  the  yield  being 
6  p.c.  (Bogomoletz,  Bl.  [2]  34,330). 

Properties. — Liquid,  smelling  of  camphor, 
solidifying  at  — 14°.  On  oxidation  with  chromic 
acid  mixture  it  gives  acetone  and  acetic  acid. 

References.  —  BEOMO-  and  CHLORO-HEXYL- 
ALCOHOL. 

(n)  -HEXYL-  AMINE 

CH3.CH2.CH2.CH2.CH,.CH2.NH2.  (129°).  S.G. 
11  -77.  Occurs  in  cod-liver  oil  (Gautier  a. 
Mourgues,  C.  R.  107,  254).  Obtained  from 
w-hexyl  chloride  (derived  from  w-hexane  in 
petroleum)  and  NH3  (Pelouze  a.  Cahours,  A.  Ch. 
M  1,  5). 

Preparation. — A  mixture  of  equal  mols.  of 
the  amide  of  hexoic  acid  and  bromine  is  run  into 
an  excess  of  a  10  p.c.  solution  of  KOH  at  60°  ; 
the  yield  is  70  p.c.  (Hofmann,  B.  15,  771; 
Frentzel,  B.  16,  744).— B'HCl :  laminse. — 
B'2H2PtCl6:  scales. 

Isohexyl-amine  Pr.CH2.CH2.CH2NH2.  From 
isohexyl  iodide  and  alcoholic  NH3  (Eossi,  A. 
133,  181).— B'2H2PtCl6 :  scales. 

(0)  -  Hexylamine  Pr.CH2.CHMe.CH2NH2. 
(116°  i.V.).  S.G.  -76.  Formed,  together  with 
hexylene,  by  heating  (0)-hexyl  iodide  with  NH3 
(Uppenkamp,  B.  8,  56  ;  Jahn,  B.  15,  1292 ;  M. 
3,  170).— B'2H2PtCl6 :  golden  plates. 

Tertf-hexylamine  CMeEt2NH2.  (109°).  From 
the  carbamine  CMeEt2NC  and  HClAq  (Schdanoff , 
A.  185,  123). 

Di-w-hexyl-amine  (CaH,3)2NH.  (190°-195°). 
From  alcoholic  NH3  and  w-hexyl  chloride 
derived  from  w-hexane  of  petroleum  (P.  a.  C.). 

Tri-w-hexyl-amine  (CtiH13)3N.    (260°).   From 
n-hexyl  chloride  and  alcoholic  NH3  (P.  a.  C.). 
Formed  also  by  distilling  with  lime  the  com- 
pound of  heptoic  aldehyde  (oenanthol)  with  NH3 
and  S02  (Petersen,  A.  101,  310;   102,  312).— 
B'HCl.— B'2H2PtCl6 :  glittering  laminse. 
Ethylo-iodide  (CdH13)3NEtI :  liquid. 
HEXYL-BENZENE 

Ph.CH2.CH2.CH2CH(CH3)2.  Capryl-benzene. 
(212°-213°)  at  733  mm.  S.G.  is  -857.  From 
benzyl  bromide,  iso-amyl  bromide,  benzene,  and 
sodium  (Schramm,  A.  218,  391 ;  cf.  Aronheim, 
A.  171,  223). 

Reaction. — Bromine  vapour  at  150°  forms 
PhCHBr.CH2.CH.,.CH(CH3)2,  which,  on  distilla- 
tion, gives  HBr  and  phenyl-hexylene,  whose  di- 
bromide  Ph.CHBr.CHBr.CH2.CHMe2  forms 
needles  or  plates  [79°-80°]. 

Reference. — DI-BBOMO-HEXYL-BENZENE. 
n-HEXYL  BROMIDE  C6H13Br.     (156°  cor.). 
S.G.  2  1-194 ;  22  1-173.     From  w-hexyl  alcohol 
and  HBr  (Lieben  a.  Janecek,  A.  187,  137). 

Hexyl  bromide  Pr.CHMe.CH2Br.  (c.  144° 
cor.).  From  the  corresponding  alcohol  and  cone. 
HBrAq  at  130°  (Lieben  a.  Zeisel,  M.  4,  33). 
Converted  by  water  (30  pts.)  at  150°  into 
hexylene. 

Sec-hexyl  bromide  Pr.CH2.CHMeBr.  [144°]. 
From  boiling  w-hexane  and  bromine  (Schor- 
lemmer,  A.  188,  250). 

HEXYL  -  CHLORAL    v.    TBI-CHLOBO-HEXOIC 

ALDEHYDE. 
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w-HEXYL  CHLORIDE  CgH^Cl  i.e. 
Pr.CH2.CH2.CH2CL  Chloro-hexane.  (133°) 
(Lieben  a.  Janecek,  A.  187, 139  ;  Frentzel,  B.  16, 
745).  Formed,  together  with  (;8)-hexyl  chloride, 
by  chlorinating  w-hexane  (Cahours,  C.  R.  10, 
1241). 

Sec-hexyl  chloride 

CH3.CHC1.CH2.CH2.CH2.CH3.  (ft) -Hexy  I  chloride. 
(125°).  From  cold  fuming  HC1  and  hexylene, 
derived  from  n-hexane  (got  from  mannite)  by 
chlorination  and  subsequent  treatment  with 
alcoholic  potash  (C.  Schorlemmer,  Pr.  29,  365  ; 
T.  171,  452;  Domac,  M.  2,  313).  Formed  also, 
together  with  n-hexyl  chloride,  by  chlorinating 
n-hexane  (Schorlemmer,  A.  161,  272),  and  by 
saturating  (£) -hexyl  alcohol  with  HC1  and  heat- 
ing in  a  sealed  tube  at  100°  (Erlenmeyer  a. 
Wanklyn,  C.  J.  17,  190).  With  Pb(OAc)2  and 
glacial  acetic  acid  at  125°  it  forms  hexyl  acetate 
C6H13OAc.  If  this  is  ppd.  by  water  and  saponi- 
fied by  strong  potash  an  alcohol  or  mixture  of 
alcohols  (130°-140°)  is  got.  This  alcohol  gives 
on  oxidation  acetic  and  butyric,  but  no  propionic 
acid. 

Hexyl  chloride  ¥r.CHMe.CH2Cl.  (124').  A 
product  of  the  chlorination  of  Pr.Pr  (Silva,  Bl. 
[2]  6,  36 ;  7,  953). 

Sec-hexyl  chloride  C6H13C1.  (117°).  Formed 
by  passing  HC1  through  a  mixture  of  cone. 
HClAq  and  the  mixed  hexylenes  obtained 
by  the  action  of  alcoholic  KOH  upon  the  mix- 
ture of  hexyl  chlorides  got  by  chlorinated  n- 
hexane  (Morgan,  C.  J.  28,  301).  The  same 
hexyl  chloride  is  probably  also  got  from  the 
hexylene  found  among  the  products  of  the  dis- 
tillation of  glycerin  with  NaOH  (Fernbach,  Bl. 
[2]  34,  146).  The  corresponding  alcohol  boils  at 
125°-129°,  and  gives  on  oxidation  a  ketone 
(c.  123°). 

Sec-hexyl  chloride  CfiH13Cl.  (123°).  Ob- 
tained by  heating  with  HClAq  for  10  hours  at 
135°  the  hexylene  left  uncombined  in  preparing 
the  preceding  hexyl  chloride  (M.).  Probably 
identical  with  (£)-hexyl  chloride.  When  heated 
with  Pb(OAc)2  and  HOAc  at  120°  it  gives  a 
hexyl  acetate  which,  on  saponification,  yields  a 
hexyl  alcohol  (132°-137°),  which  is  oxidised  by 
chromic  acid  mixture,  even  in  the  cold,  to  a 
ketone  (125°). 

Sec-hexyl  chloride  CMe3.CHMe.Cl.  (114°). 
S.G.  2  -899;  M  -875.  From  the  corresponding 
alcohol  and  HC1  (Friedel  a.  Silva,  Bl.  [2]  19, 
289). 

Tertf-hexyl  chloride  CMe2PrCl.  (100°). 
From  the  alcohol  and  PC15  (Butlerow,  J.  1864, 
497).  Partially  decomposed  on  distillation. 

TerJ-hexyl  chloride  CMe2PrCL  [-2°].  (111°). 
S.G.  fi  -897  ;  &  '878.  From  CMe.,:CMe2  and  HC1 
(Pawloff,  A.  196,  124  ;  Kaschirski,  C.  C.  1881, 
278).  Also  from  PrPr  and  Cl  (Silva). 

Tert-hexyl  chloride  CMeEt2Cl.  (110°). 
From  the  alcohol  and  PC15  (Butlerow). 

Hexyl  chloride  C6H13C1.  (122°).  S.G.  ^ 
•8943.  From  di-isopropyl  (hexane)  PrPr  and 
chlorine  (Schorlemmer,  A  144, 184).  Silva  (Bl. 
[2]  6,  36 ;  7,  953)  obtained,  however,  CMe2PrCl 
(118°)  and  Pr.CEMe.CH2Cl  (124°). 

HEXYL-CYANIC  ACID  v.  CYANIC  ACID. 

rc-HEXYLENE  C6H12  i.e. 
CH3.CH2.CH2.CH2.CH:CH2.    Butyl-ethylene. 
(a)-Hexylene.    Mol.  w.  84.    (69°).    From  n-hexyl 


chloride  and  alcoholic  KOH  (Morgan,  A.  177, 
305 ;  Schorlemmer,  A.  199,  141).  The  same 
hexylene  is  perhaps  formed  by  treating  the  di- 
hydro-di -iodide  with  sodium.  It  boils  at  69°, 
and  has  S.G.  s  -694  (Wurtz,  A.  Ch.  [4]  3,  129). 
GrevUle  Williams  (T.  1847  ;  A.  108,  384)  found 
a  hexylene  boiling  at  71°  among  the  products  of 
the  distillation  of  Boghead  coal.  Thorpe  and 
Young  (A.  165,  8)  obtained  a  hexylene  boiling 
about  65°  to  70°  from  strongly  heated  paraffin. 
w-Hexylene  is  among  the  products  of  the  manu- 
facture of  oil  gas  (Armstrong,  C.  J.  49,  74). 

Properties.— n-Hexylene  does  not  combine 
with  fuming  HC1  in  the  cold ;  but  at  100°  it 
forms  hexyl  chloride  (123°).  With  bromide  of 
nitrogen  it  forms  a  heavy  oil  (A.  K.  Miller,  C.  J. 
Proc.  3,  110). 

(0)-Hexylene  CH3.CH2.CH2.CH:CH.CH3. 
(69°)  (W.  a.  E.>;  (67°)  at  738  mm.  (Hecht  a. 
Strauss,  A.  172,  62).  S.G.  a  -700.  V.D.  2-92 
(calc.  2-90).  Obtained,  apparently  in  the  pure 
state,  from  the  n-hexane  derived  from  mannite 
by  chlorinating  and  heating  the  resulting  mix- 
ture of  hexyl  chlorides  (121°-134°)  with  alcoholic 
KOH  at  100°  (Schorlemmer,  Pr.  29,  365). 
Formed  also  by  treating  (]8) -hexyl  iodide  with 
alcoholic  KOH  at  100°  (Erlenmeyer  a.  Wanklyn, 
A.  135,  141 ;  cf.  Hecht,  B.  11,  1050),  and,  to- 
gether with  the  preceding,  from  the  n-hexane  of 
petroleum  by  chlorination,  followed  by  treatment 
with  alcoholic  KOH  (Morgan,  A.  177, 305  ;  C.  J. 
28,  301).  Also  from  (ft)  -hexyl  iodide  and  ZnMe2 
at  125°  (Purdie,  C.  J.  39,  465). 

Reactions. — 1.  Combines  with  cold  fuming 
HClAq  ;  the  combination  being  complete  in  the 
course  of  a  few  weeks,  the  product  being 
CH3.CH2.CH0.CH2.CHC1.CH3  (125°)  (Schorlem- 
mer).—2.  HI  forms  ()3) -hexyl  iodide  (168°).— 
3.  Chromic  acid  mixture  oxidises  it  to  w-butyric 
and  acetic  acids. — 4.  C102  gas  (from  KC103 
(2  pts.),  H2C204  2aq  (1  pt.),  H2S04  (1  pt.),  and 
H20  (2  pts.))  forms  acetic  and  butyric  acid,  and 
a  body  that  can  be  reduced  by  nascent  hydrogen 
to  secondary  hexyl  alcohol  (Domac,  A.  213,  124). 
5.  HC10  gives  C6H]2C1(OH)  (140°)  (Domac,  M. 
2,  309).— 6.  H2S04  (3  pts.),  diluted  with  water 
(1  pt.),  dissolves  (£) -hexylene,  and  on  adding 
water  (ft)  -hexyl  alcohol  is  ppd. 

Hexylene  CMe2:CMe2.  Tetra-methyl-ethylene. 
(73°).  S.G.  2  -712.  Formed  by  the  action  of 
alcoholic  KOH  on  CMe.,PrI  (Jawein,  A.  195,  253  ; 
Pawloff,  A.  196,  124;~Kizza,  J.  R.  1882,  99; 
C.  J.  42,  491).  Formed  also,  together  with  a 
heptylene,  by  heating  CMe2:CHMe  with  PbO 
and  Mel  for  eight  hours  at  225°  (Eltekoff,  J.  R. 
14,  380).  Forms  a  dibromide  C6HI2Br2  [169°]. 
A  10  p.c.  solution  of  Cr03  completely  oxidises 
tetra-methyl-ethylene  to  acetone.  Butlerow  (J". 
R.  11,  219)  also  obtained  tri-methyl-acetic 
acid  by  oxidation.  H2S04  (2  vols.),  mixed  with 
water  (1  vol.),  polymerises  it  to  C12H24  at  60°. 

Hexylene  CMe3.CH:CH2.  (70°).  From  pina- 
colin  iodide  by  distillation  with  water  (Friedel 
a.  Silva,  C.  R.  76,  226).  Forms  a  crystalline  di- 
bromide. 

Hexylene  CHMe:CMeEt.  (70°).  S.G.  2 
•712  ;  ^  -698.  C.E.  -00116.  From  CMeEt.,1  and 
alcoholic  KOH  (Tschaikowsky,  J.  1872,  350; 
Jawein,  A.  195,  255).  It  is  also  aproduct  of  the 
action  of  zinc  and  glacial  acetic  acid  on 
CH3.CH2.CHMe.CHMeI  (Wislicenus,  A.  219, 
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313).  Combines  with  HI  forming  CMeEtJ. 
Chromic  acid  oxidises  it  with  difficulty  forming 
acetic  acid  and  a  small  quantity  of  a  ketone. 
By  agitating  the  hexylene  (1  vol.)  with  (2  vols. 
of)  a  mixture  of  H2S04  (2  pts.)  and  water  (1  pt.) 
at  0°  until  it  is  dissolved,  and  subsequently 
exposing  the  solution  to  the  air,  there  is  formed 
an  oily  dodecylene  C,,H24  (196°-199°) ;  S.G.  £ 
•809  ;  J-9  -798.  C.E.  -00080. 

Hexylene  CHEt:CMe2.  (66°).  S.G.  fi  -702; 
12  -687.  C.E.  -00117.  From  CMe2PrI  and  al- 
coholic KOH  (Jawein,  A.  195,  255).  Chromic 
acid  oxidises  it  to  acetic  and  propionic  acids 
and  acetone.  Polymerised  in  the  same  manner 
as  the  preceding  body,  forming  a  dodecylene 
C,,H,4  (195°).  S.G.  s  -795;  ifi  -786.  C.E. 
•00065. 

Hexylene  C6H12.  (60°-70°).  Obtained  by  dis- 
tilling fusel  oil  with  ZnCl2  (Wurtz,  A.  128, 228). 
Forms  a  dibromide  C6H,2Br2  (190°-200°). 

Hexylene  CJK}V  (65°).  S.G.  fi  -694.  Ob- 
tained by  distilling  the  lime-soap  obtained 
from  whale  oil  (Warren  a.  Storer,  Z.  1868,  228). 

Hexylene  C6H12.     (67°-70°).    In  oil  of  resin 


(Kenard,  A.  Ch.  [6]  1,  227). 

Hexylene  C6H12.     (70°-80U).     Dipn 
From  propylene  bromide,  zinc,  and  HO  Ac  (Pru- 


?0°-80°).     Dipropylene. 


nier,  C.  E.  76,  98). 

References. — BBOMO-   and  DI-CHLOEO -HEXYL- 
ENE. 

Di-hexylene-?;.  DODECYLENE. 

HEXYLENE  ALCOHOL  <o.  DI-OXY-HEXANE. 

HEXYLENE    CHLOEHYDEIN   v.    CHLORO- 

HEXYL  ALCOHOL. 

HEXYLENE  GLYCOL  v.  DI-OXY-HEXANE  and 

PlNACONE. 

HEXYLENE  IODIDE  v.  DI-IODO-HEXANE. 
HEXYLENE  OXIDE  C6H10O  i.e. 


.     (96°).    Formed  from  CMe2:CMe2 

by  conversion  into  CMe2Cl.CMe2OH  [55°]  and 
treatment  of  this  chloro-hexyl  alcohol  with  KOH 
(Eltekoff,  Bl.  [2]  40,  23;  J.  JR.  1882,  355). 
Combines  with  water  with  evolution  of  heat,  the 
product  being  pinacone. 

Hexylene  oxide  C,;H,00  i.e. 

0<£™f>.     (110°).     S.G.   il§  -8236.     From 

()8)-hexylene  Pr.CH:CHMe,  by  successive  treat- 
ment with  C10H  and  cone.  KOHAq  (Elte- 
koff, Bl.  [2]  40,  23 ;  Henry,  A.  Ch.  [5]  29, 
553).  Liquid.  Does  not  combine  with  cold 
water,  but  at  100°  it  forms  di-oxy-hexane 
PrCH(OH).CH(OH)Me.  A  mixture  of  H2S04 
and  HN03  forms  the  nitrate  C,H12(N03)2. 
Hexylene  oxide  C6H100  i.e. 

C\s  J.".V-'Jl.2Xv    o        /QQO\          Cl  /~1       0     .00*7          O       rr 

\,CHMe  CH  r  *  '*  ^•'Jr'  ~  ooi.  o.  / 
in  the  cold. 

Formation. — 1.  Together  with  hexenyl  alco- 
hol, by  the  action  of  Ag00  on  the  di-iodo-hydride 
of  diallyl  (di-iodo-hexane)  (Wurtz,  A.  Ch.  [4]  3, 
175).— 2.  By  treating  diallyl  with  H2S04  and 
distilling  with  water  (Jekyll,  Z.  1871,  36). 

Properties.— Liquid,  does  not  react  with 
NaHS03,  hydroxylamine,  ammoniacal  AgN03, 
cold  HClAq,  or  water  at  170°.  Does  not  ppt.  a 
solution  of  MgCl2.  Sodium-amalgam  does  not 
reduce  it. 

Reactions.— l.HClAqat  150°  forms  a  chloro- 
hexyl  alcohol  (170°-180°)  (Behal,  Bl.  [2]  48,  43  ; 


A.  Ch.  [6]  16,  200)  and,  finally,  di-chloro-hexane. 

2.  Fuming  HIAq  at  100°  forms  sec-hexyl  iodide. 

3.  Chromic  acid  mixture  oxidises  it  to  CO2  and 
acetic  acid.  —  4.   Excess   of   bromine  forms   di- 
bromo-hexane  and  an  aldehyde. 


Hexylene-5-oxide 

(104°  at  720  mm.).  S.G.  *  -8739.  Very  mobile 
colourless  liquid  of  strong  ethereal  smell.  V. 
sol.  alcohol  and  ether,  si.  sol.  water.  Volatile 
with  steam.  Prepared  by  heating  the  glycol  with 
3  pts.  of  H2S04  (65  p.c.)  at  100°.  It  is  not 
affected  by  heating  with  water  or  with  aqueous 
or  alcoholic  NH3  even  at  200°.  By  boiling  with 
dilute  HC1  it  is  converted  into  the  chlorhydrin 
(Lipp,B.18,  3283). 

Hexylene  oxide 

From  Pr.CH2.CH(OH).CH(OH)  by  conversion 
into  the  chlorhydrin  (chloro-hexyl  alcohol)  and 
treatment  of  the  latter  with  KOH  (Wurtz,  A.Ch. 
[4]  3,  184). 

Hexylene  oxide?  C6H,00.  (185°).  From 
PrPr  by  conversion  into  C(.H,2Br2  and  treatment 
of  this  di-bromo-hexane  with  AgOAc  and  KOH 
successively  (Silva,  Bl.  [2]  19,  147). 

HEXYLENIC  ACID  v.  HEXENOIC  ACID. 

HEXYL-GLYCEEIN  v.  TRI-OXY-HEXANE. 

HEXYL-GLYCOL  v.  DI-OXY-HEXANE. 

HEXYL-GLYOXALINE  C9H18N2*.e. 
C3H3(C6H,3)N2.  Glyoxal-ananthyline.  [84°] 
(Kadziszewski,  B.  16,  748)  ;  [51°J  (Karcz,  M.  8, 
218).  (295°).  Prepared  by  the  action  of  glyoxal 
on  heptoic  aldehyde-ammonia  (oenanthol-ammo- 
nia)  in  alcoholic  solution  (K.),  or  by  passing  NH3 
into  a  mixture  of  glyoxal  and  heptoic  aldehyde 
(K.).  Thin  glistening  needles  ;  sol.  alcohol,  si. 
sol.  ether,  insol.  water.  Karcz  attributes  the 
difference  in  the  melting-point,  as  observed  by 
himself  and  by  Kadziszewski,  to  the  existence  of 
two  allotropic  forms  of  the  hexyl-glyoxaline. 
Mel  gives  C3H2Me(C6H13)N2  (262°)  ;  EtI  and  PrI 
act  in  like  manner. 

Salts.  —  B  HC1  :  colourless  deliquescent 
needles.—  B'HBr.—B'2HoC204.  [121°]. 

HEXYL  HEPTADECYL  KETONE  C.,4H480  i.e. 
C6H]3.CO.C17H35.  (248°)  at  10  mm.  Formed  by 
distilling  barium  stearate  with  barium  heptoate 
(Krafft,  B.  15,  1718). 

HEXYL  HYDEIDE  v.  HEXANE. 

n-HEXYL  IODIDE  C6H13I  i.e. 
Pr.CH.,.CH2.CH2I.  (177°)  (Dobriner,  A.  243,  27)  ; 
(179-5°)  (Franchimont  a.  Zincke,  A.  163,  196); 
(182°  cor.)  (Lieben  a.  Janecek,  A.  187,  138).  S.G. 
§  1-4661  (D.)  ;  !™  1-412  (F.  a.  Z.)  ;  *  1-461  (L.  a. 
J.).  C.E.  (0°-10°)  -00095  (D.).  S.V.  173-8.  Pre 
pared  from  w-hexyl  alcohol  and  HI. 

Hexyl  iodide  CttH,,I.  (172°-175°).  S.G.  is 
1-43.  Obtained  from  petroleum  hexane  vidhexyl 
alcohol  (Pelouze  a.  Cahours,  C.  R.  54,  1241). 

Sec-hexyl  iodide  C6H,3I  i.e.  Pr.CH2.CHI.CH3. 
(&)-hcxyl-iodide.  (168°  i.V.).  S.G.  ^  1-45  ;  if 
1-4269  ;  P  1-4163  (Perkin,  C.  J.  45,  463).  C.E. 
(0°-50°)  -00092.  M.M.  14-229  at  23-9°. 

Formation.  —  1.  By  boiling  mannite  or  dul- 
cite  with  a  great  excess  of  cone.  HIAq  (Wanklyn 
a.  Erlenmeyer,  Z.  1861,  606  ;  1862,  641).—  2.  By 
the  action  of  HI  on  (B)  -hexylene  obtained  by 
treating  the  di-hydro-di-iodide  of  diallyl  with 
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sodium  (Wurtz,  A.  132,  306).— 3.  From  hexylene 
oxide  (93°)  and  HI  (Jekyll,  C.  N.  22,  221). 

Preparation. — 1.  Mannite  (24  g.)  is  distilled 
with  aqueous  HI  (300  c.c.  boiling  at  126°)  and 
clear  phosphorus  in  a  current  of  C02.  The  yield 
is  nearly  the  theoretical  (E.  a.  W.). — 2.  Iodine 
(75  g.)  and  water  (130  g.)  are  treated,  in'  an  at- 
mosphere of  C02,  with  clear  phosphorus  until 
colourless ;  mannite  (25  g.)  is  then  added,  and 
the  mixture  distilled  in  a  current  of  C02  (Domac, 
M.  2,  310 ;  cf.  Hecht,  A.  165,  148).— 3.  A  mix- 
ture of  mannite  (200  g.)  and  red  phosphorus 
(100  g.)  is  added  slowly  to  HIAq  (500  g.  of  57 
p.c.),  and  the  mixture  distilled  in  a  current  of 
C02  (Hecht,  A.  209,  311).— 4.  A  good  yield  is 
obtained  by  distilling  mannite  with  fuming 
HIAq  and  a  little  amorphous  phosphorus  (Schor- 
lemmer,  T.  171,  452). 

Properties.  —  Liquid,  smells  like  isoamyl 
iodide. 

Reaction*. — 1.  Alcoholic  potash  gives  (£)- 
hexylene. — 2.  By  heating  with  water  at  190°  it 
gives  hexylene.  By  boiling  for  a  long  time  with 
a  large  excess  of  water  (45  pts.)  sec-hexyl  alco- 
hol is  the  chief  product,  hexylene  being  also 
formed  (Niederist,  A.  196,  351).— 3.  With  moist 
Ag.,0,  with  zinc  and  water,  with  zinc  and  alco- 
hol, with  silver  oxalate,  with  sodium,  with  mer- 
cury, and  with  ZnMe2,  it  yields  hexylene. — 4. 
When  (£) -hexyl  iodide  (100  g.)  is  heated  with 
iodine  (25  g.)  for  5  hours  to  256°  it  yields  hexane, 
HI,  a  little  Mel,  and  a  combustible  gas  (Rayman 
a.  Preis,  A.  223,  322).— 5.  Chloride  of  iodine  at 
240°  gives  hexa-chloro-benzene,  CC14,  C..C1,.,  and 
C4C16  (Krafft,  B.  9,  1085).— 6.  Chromic  acid 
mixture  oxidises  it  to  acetic  and  butyric  acids 
(Hecht,  B.  11,  1421). 

Sec-hexyl  iodide  C6H13I  i.e.  Pr.CHEtl  (?) 
Di-ethylated  ethyl  iodide.  (100°)  at  70mm. 
From  di-chloro-di-ethyl  oxide  CH2Cl.CHC1.0Et 
vid  CH2Et.CHEt.OEt  (Lieben,  A.  178,  18).  Pro- 
bably identical  with  the  following. 

Sec-hexyl  iodide  Pr.CHEtl.  (165°).-  From 
the  alcohol  and  HI  (Oechsner  de  Coninck,  Bl. 
[2]  25,  9). 

Sec-hexyl  iodide  CHMeEt.CHMel.  From 
the  corresponding  hexyl  alcohol  and  HI  (Wisli- 
cenus,  A.  219,  310).  Liquid;  decomposed  on 
distillation.  Zinc  and  acetic  acid  reduce  it  to 
CHMeEt.CH2Me,  a  hexylene,  and  a  dodecylene, 
some  methyl -di-ethyl-carbinol  being  also  formed. 

Sec-hexyl  iodide  (CH3)3C.CHMeI.  (142°). 
S.G.  2  1-474  ;  2S  1-442.  From  the  corresponding 
alcohol  and  PI2  (Friedel  a.  Silva,  C.  R.  76,  226). 
Partially  split  up  on  distillation  with  water  into 
HI  and  a  hexylene  (70°). 

Hexyl  iodide  C8H13I.  (e.  150°).  Formed  by 
combination  of  HI  with  the  hexylene  derived 
from  fusel  oil  (Wurtz,  A.  128,  228). 

Teri-hexyl  iodide  CMeEt2I.  (142°).  Formed 
by  leaving  equal  volumes  of  methyl-di-ethyl- 
carbinol  and  fuming  HIAq  to  stand  in  the  cold. 
Formed  also  from  CH3.CH:CMeEt  and  HI  (Wis- 
licenus,  A.  219,  318;  Tschaikowsky,  J.  1872, 
350  ;  Eeformatsky,  J.  pr.  [2]  36,  340).  Liquid ; 
partially  decomposed  on  distillation. 

TerMiexyl  iodide  CMe2PrI.  (142°).  Formed 
by  the  action  of  HI  on  di-methyl-propyl-carbinol 
or  on  CMe.,:CHEt  (Jawein,  A.  195,  254). 

TerMiekyl  iodide  CMe,PrI.  (142°).  S.G. 
e  1-394 ;  ia  1-373.  From  CMe2:CMe2  and  HI 


(Pawloff,  A.  196,  125).  Solidifies  at  0°  (Ka- 
schirski,  C.  C.  1881,  278).  Slightly  decomposed 
by  distillation. 

DI-HEXYL  KETONE  Ct3K.MOi.e.  (C6H,,)2CO. 
[30°J.  (264°  cor.).  S.G.  aa  -825.  Formed  by 
the  dry  distillation  of  calcium  heptoate  (oenan- 
thoate)  (Uslar  a.  Seekamp,  A.  108,  179).  Large 
colourless  laminae  (from  alcohol). 

Sec-HEXYL-MALONTC  ACID 
C6H13.CH(C02H)2.     [c.  86°].    From  the  ether  by 
saponification.     Nodules,  v.  sol.  water,  alcohol, 
and  ether. 

Ethyl  ether  El, A.".  (251°).  From  sodium 
malonic  ether  and  (#)-hexyl  iodide  (Lundahl,  B. 
16,  789). 

w-(?)-HEXYL  MERCAPTAN  C6H13SH.  (145°- 
148°).  From  petroleum  hexane  by  conversion 
into  hexyl  chloride  followed  by  treatment  with 
KSH  (Pelouze  a.  Cahours,  A.  124,  291). 

Sec-hexyl  mercaptan  Pr.CH,.CHMe.SH. 
(142°).  S.G.  ^  -886.  From  (0) -hexyl  iodide  and 
cone,  alcoholic  KSH  (Wanklyn  a.  Erlenmeyer, 
A.  135,  150).  Colourless  oil,  with  unpleasant 
smell.— Hg(SC6H,s)2.  Liquid.  S.G.  a  1-650. 

HEXYL-NITROTJS  ACID  so-called. 
C6H12N2O4.  (212°).  S.G.  a  1-1381.  Formed  by 
the  action  of  HN03  on  methyl-hexyl  ketone 
(Chancel,  C.  R.  94,  399  ;  100,  601).  Oil,  slightly 
decomposed  by  distillation.  May  be  reduced  to 
w-hexoic  acid.— C6H11KN204  :  slender  yellow 
plates  (from  water)  ;  si.  sol.  water.  Decomposes 
without  detonation  when  heated.  The  silver 
salt  is  a  similar  body. 

DI-sec-HEXYL  OXIDE  (C6HI3)20.  (204°- 
209°).  Formed,  together  with  a  hexylene  and 
hexyl  alcohol,  by  the  action  of  moist  Ag20  on 
(0) -hexyl  iodide  (Erlenmeyer  a.  Wanklyn,  £.  1863, 
274).  Thick  yellowish  oil. 

HEXYL-PARACONIC  ACID  v.  OXY-HEPTYL- 

SUCCINIC  ACID. 

HEXYL  PENTADECYL  KETONE  C22H440  i.e. 
C(iH13.CO.C,5H3i.  (231°)  at  10  mm.  Formed  by 
distilling  a  mixture  of  barium  palmitate  and 
barium  heptoate  (Krafft,  B.  15,  1718). 

HEXYL  SULPHIDE  (C6H13)2S.  (230°). 
From  petroleum  hexane  vid  hexyl  chloride 
(Pelouze  a.  Cahours,  A.  124,  291).  Oil. 

HEXYL  SULPHOCYANIDE  C(iH)3SCy. 
(215°-220°).  S.G.  is  -922.  Formed  by  heating 
potassium  sulphocyanide  at  100°  with  an  alco- 
holic solution  of  hexyl  chloride  derived  from  pe- 
troleum (Pelouze  a.  Cahours,  A.  Ch.  [4]  1,  5). 
Fetid  liquid. 

fitec-hexyl  sulphocyanide  Pr.CH2.CHMe.SCy. 
(207°).  Prepared  by  boiling  equal  parts  of  (#)- 
hexyl  iodide  with  potassium  sulphocyanide  dis- 
solved in  alcohol  (Uppenkamp,  B.  8,  55).  Oil, 
with  alliaceous  odour. 

w-HEXYL  THIOCARBIMIDE  C6H13NCS. 
(212°).  Formed  by  distilling  cupric  n-hexyl-di- 
thio-carbamate  with  steam  (Frentzel,  B.  16, 
746).  Pungent  oil. 

Sec-hexyl  thiocarbimide  Pr.CH2.CHMeNCS. 
(198°).  S.G.  -92.  From  (£)-hexylamine  by  boil- 
ing with  CS2  and  alcohol,  evaporating,  and  heat- 
ing the  residue  with  a  solution  of  mercuric 
chloride  (Uppenkamp,  B.  8,  56).  Oil.  Converted 
by  hot  cone.  H0SO4  into  (/3)-hexylamine. 

w-HEXYL  THIO-UREA  C7HleN2S  i.e. 
CS(NH2)(NH.C(.H13).       [83°].       From    n-hexyl 


HEXYL  THTO-UREA. 


thiocarbimide  and  alcoholic  NH3  (Frentzel,  B. 
16  746).    White  plates  (from  alcohol). 
1    Di-»Uexyl  thio-urea  CS(NHC6H13)2.     [40°]. 
Obtained  by  heating  rc-hexylammonium  n-hexyl- 
di-thio-carbamate    (F.).      White    plates    (from 

alcohol). 

HEXYL-TRIDECYL-KETONE  C20H400  i.e. 
C6H13.CO.C,3H27.  (210°  at  11  mm.).  Formed  by 
distilling  a  mixture  of  barium  heptoate  and 
barium  myristate  (Krafft,  B.  15,  1717). 

HEXYL-UREA.  Heptoyl  derivative 
C6HnNH.CO.NH.CO.C6H13.  [97°].  Formed  by 
the  action  of  KOH  on  a  mixture  of  the  amide  of 
heptoic  (cenanthoic)  acid  and  bromine  (Hofmann, 
B.  15,  759).  Pearly  plates  ;  insol.  water. 

Sec-hexyl-urea  NH2.CO.NH.CHMe.CH2Pr. 
[127°].  (c.  220°).  From  (#)-hexyl  iodide  and 
silver  cyanate,  the  resulting  thiocarbimide  being 
decomposed  by  shaking  with  aqueous  ammonia 
(Chydenius,  BL  [2]  7,  481).  Slender  needles 
(from  water) ;  v.  sol.  water,  alcohol,  and  ether. 
Not  decomposed  by  cone.  KOHAq  below  200°. 

HIPPARAFFIN  v.  Dibenzoyl  derivative  of 
METHYLENE-DIAMINE. 

HIPPURIC  ACID  C9H9N03  i.e. 
NHBz.CH2.C02H.  Benzoyl-glycocoll  Benzoyl- 
amido-acetic  acid.  Benzamido-acetic  acid.  Mol. 
w.  179.  [187°].  S.G-.  1-308  (Schabus,  Site.  W. 
1850,  211).  S.  -17  at  0°.  S.  (isoamyl  alcohol)  2  at 
9° ;  33  on  boiling  (Campani,  B.  11,  1247). 

Occurrence. — 1.  In  the  urine  of  herbivorous 
animals  and  in  small  quantity  (c.  1  g.  daily)  in 
that  of  man  (Liebig,  A.  12,  20;  Henneberg, 
Stohmann  a.  Kautenberg,  A.  124,  181 ;  Bence 
Jones,  C.  J.  15,  81 ;  Thudichum,  C.  J.  17,  55 ; 
Weismann,  J.  pr.  74,  106 ;  Wreden,  J.  pr.  77, 
446;  Hofmeister,  L.  V.  14,  458;  Wildt,  B.  6, 
1410 ;  Kraut,  C.  C.  1858, 831 ;  Loew,  J.  pr.  [2]  19, 
309;  Stadelmann,  J.  1879,  982;  Schwarz,  A. 
54,  32 ;  Weiske,  Wildt  a.  Pfeiffer,  B.  6,  1410 ; 
Hallwachs,  A.  106, 164 ;  E.  Salkowski,  B.  11, 500 ; 
Weyl  a.  Aurep,  B.  13,  1092  ;  Garrod,  Pr.  35,  63 ; 
37,  148  ;  Minkowski,  J.  1883,  1440).— 2.  In  the 
blood  of  oxen  (Verdeil  a.  Dollfus,  A.  74,  214).— 
3.  In  the  human  epidermis  in  ichthyosis 
(Schlossberger,  A.  93,  347). 

Formation. — 1.  Excreted  by  the  animal  or- 
ganism after  introduction  of  benzoic  acid  (Bouis 
a.  Ure,  B.  J.  22,  567 ;  Ure,  J.  Ph.  27,  646 ; 
Keller,  A.  43,  108;  Garrod,  P.  M.  [3]  20,  501). 
Quinic  acid  (Lautemann,  A.  125,  9),  cinnamic 
acid  (Erdmann  a.  Marchand,  B.  J.  23,  646) 
toluene  (Naunyn  a.  Schultzen,  Z.  1868,  29), 
and  phenyl-propionic  acid  also  yield  hippuric 
acid  when  passed  through  the  animal  organism. 
Since  phenyl-propionic  acid  is  produced  by  the 
pancreatic  fermentation  of  proteids,  hippuric 
acid  is,  at  any  rate  in  part,  due  to  the  decom- 
position of  proteids  (E.  a.  H.  Salkowski,  B.  12, 
654 ;  Baumann,  H.  10,  131). — 2.  From  benzoyl 
chloride  and  zinc  glycocoll  or  from  glycocoll 
and  benzoic  acid  at  100°  (Dessaignes,  C.  E.  37, 
251).  The  yield  is  very  bad.— 3.  From  chloro- 
acetic  acid  and  benzamide  (Jazukowitch,  BL 
[2]  8,  361).  The  yield  is  bad.— 4.  By  heating 
glycocoll  with  benzoic  anhydride  (Curtius,  B. 
17,  1662). — 4.  From  silver  glycocoll  and  BzCl 
(Curtius,  J.  pr.  [2]  26,  170).— 5.  By  adding 
benzoyl  chloride  to  an  aqueous  solution  of  gly- 
cocoll and  making  alkaline  with  NaOH  (Baum, 
B.  19,  502). 


Preparation. — 1.  The  urine  of  horses  or  cows 
is  boiled  with  addition  of  some  milk  of  lime, 
filtered,  neutralised  by  HC1,  evaporated,  acidi- 
fied by  HC1  and  allowed  to  stand.  Hippuric 
acid  is  then  deposited  as  a  yellowish-brown  pp. 
(Gregory,  A.  63,  125;  c/.  Eiley,  C.  J.  5,  97). 
When  horses'  urine  is  quickly  evaporated  the 
hippuric  acid  is  partly  converted  into  benzoic 
acid.  Crude  hippuric  acid,  obtained  as  above, 
is  then  mixed  with  rather  less  water  than  will 
dissolve  it  at  100°.  The  liquid  is  then  heated 
to  100°  and  chlorine  passed  in  until  the  un- 
pleasant odour  of  the  crude  product  has  dis- 
appeared. The  liquid  is  filtered  hot,  and  the 
acid  that  separates  on  cooling  is  subjected  a 
second  time  to  the  same  treatment,  chlorine 
being  passed  in  this  time  until  the  liquid  is 
bright  yellow.  The  yield  is  65  p.c.  of  the  crude 
acid  (T.  Curtius,  J.  pr.  [2]  26,  149  ;  cf.  Dauber, 
A.  74, 202 ;  Conrad,  J.  pr.  [2J 15,  242 ;  Gossmann, 
A.  99,  374  ;  Schwarz,  A.  54,  29  ;  Hansen,  J.  Th. 
1881,  117). — 2.  Silver  glycocoll  is  suspended  in 
a  mixture  of  benzene  (1  vol.)  and  ether  (2  vols.) 
and  benzoyl  chloride  is  added.  On  warming 
AgCl  is  formed  together  with  several  acids.  The 
liquid  is  evaporated  and  benzoic  acid  removed 
by  solution  in  ether.  Three  nitrogenous  acids 
remain.  They  are  dissolved  in  NaOH,  reppd. 
by  HC1,  dried  and  extracted  thoroughly  with 
chloroform.  This  dissolves  the  hippuric  acid, 
which  is  present  in  greatest  quantity.  One  of 
the  remaining  acids  is  hippuryl-glycocoll  (q.  v.) 
(Curtius,  J.  pr.  [2]  26, 168).  The  other  has  the 
formula  C10Hj2N304.  Both  these  acids  split  up 
with  formation  of  hippuric  acid  when  they  are 
heated  with  dilute  HCL 

Properties.— Crystallises  from  water  in  very 
large  trimetric  prisms  ;  a:b:c  =  •974:1-161:1. 
Has  a  slightly  bitter  taste,  and  strongly  reddens 
litmus.  81.  sol.  cold,  v.  sol.  boiling,  water.  V. 
sol.  hot  alcohol,  v.  si.  sol.  ether.  Less  soluble 
in  water  containing  HC1,  and  hence  is  ppd.  on 
adding  a  considerable  excess  of  HC1  to  cow's 
urine.  Dissolves  readily  in  water  containing 
sodium  phosphate,  the  solution  becoming  acid  ; 
in  this  respect  it  resembles  uric  acid.  Insol. 
benzene,  CS2,  and  cold  chloroform.  Sol.  EtOAc. 
FeCl3  forms,  in  a  dilute  solution  of  an  alkaline 
hippurate,  a  cream-coloured  pp.  of  basic  ferric 
hippurate  FeA'3Fe203  l|aq,  which  is  moderately 
soluble  in  excess  of  ferric  chloride  (E.  Salkowski, 
Z.  [2]  4,  313). 

Estimation  in  urine.— I.  Recently  calcined 
MgO  is  added  to  1  litre  of  urine,  the  liquid  is 
concentrated,  acidified  with  HC1  and  extracted 
with  ether  (A.  W.  Blyth,  Pr.  37,  50).— 2.  250 
c.c.  of  urine  are  evaporated  to  80  c.c.,  4  g.  of 
sodium  phosphate  are  added,  and  the  evapora- 
tion continued  to  syrupy  consistence.  Plaster 
of  Paris  is  then  added  till  the  mass  can  be 
powdered,  after  which  it  is  extracted  first  with 
light  petroleum  and  then  with  ether.  The 
ethereal  extract  is  evaporated,  and  the  hippuric 
acid  decolourised  with  charcoal,  crystallised  from 
water,  and  weighed  (Voelker,  Fr.  26,  402). 

Reactions. — 1.  On  heating  to  240°  hippuric 
acid  begins  to  boil,  giving  off  benzoic  acid  and 
benzonitrile  (Gossmann,  A.  100,  69 ;  Limpricht  a. 
von  Uslar,  A.  88,  133).— 2.  foiling  aqueous  hy- 
drochloric acid  splits  it  up  into  benzoic  acid  and 
glycocoll.  Dilute  H2S04,  HN03,  and  oxalic  acid 
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behave  in  like  manner. — 3.  By  boiling  for  half 
an  hour  with  aqueous  caustic  potash  it  is  re- 
solved into  glycocoll  and  potassium  benzoate. 
Boiling  milk  of  lime  does  not  effect  its  hydro- 
lysis.— 4.  Some  ferments  hydrolyse  hippuric 
acid  (Buchner,  A.  78,  203).— 5.  Nitrous  acid 
converts  it  into  the  benzoyl  derivative  of  glycollic 
acid,  with  evolution  of  nitrogen. — 6.  When 
boiled  with  NaOBr  and  an  excess  of  alkali  for  a 
long  time,  a  bright-red  powder  is  deposited  on 
cooling  (Deniges,  C.  R.  107,  662).— 7.  HC1  and 
KC103  form  chloro-  and  di-chloro-hippuric  acids 
(Otto,  A.  122,  129).— 8.  A  cold  mixture  of  H2S04 
and  HN03  forms  nitro-hippuric  acid. — 9.  SO., 
gives  sulpho-hippuric  acid. — 10.  Chlorine  passed 
into  a  solution  of  hippuric  acid  in  dilute  KOH 
forms  benzoyl-glycollic  acid,  nitrogen  being 
evolved  (Gossmann).— 11.  The  prolonged  action 
of  PCL  forms  CqILNCL  probably  hexa-chloro- 

PPl    PTJPl 

isoquinoline    tetrahydride     CA<^^§Q  > 

[134°]  (Kiigheimer,  B.  19,  1169).  This  body 
crystallises  in  plates.  By  distilling  hippuric 
acid  (1  mol.)  with  PC15  (2  mols.)  Schwanert  (A. 
112,  59)  obtained  C9H6C1NO  [50°]  (220°)  and 
C9H5C12NO.— 12.  Boiling  with  Mn02  and  very 
dilute  H2SO4  forms  benzoic  acid,  NH3,  and  C02. 
13.  When  heated  with  Pb02  and  excess  of  HNO3 
or  H2S04  the  product  is  the  di-benzoyl  derivative 
of  methylene-diamine  (hipparaffin).— 14.  Boil- 
ing with  water  and  Pb02,  with  addition  of  only 
enough  H2S04  to  combine  with  the  lead,  pro- 
duces benzamide  (Fehling,  A.  28,  48  ;  Schwarz, 
A.  75,  190). — 15.  Ozone  oxidises  it  to  benzoic 
and  acetic  acids  (Gorup-Besanez,  A.  125,  217). — 
16.  By  boiling  with  KMn04  and  KOH  all  the 
nitrogen  is  expelled  as  NH3  (Wanklyn  a.  Chap- 
man, C.  J.  21, 161). — 17.  A  concentrated  aqueous 
solution  of  ZnCl2  at  120°  forms  benzoic  acid  and 
glycocoll.  Distillation  with  dry  ZnCl2  gives 
benzonitrile  (Gossmann,  A.  100,  69).  —  18. 
Sodium  amalgam  added  to  an  alkaline  solution 
of  hippuric  acid  forms  'hydrobenzuricjacid  ' 
C18H24N2O6  and  'hydrobenzyluric  acid' 
C16H21N04;  the  latter  dissolves  in  ether,  the 
former  does  not  (Otto,  A.  134,  303).  Both  acids 
give  glycocoll  when  boiled  with  alkalis ;  the  latter 
forms  also  benzyl  alcohol  and  hydrobenzoic  acid. 
When  hydrobenzyluric  acid  is  heated  with 
alkalis  and  at  the  same  time  exposed  to  the  air, 
there  is  formed  'hydroxybenzyluric  acid  ' 
C1(iH21N05  [60°-70°],  which  when  left  in  a  desic- 
cator over  H2S04  changes  to  an  acid  C16H19N04. 
19.  Pyruvic  acid  (6  g.)  digested  with  sodium 
hippurate  (11  g.)  and  Ac20  (25  g.)  at  100°  forms 
a  compound  C12H9N04  which  crystallises  from 
petroleum  in  flat  needles  [157°],  v.  sol.  alcohol, 
ether,  and  HOAc,  insol.  water.  It  seems  to  be 
an  anhydride,  for  baryta  forms  the  salt 
C12H9BaNO5  2aq  (A.  Hoffmann,  B.  19,  2554).— 
20^  By  mixing  hippuric  acid  with  salicylic 
aldehyde  and  excess  of  Ac2O  and  allowing  the 
mixture  to  stand  for  some  weeks  there  is  formed 
a  compound  C3oH24N207  [160°]  (Plochl  a.  Wolf- 
ram, B.  18,  1184).  Kebuffat  (G.  15,  527)  by 
boiling  sodium  hippurate  (62  g.)  with  salicylic 
aldehyde  (40  g.)  and  Ac20  (120  g.)  obtained  a 
compound  C16H13N04  which  crystallised  from 
alcohol  in  canary -yellow  prisms  [136°],  and  is 
converted  by  hot  aqueous  (10  p.c.)  KOH  into 
benzoyl-imido-coumarin  C16HaN03  [171°]  and  an 


acid  ClfiHI3N04  [185°].— 21.  PhtJialic  anhydride 
yields  a  compound  C34H18N208  (E.  Erlenmeyer, 
jun.,  B.  22,  792). 

Salts.— NH4A'HA'aq:  formed  even  in  pre- 
sence of  excess  of  NH3.  Square-based  prisms 
with  four-sided  summits,  v.  sol.  water  and 
alcohol,  si.  sol.  ether.  Gyrates  when  thrown  on 
the  surface  of  water.  —  KA'  aq :  prisms,  sol.  water 
and  alcohol.— KA'H A'  aq.— NaA'^aq  :  v.  sol.  hot 
water  and  alcohol,  si.  sol.  ether. — BaA'2  aq : 
prisms,  sol.  water;  forms  with  barium  benzoate 
the  double  salt  BaA'2Ba(OBz)2  5aq. — CaA'2  3aq  : 
trimetric  prisms.  S.  5-6  in  the  cold  ;  17  at  100°. 
S.G.  1-32.— SrA'25aq:  si.  sol.  cold  water  and 
alcohol. — MgA'  5aq  :  white  nodules,  sol.  water. — 
ZnA'2  5aq  :  laminae.  S.  (of  ZnA'2)  1-8  at  17-5° ; 
25  at  100°.— CuA'23aq:  azure  prisms,  si.  sol. 
cold  water. — PbA'2  2aq  :  silky  needles,  deposited 
on  diluting  a  boiling  solution. — PbA'23aq  :  broad 
laminae. — CoA'2  5aq :  rose-coloured  needles. — 
NiA'2  5aq :  si.  sol.  cold,  m.  sol.  boiling  water  and 
boiling  alcohol,  insol.  ether. — CeA'3  4|aq  (Czud- 
novitch,JVpr.82,277).—  LaA'34|aq(Czudnovitch, 
J.pr.  80, 31).— FeA'3  (Wreden,  C.  C.  1859, 552).— 
Fe(OH)A'2  (Salkowski,  J.pr.  102,  327  ;  cf.  Putz, 
J.  1877,  795).— AgA'  £aq :  may  be  crystallised 
from  water. 

Methyl  ether  Me  A'.  [80-5°].  S.  -85  in  the 
cold  ;  1-3  at  30°.  Formed  by  passing  HC1  into 
a  solution  of  hippuric  acid  in  methyl  alcohol  at 
60°  (Jacquemin  a.  Schlagdenhauffen,  C.  E.  45, 
1011 ;  Conrad,  J.  pr.  [2]  15,  247 ;  Campani  a. 
Bizzari,  G.  10,  260).  White  needles.  Decom- 
posed at  250°,  giving  off  NH3  and  benzonitrile. 

Ethyl  ether  EtA'.  [60°].  S.G.  ^  1-043. 
Formed  by  passing  HC1  into  a  boiling  alcoholic 
solution  of  hippuric  acid  (Stenhouse,  A.  31, 148), 
or  by  heating  amido-acetic  ether  with  benzoic 
anhydride  (Curtius,  B.  17, 1662).  White  needles, 
si.  sol.  hot  water,  v.  sol.  ether.  When  hippuric 
ether  (5  pts.)  is  heated  with  dry  NaOEt  (1  pt.)  to 
160°,  alcohol  distils  over,  and  there  is  left  a 
mixture  of  two  sodium  salts,  which  may  be 
separated  by  water.  The  less  soluble  salt,  when 
decomposed  by  HC1,  yields  the  di-benzoyl-de- 
rivative  of  di  -  oxy  -  di  -  amido  -  tetramethylene  : 

NHBz.C<CJ|°)gj;>C.NHBz    [138°];    the    more 

soluble  salt  yields  the  tri-benzoyl  derivative  of  tri- 
NHBz.C:C(OH)  —  C.NHBz 
amido-phloroglucin 

HO.C:C(NHBz).C.OH 

[153-5°-158-5°]  (Kiigheimer,  B.  21,  3325).  When 
hippuric  ether  is  heated  with  PC15  for  eight 
hours  at  160°,  and  the  product  poured  into 
alcohol,  '  hippuroflavin  '  separates.  It  crystal- 
lises from  hot  HOAc  in  small  yellow  crystals, 
and  partially  decomposes,  without  melting,  at 
300°.  Hippuroflavin  is  v.  si.  sol.  glacial  HOAc, 
and  almost  insol.  water,  alcohol,  and  ether.  It 

/NBz.C.CO  v 

has  perhaps  the  constitution  \  ||  >> 

\CO.C.NBz/ 
(Biigheimer,  B.  21,  3321). 

n-Butyl  ether  PrCH2.A'.  [41°].  From 
silver  hippurate  and  w-butyl  iodide  (C.  a.  B.). 
Iridescent  prisms,  insol.  water,  sol.  alcohol,  ether, 
and  chloroform. 

Isobutyl  ether  PrCH2A'.  [46°].  From 
AgA'  and  isobutyl  iodide  in  presence  of  isobutyl 
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alcohol  (C.  a.  B.).    Iridescent  prisms.    Decom- 
posed by  damp  air. 

Isoamyl  ether  C5H,,A'.     [28°]. 

Benzyl  ether  PhCH2A'.  [86°].  From 
At:  A'  and  benzyl  bromide  (Del  Zanna  a.  Guares- 
clii,  Atti  Real  Istit.  Veneto  [5]  6).  Silky 
needles.  Converted  by  HNOS  into  benzoic  alde- 
hyde. 

Amide  C9H8N02NH2.  [183°].  S.  1  in  the 
cold.  Formed  by  the  prolonged  action  of  aqueous 
ammonia  on  methyl  hippurate  (Jacquemin  a. 
Schlagdenhauffen,  C.  R.  45,  1011).  Formed  also 
by  heating  hippuric  acid  in  a  current  of  NH3  at 
160°  (Conrad,  J  pr.  [2]  15,  248).  Small  thick 
crystals,  v.  si.  sol.  cold  water,  alcohol,  and  ether. 
Forms  an  unstable  compound  with  HC1. 

Ureide  NHBz.CH2.CO.NH.CO.NH2.  [216°]. 
Formed,  together  with  another  compound  [189°], 
by  heating  ethyl  hippurate  with  urea  at  150° 
(Curtius,  B.  16,  757) ;  and  by  heating  hippuric 
acid  with  alcoholic  NH3  at  220°  (Pellizzari, 
C.  C.  1888,  1350).  Silvery  plates ;  decomposed 
by  boiling  dilute  acids  into  hippuric  acid  and 
urea.  Split  up  by  alcoholic  NH3  at  260°,  giving 
benzamide  and  EtOBz. 

References. — AMIDO-,  BROMO-,  CHLORO-,  IODO-, 
NITRO-,  OXY-,  and  SULPHO-HIPPURIC  ACID. 

HIPPURYL-GLYCOCOLL  CnH12N204  i.e. 
Bz.NH.CH2.CO.NH.CH2.C02H.  [207°]. 

Preparation. — Silver  glycocoll  (40  g.),  benzoyl 
chloride  (15-5  g.),  and  benzene  (200  c.c.)  are 
heated  together  until  HC1  begins  to  come  off. 
The  product  is  evaporated,  extracted  with  ether, 
then  with  NaOH.  The  mixed  acids  are  ppd.  by 
HC1,  dried  and  exhausted  with  alcohol.  The 
alcoholic  extract  leaves  on  evaporation  a  mixture 
of  hippuric  acid  and  hippuryl  glycocoll.  The 
greater  part  of  the  former  may  be  removed  by 
chloroform,  and  the  hippuryl  glycocoll  is  then 
purified  by  recrystallising  20  or  30  times  from 
30  p.c.  alcohol  (Curtius,  J.  pr.  [2]  26,  170).  In 
this  reaction  benzoyl  chloride  acting  on  silver 
glycocoll  forms  silver  chloride  and  hippuric  acid. 
This  hippuric  acid  acts  upon  benzoyl  chloride 
forming  benzoic  acid  and  hippuryl  chloride,  which 
then  attacks  silver  glycocoll,  forming  silver  chlor- 
ide and  hippuryl-glycocoll. 

Properties.— Satiny  trimetric  plates  (from 
water).  The  crystals  are  small,  and  feel  fatty. 
Insol.  ether,  CHC13,  benzene,  and  CS2  in  the  cold, 
but  si.  sol.  these  solvents  when  boiling.  Eeadily 
sol.  boiling  dilute  (30  p.c.)  alcohol. 

Reactions.— 1.  Boiled  with  HC1  or  KOH  it 
gives  glycocoll  (2  equivalents)  and  benzoic  acid  (1 
equivalent). — 2.  At  150°  in  a  sealed  tube  with  an 
aqueous  solution  containing  the  calculated  quan- 
tity of  HC1  it  splits  up  into  glycocoll  and  hip- 
puric acid. 

Salts. — AgA':  white  crystalline  pp.,  sol.  hot 
water  without  reduction. — T1A':  six-sided  tablets. 
— BaA'2  5aq  (?).  Little  plates.— CuA2'  3|aq  :  tri- 
metric prisms. — ZnA'2  If  aq. 

Ethyl  ether  EtA'.  [117°].  Large  needles 
(from  water). 

Amide   BzNH.CH2CO.NH.CH2CO.NH2. 
[202°].  Forms  an  unstable  compound  with  HC1, 
which  is  at  once  resolved  by  water  into  its  con- 
stituents. 

HISTO-HJSMATINS  v.  MUSCLE. 

HOFM ANN'S  VIOLET  v.  PENTA-METHYL-TRI- 

AMIDO-DI-PHENYL-TOLYL-CARBINOL. 


HOMO-ANISIC  ACID  v.  Methyl  derivative  of 

OXYTOLUIC  ACID. 

HOMO-BENZ-AMIDOXIM  v.  TOLU-AMIDOXIM. 
HOMO-CINCHONIDINE  v.  CINCHONA  BASES. 
HOMO-FERTJLIC  ACID  v.  m-Methyl  deriva- 
tive Of  (4:3:l)-Dl-OXY-PHENYL-CROTONIC  ACID. 

HOMOLOGOUS  SERIES.  A  series  of  closely 
related  compounds  of  which  the  molecules  differ 
from  one  another  by  CH2  or  a  multiple  thereof. 
Homology  is  usually  the  result  either  (a)  of  the 
introduction  of  one  or  more  methyl  radicles  in 
place  of  the  equivalent  quantity  of  hydrogen, 
or  (&)  of  the  insertion  of  a  methylene  group 
between  two  contiguous  carbon  atoms ;  thus 
benzoic  acid  C4jHsC02H  is  homologous  with 
toluic  acid  C6H4(CH3).C02H  in  the  first  way, 
and  with  phenyl-acetic  acid  C6H5.CH2.C02H  in 
the  second  way.  In  each  homologous  series 
there  is  a  nearly  constant  difference  in  the 
properties  of  any  two  successive  members  of  the 
series ;  this  rule,  however,  does  not  apply  to  the 
difference  between  the  first  and  second  members, 
particularly  where  the  first  member  does  not 
contain  CH2.  Although  the  alkyl  derivatives  of 
hydroxylic  compounds  differ  from  these  com- 
pounds by  a  multiple  of  CH2,  and  might  there- 
fore be  considered  homologous  with  the  parent 
substance,  yet  as  they  belong  to  the  group  of 
ethers  while  their  parents  are  acids  or  alcohols, 
this  cannot  be  considered  a  case  of  true 
homology. 

HOMO-NICOTINIC     ACID     v.    DI-METHYL- 

PYRIDINE    CARBOXYLIC   ACID. 

HOMO-OXY-BENZOIC  ACID   v.  OXY-TOLUIC 

ACID. 

HOMO-PHENACYL-ANILIDE    v.   W-PHENYL 

AMIDO-PHENYL-ETHYL   KETONE. 

HOMO-PHTHALIC  ACID  v.  CARBOXY-PHENYL 

ACETIC   ACID. 

HOMO-PROTOCATECHUIC  ACID  v.  DI-OXY- 

PHENYL-ACETIC  ACID. 

HOMOPYROCATECHIN,  Methyl  ether  of,  v. 
CREOSOL. 

HOMO-PYRROLE  v.  METHYL-PYRROLE. 

HOMOQTJININE  v.  CINCHONA  BASES. 

HOMOSALICYLIC  ACID  v.  OXY-TOLUIC  ACID. 

HOMO-VERATRIC  ACID  v.  Di-methyl  de- 
rivative Of  Dl-OXY-PHENYL-ACETIC  ACID. 

HOPELNE  C,8H20N04aq.  S.  -125  at  15°.  An 
alkaloid  said  to  occur  to  the  extent  of  *15  p.c.  in 
American  wild  hops,  and  of  -05  p.c.  in  English 
hops  (Williamson,  J.  Ph.  [5]  12,  460;  Chem. 
Zeit.  10, 491).  Brilliant  white  needles  (from  dilute 
alcohol).  Narcotic.  Sublimes  partially  below 
160°.  Slightly  Isevorotatory.  Its  dilute  solu- 
tions are  ppd.  by  alkalis,  PtCl4,  AuCl3,  HgCl2, 
picric  acid,  and  tannin.  According  to  Laden- 
burg  (B.  19,  783),  hopeine  is  identical  with 
morphine,  or  is  a  mixture  of  morphine  with  an 
alkaloid  that  gives  no  colour  with  FeCl3  or  with 
H2S04  and  molybdic  acid,  and  is  insol.  NaOHAq, 
v.  sol.  wet  ether.- 

Lupuline.  According  to  Griessmayer  (D.P.J. 
212,  67),  when  the  aqueous  extract  of  hops  is 
distilled  with  lime  or  magnesia  the  distillate 
contains  NH3,  trimethylamine,  and  an  alkaloid 
lupuline.  If  the  bases  be  converted  into 
hydrochlorides,  and  these  be  treated  with  alco- 
hol, NH.Cl  is  left  undissolved,  while  NMe3HCl 
crystallises  from  the  evaporated  alcoholic  solu- 
tion, and  the  mother  liquor  contains  lupuline 
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hydrochloride.  The  base  may  be  obtained  by 
decomposing  its  hydrochloride  with  KOH  and 
shaking  with  ether.  It  smells  like  coniine,  has 
a  cooling,  but  not  bitter,  taste,  and  gives  the 
usual  reactions  of  alkaloids.  Cone.  H2S04  and 
potassium  chromate  give  a  violet  colour.  HN03 
gives  a  yellow  solution,  becoming  green  or  blue 
at  its  edges,  and  afterwards  colourless. 

HOP  OIL.  At  the  base  of  the  membranous 
cones  of  the  hop  there  is  a  bitter  yellow 
powder  called  lupulin.  This  powder  contains 
resin,  wax,  a  tannin,  and  a  bitter  principle  also 
called  LUPULIN  (q-v.).  When  distilled  with  steam 
it  yields  hop  oil,  which  consists  of  a  terpene 
C10H,6  (175°),  and  various  compounds  containing 
oxygen  (Wagner,  JD.  P.  J.  128,  217 ;  Personne, 
J.  Ph.  [3]  26,  241,  329 ;  27, 22 ;  Kuhnemann,  C.  C. 
1875,  573).  One  of  the  oxygenated  constituents 
of  oil  of  hops  is  converted  into  valeric  acid  by 
oxidation. 

HUMIC  ACID.  The  brown  or  black  sub- 
stance, or  mixture  of  substances,  produced  by 
the  decay  of  vegetable  matter.  The  decomposi- 
tion is  promoted  by  heat,  air,  moisture,  and  by 
the  presence  of  putrefying  nitrogenous  matter. 
Humic  acid  may  be  extracted  from  peaty  soil 
by  aqueous  Na2C03  and  ppd.  by  HC1  (Mulder, 
A.  36,  243;  Detmer,  L.  V.  14,  248).  Detmer 
assigned  the  formula  C60H54027  to  humic  acid, 
and  described  it  as  amorphous,  beginning  to  de- 
compose at  145°,  and  requiring  8,333  parts  of 
water  at  6°,  or  625  at  100°,  to  dissolve  it.  After 
drying  it  required  13,784  parts  of  boiling  water 
for  solution.  It  reddened  litmus,  expelled  C02 
from  its  salts,  and  formed  the  following  amor- 
phous salts.  —  (NH4)6C60H48027.  S.  45.  — 
Ca3(NH4)2C60H46027.  --  Fe2(NH4)2C60H46027.  - 
Ag8C60H46027.  P.  Thenard  (C.  E.  83,  375)  de- 
scribed humic  acid  as  C24H,00,0.  '  Ulmic  '  acid 
prepared  from  brown  peat  is  identical  with 
humic  acid.  Crenic  and  apocrenic  acids  (q.  v.) 
are,  perhaps, products  of  oxidation  of  humic  acid. 
Thenard  obtained  it  by  dissolving  crude  humic 
acid  in  potash,  ppg.  with  a  slight  excess  of  HC1, 
washing  the  pp.  well,  and  keeping  the  spongy 
mass  at  — 14°  for  24  hours.  As  the  mass  thaws 
the  humic  acid  separates  as  a  dense  pp.  Humic 
acid  is  not  capable  of  converting  atmospheric 
nitrogen  into  NH,  (Prevost,  C.  J.  39,  370  ;  cf. 
Simon,  Instit.  1875,  133 ;  Deherain,  C.  R.  73, 
1352).  Lettenmayer  (B.  7,  408)  observed  that  a 
piece  of  rotten  beech-wood  which  had  fallen  into 
a  cleft  of  the  tree  protected  from  the  rain,  was 
covered  with  a  brittle  black  layer  readily  soluble 
in  cold  water,  and  was  composed  of  the  K,  Na, 
and  NH4  salts  of  an  acid  (?  humic)  containing 
53-6  p.c.  C  and  4-9  p.c.  H.  When  cane  sugar  is 
boiled  for  a  long  time  with  dilute  HC1,  HN03, 
or  H2S04,  there  is  produced  a  substance  greatly 
resembling  humic  acid,  called  SACCULMIC  ACID 
(q.v.).  A  brown  substance  is  formed  by  heating 
cellulose  with  water  in  a  platinum  tube  at  200° ; 
and  brown  substances  are  formed  by  the  action 
of  alkalis  on  glucose,  cane-sugar,  and  many 
other  substances.  If  all  these  brown  bodies  are 
included  in  the  term  humous  substances,  they 
may  be  subdivided  into  three  groups  :  (a)  those 
insol.  alcohol  and  alkalis ;  (b)  those  insol.  alcohol 
but  sol.  alkalis ;  (c)  those  soluble  both  in  alcohol 
and  alkalis  (Hoppe-Seyler,  H.  13,  66). 


HY.ENIC  ACID  C2.H5002.  Mol.  w.  382. 
[78°].  The  glyceride  of  this  acid  is  said  to  occur 
together  with  palmitin  and  olem  in  the  anal 
glandular  pouches  of  the  striped  hyrena  (Carius, 
A.  129,  168).  According  to  Schulze  a.  Ulrich 
(B.  7,  570),  it  also  occurs  in  the  product  of  the 
saponification  of  the  grease  of  sheep's  wool. 
Granules  composed  of  minute  curved  needles 
(from  alcohol)  ;  resembles  cerotic  acid  ;  si.  sol.  cold 
alcohol,  v.  si.  sol.  ether.  Ppd.  by  alcoholic  lead 
acetate  sooner  than  palmitic  acid.—  CaA'2  :  [90°]; 
white  crystalline  powder.  —  PbA'2  :  white  pp. 

HYALINS  v.  PKOTEI'DS,  Appendix  C. 

HYALOGENS  v.  PBOTEIDS,  Appendix  C. 

HYDANTOIN  C3H4N2O2  i.e. 


Di-oxy-meta- 

pyrazole.    Mol.  w.  100.     [215°]. 

Formation.  —  1.  Together  with  urea,  by  the  ac- 
tion of  cone.  HIAq  at  100°  on  allantoiin  (Baeyer, 

A.  117,  179;  130,  158).—  2.    Together  with  a 
small  quantity  of  allanturic  acid,  by  the  action 
of  HI  on  alloxanic  acid  (B.).—  3.  By  the  action 
of  an  excess  of  alcoholic  NH3  on  bromo-acetyl 
bromide  (Baeyer,  B.  8,  612). 

Properties.  —  Colourless  needles,  m.  sol.  cold, 
v.  sol.  hot,  water.  Neutral  to  litmus.  Has  a 
somewhat  sweet  taste.  Not  attacked  by  boiling 
dilute  acids,  but  converted  by  boiling  baryta- 
water  into  hydantoic  acid.  May  be  oxidised  to 
allanturic  acid.  Ammoniacal  AgN03  gives  a 
pp.  of  AgC3H3N202  aq. 

Hydantoic  acid  C3H6N203  i.e. 
NH2.CO.NH.CH2.C02H.      Uramido-acetic   acid. 
Glycolluric  acid. 

Formation.  —  1.  By  boiling  hydantoin  with 
baryta-water  or  potash  (Baeyer,  A.  130,  160).  — 
2.  Together  with  urea,  by  boiling  glycoluril 
C4H6N4O2  with  baryta-water  (Kheineck,  A.  134, 
222).  —  3.  By  heating  glycocoll  with  a  slight  ex- 
cess of  urea  at  120°  (Heintz,  A.  133,  70  ;  Griess, 

B.  2,  106).—  4.  By  the  action  of  cyanic  acid  on 
glycocoll  ;  i.e.  by  heating  glycocoll  sulphate  with 
potassium  cyanate,  ppg.  potassium  sulphate  by 
alcohol,  and  allowing  the  liquid  to  evaporate 
spontaneously  (Wislicenus,  A.  165,  103).  —  5.  By 
heating  glycocoll  with  urea  ;  or,  better,  by  boil- 
ing these  substances  with  baryta-water  (Bau- 
mann  a.  Hoppe-Seyler,  B.  7,  34). 

Properties.  —  Monoclinic  prisms  ;  a:b:c 
=  •662:1:  -535;  j8  =  81°  0'.  M.  sol.  cold  water 
and  alcohol,  v.  sol.  hot  water  and  alcohol,  nearly 
insol.  ether. 

Reactions.  —  1.  Decomposed  by  heating  with 
cone.  HIAq  at  165°  to  C02,  NH3,  and  glycocoll 
(Menschutkin,  A.  153,  105).—  2.  Pure  HN03 
forms  a  nitro-  derivative,  no  gas  being  evolved 
(Franchimont,  R.  T.  C.  6,  217). 

Salts.  —  These  are  all,  except  the  Ag  salt,  v. 
sol.  water.—  KA'  :  minute,  six-sided  tables  and 
rhombohedra.  —  NaA'  aq  :  extremely  soluble  silky 
needles.—  NH4A'  aq  :  large  crystals,  becoming 
opaque  from  loss  of  NH3.  —  BaA'2  2aq  (at  100°)  : 
amorphous,  insol.  alcohol.  —  PbA'2  3aq  :  nodules. 
—  AgA'  :  pearly  scales. 

References.—  ETHYL,  METHYL-,  PHENYL-,  PHE- 
NYL-ETHYL-,STYEYL-,NITKO-  and  THIO  -HYDANTOIN 
and  HYDANTOIC  ACID. 

HYDEACIDS.  As  explained  in  the  articlt 
ACIDS  (vol.  i.  p.  47)  those  compounds  of  hydrogen 
which,  in  presence  of  water,  react  with  metallic 
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oxides,  hydroxides,  and  carbonates,  and  exchange 
the  whole  of  their  hydrogen,  or  a  portion  of  it, 
for  metal,  are  called  acids.  The  element  common 
to  all  acids  is  hydrogen ;  but  it  is  only  when  hy- 
drogen is  intimately  associated  in  a  compound 
with  one  or  more  strongly  negative  elements  that 
the  compound  has  the  properties  of  an  acid.  The 
greater  number  of  acids  contain  oxygen,  but  the 
presence  of  this  element  is  not  necessarily  ac- 
companied by  acidic  function,  nor  is  its  absence 
proof  that  we  have  to  deal  with  a  non-acidic 
compound.  Solutions  of  the  following  com- 
pounds contain  acids:  HF.HC1,  HBr,  HI,  HCN, 
HSCN,  HSeCN,  H4Fe(CN)6,  H3Fe(CN)6, 
H4Co(CN)6,  H3Co(CN)6,  HAu(CN)4,  H3Ir(CN)6, 
H4Mn(CN)6,  H4Os(CN)6>  H2Pt(CN)4,  H4Ku(CN)6, 
H2Pt(SCN)4,  H2Pt(SCN)6,  HAuCl4,  H2HgI4,  HBF4, 
HjS,  H2SnS3,  H2CS3.  These  acids,  and  a  few 
more,  do  not  contain  oxygen.  Acids  which  are 
not  compounds  of  oxygen  are  sometimes  classed 
together  as  hydracids.  The  name  is  more  par- 
ticularly applied  when  it  is  desired  to  distinguish 
between  two  classes  of  compounds  of  the  same 
elements,  or  group  of  elements,  both  of  which 
classes  are  acids,  but  only  one  class  is  formed  of 
oxygen  compounds ;  thus  we  speak  of  the  oxy- 
acids  and  the  hydracids  of  the  halogen  elements. 
The  terms  hydracid  is  then  only  a  convenient 
word  when  we  wish  to  emphasise  the  fact  that 
an  acid  under  consideration  is  not  an  oxygen 
compound.  All  acids  are  hydracids,  as  all  are 
compounds  of  hydrogen.  M.  M.  P.  M. 

HYDEACEYLIC  ACID  C3H603  i.e. 
CH2(OH).CH2.C02H.       P-Oxy-propionic      acid. 
Ethylene-lactic  acid.     (&)- Lactic  acid. 

Formation. — 1.  By  digesting  )8-iodo-propiomc 
acid  with  excess  of  moist  Ag2O,  decomposing  the 
resulting  silver  salt  by  H2S,  filtering,  neutralising 
with  Na2C03,  and  evaporating  (Beilstein,  A  122, 
366;  Sokoloff,  A.  150,  167).  Acrylic,  dihydra- 
crylic  C6H10O3,  andtheisomericpara-adipo-malic 
acids  (v.  vol.  i.  p.  63)  are  formed,  but  are  left 
undissolved  when  sodium  hydracrylate  is  dis- 
solved in  95  p.c.  alcohol  (Wislicenus,  B.  4,  522  ; 
A.  166,  6).— 2.  Together  with  acrylic  acid  by 
boiling  j8-iodo-propionic  acid  with  milk  of  lime. 
The  impure  acid  may  be  converted  into  the  zinc- 
calcium  salt,  which  can  be  purified  by  recrystal- 
lisation,  and  then  decomposed  by  H2S  and  the 
calculated  quantity  of  oxalic  acid  (Heintz,  A. 
157,  291). — 3.  By  boiling  /8-iodo-propionic  acid 
with  a  large  excess  (25  pts.)  of  water  (Thomson, 
A.  200,  81). — 4.  By  boiling  sodium  acrylatewith 
aqueous  NaOH  (Linnemann,  B.  8,  1095  ;  Erlen- 
meyer,  A.  191,  281). — 5.  From  glycol  chlorhydrin 
and  KCN,  followed  by  saponification  of  the  pro- 
duct (Wislicenus,  A.  128,  4  ;  Erlenmeyer,  A.  191, 
268). — 6.  From  ethylene  oxide  and  HCN  and 
saponification  of  product  (Erlenmeyer,  A.  191, 
269). 

Properties.— Strongly  acid  syrup,  resolved  by 
heat  into  water  and  acrylic  acid.  Unlike  lactic 
acid  it  does  not  yield  iodof orm  when  heated  with 
iodine  and  potash  (Lieben's  reaction). 

Reactions.— 1.  Boiling  withH2S04  (1  pt.)  di- 
luted with  water  (1  pt.)  converts  it  into  water 
and  acrylic  acid. — 2.  Chromic  acid  oxidises  it 
to  C02  and  oxalic  acid.  Nitric  acid  acts  in  like 
manner.— 3.  Ag20  oxidises  it  to  oxalic  and  gly- 
collic  acids. — 4.  Potash-fusion  gives  formic  and 
acetic  acids.— 6.  HI  gives  £-iodo-propionic  acid. 


Salts.— NaA':  [143°];  flat  deliquescent 
prisms,  si.  sol.  boiling  alcohol.  At  250°  it  gives 
acrylic  and  para-adipo-malic  acids  (Wislicenus, 
A  174,  286).— CaA'22aq:  [140°-145°] ;  prisms, 
very  easily  soluble  in  cold  water,  insol.  alcohol. 
Forms  with  calcium  acrylate  a  compound 
Ca(C3H503)(C3H302)aq.-ZnA'24aq:  [60°];  tri- 
clinic  crystals.  S.  112  at  16-5°  (Wislicenus). — 
CaZnA'4 :  crystalline  pp.  formed  on  mixing  the 
concentrated  solutions  of  the  zinc  and  calcium 
salts.  S.  9  at  15°.  Scarcely  more  soluble  in 
hot  than  in  cold  water.  Insol.  boiling  alcohol 
and  ether. — AgA' :  delicate  prisms  and  needles, 
v.  sol.  cold  water,  insol.  alcohol. 

Nitrile  eH2(OH).CH,,.CN.  Glycol  cyanhy- 
drin.  (221°)  at  724  mm.  S.G.  a  1-059.  S. 
(ether)  2-3  at  15°.  From  ethylene  oxide  and  dry 
HCy  at  55°  (Erlenmeyer,  A.  191,  273).  Liquid, 
miscible  with  alcohol  and  water. 

Dihydracrylic  acid  C6H1005  i.e. 
0(CH2.CH2.C02H)2.  One  of  the  products  ob- 
tained by  boiling  0-iodo-propionic  acid  with  Ag2O 
and  water  (Wislicenus,  A.  166,  39).-Na2A": 
silky  crystalline  mass ;  insol.  95  p.c.  alcohol, 
sol.  hot  90  p.c.  alcohol.  Converted  by  HI  into 
j8-iodopropionic  acid.  Its  aqueous  solution  gives 
with  lead  nitrate  a  flocculent  pp.,  sol.  excess. 

HYDKAMIDES.  Compounds  of  the  form 
N2R3,  obtained  by  the  action  of  ammonia  on 
certain  aldehydes,  chiefly  aromatic,  e.g.  furfur- 
aldehyde  and  benzoic  aldehyde.  They  are  crys- 
talline solids,  insol.  water,  sol.  alcohol.  They 
are  not  volatile,  and  are  decomposed  by  acids 
into  NH3  and  the  parent  aldehyde. 

HYDKASTINE  C21H21N06.  [132°]  (F.  a.  W.). 
[o]D  =  -  67-8°  (2-5  g.  dissolved  in  100  c.c.  chloro- 
form) ;  =  + 127°  in  HClAq.  An  alkaloid  dis- 
covered by  Perrins  (Ph.  [2]  3,  546)  in  the  root  of 
Hydrastis  canadensis,  or  Golden  Seal,  in  which 
|  it  exists  to  the  amount  of  1|  p.c.,  together  with 
berberine,  and  possibly  a  third  alkaloid,  cana- 
dine  (Van  der  Espt,  Ph.  [3]  3,  604  ;  Hale,  Ph.  [3] 

4,  105 ;  Burt,  Ph.  [3]  6,  467  ;  Lloyd,  Ph.  [3]  10, 
125  ;  Freund  a.  Will,  B.  19,  2797  ;  20,  88,  2400 ; 
Schmidt  a.  Wilhelm,  Ar.  Ph.  [3]  26,  329  ;  Eijk- 
man,  E.  T.  C.  5,  290 ;  Power,  Ph.  [3]  15,  297 ; 
16,  1092 ;  Lyons,  Ph.  [3]  16,  880 ;  Mahla,  Am. 

5.  [2]  36,  57).     Occurs  also  in  Stylophorum  di- 
phyllum  (Eijkman). 

Hydrastine  is  best  obtained  by  extracting  the 
root  of  Hydrastis  with  ether,  and  recrystallising 
the  extract  from  alcohol  (F.  a.  W.).  Trimetric 
crystals,  a:b:c  =  '846:1:  *376.  Almost  insol.  water, 

1  si.  sol.  cold  alcohol,  v.  sol.  boiling  alcohol  and 
chloroform.  It  has  a  bitter  taste,  producing  a 
feeling  of  numbness  in  the  mouth.  It  does  not 
appear  to  be  poisonous. 

Reactions. — 1.  Boiling  dilute  nitric  acid 
forms  opianic  acid  and  hydrastinine.  Mn02  and 

i  H2S04  give  the  same  products.— 2.  KMn04,  in 
presence  of  HC1,  also  forms  opianic  acid. — 
3.  KMn04  in  alkaline  solution  forms  hemipic 
acid  and  pyridine  carboxylic  (nicotinic)  acid. — 
B'HCL— BVH-jPtC^.— B'(HAuCl4)2.— B'H2S04.— 
Picrate.  B'C6H2(N02)3OH  4aq :  yellow  needles 
(from  alcohol). 

Methylo-iodide  B'Mel.  [208°].  Needles 
(from  water  or  alcohol).  With  moist  Ag.,0  it 
gives  crystals  [237°]. 

Ethylo-iodide  B'Etl.  [206°]  (S.  a.  W.); 
[124°]  (Eijkman) ;  [183°]  (Power).  Gives  rise  to 
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(B'EtCl)2PtCl4  [207°],  B'EtClAuCl,  [c.  110°],  and 
B'EtOH,  which  may  be  crystallised  from  hot 
water. 

Hydrastinine  CnHnNO2aq  or  CnH13N03  i.e. 
CHO.C7H402.CH.,.CH.,.NHMe  (?)  (W.  Eoser,  A. 
249,  156).  [117°].  "  Obtained,  together  with 
opianic  acid,  when  hydrastine  is  treated  with 
oxidising  agents  (F.  a.  W.).  White  needles  (from 
ligroin),  v.  e.  sol.  alcohol  and  ether,  m.  sol.  hot 
water.  Crystallises  from  all  solvents  with  aq. 
Somewhat  decomposed  when  recrystallised  from 
benzene  or  EtOAc.  Its  aqueous  solution  is 
strongly  alkaline  and  intensely  bitter.  Ppd. 
from  its  solution  in  acids  by  KOH  but  not  by 
NH3  or  Na2C03.  Eeduced  by  Zn  and  HC1  to 
hydrastinine  dihydride.  Boiling  aqueous  KOH 
forms  hydrastinine  dihydride  and  oxyhydrastin- 
ine.  Mel  forms  a  volatile  base  and  an  indif- 
ferent oil  which  yields  an  oxim  [129°]. 

Salts.— B'HCl:  [c.  212°J ;  needles,  v.  sol. 
alcohol  and  water.  Its  aqueous  solution  shows 
a  feeble  fluorescence,  and  is  optically  inactive. — 
B'H2S04:  sol.  alcohol.— B'H2Cr207 :  slender 
golden  needles,  sol.  water.  Decomposes  at  175°. 
— B'H2PtCl6. 

Me  thy  lo  -iodide  B'Mel:  slender  yellow 
needles,  sol.  water  and  alcohol. 

Oxim  C10H12N02CH:NOH.  [146°].  Formed 
by  boiling  the  base  (1  g.)  with  hydroxylamine 
hydrochloride  (£  g.)  and  alcohol  (20  c.c.)  for  a 
few  minutes,  and  then  adding  NHsAq  (Freund, 
£.22, 457).  Needles  (from  alcohol).— B^H-jPtClg : 
crystalline  pp. 

Hydrastic  acid  C8H,N04.  [232°].  Formed 
by  boiling  hydrastine  with  dilute  HN03  until 
KOH  no  longer  ppts.  the  product.  Crystalline, 
sol.  alcohol  and  water.  Eesembles  apophyllic 
acid. — AgA' :  needles. 

Hydro-hydrastmine  CUH13N02  i.e. 

(Eoser).    [66°].    Formed 

by  reducing  hydrastine  with  zinc  and  HC1. 
White  crystals,  v.  e.  sol.  alcohol,  ether,  benzene, 
and  CS2.  Ee-oxidised  by  chromic  acid  mixture 
to  hydrastine. 

Salts.— B'HCl:  [274°];  crystals,  si.  sol. 
water.— B'2H2PtCl6 :  [216°] ;  yellow  scales.— 
B'HBr :  [272°]  ;  tufts  of  small  white  needles  si. 
sol.  water.— B'HI:  [232°].— B'2H2Cr207 :  red 
scales  ;  explodes  at  150°. 

Ethylo-iodide  B'Etl:  [207°];  needles. 

Oxy-hydrastinine  C11H11N03  i.e. 

(Eoser).     [98°].     (above 

350°).  Formed,  together  with  the  preceding,  by 
the  action  of  aqueous  KOH  upon  hydrastinine. 
Prepared  by  rubbing  up  hydrastinine  with  water 
and  potash-ley,  shaking,  and  adding  a  cold 
saturated  solution  of  K2Mn208  till  decolourisa- 
tion  proceeds  slowly ;  then  filtering,  extracting 
the  residue  with  ether,  neutralising,  and  eva- 
porating the  filtrate  (Martin  Freund,  B.  22,  457). 
Needles,  v.  e.  sol.  alcohol,  chloroform,  and  benz- 
ene. Feeble  base.  By  dissolving  in  dilute  HN03 
it  is  converted  into  a  crystalline  nitro-  derivative 
CnH10(N02)N03  [271°],  insol.  HC1,  ammonia,  or 
Na2C03Aq,  sol.  warm  NaOHAq.— B'HCl :  [138°] ; 
crystalline.  Decomposed  by  water  and  by  alco- 
hol.—B'2H2PtCl6 :  [160°];  yellow  needles.— 
B'2H2AuCl5:  [100°];  reddish-brown  mass. 


Dibromo  -  hydrastinine  CuH9Br2NO2.  [c. 
280°].  Formed  by  exposing  a  solution  of  the 
hydrobromide  of  hydro-hydrastinine  to  bromine 
vapour  (Freund).  Broad  white  needles  (from 
hot  water).  In  solutions  of  its  salts  NH3,  caustic 
soda,  and  Na2C03  give  a  pp.  which  crystallises 
from  alcohol  in  slender  thread-like  needles 
[125°]. 

Di  -  iodo  -  hydrastinine  hydriodide  (so- 
called)  CnHMI2N02HI.  [134°].  A  substance 
formed  by  boiling  hydrastinine  for  some  minutes 
with  fuming  HIAq  (Freund).  Crystallises  from 
alcohol  in  splendid  brown  needles. 

Constitution.— Narcotine  C,9HM(OMe),N04  is 
perhaps  methoxy-hydrastine,  hydrastine  being 
C19H15(OMe)2N04.  Hydrastinine  would  then  con- 
tain no  methoxyl,  while  cotarnine  would  be  meth- 
oxyl-hydrastinine  (Schmidt  a.  Wilhelm,  Ar.  Ph. 
[3]  26,  329). 

HYDRATES.  Compounds  of  water  with 
other  compounds  or  with  elements.  If  Cl  is 
passed  into  ice-cold  water  a  yellowish  white 
solid  is  produced,  which  when  dried  between 
paper  at  0°  forms  a  white  mass  of  crystals  having 
the  composition  C1.5H20  ;  heated  to  35°  in  a 
closed  tube  the  crystals  separate  into  Cl  and 
water,  and  on  cooling  to  15°  the  compound 
C1.5H2O  is  again  produced.  The  compound 
C1.5H20  is  a  hydrate  of  Cl,  i.e.  it  is  a  compound 
of  Cl  with  water.  When  BaO  is  brought  into 
contact  with  water  combination  occurs,  and 
BaO.H20  is  produced;  this  compound  is  not 
changed  by  the  action  of  heat  alone.  It  is  cus- 
tomary to  call  BaO.H20  an  hydroxide,  and  to 
regard  it  as  a  compound  of  Ba,  0,  and  H,  rather 
than  a  compound  of  BaO  with  ILX).  If  water 
is  added  to  CaO  (an  oxide  very  similar  to  BaO), 
combination  occurs,  and  CaO.H20  is  produced ; 
at  a  full  red  heat  this  compound  is  resolved  into 
its  constituents,  CaO  and  H20.  The  compound 
formed  by  the  union  of  CaO  and  H20  is  some- 
times called  a  hydrate,  and  its  formula  is  written 
CaO.H20  ;  but  by  some  chemists  it  is  called  an 
hydroxide,  and  the  formula  assigned  to  it  is 
CaO-jHa  or  Ca(OH)2.  Compounds  formed  by  the 
union  of  molecules  of  H20  with  other  molecules 
or  atoms,  without  a  rearrangement  of  the  atoms 
of  the  group  H20,  are  called  hydrates;  com- 
pounds formed  by  a  reaction  of  molecules  of 
H20  with  other  molecules  or  atoms,  such  that 
the  group  H2O  is  separated  into  its  constituent 
atoms,  which  are  rearranged  in  the  new  molecule, 
are  called  hydroxides.  But  it  is  of  ten  impossible  to 
tell  whether  a  given  compound  is  an  hydrate  or  an 
hydroxide.  The  definition  given  above  is  a  theore- 
tical definition ;  we  have  no  certain  means  of  telling 
to  which  class  a  specified  substance  belongs. 
Another  way  of  stating  the  theoretical  difference 
between  hydrates  and  hydroxides  is  to  say  that 
hydrates  contain  water  as  such,  and  that  hy- 
droxides contain  the  elements  of  water.  Another 
form  of  words  sometimes  used  is  to  speak  of 
water  of  hydration,  or  water  of  crystallisation, 
and  to  contrast  this  with  water  of  constitution. 
Cane  sugar,  for  instance,  has  the  composition 
CjoH^Ojj.  Did  we  know  nothing  about  cane 
sugar  except  its  composition  we  might  write  the 
formula  C,2H22On  as  C,2.11H20  ;  but  the  proper- 
ties of  cane  sugar  make  it  evident  that  it  is  not  a 
compound  of  carbon  with  water,  but  a  compound 
of  C,  H,  and  0,  in  which  the  H  and  0  are  in  the 
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same  ratio  as  in  H20.  We  may  say  of  cane 
sugar  that  it  is  an  hydroxide,  or  that  it  contains 
the  elements  of  water,  or  that  it  contains  water 
of  constitution.  Copper  sulphate,  CuS04,  com- 
bines with  water  to  form  blue  crystals  CuSO  ,.5H20; 
when  these  crystals  are  heated  to  220°  or  so,  the 
water  is  all  removed,  and  white  CuS04  remains  ; 
these  changes— hydration  and  dehydration— may 
be  repeated  indefinitely.  We  may  say  then  that 
the  blue  crystals  of  copper  sulphate  contain 
water  of  crystallisation. 

The  term  hydroxide  is  sometimes  used  in  a 
narrower  sense  than  explained  above ;  by  some 
chemists  it  is  applied  only  to  compounds  whose 
reactions  are  best  explained  by  supposing  them 
to  contain  the  group  or  radicle  OH. 

The  problem  suggested  by  the  terms  hydrate 
and  hydroxide  is  not  one  merely  of  nomencla- 
ture ;  it  is  a  typical  problem  of  chemistry.  The 
two  terms  attempt  to  summarise  certain  concep- 
tions regarding  connexions  between  the  pro- 
perties and  the  composition  of  certain  com- 
pounds. Here,  as  in  other  chemical  problems, 
we  must  study  composition  and  properties,  and 
we  must  beware  of  divorcing  the  one  study  from 
the  other. 

When  Zn  reacts  with  dilute  H2S04Aq  to  form 
ZnSO4,  we  know  that  the  ZnS04  must  contain 
the  zinc  as  such  ;  yet  the  properties  of  the  Zn  are 
modified  by  its  combination  with  the  radicle  S04. 
The  ZnS04  produced  is  a  substance  by  itself  ;  it 
has  its  own  properties  very  different  from  those  of 
any  of  its  constituents.  In  a  sense  it  is  hardly 
accurate  to  say  that  zinc  sulphate  contains  zinc ; 
zinc  sulphate  is  a  new  thing  in  which  the  pro- 
perties of  Zn,  S,  and  0  are  merged.  Zinc  sul- 
phate is  as  distinctly  a  definite  homogeneous 
kind  of  matter  as  any  of  the  elements  which 
combine  to  form  it.  From  it  we  can  obtain  Zn, 
S,  and  0 ;  none  of  these  three  kinds  of  matter 
have  we  yet  been  able  to  separate  into  unlike 
parts.  But  when  water  combines  with  other 
substances,  we  are  dealing  with  a  body  which  we 
are  able  to  separate  into  unlike  parts ;  and, 
therefore,  we  may  suppose  either  that  the  water 
combines  as  a  whole  with  the  other  substance, 
or  that  a  rearrangement  of  the  atoms  of  the  re- 
acting bodies  occurs,  and  that  in  the  new  com- 
pound the  relation  of  the  0  and  H  atoms  are 
different  from  those  which  hold  good  in  the  mole- 
cule H20. 

The  problem  is  similar  to  that  presented  by 
questions  about  the  presence  of  this  or  that 
radicle,  or  group  of  atoms,  in  the  molecules  of 
carbon  compounds ;  it  also  presents  analogies 
with  questions  regarding  molecular  and  atomic 
compounds.  We  cannot,  as  a  rule,  isolate  the 
radicles  which,  we  suppose,  form  groups  of 
closely  related  atoms  in  the  molecules  of  carbon 
compounds ;  we  can,  however,  isolate  the  radi- 
cles which  form  groups  of  closely  related  atoms 
in  the  molecules,  or  at  least  in  the  chemically 
reacting  weights,  of  double  salts  (v.  DOUBLE 
SALTS,  p.  414).  We  can  isolate  the  radicle,  or 
group  of  atoms,  H,O;  the  molecule,  or  the 
chemically  reacting  weight,  of  a  hydrate  is  sup- 
posed to  be  so  constituted  that  one  of  its  radicles 
is  the  group  H20 ;  whereas  this  group  is  sup- 
posed to  be  absent  from  the  molecule  of  an 
hydroxide.  If  a  compound  is  a  hydrate  we 
should  expect  it  to  reveal  its  constitution  by  its 


'  properties  and  reactions :  the  radicle  H20  will 
|  carry  with  it  certain    characteristic  properties 
different  from  those  which  belong  to  the  radicle 
OH. 

The  methods  by  which  attempts  are  made  to 
differentiate  hydrates  from  hydroxides  consist 
partly  in  studying  the  chemical  reactions  of  the 
compounds,  and  partly  in  determining  their 
physical  properties  and  comparing  these  with 
those  of  well-defined  compounds  belonging  some 
to  one  class  and  some  to  the  other. 

Compounds  formed  by  the  reactions  of  water 
with  other  compounds  or  elements,  and  which 
are  separated  by  heat  into  water  and  the  other 
constituent  from  which  they  have  been  produced, 
are  usually,  but  not  in  every  instance,  classed 
as  hydrates.  Some  compounds  are  decomposed 
by  heat  with  production  of  water  and  another 
substance,  but  are  not  produced  by  the  direct 
union  of  water  with  the  other  substance ;  some 
of  these  compounds  are  classed  as  hydrates, 
some  are  not.  Thus  the  compound  CuO.,H2, 
which  is  decomposed  by  heat  to  CuO  and  H20, 
is  generally  regarded  as  hydrated  copper  oxide, 
CuO.H2O ;  it  is  obtained  by  ppg.  a  solution  of  a 
Cu  salt  by  an  alkali,  but  it  is  not  formed  by  the 
direct  union  of  CuO  and  H20.  But  the  compound 
As04H3  is  not  called  a  hydrate,  although  it  is 
resolved  by  heat  into  As205  and  H20  (2H3As04 


The  reasons  for  regarding  Cu02H?  as  a 
hydrate,  and  for  not  placing  As04H3  in  this 
class,  are  based  on  the  chemical  analogies  of 
these  compounds.  Cu02H2  is  very  similar,  in 
its  methods  of  formation  and  properties,  to 
compounds  which  are  undoubtedly  hydrated 
compounds.  As04H3  is  an  acid  ;  the  hydrogen 
of  this  compound  can  be  replaced  by  certain 
metals  ;  now  acids  as  a  class  exhibit  properties 
which  undoubtedly  show  that  they  are  not  com- 
pounds of  water. 

Some  compounds  formed  by  the  reaction  of 
water  with  another  compound  are  classed  as 
hydrates,  and  some  are  not  placed  in  this  class. 
A  compound  may  be  formed  by  the  union  of 
water  with  another  substance,  and  the  compound 
may  be  resolved  into  water  and  the  other  sub- 
stance, either  by  the  action  of  heat  or  a  dehy- 
drating agent,  and  yet  the  compound  in  question 
is  not  necessarily  placed  among  the  hydrates. 
Water,  for  instance,  reacts  with  N205  to  form 
nitric  acid,  and  nitric  acid  loses  water,  forming 
N205,  by  reacting  with  P205 ;  yet  nitric  acid  is 
not  to  be  classed  as  a  hydrate.  Here  again  the 
properties  and  reactions  of  the  compound  formed 
by  the  reaction  of  water  forbid  us  to  regard  it  as 
a  hydrate.  The  arguments  against  calling  nitric 
acid  a  hydrate  are  not  drawn  solely  from  the 
reactions  of  this  compound,  but  also  from  the 
general  reactions  of  acids. 

In  discussing  whether  a  specified  compound 
is  or  is  not  a  hydrate,  regard  must  be  paid  to 
the  chemical  analogies  of  the  compound,  and  to 
the  reactions  of  compounds  with  which  it  is 
allied.  Thus  it  is  the  custom  to  regard  the  com- 
pounds M02H2,  where  M  =  Ca,  Sr,  orBa,  as  hydrox- 
ides rather  than  hydrates.  One  of  the  reasons 
for  this  is  based  on  the  undoubted  similarities 
between  these  compounds  and  the  compounds 
MOH,  where  M  =  an  alkali  metal.  The  latter 
compounds  are  certainly  hydroxides ;  among 
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the  reasons  for  this  statement  is  the  analogy  in 
chemical  reactions— e.g.  reactions  with  acids 
and  with  PC15 — between  these  compounds  and 
the  monohydric  alcohols  CnIL,n+1OH.  These 
alcohols  cannot  be  called  hydrates  ;  they  are  not 
formed  by  the  union  of  water  with  the  hydro- 
carbons CnH2n+2 ;  they  are  produced  by  reactions 
between  iodo-  derivatives  of  the  paraffins  and 
KOH;  they  react  with  PC15  to  form  chloro- 
paramns  CnH2n+1Cl.  The  compound  formed  by 
the  reaction  of  Na^O  with  H.,0  may  be  formu- 
lated, so  far  as  composition  goes,  as  Na2O.H20 
or  as  NaOH.  If  the  molecular  weight  were  found 
to  be  40,  the  formula  NaOH  would  necessarily 
be  adopted.  In  the  absence  of  this  evidence,  we 
must  have  recourse  to  a  study  of  the  reactions  of 
the  compound.  The  weight  of  caustic  soda  which 
reacts  with  one  molecular  weight  of  hydrochloric 
acid  (HC1)  is  expressed  by  the  number  40 ;  the 
same  number  expresses  the  weight  of  this  com- 
pound which  reacts  with  one  atom  of  sodium ; 
hence  we  adopt  40  as  the  reacting  weight  of 
caustic  soda ;  and  hence  we  write  the  formula 
NaOH  and  not  Na2O.H2O  (or  NaO,H2).  One 
reason  for  writing  the  formula  of  caustic  baryta 
BaO.,H2  and  not  BaO.H20  is  found  in  the  close 
analogies  between  this  compound  and  caustic 
soda.  Caustic  baryta  combines  with  water  to 
form  a  compound  Ba02H2.8H20  ;  this  compound 
is  said  to  be  a  hydrated  hydroxide  ;  a  hydrate, 
because  8H20  can  be  removed  by  heat ;  an 
hydroxide,  for  the  reasons  already  given.  A 
great  mass  of  data  regarding  the  dehydration  of 
metallic  hydroxides  and  hydrated  oxides  by 
heat  is  given  in  a  paper  by  Carnelley  a.  Walker, 
C.  J.  53,  59. 

The  specific  volumes,  or  molecular  volumes, 
of  compounds  formed  by  interaction  of  water 
with  other  compounds  throw  some  light  on  the 
distinction  between  hydrates  and  hydroxides. 
The  specific,  or  molecular,  volume  of  a  solid 
compound  is  defined  as  ^mula-weight .  thig 

spec.  grav. 

quotient  may  be  represented  by  (7).  Clarke 
(Am.  S.  [3]  8,  428)  has  determined  (7)  for  a 
number  of  compounds  formed  by  interactions  of 
water  with  other  compounds.  He  finds  that  for 
many  hydrated  chlorides  the  mean  value  of 
(7)MCl2.a;H20-(7)MCl2 

x 

is  13-76  ;  the  maximum  value  being  15  and  the 
minimum  12-5.  In  the  chlorides  examined  M 
was  Ca,  Sr,  Ba,  Mg,  Cu,  Fe,  and  Co;  and  x 
varied  from  2  to  6.  Values  for  (7)  for  the 
following  compounds  were  also  obtained : 
B203.3H20,  I203.H20,  K2O.H20,  CaO.H2O, 
SrO.H20,  BaO.H20,  A1203.H20,  Mn203.H2Or 
Fe203.H20.  Values  were  also  obtained  for  (7) 
for  the  oxides  B203, 1205,  K.,0,  &c.  The  difference 
( 7)  oxide  zH20  -  ( 7)  oxide 

x 
varied  from  7'4  to  19'4. 

Hence  it  appears  that  the  specific  volume  of 
each  H2O  in  hydrated  chlorides  has  a  mean 
value  of  about  13-76,  and  that  in  no  case  does 
the  actual  value  differ  much  from  this;  but 
that  no  simple  relation  can  be  traced  between 
(7)  for  an  oxide  and  (7)  for  the  product  of  the 
combination  of  that  oxide  with  water  in  those 
cases  in  which  we  have  reason  to  believe  that  a 
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rearrangement  of  the  atoms  of  the  molecule 
H2O  has  taken  place. 

Perkin  (C.  J.  1886.  777)  has  used  measure- 
ments  of  the  magnetic  rotatory  powers  of  com- 
pounds (Mol.  E.)  to  attempt  a  distinction  between 
water  of  constitution  and  water  of  hydration. 
(Mol.  E.)  of  water  is  taken  as  unity;  if  then 
(Mol.  K.)  of  a  compound  is  «,  and  if  (Mol.  E.)  of 
the  compound  formed  by  adding  water  to  this 
compound  is  increased  by  about  1  for  each  H2O 
that  has  entered  into  combination,  we  may  con- 
clude that  the  new  compound  is  a  hydrate.  The 
following  examples  are  taken  from  Perkin 's 
paper : — 

(Mol.  E.)  of  H.C02H  =  1-671 ; 
(Mol.  E.)  of  HCO.,H.H20  =  1-676  +  -995. 
(Mol.  E.)  of  CH,.C02H  =  2-525  ; 
(Mol.  E.)  of  CH3.C02H.H20  =  2-525  +  1-029. 
(Mol.  E.)    of    many    organic    acids    minu& 
(Mol.E.)  of  the  corresponding  anhydride  =  c.  *74. 
(Mol.  E.)  of  H2S04  =  2-315; 
(Mol.  E.)  of  H.SO^Hp  =  2-315  +  -873. 
(Mol.  E.)  of  H2SO,.H20  =  3-188; 
(Mol.  E.)  of  H.2S04.2H20  =  3-188  +  -925. 
(Mol.  E.)  of  CC13.CHO  =  6-591; 
(Mol.  E.)  of  CC13.CHO.H20  =  6-591 +  -446. 

The  compounds  formed  by  the  union  of 
formic  and  acetic  acids  with  water  appear  to  be 
hydrates.  The  compound  formed  by  the  union 
of  sulphuric  acid  with  water  in  the  ratio 
H2S04:H20  appears  to  be  an  hydroxide  (Perkin 
thinks  it  may  be  SO(OH)4),  but  the  combination 
of  more  water  with  the  compound  thus  produced 
is  probably  a  process  of  hydration.  Chloral 
hydrate  is  probably  not  a  hydrate,  but  rather 
trichloro-ethylidene  glycol  CC13.CH(OH)2. 

Differences  can  be  traced  between  the  various 
H20  groups  in  some  hydrated  salts.  Thus 
CuS04.5H2O  loses  4H20  at  about  100°,  but  the 
fifth  H20  only  at  c.  220°;  Na2C03.10H20  at 
12-5°  loses  5H20,  ate.  38°  the  hydrate  Na2C03.H,O 
remains,  and  complete  dehydration  occurs  by 
heating  towards  redness.  (Eegarding  the  forma- 
tion of  different  hydrates  of  the  same  salt  from 
solutions  v.  Hammerl,  M.  3,  419.)  Thorpe  and 
I  Watts  (C.  J.  Trans.  1880. 102)  have  determined 
the  specific  volumes  of  various  hydrated  and  de- 
hydrated sulphates,  MS04.#H20,  where  M  =  Mg, 
Zn,  Cu,  Mn,  Fe,  Co,  and  x  varied  from  1  to  7. 
Putting  (7)  S  as  specific  volume  of  the  dry  sul- 
phate, they  get  the  following  results  : — 
Mean  difference  between 

(7)Sand(7)S.    H2O  =  10-7 

(7)S.2H20  =  13-3 

(7)S.3H,0  =  14-5 

„          (7)S.4H20  =  15-4 

(7)  S.  7H20  =  16-2. 

Hence  each  H20  group  raises  (7)  to  a"  different 
extent. 

Sodium  phosphate  crystallised  from  solutions 
at  the  ordinary  temperature  has  the  composition 
Na2HP04.12H20 ;  the  crystals  which  separate 
at  33°  are  Na2HP04.7H,0  ;  there  are  also  hy- 
drates intermediate  between  these,  and  hydrates 
with  less  water  than  7H20.  If  one  of  these  hy- 
drates is  heated  in  a  closed  space  water  is  evolved, 
and  the  pressure  increases  until  at  a  certain  pres- 
sure the  change  stops  and  equilibrium  is  pro- 
duced. A  study  of  the  equilibrium-pressures  dis- 
closes a  marked  difference  between  the  hydrates 
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with  7  and  12  H.,0.     Debray  (C.  E.  66,  195) 
gives  the  following  numbers  : — 

Equilibrium  pressures. 

^^^___  _^*-«^  

Salt  with  more  than  7     Salt,  with  7  or  less 
Temp.  and  up  to  12H"0  than  7HJ0 

12-3°  7'4  mm.  4-8  mm. 

16-3°  8-9     „  6-9     „ 

20-7°  14'1     „  9-4     „ 

24-9°  18-2     „  12-9     „ 

31-5°  30-2     „  21-3     „ 

It  is  evident  that  the  distinction  between  hy- 
drates and  hydroxides  is  not  one  which  can  be 
rigidly  drawn.  One  class  of  compounds  shades 
off  into  the  other.  There  is  no  means  by  using 
which  we  can  refer  any  specified  compound  to  this 
class  or  to  that.  Many  reactions  must  be  studied 
for  each  compound,  and  the  classification  finally 
adopted  is  generally  only  provisional. 

M.  M.  P.  M. 

HYDRAZIDES  v.  HYDRAZONES.  The  phenyl- 
hydrazides  of  aldehydes  and  of  ketones  are  de- 
scribed under  the  aldehydes  and  ketones  from 
which  they  are  prepared.  Hydrazides  are  formed 
by  elimination  of  water  between  an  oxygenated 
body  and  a  hydrazine.  Elimination  of  water 
between  an  oxygenated  body  and  an  amine  forms 
an  amide  or  imide. 

HYDRAZIDO-BENZENE  SULPHONIC  ACID 
v.  PHENYL-HYDBAZINE  SULPHONIC  ACID. 

HYDRAZIDO-BENZOIC    ACID    v.  PHENYL- 

HYDRAZINE  CAKBOXYLIC  ACID. 

o-HYDRAZIDO-CINNAMIC  ACID 
NH2.NH.C6H4.CH:CH.C02H.  [171°].  From 
diazo-cinnamic  acid  by  converting  it  first  by 
Na2S03  into  S03Na.N2.C6H4.CH:CH.C02H,  then 
reducing  by  hydrochloric  acid  and  zinc-dust  to 
S03Na.NH.NH.C6H4.CH:CH.C02H,  and  finally 
decomposing  this  by  HC1  gas  (Fischer  a.  Kuzel, 
A.  221,  276  ;  A.  227,  303).  Yellowish  crystals. 
Nearly  insol.  water,  alcohol,  ether,  benzene,  or 
light  petroleum.  Sol.  alkalis  and  acids.  Its 
acetic  acid  solution  bleaches  litmus  and  indigo 
(unlike  the  simpler  hydrazines),  reduces  alkaline 
copper  solution,  and  ammoniacal  silver  solution. 
When  melted  it  forms  indazole  (q.  v.). 

S  alt.— HA/HCl :  [146°] ;  yellowish  crystalline 
powder,  soluble  in  alkalis,  reduces  Fehling's  so- 
lution in  the  cold.  Heat  changes  it  to  indazole 
(q.  v.),  not  into  its  anhydride. 

Anhydride  v.  AMIDO-CAKBOSTYBIL. 

o-HYDRAZIDO-PHENOL. 

Methyl  ether  C6H4(OMe)NH.NH2.  [43°]. 
Methoxy-phenyl-hydrazine.  From 
C6H4(OMe).NH.NH.S08H  and  cone.  HC1  (Beis- 
enegger,  A.  221,  319).  Slender  white  needles, 
which  turn  brown  in  air.  Insol.  water,  v.  sol. 
alcohol,  ether,  and  benzene.  Keduces  Fehling's 
solution,  HgO,  and  ammoniacal  AgN03.  With 
cyanic  ether  it  forms  a  urea  (semicarbazide) 
MeO.C6H4.N2H2.CO.NHEt  [110°]  needles. 

Sa  Its.— B'HCl.— B'^CA.— 
B'C6H2(N02)3OH. 

Acetyl  derivative  C6H4(OMe)N2H2Ac : 
[125°];  needles. 

o  -  HYDRAZIDO  -  PHENOL  -  v  -  SULPHONIC 
ACID. 

Salt.  --  HO.CJ^.NH.NH.SC^K.  From 
HO.C6H4.N2.S03K,  zinc-dust  and  glacial  HOAc 
(Beisenegger,  A.  221,  315).  White  plates. 
Quickly  turns  red  when  moist.  V.  sol.  water, 


the  solution  being  very  unstable.  Beducea 
Fehling's  solution. 

Methyl  derivative 
MeO.C6H4NH.NH.S03H. 

Salt.—  NaA'aq.  From  C6H4(OMe)NH2  by 
diazotisation  and  treatment  with  Na2SO3  (B.). 
Plates.  Beduces  cold  Fehling's  solution. 
Warmed  with  cone.  HC1  it  forms  o-hydrazido- 
phenol  methyl  ether  (q.  v.). 

»-Hydrazido-phenol  y-sulphonic  acid. 

Salt.  -  HO.C(iH4.NH.NH.S03K.  Prepared 
in  a  similar  way  from  the  p-  compound  (B.). 
White  scales,  more  stable  than  the  o-  compound. 
Beduces  cold  Fehling's  solution. 

o  -  HYDRAZIDO  -  ft  -  PHENYL  -  PROPIONIC 
ACID. 

Sodium  salt.  — 

NH2.NH.C6H4.CH2.CH,.C02Na  (E.  Fischer  a. 
Kuzel,  A.  221,  282).  This  salt  may  be  got  by 
reducing  C6H4(NH.NH.S03Na).CH:CH.C02H  by 
sodium  amalgam  in  alkaline  solution.  Precipi- 
tated by  adding  NaCl  and  acetic  acid.  Small 
crystals,  v.  sol.  water.  HC1  liberates  the  acid 
which  at  once  changes  into  its  anhydride,  amido- 
hydrocarbostyril  (q.  v.)  [143°]. 

Ethyl-hydrazido-phenyl-propionic  acid 
C6H4(NEt.NH2).CH2.CH2C02H.  Ethyl-hydras- 
ine-hydrocinnamic  acid.  Formed  by  reduction 
of  the  nitrosamine  of  ethyl-o-amidp-phenyl- 
propionic  acid  by  zinc-dust  and  glacial  acetic 
acid  (E.  Fischer  a.  Kuzel,  A.  221,  294  ;  B.  16, 
1451).  Beduces  Fehling's  solution  on  warming. 
Evaporated  with  glacial  acetic  acid  it  changes 
to  ethyl  -hydro-carbazo-styril. 

Salts.-BaA'2:  crystals.—  HA'HCl.  [146°]. 
At  160°  it  gives  off  HC1  and  H20  becoming 
ethyl-hydro-carbazostyril. 

p-rr    PTT 

Anhydride  C6H4<2>CO.   Ethyl- 


hydro-carbazo-styril.  [165-5°].  Long  white 
needles,  si.  sol.  water,  v.  sol.  alcohol  and  ether. 
Insol.  alkalis,  may  be  distilled  unchanged. 
Warmed  with  HG1  it  changes  back  to  the  ethyl- 
hydrazido-phenyl-propionic  acid,  differing  in 
this  respect  from  hydrocarbostyril  which  is  not 
changed  by  hot  HC1. 

Isomeride  of   the  anhydride 


Oxy-ethyl-amido-qumol- 

ine-dihydride.  [74°].  Formed  by  heating  the 
anhydride  of  o-hydrazido-cinnamic  acid  with 
alcohol  and  EtI  at  100°  (F.  a.  K.).  Crystals,  v. 
sol.  alcohol,  si.  sol.  water.  Gives  a  nitrosamine. 
HYDRAZIDO-TOLUENE  SULPHONIC  ACID 

V.  TOLYL-HYDRAZINE  SULPHONIC   ACID. 

HYDRAZIMIDO-  COMPOUNDS  v.  0-AniDO- 
AZO-  COMPOUNDS,  vol.  i.  p.  370. 

HYDRAZINE  N2H4  i.e.  NH2.NH2.  Di- 
amidogen.  Formed  by  treating  diazo-acetic 
ether  with  hot  cone.  KOHAq,  decomposing  the 
resulting  crystalline  potassium  salt  by  HC1,  and 
digesting  the  yellow  crystalline  acid  so  liberated 
with  very  dilute  sulphuric  acid.  No  gas  is 
evolved,  but  the  solution  becomes  colourless,  and 
hydrazine  sulphate  separates  on  cooling  (Curtius, 
B.  20,  1632).  Hydrazine  sulphate  is  best  ob- 
tained by  warming  tri-azo-acetic  acid  (250  g.  in 
2  litres  of  water)  with  H2S04  (300  g.)  until  efferves- 
cence ceases.  Further  quantities  may  be  obtained 
from  the  mother-liquor  after  hydrazine  sulphate 
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has  crystallised  out,  by  shaking  with  benzoic 
aldehyde,  and  decomposing  the  resulting  crystal- 
line compound  with  dilute  sulphuric  acid  (Curtius 
a.  Jay,  J.pr.  [2]  39, 27).  Hydrazine  is  only  known 
in  its  salts  and  in  the  form  of  a  hydrate  N2H4H2O 
which  is  got  by  heating  the  hydrochloride  in  a 
silver  tube  with  quick  lime.  This  hydrate  is  a 
fuming  liquid  (119°),  with  very  slight  odour.  It 
corrodes  glass,  attacks  cork  and  india-rubber, 
and  has  an  alkaline  and  burning  taste.  Hydraz- 
ine reduces  Fehling's  solution  and  ammoniacal 
AgNO3  in  the  cold.  With  CuS04  it  gives  a  thick 
red  pp.  of  Cu2O ;  with  HgCl2  a  white  pp.  of  calo- 
mel ;  with  alum  a  pp.  of  alumina.  With  aro- 
matic aldehydes  and  ketones  it  gives  sparingly 
soluble  crystalline  compounds.  Nitrites  decom- 
pose its  salts  with  evolution  of  gas. 

Salts.— N2H4H2S04:  tables;  si.  sol.  cold,  v. 
sol.  hot,  water ;  insol.  alcohol.  Not  decomposed 
by  heating  to  250° ;  but  at  a  higher  temperature 
it  decomposes  with  explosive  evolution  of  gas, 
liberating  sulphur.— N2H4H2C12.  [198°].  From 
the  preceding  and  BaCl2.  Large  regular  crystals  ; 
v.  sol.  cold  water,  m.  sol.  alcohol.  PtCl4  de- 
composes it  with  evolution  of  gas. — B'HCl :  [89°] ; 
long  white  needles  (from  hot  alcohol).  Decom- 
posed at  240°  into  NH4C1,  water,  and  nitrogen,  v. 
sol.  water.— Formate  B"(H2C02)2:  [128°];  got 
by  heating  triazo-acetic  acid  with  water.  Eect- 
angular  tables. 

Di-benzylidene  hydrazine  N2(CHPh)2.  [93°]. 
From  hydrazine  sulphate  and  benzoic  aldehyde. 
Long  lustrous  yellow  prisms ;  insol.  water,  sol. 
hot  alcohol.  Decomposed  by  heat  into  nitrogen 
and  PhCHrCHPh,  a  by-product  being  N2(CHPh)a. 
[78°].  The  molecular  weight  of  di-benzylidene- 
hydrazine  has  been  confirmed  by  Eaoult's 
method. 

Di-benzyl  hydrazine  N2H2(CH2Ph)2.  Formed 
by  reducing  the  preceding  with  sodium-amalgam. 
Its  hydrochloride  B'HCl  [140°]  crystallises  from 
alcohol  in  small  lustrous  tables,  v.  sol.  water. 

Di-oxy-di-benzylidene  hydrazine 
N2(CH.C6H4.OH)2.    [205°].    From  salicylic  aide- 
hyde  and  salts  of  hydrazine.      Tables,  insol. 
water  and  cold  alcohol. 

Di-nitro-di-benzylidene  hydrazine 
N2(CH.C6H4.N02)2.     [181°].     From  o-nitro-ben- 
zoic  aldehyde  and  salts  of  hydrazine.    Groups  of 
bright  yellow  needles. 

Di-cinnamylidene-hydrazine 
N2(CH.CH:CHPh)2.      [162°].      From    cinnamic 
aldehyde  and  hydrazine  salts.    Yellow  tables. 

HYDKAZINES.  The  name  '  hydrazine '  was 
applied  by  Emil  Fischer  to  the  then  hypothetical 
diamidogen  H2N.NH2,  which  he  regarded  as  the 
parent  substance  of  the  hydrazines,  a  large  and 
important  class  of  bases  discovered  by  him,  de- 
rived from  diamidogen  by  the  replacement  of 
either  one  or  two  atoms  of  hydrogen  by  monad 
hydrocarbon  radicles.  The  name  was  intended 
to  indicate  the  connection  of  these  bases  with 
the  azo-  and  diazo-  compounds,  and  in  particular 
with  hydrazobenzene  C6H5.NH.NH.C6H5  (sym- 
metrical diphenylhydrazine),  the  oldest  known 
member  of  the  class  of  the  hydrazines,  whilst  at 
the  same  time  the  termination  '  azine '  was 
formed  on  the  analogy  of  '  amine,'  in  order  that 
a  parallel  nomenclature  might  be  employed  in 
the  case  of  corresponding  derivatives  of  the  hy- 
drazines and  amines;  thus  the  hydrazonium 


compounds  would  correspond  with  the  ammo- 
nium compounds  (A.  190,  70). 

Hydrazine  itself  has  recently  been  prepared 
by  Curtius,  and  the  analogy  between  its  reac- 
tions and  those  of  the  compounds  discovered  by 
Fischer  fully  justifies  the  foregoing  classification. 

The  hydraziaes  are  divided  into  primary  and 

secondary,  according  as  one  or  two  hydrogen 

atoms  in  the  original  diamidogen  molecule  have 

been  replaced  by  hydrocarbon  radicles.     If  the 

I  two  radicles  are  attached  to  different  nitrogen 

!  atoms  the    resulting    secondary    hydrazine    is 

j  termed  symmetrical;  if  to  the  same  nitrogen 

atom  it  is  unsymmetrical.    The  unsymmetrical 

secondary  hydrazines  behave  like  tertiary  amines ; 

they  unite  with  the  alkyl  halogenides  to  form 

hydrazonium  compounds : 

NE'2.NH2  +  B'l  =  NTE'3I.NH2. 

Preparation. — Hydrazine  NH-j.NBLjis  formed, 
together  with  oxalic  acid,  when  tri-azo-acetic 
acid  is  warmed  with  water  or  with  mineral 
acids : 

C3H3Nti(COOH)3  +  6H20  =  3C204H2  +  3N2H4. 

It  is  as  yet  known  only  in  the  form  of  its 
salts  and  of  its  hydrate  N.jH4,H20  (Curtius  a. 
Jay,  J.pr.  [2]  39,  27). 

The  derivatives  containing  alkyl  and  other 
radicles  are  obtained  by  reactions  which  have  no 
analogy  with  the  foregoing. 

Primary  hydrazines. — 1.  The  primary  hydra- 
zines, of  which  phenyl-hydrazine  NHPh.NII2 
may  be  taken  as  a  type,  are  most  simply  obtained 
by  reducing  diazo-salts  with  stannous  chloride : 
Ph.N:NCl  +  2SnCl2  +  4HCl 
=  Ph.NH.NH^HCl  +  2SnCl4 
(V.  Meyer  a.  Lecco,  B.  16. 2976).— 2.  The  method 
originally  employed  by  E.  Fischer  (A.  190,  71), 
in  which  sodium  sulphite  is  used  as  a  reducing 
agent,  is  more  complicated.    It  gives  in  some 
cases  a  better  yield,  although  occasionally  the 
reverse  is  the  case  (B.  17,  572).    In  the  first 
stage  of  the  reaction  the  diazo-salt  is  converted 
by  the  sodium  sulphite  into  a  diazo-sulphonate : 

Ph.N2Cl  +  Na.,893  =  Ph.N2.S03Na  +  NaCl. 
Hydrochloric  acid  is  then  added,  which  decom- 
poses another  molecule  of  sodium  sulphite,  and 
the  liberated  sulphurous  acid  or  acid  sulphite 
reduces  the  reddish-yellow  sodium  diazo-sulpho- 
nate to  the  colourless  sodium  phenylhydrazine- 
sulphonate : 

Ph.N:N.S03Na  +  NaHS03  +  H20 
=  Ph.NH.NH.S03Na  +  NaHS04. 
Zinc -dust  and  acetic  acid  are  added  to  complete 
the  reduction,  and  the  sodium  hydrazine-sul- 
phonate  is  then  hydrolysed  by  heating  it  with 
concentrated  hydrochloric  acid,  when  it  yields 
phenylhydrazine  hydrochloride : 

Ph.NH.NH.S03Na  +  HC1  + 1^.0 
=  Ph.NH.NH2,HCl  +  NaHS04, 
from  which  the  base  can  be  liberated  by  caustic 
alkali  (E.  Fischer,  A.  190,  78).— 3.  When  a  diazo- 
amido-compound  is  treated  in  alcoholic  solution 
with  zinc-dust  and  acetic  acid  the  diazo-group 
is  reduced  and  the  corresponding  hydrazine  is 
formed  together  with  an  amine : 

Ph.N^NHPh  +  2IL,  =  Ph.NH.NH2 + Ph.NH^ 

Diazo-amido-benzene. 

Ph.N2.NEt2  +  2H2  =  Ph.NH.NH2  +  NHEt.,. 

Diazobenzene- 

diethylamine. 

This  method  is  not  of  practical  importance  (E« 

zz2 
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Fischer,  A.  190,  77).— 4.  The  primary  hydrazines 
containing  alkyl  radicles  cannot  be  obtained  by 
the  foregoing  reactions,  as  the  diazo-  derivatives 
of  the  alkyls  are  unknown.  They  may,  however, 
be  prepared  from  the  nitroso-alkyl-ureas.  Thus 
when  nitroso-di-ethyl-urea  is  reduced  with  zinc- 
dust  and  acetic  acid  the  nitroso-  group  is  con- 
verted into  an  amido-  group  : 

CO<N(NO)Et +  2H*  =  CO<N(NH2)Et +  ^°' 
This  amido-  compound  is  then  hydrolysed  by 
heating  with  fuming  hydrochloric  acid,  when  it 
yields  ethylhydrazine  and  ethylamine : 
'NHEt 


=  Et.NH.NH2  +  NH-jEt  +  CO.,  (E.  Fischer,  A.  199, 
287). 

Secondary  hydrazines. — 1.  The  unsymme- 
trical  secondary  hydrazines,  both  in  the  fatty 
and  in  the  benzene  series,  may  be  obtained  by 
the  reduction  of  the  nitrosamines  with  acetic 
acid  and  zinc-dust : 

NPhMe.NO  +  2H2  =  NPhMe.NH2  +  HP 
(E.  Fischer,  A.  190,  146).— 2.  The  unsymme- 
trical  secondary  hydrazines  are  formed,  along 
with  the  isomeric  symmetrical  compounds,  by 
the  action  of  the  alkyl  halogenides  on  the  pri- 
mary hydrazines  ;  thus  phenylhydrazine  yields 
with  ethyl  bromide  the  compounds  NPhEt.NH2 
and  NPhH.NEtH  (E.  Fischer  a.  Ehrhard,  A. 
199, 325).  By  employing  in  this  reaction  sodium  - 
phenylhydrazine  NPhNa.NH2,  instead  of  free 
phenylhydrazine,  only  the  unsymmetrical  com- 
pound is  formed : 

NPhNa-NH,  +  EtBr  =  NPhEt.NH2  +  NaBr 
(Michaelis,  B.  19,  2450 ;  Philips,  B.  20,  2485). 
The  unsymmetrical  secondary  hydrazines  formed 
by  alkylation  are  identical  with  those  obtained 
by  the  reduction  of  the  corresponding  nitros- 
amines. 

Properties. — The  fatty  hydrazines  are  liquids 
boiling  without  decomposition  ;  those  of  the 
benzene  series  are  either  solids  of  low  melting- 
point  or  oily  liquids,  and  boil  with  partial  de- 
composition. Hydrazine  itself  and  some  of  the 
fatty  hydrazines  are  diacid  bases;  others  are 
monacid ;  the  hydrazines  of  the  benzene  series 
are  all  monacid  bases. 

Reactions.—']..  The  hydrazines  are  very  stable 
towards  reducing  agents,  but  are  readily  at- 
tacked by  oxidising  agents.  Thus  the  primary 
hydrazines  reduce  Fehling's  solution  in  the  cold, 
the  secondary  on  warming.  By  shaking  with  mer- 
curic oxide  the  salts  of  the  primary  hydrazines 
are  oxidised  to  diazo-  salts ;  this  is  most  readily 
shown  with  potassium  phenylhydrazine-sulpho- 
nate  Ph.NH.NH.S03K,  which  is  thus  converted 
into  the  diazobenzene-sulphonate  Ph.N:N.S03K 
(E.  Fischer,  A.  190,  97).  The  unsymmetrical 
secondary  hydrazines  are  converted  by  mercuric 
oxide  into  tetrazones  : 

2NPhMe.NH2  +  02  =  NPhMe.N-.N.NPhMe  +  2H20 
Dimethyl-di-phenyl- 
tetrazone 

(F.,  A.  190, 167),  whilst  the  symmetrical  secondary 
hydrazines  are  oxidised  to  azo-  compounds  : 
Ph.NH.NHEt  +  0  =  PH.N:N.Et  +  H20 

Azo-phenyl-ethyl 

(E.  Fischer  a.  Ehrhard,  A.  199, 328).— 2.  Nitrous 
acid  converts  the  primary  hydrazines  into  ni- 


troso-compounds ;  thus  with  phenylhydrazine 
Ph.NH.NH2  +  HNO2  =  Ph.N(NO).NH2  +  H,0,  and 
when  the  nitroso-  compound  thus  formed  is 
treated^  with  dilute  alkalis  it  yields  diazo- 
benzenimide : 

Ph.N.NH2  =  Ph.N-N  +  H20 

Jto  V7 

(F.,  A.  190,  89).  The  unsymmetrical  secondary 
hydrazines,  on  the  other  hand,  when  treated 
with  nitrous  acid,  are  converted  with  evolution 
of  nitrous  oxide  into  the  nitrosamines  from  which 
they  were  obtained:  NPhMe.NH2  +  2HN02 
=  NPhMe.NO  +  N20  +  2H20  (F.,  A.  190, 159).— 
3.  With  the  alkyl  halogenides  the  primary 
hydrazines  yield  a  mixture  of  symmetrical  and 
unsymmetrical  secondary  hydrazines,  whereas 
sodium-phenylhydrazine  gives  only  the  unsym- 
metrical compound  (v.  supra).  The  unsymme- 
trical secondary  hydrazines  unite  directly  with 
an  alkyl  bromide  or  iodide  to  form  a  hydrazo- 
nium  compound : 

NEt2.NH2  +  EtI  =  NvEt3I.NH2 

Triethylhy  drazonium 
iodide. 

That  triethylhydrazonium  iodide  has  the  fore- 
going constitution  is  shown  by  its  behaviour  on 
reduction  with  zinc-dust  and  dilute  sulphuric 
acid,  when  it  yields  triethylamine,  ammonia,  and 
hydriodic  acid : 

NvEt3I.NH2  +  H2 = NEt3  +  NH3  +  HI 
(E.  Fischer  a.  Ehrhard,  A.  199,  316-18).— 4.  By 
the  action  of  acidoyl  chlorides  on  the  primary 
hydrazines  mono-  and  di-  acidoyl  derivatives 
are  obtained.  Phenylhydrazine  yields,  by  the 
limited  action  of  benzoyl  chloride,  symmetrical 
benzoyl  -phenylhydrazine  Ph.NH.NH.CO.Ph, 
which  by  oxidation  in  chloroform  solution  with 
mercuric  oxide  is  converted  into  benzoyl-diazo- 
benzene  Ph.NrN.CO.Ph  (E.  F.,  A.  190,  125).  By 
acting  with  benzoyl  chloride  on  sodium-phenyl- 
hydrazine the  unsymmetrical  benzoyl-phenyl- 
hydrazine  Ph.CO.NPh.NH2is  obtained  (Michaelis 
a.  Schmidt,  B.  20,  1713).  Both  these  mono- 
benzoylphenylhydrazines,  when  treated  with 
benzoyl  chloride,  yield  the  same  dibenzoyl- 
phenylhydrazine,  which  has  therefore  the  con- 
stitution Ph.CO.NPh.NH.CO.Ph  (E.  F.,  A.  190, 
128  ;  M.  a.  S.,  Z.c.).  These  acidoyl-  derivatives  of 
the  hydrazines  are  the  hydrazides  of  the  acids 
and  correspond  with  the  amides,  anilides,  &C.1 
Thus: 


Ph.CO.N2H,Ph 

Benzphenylhydrazide 
(Benzoyl-phenylhydraziue). 


Ph.CO.NHPh 

Benzanilide 
(Benzoyl-aniline). 

A  large  number  of  similar  derivatives  cor- 
responding with  the  amides  and  alkyl-amides 
have  been  prepared ;  thus  phenylhydrazine  hy- 
drochloride  reacts  with  potassium  cyanate  to 
form  phenylsemicarbazide  Ph.NH.NH.CO.NH2 
(the  semi-urea  of  phenylhydrazine) ;  phenyl- 
hydrazine unites  with  carbon  dioxide  yielding 
as  product  phenylhydrazine  phenylcarbazate 
PH.NH.NH.CO.O.N2H4Ph,  and  with  carbon  disul- 
vhide  to  form  phenylhydrazine  phenylthiocarb- 
azate  Ph.NH.NH.CS.S.N2H4Ph  (corresponding 
respectively  with  ammonium  carbamate  and 
ammonium  thio-carbamate),  and  on  heating  the 

1  It  is,  therefore,  inaccurate  to  apply  the  name  '  hydraz. 
ides'  to  the  'hydrazoiies'  (q.  v.). 
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latter  compound  it  yields  the  thio«urea  diphenyl- 
thiocarbazide  CS(NH.NHPh)2  (E.  F.,  A.  190, 
113-118).  In  like  manner  azidines  are  known, 
corresponding  with  the  amidines  ;  thus  benzenyl- 

diphenylazidine  Ph-C<NH.NHPh  (Pinner,  B. 
17,  182).—  5.  Phenylhydrazine  unites  directly 
with  cyanogen  to  form  dicyano-phenylhydraz- 
ine  (F.).  —  6.  One  of  the  most  important  reac- 
tions of  the  hydrazines  is  that  in  which  they 
undergo  condensation  with  compounds  contain- 
ing carbonyl-  groups  :  thus 
Ph.CHO  +  H2N.NHPh  =  Ph.CH:N.NHPh  +  H.,0 

Benzylidene-phenyl- 
hydrazine  (Benz- 
aldehydrazoue). 

Ph2CO  +  H2N.NHPh  =  Ph2C:N.NHPh  +  H20 

Benzophenone- 
phenylhydrazone. 

In  this  way  phenylhydrazine  may,  like  hydroxyl- 
amine,  be  employed  in  testing  for  the  presence 
of  carbonyl-groups  in  compounds  (E.  Fischer, 
A.  190,  134  ;  B.  17,  572).  The  compounds  thus 
formed  are  known  as  hydrazones  (q.  v.).  The 
reaction  is  occasionally  complicated  by  the  pre- 
sence of  other  reactive  groups,  in  addition  to  the 
carbonyl  group,  in  the  molecule  of  the  com- 
pound acted  upon  by  phenylhydrazine  ;  thus 
although  compounds  containing  the  a-ketone- 
alcohol  group  —  CH(OH).CO  —  react  in  the 
cold  with  only  one  mol.  of  phenyl  hydrazine 
to  form  colourless  compounds  containing  the 
group  —  CH(OH).C(N.NHPh)—  ,  yet  when  the 
compound  thus  formed  is  heated  with  excess  of 
phenylhydrazine,  the  alcohol  group  undergoes 
dehydrogenation,  reacting  at  the  same  time  with 
a  second  mol.  of  phenylhydrazine  and  giving 
rise  to  a  yellow  compound  containing  the  complex 
—  C(N.NHPh).C(N.NHPh)—  .  Such  compounds 
in  which  two  hydrazine-  residues  are  attached  to 
contiguous  carbon  atoms  are  known  as  osazones 
(v.  HYDRAZONES)  and  may  also  be  obtained  di- 
rectly by  the  action  of  the  hydrazines  on  the 
o-diketones.  They  are  of  great  importance  in 
connection  with  the  carbohydrates,  which  may 
frequently  be  recognised  by  means  of  their 
characteristic  osazones  (E.  Fischer,  B.  17,  579  ; 
20,  821).  Again,  an  unsaturated  hydrocarbon 
group,  if  contiguous  to  the  carbonyl-group,  may 
also  take  part  in  the  reaction  with  phenylhydraz- 
ine: 

CH2:CH.CHO  +  H2N.NHPh 
Acroleiu 

N  -  N.Ph 
=      II  +H30 

CH.CH,.CH2 
Phenylpyrazoline 

(E.  Fischer  a.  Kncevenagel,  A.  239,  194;  v. 
also  Knorr  a.  Blank,  A.  238,  139).  An  analogous 
case  is  that  of  ethylic  aceto-acetate,  which  reacts 
with  phenylhydrazine  in  the  cold  with  elimina- 
tion of  water  to  form  the  hydrazone 

CH3.C(N.NHPH).CH2.COOEt  ; 

but  on  heating  this  compound,  it  parts  with 
alcohol  yielding  a  phenylpyrazolone  of  the 
formula 

N.Ph 


NA 


CO 


-C 


the  earbethoxyl-group  also  taking  part  in  the 
reaction  (Knorr,  A.  238,  146).  Similar  complex 
condensations  have  been  described  with  /3-di- 
ketones  and  with  some  7-diketones  (E.  Fischer 
a.  Billow,  B.  18,  2135  ;  Paal,  B.  17,  914  ;  Japp 
a.  Huntly,  C.  J.  1888,  184). 

Various  other  reactions  of  hydrazines  are 
known,  and  some  of  these  are  doubtless  of 
general  application,  although  they  have  as  yet 
been  applied  only  in  special  cases.  They  will 
be  described  under  the  appropriate  hydrazines. 

F.  B.  J. 

HYDRAZO-BENZENE       v.       S-DI-PHENYL- 

HYDRAZINE. 

HYDRAZO-BENZOIC   ACID    v.    DI-PHENYL- 

HYDRAZINE   DI-CARBOXYLIC  ACID. 

HYDRAZO-  COMPOUNDS.  Symmetrical  di- 
derivatives  of  hydrazine,  of  the  formula 
BNH.NHB'  where  B  and  B'  represent  radicles 
attached  by  means  of  carbon  to  the  two  atoms 
of  nitrogen  (cf.  HYDRAZINES  and  S-DI-PHENYL- 
HYDRAZINE).  They  are  described  in  this  dic- 
tionary as  derivatives  of  hydrazine. 

HYDRAZO-HYDROQUINONE    V-TBTRA-OXY- 

DI-PHENYL-HYDRAZINE. 

HYDEAZO-DI- METHYL-  HYDROQTTINONE 

v.    Tetra-methyl    derivative    of    TETRA-OXY-DI- 

PHENYL-HYDRAZINE. 

HYDRAZO-NAPHTHALENE  v.  DI-NAPHTHYL- 

HYDRAZINE. 

HYDRAZONES.  The  compounds  formed  by 
the  condensation  of  substances  containing  the 
carbonyl  group  with  phenylhydrazine  were  named 
by  many  chemists  *  phenylhydrazides,'  or  more 
shortly,  'hydrazides.'  E.  Fischer,  however  (B. 
21,  984),  has  pointed  out  the  impropriety  of 
the  term*  A  '  hydrazide  '  corresponds  with  an 
'  amide ' ;  the  phenylhydrazido-group  isPh.N.jH2; 
thus  the  phenylhydrazide  of  benzoic  acid  is 
Ph.CO.N2H2Ph.  In  order  to  avoid  the  ambiguity 
which  the  above  erroneous  use  of  this  term  in- 
troduces, Fischer  has  proposed  to  name  the  com- 
pounds in  which  the  dyad  group  NPhH.Nz:  re- 
places the  oxygen  of  a  carbonyl  group  *  phenyl- 
hydrazones ' — the  termination  one  serving  to 
suggest  their  connection  with  ketowes  or  with 
carbonyl  compounds  generally.  Further,  as  in 
the  very  great  majority  of  cases  it  is  phenyl- 
hydrazine  which  is  employed  in  the  preparation 
of  these  compounds,  the  abbreviated  form  '  hy- 
drazone '  may  be  applied  in  all  such  cases,  and 
is  to  be  taken  to  signify  '  phenylhydrazone  '  un- 
less the  contrary  is  stated.  The  name  '  osazone ' 
is,  for  reasons  to  be  explained  later,  applied  to 
any  compound  containing  two  dyad  groups 
NPhH.N=:  attached  to  two  contiguous  carbon 
atoms.  Thus  in  the  case  of  the  two  compounds 
obtained  from  glyoxal  and  phenylhydrazine  we 
have: 

CHO 
Glyoxalhydrazone    I 

CH:N.NHPh 


Glyoxalosazone 


CH:N.NHPh 

CH:N.NHPh 
(E.  Fischer,  I.e.). 

Formation.— The  fact  that  phenylhydrazine 
reacts  with  aldehydes  was  first  pointed  out  by 


no 
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E.  Fischer  (A  190, 134) ;  thus  with  benzoic  alde- 
hyde: 
Ph.CHO+H2N.NHPh  =  Ph.CH:N.NHPh  +  H20. 

Benzylidene-phenylhydrazine 
(Benzaldehydrazone)  * 

Later  (B.  16,  661,  footnote;  17,  572)  he  ex- 
tended the  reaction  to  ketones,  diketones,  ke- 
tonic  acids,  and  carbonyl  compounds  generally, 
and  proposed  the  use  of  phenylhydrazine  as  a 
reagent,  analogous  in  its  action  to  hydroxyl- 
amine,  to  be  used  in  testing  for  the  presence  of 
carbonyl  groups  in  compounds.  At  first  (B.  17, 
573)  he  recommended  that  the  compound  to  be 
investigated  should  be  heated  with  an  aqueous 
solution  of  phenylhydrazine  hydrochloride  mixed 
with  excess  of  sodium  acetate,  to  which  alcohol 
might  be  added  to  dissolve  the  compound  ;  but 
later  (B.  22,  90,  footnote)  a  mixture  of  equal 
volumes  of  free  phenylhydrazine  and  50  p.c. 
acetic  acid  was  substituted.  The  hydrazone 
generally  separates  as  a  sparingly  soluble  and 
frequently  crystalline  compound.  The  forma- 
tion of  a  hydrazone  under  these  circumstances 
is  a  proof  that  the  compound  under  examination 
contains  at  least  one  carbonyl  group  in  the 
ketonic  or  aldehydic  form,  i.e.  attached  with 
both  its  affinities  to  carbon  atoms,  or  to  a 
carbon  and  a  hydrogen  atom,  or  to  two  hydrogen 
atoms.  Carbonyl  groups  attached  with  one  or 
both  affinities  to  oxygen  or  to  nitrogen — as  in 
CO.OH,  CO.NRj,  <fec.— do  not  react  with  phenyl- 
hydrazine. In  some  respects  phenylhydrazine  is 
to  be  preferred  as  a  reagent  to  hydroxylamine  : 
it  is  more  readily  obtained,  and  compounds  con- 
taining more  than  one  carbonyl  group  frequently 
react  with  two  mols.  of  phenylhydrazine,  thus 
showing  the  presence  of  two  carbonyl  groups, 
when  they  would  only  react  with  one  mol.  of 
hydroxylamine.  The  hydrazones  of  mono- 
carbonyl  compounds  are  formed  like  the  alde- 
hydrazones  already  mentioned  :  thus,  acetone- 
hydrazone  (CH3)2C:N2HPh,  andphenylhydrazone- 
pyruvic  acid  CH3.C(N2HPh).COOH.  The  action 
of  phenylhydrazine  on  dicarbonyl  compounds, 
however,  varies  with  the  relative  positions  of  the 
two  carbonyl  groups.  a-Dicarbonyl  compounds, 
in  which  the  two  carbonyl  groups  are  directly 
united,  react  either  with  one  or  with  two  mols.  of 
phenylhydrazine,  according  to  the  proportions 
employed,  to  form  respectively  hydrazones  and 
osazones ;  thus,  diacetyl  CH3.CO.CO.CH3  yields 
diacetylmonohydrazone  CH3.C(N2HPh).CO.CH3 
and  diacetylosazone 

CH3.C(N.2HPh).C(N2HPh).CH3 
(v.  Pechmann,  B.  21, 1413).  Glyoxal  and  benzil 
form  similar  osazones  (Pickel,  A.  232,  230). 
£  -Dicarbonyl  compounds,  in  which  the  two 
carbonyl  groups  are  separated  by  a  carbon  atom, 
react  with  one  mol.  of  phenylhydrazine  to  form 
an  unstable  hydrazone,  which  spontaneously 
parts  with  water  yielding  a  pyrazole  : 

Ph.CO.CH,.CO.CH3  +  Ph.NH.NH2 

Benzoylacetone 
N.Ph 


1CH3  +  2H20.     This  reaction  does  not, 

Ph.C-CH 

Methyl-diphenyl-pyra/ole 

»  Abbreviation    for    «  benzaldehyde  -hydrazone'   like 
'benzuldoxiui'  for  '  beu/aldehyde-oxim.'      ' 


however,  occur  with  j8-diketones  of  the  form 
—  CO.CE'2.CO—  ,  in  which  both  hydrogen  atoms 
of  the  methylene  group  are  replaced  by  alkyls 
(Fischer  a.  Billow,  B.  18,  2135  ;  Knorr,  A.  238, 
139).  7-Dicarbonyl  compounds,  in  which  the 
two  carbonyl  groups  are  separated  by  two  carbon 
atoms,  react  sometimes  with  2  mols.  of  phenyl- 
hydrazine to  form  dihydrazones,  thus  : 

CH3.CO.CH2.CH,.CO.CH3  +  2Ph.NH.NH2  = 
Acetonyl-acctone 

CH3.C(N2HPh).CH2.CH2.C(N2HPh).CH3  +  2H20 
(Paal,  B.  18,  60),  and  sometimes  with  only  1 
mol.  of  phenylhydrazine,  eliminating,  however, 
2  mols.  of  water  : 

CH3.CO.CH2.CH2.CO.C6H5  +  C6H5.NH.NH2 

Acetonyl-acetophenone 


17162         2. 

The  constitution  of  the  compounds  of  the  latter 
class  is  unknown  (Paal,  B.  17,  914). 

Allusion  has  already  been  made  to  the  simi- 
larity in  the  action  of  phenylhydrazine  and  of 
hydroxylamine  on  carbonyl  compounds.  The 
phenylhydrazo-  group  N.NHPh  corresponds  with 
the  hydroximido-  group  N.OH.  V.  Meyer  has 
shown  that  hydroximido-  (isonitroso-)  compounds 
are  also  formed  by  the  action  of  nitrous  acid  on 
compounds  containing  the  group  CH2  or  CHB/ 
attached  to  two  electro-negative  radicles,  B'  being 
a  readily  displaceable  radicle  (acetyl  or  carb- 
oxyl).  Japp  and  Klingemann  (C.  J.  1888,  523  ; 
B.  20,  3284  and  3398  ;  21,  549)  have  found  that 
by  the  action  of  diazo-  salts  on  compounds  which 
yield  hydroximido-  compounds  with  nitrous  acid 
(or  on  their  sodium  compounds)  hydrazones  are 
formed.1  The  following  equations,  in  which  for 
the  sake  of  simplicity  free  diazobenzene  is  em- 
ployed instead  of  a  diazo-  salt,  will  illustrate 
the  analogy  between  the  action  of  nitrous  acid 
and  diazo-  salts  on  compounds  of  the  above-men- 
tioned type. 

Thus  with  ethylic  aceto-acetate  the  reactions 
may  be  expressed  as  follows  : 

CH3.CO.CH2.C02C2H5  +  HNOo 
=  CH3.CO.C(N.OH).C02C2H5  +  H20 
Ethylic  hydroximido-aceto- 
glyoxylate 

and        CH^CO.CH^COAHs  +  Ph.N2HO 

Diazobenzene 

=  CH3.CO.C(N2HPh).C02C2H5  +  H20. 

Ethylic  phenylhydrazone- 
aceto-glyoxylate 

In  the  case  of  naonalkyl  derivatives  of  ethylic 
aceto-acetate,  the  acetyl  group  is  expelled  : 
CH3.CO.CH(CH3).  C02C,,H5  +  HN02 
=  CH3.C(N.OH).C02C2H5+  C2H402 

Ethylic  hydroximido- 
pyruvate 

and    CH3.CO.CH(CH3).C02C2H5  +  Ph.N2HO 
=  CH:,.C(N2HPh).C02C2H5  +  C2H402. 

Ethylic  phenylhydrazoue- 
pyruvate 

With  free  aceto-acetic  acid,  or  monalkyl- 
aceto-acetic  acids,  the  carboxyl  group  is  elimi- 
nated instead  of  the  acetyl  group  : 

CH3.CO.CH2.COOH  +  HN02 
=  CH3.CO.CH:N.OH  +  C02  +  H20 
Pyruvaldehydroxime 

and         CH3.CO.CH2.COOH  +  Ph.N2HO 
=  CH3.CO.CH:N2HPh  +  C02  +  H20, 

Pyruvaldehydrazone 

1  Beyer  and  Claisen  have,  however,  shown  that  in  cer- 
tain cases  mixed  azo-  compounds  are  iormed  (Z/.  21. 
1697). 
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whilst  methaceto-acetic  acid  reacts  with  diazo- 
benzene  forming  the  monohydrazone  of  di-acetyl 
CH3.CO.C(N2HPh).CH3  (v.  supra)  and  ethaceto- 
acetic  acid  yields  the  corresponding  compound 
of  the  formula  CH3.CO.C(N2HPh).C2H5.  Those 
of  the  foregoing  hydrazones  which  contain  a 
carbonyl  group  contiguous  to  the  phenylhydraz- 
one  group  may  be  made  to  react  with  phenyl- 
hydrazine  to  form  osazones  (J.  a.  K.,  I.e.). 

Phenylhydrazine  is  capable  of  expelling  the 
hydroximido-  group  to  form  hydrazones  : 

Ph2C:N.OH  +  Ph.NH.NH2 

Diphenyl-acetoxime 

=  Ph2C:N.NHPh  +  NH2.OH 

Benzophenone- 
phenylhydrazone 

(Just,  B.  19,  1206). 

Properties.  —  A  few  of  the  hydrazones  are 
liquid,  but  the  majority  are  crystalline  solids. 
By  warming  the  solution  of  a  carbonyl  compound 
with  phenylhydrazine  and  determining  the  melt- 
ing-point of  the  hydrazone  formed,  the  hydraz- 
one,  and  thus  the  carbonyl  compound  from 
which  it  is  derived,  may  frequently  be  identified. 
Many  of  the  hydrazones  decompose  on  melting  ; 
in  determining  the  melting-point,  therefore,  the 
temperature  must  be  raised  as  rapidly  as  is  con- 
sistent with  accuracy,  otherwise  too  low  a  melt- 
ing-point will  be  found  (E.  Fischer,  B.  17,  573; 
20,  827). 

Reactions.  —  1.  The  hydrazones  are  readily 
reduced  either  with  sodium  amalgam  and  acetic 
acid  or  with  zinc-dust  and  acetic  acid.  Accord- 
ing to  the  length  to  which  the  reduction  is 
carried  the  hydrazone  either  takes  up  two  or  four 
atoms  of  hydrogen  —  in  the  latter  case  with  dis- 
ruption of  the  molecule  at  the  point  of  union 
of  the  nitrogen  atoms.  Thus  phenylhydrazone- 
pyruvic  acid  CH,.C(N.NHPh).COOH  yields  in  the 
first  stage  of  reduction  benzene-hydrazopropionic 
acid  CH3.CH(NH.NHPh).COOH  (E.  Fischer  a. 
Jourdan,  B.  16,  2243),  and  this  by  further  reduc- 
tion breaks  up  into  alanine  CH3.CH(NH2).COOH 
and  aniline  (Japp  a.  Klingemann,  C.  J.  1888, 
535).  This  latter  mode  of  reduction  into  a  mix- 
ture of  two  bases  was  discovered  by  Tafel  (B.  19, 
1924),  who  proposed  to  employ  the  reaction  as  a 
method  of  preparing  primary  amines  from  carb- 
onyl compounds  ;  thus  benz  aldehyde  could  be 
converted,  by  the  reduction  of  its  hydrazone, 
into  benzylamine.  —  2.  The  action  of  heat  on  the 
hydrazones  has  not  been  much  studied.  Many 
of  them  decompose  when  heated,  yielding 
amongst  other  products  aniline.  When  alde- 
hydrazone  is  heated  for  some  time  to  boiling  it 
is  partially  converted  into  diacetyl-osazone  (v. 
supra)  : 

2CH3.CH(N2HPh) 
=  CH3.C(N2HPh).C(N2HPh).CH3  +  ^ 

(Japp  a.  Klingemann,  C.  J.  1888,  542).—  3.  By 
the  action  of  sodium  and  an  alkyl  halogenide  on 
a  hydrazone  (Philips,  B.  20,  2487),  an  alkyl 
group  may  be  introduced  ;  thus  with  benzalde- 
hydrazone  : 

Ph.CH2Cl 


Sodium  benzalde- 
hydrazone 


and  as  the  compound  resulting  in  this  case  is 
identical  with  that  obtained  by  the  action  of 
benzaldehyde  on  unsymmetrical  benzyl-phenyl- 
hydrazine,  it  is  thus  proved  that  the  hydrazones 
have  the  constitution  K'.CHiN.NHPh  and  not, 
as  was  otherwise  conceivable,  the  constitution 

/NPh 
B'.CH<f  |        (Philips,  I.e.).    Sodium  akoholates 

\NH 

may  be  substituted  for  sodium  in  the  above  re- 
actions (Landsberg,  C.  J.  1888,  519).  —  4.  By 
heating  a  hydrazone  with  an  anhydride  of  an 
organic  acid  an  acidoyl  group  maybe  introduced; 
thus,  benzaldehydrazone,  when  heated  with 
acetic  anhydride,  yields  the  compound 
Ph.CH:N.N(C2H:jO)Ph  (Michaelis  and  Schmidt, 
B.  20,  1717  n.).  —  5.  By  heating  hydrazones  with 
mineral  acids  they  may  generally  be  hydrolysed 
into  the  carbonyl-  compound  and  hydrazine  from 
which  they  are  derived  (E.  Fischer,  A.  190,  135). 
The  hydrazones  of  o-ketonic  acids,  however  — 
thus,  of  pyruvic  acid  —  are  not  hydrolysed  by 
dilute  mineral  acids,  whilst  with  strong  acids 
they  undergo  complex  decomposition  (E.  Fischer 
a.  Jourdan,  JB.  16,  2243).  Some  secondary 
hydrazones  are  converted  by  hydrochloric  acid 
into  indole-  derivatives,  ammonia  being  elimi- 
nated in  the  process  : 

8 


Methyl-phenylhydrazone-pyruvic  acid 


=    6 

x  N  —  CH3 

Methyl-indole-carboxylic  acid 

(E.  Fischer  a.  Jourdan,  B.  16,  2249  ;  E.  Fischer, 
A.  236,  116).  —  6.  If  a  phenylhydrazone  contain 
a  methyl  -  or  a  methylene  -  group  directly 
attached  to  the  carbon  atom  of  the  original 
carbonyl-group,  it  may  generally  be  converted 
into  an  indole-  derivative  by  heating  with  zinc 
chloride.  The  reaction  occurs  with  elimination 
of  ammonia,  and  resembles  the  foregoing  forma- 
tion of  an  indole-  derivative  by  the  action  of 
hydrochloric  acid,  but  is  applicable  to  primary 
as  well  as  to  secondary  hydrazones  : 


C6H5.NH.N:C(CH3)2  = 

Acetone-phenylhydrazone 


s  +  NH3 


Methyl-ketole 


(E.  Fischer,  A.  236,  116).  Aldehydrazone,  how- 
ever, when  heated  with  zinc  chloride,  does  not 
yield  indole,  but  its  homologues  are  converted 
into  homologues  of  indole. 

Some  hydrazones  undergo  specific  chemical 
changes,  not  general  to  the  class,  but  depending 
on  the  presence  of  certain  reactive  groups  in 
the  molecule  of  the  particular  hydrazone.  Such 
changes  are,  for  example,  the  formation  of  a 
pyrazolone  from  the  hydrazone  of  ethylic 
aceto-acetate  and  of  pyrazolines  from  the  hy- 
drazones of  unsaturated  carbonyl-  compounds 
(v.  HYDRAZINE  s). 

Osazones.  As  already  mentioned,  the  name 
osazone  denotes  a  compound  containing  in  its 
molecule  two  dyad  groups  NPhH.N~  attached 
to  two  contiguous  carbon  atoms.  E.  Fischer 
(B.  17,  579)  obtained  from  carbohydrates  a  series 
of  characteristic  compounds  formed  by  the 
introduction  of  two  phenylhydrazone  groups 
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into  the  molecule  of  a  carbohydrate  (v.  infra). 
The  compound  from  dextrose  was  termed 
•plicnyl-glucosazone;  that  from  galactose,  phenyl- 
galactosazone,  and  so  on.  Later,  when  it  was 
found  that  in  these  compounds  the  two  phenyl- 
hydrazine  residues  were  in  contiguous  positions, 
the  name  osazone  was  applied  to  all  compounds 
containing  this  particular  grouping  (E.  Fischer, 
B.  21,  985). 

Various  methods  for  the  preparation  of 
osazones  have  already  been  incidentally  men- 
tioned in  the  course  of  this  article.  Thus,  they 
are  formed  (1)  by  the  action  of  2  mols.  of  phenyl- 
hydrazine  on  an  o-dicarbonyl  compound  ;  (2)  by 
the  action  of  1  mol.  of  phenylhydrazine  on  a 
hydrazone  containing  a  carbonyl-group  con- 
tiguous to  the  hydrazone-group,  such  hyclrazones 
being  formed  as  intermediate  products  in  the 
first-mentioned  reaction  ;  and  (3)  by  heating  an 
aldehydrazone.  In  addition  to  their  formation 
by  the  foregoing  reactions,  which  have  been 
already  described,  osazones  may  be  obtained 

(4)  by  heating  iso-nitroso-ketones,  in  which  the 
iso-nitroso-  group  is  contiguous  to  the  carbonyl- 
group,  with  phenyl-hydrazine  : 

CH3.CO.CH(N.OH)  +2Ph.NH.NH2 

Isonitroso-acetone 

=  CH3.C(N2HPh).CH(N2HPh)  +  NH2.OH 
Pyruvaldehyde-osazone 

(v.Pechmann,  JB.20,2543).    They  are  also  formed 

(5)  by  the  action  of  phenylhydrazine  on  com- 
pounds containing  the  group  —  CH(OH).CO—  , 
thus,  on  o-ketone-alcohols  and  a-aldehyde-alco- 
hols;    and  it  is  the  members   of   the   carbo- 
hydrate family  belonging  to  these  classes  which 
yield  osazones.     In  the  cold—  unless  on  long 
standing  —  only  the  carbonyl-  group  reacts  with 
phenylhydrazine,  and  a  hydrazone  containing 
the  group  —  CH(OH).C(N2HPh)—  is  formed; 
but  this  compound,  on  heating  with  excess  of 
phenylhydrazine,  is  converted  into  an  osazone, 
the  alcohol-  group  also  taking  part  in  the  re- 
action.  The  mol.  of  hydrogen  which  is  removed 
in  this    process    reduces    a    mol.  of    phenyl- 
hydrazine to  aniline  and  ammonia  : 

—  CH(OH).CO—  +  3NHPh.NH2 
=  —  C(N2HPh).C(N2HPh)— 


(E.  Fischer,  B.  17,  579  ;  20,  821  ;  21,  988,  2631). 
a-Dicarbonyl-  compounds,  on  the  other  hand, 
react  with  excess  of  phenylhydrazine  to  form 
osazones  even  in  the  cold. 

The  osazones  are  of  a  yellow  colour  :  the 
yellow  colouring  matters  known  as  '  tartrazines  ' 
are  the  osazones  of  dihydroxytartaric  acid. 
Cone,  sulphuric  acid  dissolves  the  various 
osazones,  giving  characteristic  colourations,  and 
the  solution  generally  exhibits  some  definite 
colour-change  on  standing  (Japp  a.  Klingemann, 
B.  21,  549).  Fuming  hydrochloric  acid  hydro- 
lyses  the  osazones  in  the  cold  into  phenyl- 
hydrazine and  the  o-dicarbonyl-  compound  from 
which  they  are  derived  (E.  Fischer,  B.  21, 
2631). 

Osotriazones.     The  osotriazones  contain  the 

—  C=Nv 
closed-chain  complex       |         \N  —  .    They  are 


formed  :  1.  From  the  osazones  either  by  boiling 


with  dilute  acids  (v.  Pechmann,  B.  21,  2758),  or 
by  heating  (Auwers  a.  V.  Meyer,  B.  21,  2806), 
the  latter  process  giving  the  better  yield : 

CH,.C:N.NHPh        CH3.C:NV 

|       >N.Ph  +  NH2Ph. 
CH3.C:N.NHPh        CH3.C:N/ 

Diacetyl-osazone  Dimethyl-phenyl- 

osotriazone 

2.  From  a  hydrazone-hydroxim  by  the  action  of 
the  chlorides  of  phosphorus : 

CH3.C:N.OH  CH3.C:Nv 

|       >N.Ph  +  H20 
CH3.C:N.NHPh        CH3.C:N/ 

Diacetyl-hydrazone- 
hydroxim 

(v.  Pechmann,  I.e.). — 3.  From  the  osotetrazones 
(v.  infra). 

The  osotriazones  are  feebly  basic,  very  stable 
compounds. 

Osotetrazones.     The   osotetrazones    contain 

_C=N— N— 
the  closed-chain  complex      I  I      .     They 

_C=N-N- 

are  obtained  by  oxidising  the  osazones  with 
potassium  dichromate  in  dilute  acetic  acid  solu- 
tion: 

CH3.C:N.NHPh  CH3.C:N.N.Ph 

I  +0=          |        |        +H20 

CH3.C:N.NHPh  CH3.C:N.N.Ph 

Diacetyl-osazone  Diacetyl-osotetrazone 

(v.  Pechmann,  B.  21,  2755).  They  are  dark- 
red  neutral  compounds,  the  formation  of  which 
has  been  recommended  as  a  characteristic  test 
for  the  osazones  (v.  P.). 

By  boiling  the  osotetrazones  with  dilute 
hydrochloric  acid  they  are  converted  into  oso- 
triazones : 

CH3.C:N.N.Ph 

I       I         +H20 
CH3.C:N.N.Ph 
CH3.C:N, 

I       >N.Ph  +  NH2Ph  +  0. 
CH3.C:N/ 
Dimethyl-phenyl- 
osotriazone 

The  oxygen  is  not  liberated,  but  oxidises  a  por- 
tion of  the  substance  (v.  Pechmann,  B.  21, 2757). 

Neither  the  osotriazones  nor  the  osotetraz- 
ones have  been  much  studied.  F.  B.  J. 

HYDRAZOPHENINE  C36H31N5.  [174°]. 
Formed  by  heating  azophenine  with  alcoholic 
ammonium  sulphide  at  c.  140°.  Colourless 
needles  (0.  Fischer  a.  Hepp,  B.  20,  2483). 

HYDRAZO-PHENOL    v.    DI-OXY-DI-PHENYL- 

HYDKAZINE. 

HYDRAZO-DIPHENYL 

C6H5.C6H4.NH.NH.C6H4.C6H5.  Di-diphenyl  liy- 
drazine.  [247°].  Prepared  by  reducing  azoxy- 
diphenyl  with  alcoholic  ammonium  sulphide 
(Zimmermann,  B.  13,  1961).  White  pearly 
plates,  insol.  water,  si.  sol.  alcohol  and  HOAc, 
m.  sol.  ether. 

HYDKAZO-PHENYL-METHYL  v.  S-PHENYL- 

METHYL-HYDRAZINE. 

HYDRAZO-TEREPHTHALIC    ACID    v.    Di- 

PHENYL-HYDRAZINE  TETRA-CARBOXYLIC  ACID. 

HYDRAZO-TOLUENE  v.  DI-TOLYL-HYDRAZINE. 
HYDRAZO-TOLUIDINE    v.    Di-amido-    DI- 

TOLYL-HYDRAZINE, 


HYDROBENZOIN. 
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HYDRAZO-XYLENE  v.  DI-XYLYL-HYDRAZINE. 

HYDRAZULMIN  v.  AZULMIC  ACID. 

HYDRIDES.  Binary  compounds  of  hydrogen. 
Hydrogen  forms  binary  compounds  with  all  the 
distinctly  non-metallic  elements,  also  with  As 
and  Sb.  A  hydride  of  Cu  is  known,  and  there 
probably  exists  a  definite  but  unstable  hydride 
of  Pd,  and  perhaps  of  one  or  two  of  the  other 
platinum  metals.  There  are  also  indications  of 
the  existence  of  hydrides  of  K  and  Na. 

The  non-metallic  hydrides  may  be  classified 
in  accordance  with  their  composition  as  follows : — 

(i.)  HM :  HF,  HC1,  HBr,  HI. 

(ii.)  HM:  H.,0,  H2S,  H2Se,  H2Te. 

(iii.)  H3M:  H,N,  H3P,  ?H3B,  H3As,  H3Sb. 

(iv.)  H4M:  H4C,  H4Si. 

(v.)  Various  :  H202,  ?  H2S2,  H4P2,  H4N2 ;  nu- 
merous hydrocarbons. 

A  definite  hydride  of  Cu,  Cu.^.,,  has  been 
obtained.  It  decomposes  at  60°  into  Cu  and  H. 
K  and  Na  absorb  H  rapidly  at  c.  300° ;  com- 
pounds, K2H  and  Na2H,  appear  to  be  formed. 
Pd,  Pt,  Fe,  Ni,  Au,  and  some  other  metals,  when 
used  as  the  negative  electrodes  in  the  electrolysis 
of  water,  absorb  considerable  quantities  of  H. 
A  compound  Pd2H  is  probably  formed.  In  the 
other  cases  it  is  doubtful  whether  the  absorption 
is  purely  physical,  or  partly  chemical  and  partly 
physical.  As  a  class,  the  metals  do  not  form 
definite  hydrides,  while  the  non-metals  do  form 
hydrides.  The  greater  number  of  the  non-me- 
tallic hydrides  may  be  produced  by  direct  union 
of  their  elements  ;  a  few  are  produced  by  evolv- 
ing H  in  contact  with  solutions  of  compounds  of 
the  elements,  e.g.  AsH3,  and  a  few  by  more  indi- 
rect methods. 

The  non-metallic  hydrides  vary  much  in  pro- 
perties :  HC1,  HBr,  and  HI  are  strong  acids ; 
H2S  is  a  very  weak  acid ;  NH3  is  markedly  alka- 
line ;  PH3  is  feebly  alkaline ;  H20  is  neutral ; 
hydrocarbons  differ  extremely  in  their  proper- 
ties, although  none  is  either  distinctly  an  acid 
or  an  alkali.  Some  hydrides  are  easily  decom- 
posed by  heat,  e.g.  H202,  HI ;  others  are  ex- 
tremely stable  as  regards  the  action  of  heat,  e.g. 
HC1,  H20.  M.  M.  P.  M. 

HYDRINDIC  ACID  is  O-OXY-O-AMIDO-PHENYL- 
ACETIC  ACID,  of  which  di-oxindole  is  the  an- 
hydride. 

HYDRINDINE  v.  INDINE. 

HYDRINDONAPHTHENE  v.  INDONAPHTHENE 

DIHYDRIDE. 

HYDRIODIC  ACID  v.  IODHYDRIC  ACID,  vol.  iii. 

HYDRO-.  Organic  compounds  whose  names 
begin  with  this  prefix  will  usually  be  found  de- 
scribed as  hydrides  of  the  substances  to  whose 
names  it  is  attached. 

Use  of  this  prefix  applied  to  inorganic  acids 
and  salts.  For  hydro-  acids  and  hydro-  salts  v. 
the  acids  or  salts  sought  for.  Thus,  hydrofluo- 
boric  acid  will  be  found  under  BOROFLUORHYDRIC 
ACID  ;  hydroferrocyanic  acid  will  be  found  under 
FERROCYANHYDRIC  ACID  ;  hydrqfluosilicates  will  be 
found  under  SILICATES. 

HYDRO-ACRIDINE    v.    ACRIDINE    OCTOHY- 

DRIDE. 

HYDRO-ANISOIN 

C6H4(OMe).CH(OH).CH(OH).CfiH4OMe.  Di- 
inethoxy-hydro-benzo'in.  [170°-172°].  A  small 
quantity  of  this  body  is  formed  from  anisic 
aldehyde  in  ethereal  solution  by  sodium  amal- 


gam (C.  Saytzeff,  Z.  [2]  3,  678;  Samosadsky, 
Z.  [2]  4, 644  ;  Kossel,  Z.  [2]  5,  562 ;  M.  Wallach, 
A.  226,  78).  Pyramids,  v.  si.  sol.  warm  water, 
m.  sol.  ether,  v.  sol.  hot  alcohol.  When  dis- 
tilled in  a  current  of  C02  it  partly  sublimes, 
and  is  partly  converted  into  anisic  aldehyde. 
Cone.  HNO?  forms  nitro-anisic  aldehyde.  Chro- 
mic acid  mixture  gives  anisic  acid.  PCL  forms 
C6H4(OMe).CO.Cl. 

Isohydroanisoin  C,6H1804.  [125°].  Separates 
only  after  the  addition  of  water  to  the  alcoholic 
solution  of  anisic  aldehyde  which  has  been 
treated  with  sodium.  Slender  interlacing  needles, 
v.  e.  sol.  alcohol  and  ether. 

Deoxyanisoin  C!(iH1603.  [95°].  Formed  by 
boiling  hydro-anisoin  or  iso-hydro-anisom  with 
dilute  H,S04.  Tufts  of  needles,  v.  sol.  alcohol 
and  ether.  Oxidised  by  chromic  acid  mixture  to 
anisic  aldehyde  and  anisic  acid. 

Isomeride  of  Deoxyanisoin  C16H)603.  [215°]. 
Formed  by  the  action  of  Zn  and  HC1  on  hydro- 
anisoin  or  on  anisic  aldehyde.  Crystalline ; 
;  insol.  ether. 

HYDRO-ANTHRACENE  v.  ANTHRACENE  HY- 
DRIDE. A  hydride  C14H24  [88°]  (c.  270°)  has 
been  obtained  by  Lucas  (B.  21,  2510)  by  heating 
anthracene  (3  g.)  with  red  phosphorus  (3  g.)  and 
HI  (16g.  of  S.G.  1-7)  for  twelve  hours  at  250°. 

HYDRO- ANTHRACENE  CARBOXYLIC 

ACIDS  v.  vol.  i.  p.  278. 

HYDRO-ANTHRANOL  v.  ANTHRANOL  DIHY- 
DRIDE, vol.  i.  p.  279. 

HYDRO-APO-ATROPINE  v.  ATROPINE. 

HYDRO-ATROPIC  ACID  v.  O-PHENYL-PROPI- 

ONIC  ACID. 

HYDROBENZAMIDE  v.  BENZOIC  ALDEHYDE. 
HYDRO-BENZENE  DI-CARBOXYLIC  ACIDS 

v.  Hydrides  of  the  PHTHALIC  ACIDS. 

HYDROBENZOIC  ACID  v.  BENZOLEIC  ACID. 

HYDROBENZOIN  CI4H1402  i.e. 
CfiH3.CH(OH).CH(OH).C6H5.     Stilbene   alcohol. 
Mol.  w.  214.     [138°]  (Paal,  B.  16,  637) ;  [134°] 
(Zincke) ;  [133°]  (A.),     (above  300°).     S.  -25  at 
15° ;  1-25  at  100°. 

Formation. — 1.  By  the  action  of  granulated 
zinc  upon  benzoic  aldehyde  dissolved  in  alcohol 
which  has  previously  been  partially  saturated 
with  HC1.  The  hydrobenzom  is  ppd.  on  subse- 
quent addition  of  water  (Zinin,  A.  123,  125). — 

2.  Together  with  isohydrobenzoin  and  benzyl 
alcohol  by  the  action  of  sodium-amalgam  on 
benzoic  aldehyde  dissolved  in  alcohol  (Ammann, 
Z.  [2]  7,  83 ;  A.  168,  69).— 3.  From  benzoin  by 
heating  with  alcoholic  potash  at  155°  in  an  ex- 
hausted tube,  benzilic  acid  being  also  formed 
(Zinin,  BL  [2]  7,  260).— 4.  By  the  action  of  so- 
dium-amalgam on  benzoin  (Grimaux,  B.  2,  281) 
or  on  benzil  (Forst  a.  Zincke,  A.  182,  259). — 
5,  From    C6H5.CHBr.CHBr.C6H5  by  treatment 
with  silver  acetate  or  oxalate  and  saponification 
of  the  product  (Limpricht  a.  Schwanert,  Z,  [2] 

3.  684  ;  A.  160, 177). 

Properties. — Silky  needles  (from  water  or  di- 
lute alcohol)  or  monoclinic  tables  (from  absolute 
alcohol) ;  v.  sol.  alcohol. 

Reactions. — 1.  Nitric  acid  oxidises  it  to  benz- 
oin and  finally  to  benzil  (Zinin). — 2.  Chromic 
acid  mixture  forms  benzoic  aldehyde  (Zincke, 
A.  198,  121).-3.  PC15  forms  (a)-  and  (£)-di- 
chloro-di-phenyl-ethane  C6H5CHC1.CHC1.C6H5. 

4.  PBr5   forms    in    like    manner    a    bromide 


714 


IIYDROBENZOiN. 


CI4H,.3r.,.— 5.  Dilute  H2S04  at  200°  forms  di- 
phenyl-acetic  aldehyde  and  an  anhydride  C14HI20 
(Breuer  a.  Zincke,  B.  11,  72 ;  Weise,  A.  248,  34). 

Acetyl  derivative 

C6H3.CH(OAc).CH(OH).CtiH5.  [84°].  From  hy- 
drobenzoin  and  HOAc  at  180°  (Limpricht  a. 
Schwanert,  A.  160,  190 ;  Forst  a.  Zincke,  A.  182, 
254).  Long  needles  (from  aqueous  HOAc),  v.  e. 
sol.  alcohol,  ether,  and  HOAc. 

Di-acetyl  derivative  (C6H5)2C,H2(OAc)2 : 
[135°] ;  formed  by  acetylation  of  hydrobenzoin, 
or  by  the  action  of  zinc-dust  on  a  mixture  of 
benzoic  aldehyde  and  acetyl  chloride  (Paal,  B. 
16,  636).  Formed  also  from  di-bromo-di-phenyl- 
ethane  C6H5.CHBr.CHBr.C6H5  and  AgOAc  (Lim- 
pricht a.  Schwanert,  A.  160,  177).  Monoclinic 
prisms  (from  ether) ;  m.  sol.  cold  alcohol,  sol. 
ether  and  benzene.  PC15  converts  it  into  (a)-di- 
chloro-di-phenyl-ethaneC6H5.CHCl.CHCl.C6H3. 

Benzoyl  derivative 

C6H5.CH(OH).CH(OBz).C(iH5.  [161°].  Formed, 
together  with  the  di-benzoyl  derivative  by  heat- 
ing hydrobenzoin  (1  pt.)  with  Bz20  (3  pts.)  at 
160°  (Forst  a.  Zincke,  A.  182,  277).  Needles  or 
plates  (from  alcohol) ;  v.  sol.  alcohol,  ether,  and 
chloroform. 

Di-benzoyl  derivative 
Ph.CH(OBz).CH(OBz).Ph.  [246°].  Small  white 
needles,  si.  sol.  most  solvents.  Formed,  together 
with  the  di-benzoyl  compound  of  isohydroben- 
zoin,  by  the  action  of  zinc-dust  on  a  mixture  of 
benzoic  aldehyde  and  benzoyl  chloride  (Paal,  B. 
17, 909).  Formed  also  by  treating  the  compound 
PhCHBr.CHBrPh  with  AgOBz  (Forst  a.  Zincke, 
A.  182,  277). 

Ph.CH.Ov 

Carbonyl  derivative       \        \CO. 

Ph.CH.O/ 

[126°].  Obtained  by  the  action  of  ClC02Et  on 
the  sodium  derivative  of  hydrobenzoin,  which  is 
itself  got  by  heating  hydrobenzoin  in  benzene 
solution  with  sodium-amalgam  (Wallach,  A.  226, 
81).  Needles  (from  alcohol).  Saponified  by  al- 
coholic KOH. 

Anhydride  C14H120  i.e.  <cphH>°    or 

°<CHPh'cHPh>°'  Di-phenyl-ethylene  oxide. 
[132°].  Formed  by  boiling  hydrobenzoin  with 
dilute  (20  p.c.)  sulphuric  acid,  distilling  off  di- 
phenyl-acetic  aldehyde  and  extracting  the  resi- 
due with  ether.  Monoclinic  crystals  (from  ether). 
Not  volatile  with  steam.  Insol.  water,  v.  sol. 
benzene, HOAc,  andhot  alcohol.  At  250°  it  splits 
up  into  s-di-phenyl-ethylene  and  benzoic  alde- 
hyde. Reactions.— 1.  When  heated  for  17  hours 
with  Bz20  at  240°  it  gives  di-benzoyl  hydrobenz- 
oin and  some  s-di-phenyl-ethylene. — 2.  HOAc 
at  170°  forms  di-acetyl-hydrobenzoin.— 3.  Ac20 
does  not  act  below  240°,  at  which  temperature 
it  gives  di-acetyl-hydrobenzoin,  s-di-phenyl- 
ethylene,  and  benzoic  aldehyde. — 4.  BzCl  gives 
(a)-di-chloro-di-phenyl-ethanePh.CHCl.CHCl.Ph 
[192°].  PC15  forms  the  same  body.— 5.  By  heat- 
ing for  8  hours  at  200°  with  cone.  HIAq  and 
phosphorus  it  is  reduced  to  s-di-phenyl-ethane 
[52°].-6.  Cr03  in  HOAc  forms  C^H^O,,  which 
crystallises  from  hot  alcohol  in  small  felted 
needles  [155°]  and  CI5H13O2  [145°]  (Breuer  a. 
Zincke,  A.  198,  169).— 7.  Dilute  (20  p.c.)  H2S04 
at  200°  forms  di-phenyl-acetio  aldehyde.— 


8.  HClAq  (S.G.  1-19)  at  170°  gives  di-phenyl- 
acetic  aldehyde  and  (o)-di-chloro-di-phenyl- 
ethane. 

Isohydrobenzoin  C,4HH02  i.e. 
C6H5.CH(OH).CH(OH).CtiH5.  [120°].  S.  -19  at 
15°;  1-25  at  100°.  Formed,  together  with  a 
smaller  quantity  of  hydrobenzoin,  when  sodium- 
amalgam  acts  on  benzoic  aldehyde  in  presence 
of  water.  The  presence  of  alcohol  diminishes 
the  proportion  of  isohydrobenzoin  to  hydro- 
benzom (Ammann  a.  Fittig,  A.  168,  70).  The 
separation  may  be  effected  by  repeated  crystalli- 
sation from  alcohol,  in  which  isohydrobenzoin  is 
somewhat  the  more  soluble.  Formed  also  by 
saponifying  its  di-acetyl  derivative.  Glistening 
hydrated  needles  (from  water),  anhydrous  hexa- 
gonal crystals  (from  alcohol),  or  monoclinic 
prisms  (from  ether).  The  hydrated  crystals 
melt  at  96°.  V.  sol.  alcohol,  ether,  and  chloro- 
form. 

Reactions.  —  1.  POL,  gives  (o)-di-chloro-di- 
phenyl-ethane  Ph.CHCl.CHCl.Ph  [184°],  and  a 
resinous  compound  C.^H23C10  [150°]  (Breuer  a. 
Zincke,  A.  198,  167).—  2.  Boiling  dilute  H2S04 
forms  di-phenyl-acetic  aldehyde  and  the  an- 
hydride C14H120  [102°].—  3.  By  heatingwith  Bz20 
there  is  formed  mono-  and  di-benzoyl-isohydro- 
benzoin  and  also  di-benzoyl  hydrobenzoin. 

Sodium  derivative 

Ph.CH(ONa).CH(ONa)Ph  (?).  In  an  ethereal 
solution  of  isohydrobenzoin  sodium-amalgam 
forms  a  powdery  sodium  derivative.  Some  of 
the  isohydrobenzoin  appears  to  be  changed  at 
the  same  time  into  a  crystalline  isomeride  [125°], 
which  is  slowly  dissolved  by  boiling  water,  being 
changed  to  isohydrobenzoin. 

Acetyl  derivative 

C6H5.CH(OH).CH(OAc).C6H5.  [88°].  Formed 
by  the  action  of  KOAc  or  of  AgOAc  on 
Ph.CHBr.CHBr.Ph  (Forst  a.  Zincke,  A.  182, 
282).  Short  thick  needles. 

Di-acetyl  derivative 

C6H5.CH(OAc).CH(OAc).C6H5.  [118°].  Formed 
by  digesting  isohydrobenzoin  with  acetyl  chlor- 
ide for  24  hours.  Formed  also  by  boiling 
Ph.CHBr.CHBr.Ph  (1  pt.)  dissolved  in  HOAc 
(3  pts.)  with  an  excess  of  KOAc  for  12  hours 
(Zincke,  A.  182,  262  ;  198,  154).  Plates  (from 
alcohol).  Occurs  sometimes  in  trimetric  prisms 
[106°].  V.  sol.  alcohol,  ether,  and  chloroform. 

Benzoyl  derivative 

C6H5.CH(OH).CH(OBz).C6H5.  [130°].  Formed, 
together  with  the  di-benzoyl  derivative,  by  heat- 
ing isohydrobenzoin  with  excess  of  Bz20  at  160° 
(Forst  a.  Zincke,  A.  182,  285).  Small  needles 
(from  dilute  alcohol).  V.  e.  sol.  alcohol,  ether, 
and  chloroform. 

Di-benzoyl  derivative  C14H,,(OBz)2  : 
[151°]  ;  fine  silky  needles  ;  v.  e.  sol.  ordinary 
solvents.  Formed,  together  with  the  di-benzoyl 
derivative  of  hydro-benzoin,  by  the  action  of 
zinc-dust  on  a  mixture  of  benzoic  aldehyde  and 
benzoyl  chloride  (Paal,  B.  17,  909).  Formed 
also,  together  with  its  isomeride,  by  heating  iso- 
hydrobenzoin with  Bz20  ;  also  by  the  action  of 
Ph.CHBr.CHBr.Ph  on  AgOBz. 

Carbonyl      derivative         ' 


[110°].  Prepared  by  dissolving  benzoic  alde- 
hyde and  Cl.C02Et  in  ether  and  treating  with 
sodium  amalgam.  A  violent  reaction  occurs; 
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when  it  abates  the  flask  is  heated  for  some  time 
with  inverted  condenser.  The  liquid  is  filtered 
and  evaporated,  the  residue  is  crystallised  from 
alcohol.  The  yield  is  bad.  Formed  also  by 
treating  the  sodium  derivative  of  isohydrobenz- 
oin  in  ether  or  benzene  with  ClCO.^Et,  an  inter- 
mediate body  Ph.CH(OCO,,Et).CH(OCO,Et).Ph 
being  perhaps  formed.  Monoclinic  plates  (from 
alcohol).  Insol.  cold  water,  si.  sol.  boiling  water. 
SI.  sol.  cold  alcohol  or  ether.  Insol.  CS2,  sol. 
benzene.  Decomposed  by  boiling  potash  into 
potassium  carbonate  and  iso-hydro-benzoin.  It 
is  not  affected  by  Ac.,0.  PC15  converts  it  into 
(o)-di-chloro-s-di-phenyl-ethane  [186°]  (Wallach, 
J.pr.  [2]  25,  262  ;  A.  226,  80). 

Anhydride  C14H,20.  [102°].  Formed, 
like  the  corresponding  anhydride  of  hydrobenz- 
oin,  by  boiling  isohydrobenzoin  with  dilute  ELS04 
(Zincke  a.  Breuer).  Monoclinic  crystals  (from 
ether).  More  soluble  in  alcohol  than  its  iso- 
mericle. 

Reactions. — 1.  When  heated  with  Bz20  it 
gives  s-di-phenyl-ethylene  and  di-benzoyl-isohy- 
drobenzoin. —  2.  HOAc  has  no  action  even  at 
250°.— 3.  Ac2O  does  not  act  at  170°.— 4.  BzCl 
yields  Ph.CHCl.CHCl.Ph  [192°].  PC15  forms  a 
compound  C2SH.,.,C10,  which  is  finally  converted 
into  Ph.CHCi.CHCl.Ph.— 5.  HIAqand  P  at  200° 
form  s-di-phenyl-ethane  [52°].— 6.  Cr03inHOAc 
acts  upon  it  in  the  same  way  as  upon  its  iso- 
meride. 

HYDROBENZOlN-DI-p-CARBOXYLIC  ACID 
OlaHMQ.U 

CdH4(C02H).CH(OH).CH(OH).CtiH4(C02H).  Ob- 
tained  by  reduction  of  the  sodium  salt  of  benz- 
oin-di-carboxylic  acid  with  sodium-amalgam. 
Infusible.  Unsublimable  (Oppenheimer,  B.  19, 
1817). 

HYDROBERBERINE  v.  BERBERINB. 

HYDROBROMIC  ACID  v.  BBOMHYDBIC  ACID, 
vol.  i.  p.  532. 

HYDRO-BROMO-CINCHENE     v.     CINCHENE 

BROMOHYDBIDE. 

HYDRO-BROMO-CINCHONINE  v.  CINCHON- 

INE  BBOMOHYDB1DE. 

HYDROBTJTYRAMIDE  v.  ISOBUTYBIC  ALDE- 
HYDE. 

HYDROBUTYROFURONIC  ACID  C9H14O5  i.e. 
C02H.CH2.CH2.CO.CH2.CH2.CH2.CH2.C02H.  An 

indistinctly  crystalline  acid  formed  by  reducing 
butyro-furonic  acid  C9H1205  with  sodium-amal- 
gam (Tonnies,  B.  12,  1201).— Ag2A". 

HYDRO-CAFFURIC  ACID  v.  CAFFEINE. 

HYDROCAMPHENE  v.  DECINENE. 

HYDROCARBONS.  Compounds  containing 
carbon  and  hydrogen  only.  Liquid  hydrocar- 
bons, especially  terpenes  C,0H16  and  their  iso- 
merides,  are  commonly  found  in  essential  oils 
from  plants ;  solid  hydrocarbons  have  been  ob- 
tained from  the  fruit  of  Heracleum  Sphondylium, 
H.  giganteum,  Pastinaca  sativa,  and  from  other 
plants  (Guthzeit,  B.  21,  2881).  The  chief  source 
of  hydrocarbons  is,  however,  the  dry  distillation 
of  organic  bodies,  the  nature  of  the  product  de- 
pending upon  the  temperature  at  which  the 
distillation  takes  place,  since  a  red  heat  tends 
to  deprive  hydrocarbons  of  a  part  of  their  hy- 
drogen. Thus  when  coal  is  distilled  at  the 
lowest  possible  temperature,  the  distillate  con- 
sists chiefly  of  paraffins  and  olefines ;  while  dis- 
tillation at  a  bright-red  heat  forms  large  quan- 


tities of  aromatic  hydrocarbons.  American 
petroleum,  formed  by  the  slow  decomposition  of 
vegetable  matter  under  the  surface  of  the  earth, 
probably  at  a  moderate  temperature,  is  very 
largely  composed  of  paraffins  (cf.  Engler,  B.  21, 
1816). 

The  hydrocarbons  are  insoluble  in  water ; 
they  are  neutral,  and  do  not  form  salts  with 
acids  or  alkalis;  they  are  not  saponified  by 
boiling  with  dilute  acids  or  alkalis,  and  are  for 
the  most  part  not  affected  by  that  treatment. 
They  do  not  unite  with  alkaline  bisulphites,  nor 
do  they  react  with  hydroxylamine  or  phenyl 
hydrazine. 

According  to  Berthelot  (C.  R.  84,  714)  when 
liquid  hydrocarbons  are  decomposed  by  passing 
powerful  induction  sparks  through  them  the 
gases  given  off  consist  of  hydrogen,  methane, 
ethane,  ethylene,  and  acetylene,  but  no  hydro- 
carbon of  higher  molecular  weight ;  carbon  is 
deposited  in  the  case  of  terpenes  and  aromatic 
hydrocarbons,  but  not  from  paraffins. 

The  hydrocarbons  with  which  bromine  com- 
bines even  in  the  dark  are  known  as  unsaturated 
fatty  hydrocarbons ;  the  remaining  hydrocarbons 
may  be  divided  into  saturated  fatty  hydrocarbons 
and  aromatic  hydrocarbons,  which  may  be  dis- 
tinguished by  treatment  with  fuming  nitric  acid, 
which  forms  nitro-  derivatives  with  aromatic  hy- 
drocarbons, but  never  does  so  with  the  saturated 
fatty  hydrocarbons. 

The  saturated  fatty  hydrocarbons  are  also 
called  paraffins,  and  contain  a  larger  percentage 
of  hydrogen  than  any  other  hydrocarbons  ;  they 
may  be  included  in  the  general  formula  CnH2n+2. 
Unsaturated  fatty  hydrocarbons  of  the  formula 
CnH2n  are  called  olefines,  since  olefiant  gas  is 
the  first  member  of  the  series.  Of  the  hydro- 
carbons CnH2n_?  those  which  give  pps.  with  am- 
moniacal  solutions  of  cuprous  chloride  and  of 
silver  nitrate  are  held  to  contain  the  group  CiCH 
and  belong  to  the  acetylene  series. 

Vowel  nomenclature,  first  proposed  by  Lau- 
rent in  naming  the  chlorinated  derivatives  of 
naphthalene,  was  adopted  by  Hofmann  to  dis- 
tinguish the  different  classes  of  hydrocarbons. 
Thus,  according  to  Hofmann,  the  names  of  the 
compounds : 

CnH2n+2end  in  -ane 
CnH2n        „        -ene 

CnH2n-2         »»  ~ in6 

CnH,n_4     „        —one 
CyHjn_6     „        -une. 

Inasmuch  as  ine  is  the  usual  termination  of 
bases,  and  one  that  of  ketones,  in  this  dictionary 
the  names  of  unsaturated  hydrocarbons  have 
been  made  to  end  in  ene,  thus : 

Hydrocarbons  CnH2n       end  in  —  ylene 
„  CnH2n_2       „       -inene 

»  CnH2n-4        ,i       -onene 

CJBL^e        „       -unene. 
Paraffins.    The  saturated  fatty  hydrocarbons 
or  paraffins  are  named  as  follows  : 
Methane         CH4 
Ethane  C.,H6 

Propane  C3~H8 
Butane  C4H,0 

Pentane  C5H,2 
Hexane  C6HU 
Heptane  C7Hj6 
Octane  C8H18 
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Ennane  or  Nonane 
Decane 

Hendecane  or  Undecane 
Dodecane 
Tridecane 
Tetradecane  CI4H30 
Pentadecane  C15H32 
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C10H22 
CnH24 
C12H26 


C19H40 


Heptadecane  C17H38 

Octodecane    C,8H38 

Enndecane 

Icosane 

Henicosane 

Do-icosane 

Tri-icosane 


C21H44 
CH 


Triacontane  C30H62. 

From  a  structural  point  of  view  any  paraffin 
may  be  regarded  as  formed  from  the  next  lower 
nomologue  by  displacement  of  H  by  CH3.  As 
the  hydrogen  atoms  in  methane  are  similarly 
situated  there  can  be  only  one  ethane,  and  as  the 
atoms  of  hydrogen  in  ethane  CH3.CH3  are  simi- 
larly situated  there  can  be  only  one  propane. 
But  in  propane  CH3.CH2.CHS  it  is  possible  to  dis- 
place a  hydrogen  atom  "either  in  the  methylene 
group  CH2  or  in  one  of  the  two  methyl  groups ; 
thus  we  arrive  at  two  butanes :  CH3.CH(GH3).CH3 
and  CH3.CH2.CH2(CH3). 

Proceeding  in  this  way  we  find  that  there  are 
theoretically  possible  3  pentanes,  5  hexanes,  9 
heptanes,  18  octanes,  35  ennanes,  75  decanes, 
159  hendecanes,  355  dodecanes,  802  tridecanes, 
&c. 

The  paraffins  are  said  to  be  normal  when 
they  contain  only  two  methyl  groups,  and  may 
consequently  be  represented  by  a  chain  that  has 
no  branches,  e.g.  CH3.CH2.CH2.CH2.CH2.CH3. 
The  boiling-points  of  the  normal  paraffins  are : 

Pentane     (37°) 

Hexane      (70°) 

Heptane    (99°) 

Octane     (124°), 

after  which  they  rise  19°  for  each  increment  of 
CH2.  The  other  paraffins  boil  at  lower  tempe- 
ratures than  their  normal  isomerides. 

Occurrence. — Among  the  products  of  the 
destructive  distillation  of  coal,  bituminous  shale, 
peat,  &c.,  and  in  American  petroleum.  Natural 
or  artificial  petroleum  yields  on  distillation :  (a) 
petroleum  ether  or  ligrom  boiling  from  35°  to 
90°,  containing  chiefly  pentane,  hexane,  and 
heptane ;  (6)  benzoline  or  petroleum  spirit,  boil- 
ing from  90°  to  150°  and  containing  heptane, 
octane,  and  ennane;  (c)  kerosene,  petroleum- 
naphtha,  or  paraffin  oil  boiling  from  150°  to 
200°,  containing  decane,  hendecane,  and  dode- 
cane;  (d)  solid  paraffin  wax,  a  mixture  of  saturated 
hydrocarbons  of  still  higher  molecular  weight 
(Greville  Williams,  Tr.  1857,  737  ;  C.  J.  15,130 ; 
Schorlemmer,  C.  J.  15,  419  ;  Pelouze  a.  Cahours, 
A.  124,  289 ;  127, 196 ;  129,  87). 

For?nation. — 1.  By  distilling  the  acids 
CnH2n02  with  excess  of  potash,  lime,  or  baryta. 
2.  By  the  action  of  water  on  the  zinc  alkyls ; 
this  reaction  may  be  carried  out  by  simply  heat- 
ing the  alcoholic  iodide  with  zinc  and  water,  or 
by  treating  them  with  the  copper-zinc  couple  in 
presence  of  water  or  alcohol. — 3.  By  the  reduc- 
tion of  the  chlorides  or  iodides  of  alcohol  radicles 
by  zinc  and  hydrochloric  acid,  by  HI,  or  by 


sodium-amalgam. — 4.  By  the  action  of  sodium 
or  of  reduced  silver  on  an  iodide  or  mixture  of 
iodides  KI  +  K'l  +  Na2  =  2NaI  +  KB'.  This  pro- 
cess  is  known  as  Wurtz's  reaction  (Wurtz, 
A.  Ch.  [3]  44,  275).  —  5.  By  the  action  of 
alcoholic  iodides  on  zinc-alkyls. — 6.  By  the 
electrolysis  of  the  sodium  salts  of  the  fatty 
acids. 

Properties. — Methane,  ethane,  propane,  and 
butane  are  gaseous  at  ordinary  temperatures; 
the  specific  gravity  of  the  higher  paraffins  in  the 
liquid  state  steadily  rises  with  increasing  mole- 
cular weight.  The  paraffins  are  distinguished 
by  their  chemical  indifference  (parum  affinis). 
They  are  not  attacked  by  KOH,  by  H2S04,  or  by 
cold  fuming  HN03. 

Reactions.— 1.  Chlorine  acting  on  a  normal 
paraffin  forms  only  primary  and  secondary 
chlorides,  the  latter  containing  the  group 
CHC1.CH3.  Bromine  forms,  however,  only 
secondary  bromides  of  similar  constitution 
(Schorlemmer).  The  isomeric  mono-chlorin- 
ated paraffins  got  from  petroleum  yield,  by 
abstracting  HC1,  a  mixture  of  olefines  one  por- 
tion of  which  combines  readily  with  cold  HC1, 
whilst  the  rest  only  combines  on  heating.  The 
chloro-  derivatives  formed  in  the  cold  distil 
with  partial  decomposition  and  at  a  lower  tem- 

Eerature  than  those  formed  by  heating.  The 
itter  distil  without  decomposition  and  have  the 
general  formula  CH3.CHCl.CnH2n+1  (Schor- 
lemmer, C.  J.  26,  319 ;  Pr.  29,  364 ;  T.  171, 
451 ;  Morgan,  C.  J.  28,  301 ;  Le  Bel,  SI.  [2]  28, 
460). — 2.  Bromine  does  not  act  upon  them  in 
the  dark,  in  sunlight  its  colour  disappears,  a 
molecule  of  HBr  being  formed  for  each  molecule 
of  bromine  used  up. — 3.  Hypochlorous  acid  does 
not  unite  with  paraffins. — 4.  Chromic  acid  and 
hot  nitric  acid  (S.G.  1-4  to  1-5)  oxidise  them  to 
C02,  forming  in  some  cases  intermediate  fatty 
acids  (Schorlemmer,  Pr.  16,  373). 

Olefines  CnH2n.  The  names  of  the  olefines 
are: — 

Ethylene   C^ 

Propylene  C3H6 

Butylene  C4H8 

Amylene   C5Hi0 

Hexylene  C6H)2 

The  higher  members  are  named  by  writing 
-ylene  in  place  of  the  -ane  in  the  names  of  the 
paraffins  (v.  supra).  Methylene  CH2  does  not 
appear  capable  of  existing ;  in  reactions  where  it 
might  be  expected  ethylene  is  formed  instead. 
•  It  will  be  observed  that  the  olefines  have  all  the 
same  percentage  composition.  The  hydrocarbons 
in  Caucasian  petroleum,  although  isomeric  with 
the  olefines,  appear  to  be  hexahydrides  of  the 
homologues  of  benzene  (Markownikoff,  B.  20, 
1850). 

Formation.  —  1.  By  dehydration  of  the 
saturated  fatty  monohydric  alcohols  CnH2n+20. 
This  may  be  done  by  means  of  H2S04,  ZnCl2,  or 
P206.  In  the  case  of  the  higher  alcohols  a 
!  mixture  of  hydrocarbons  is,  however,  produced. 
2.  By  the  action  of  alcoholic  KOH  on  the  alkyl 
I  iodides. — 3.  By  passing  alkyl  chlorides  over  red- 
hot  lime.  In  some  cases  mere  distillation  is 
sufficient  to  split  up  the  alkyl  chlorides  into 
olefine  and  HCL— 4.  A  large  number  of  olefines 
are  produced  in  the  manufacture  of  illuminating 
gas  from  oil  (Armstrong,  G.  J.  49,  74). — 5.  By 
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the  electrolysis  of  the  alkaline  salts  of  dibasic 
fatty  acids. 

Reactions. — 1.  The  defines  combine  readily 
with  chlorine,  bromine,  and  iodine  forming  oily 
compounds  (e.g.  Dutch  liquid);  hence  their 
name.— 2.  They  combine  with  S03,  and  are 
therefore  absorbed  by  Nordhausen  sulphuric  acid. 
Cone.  H2S04  forms  alkyl  sulphuric  acids. — 

3.  They  combine  with  HC1,  HBr,  and  HI.  Cone. 
HIAq,  however,  at  100°,  soon  reduces  them  to 
paraffins,     defines  of    the  formula    CH2:CHB 
combine  with  HC1  only  on  heating  (Le  Bel,  Bl. 
[2]  28,  460).     Those  of  the  formula  CH2:CRB' 
or  CHB:CHR'  combine  with  cold  HC1  (Le  Bel ; 
cf.    Schorlemmer    a.    Thorpe,  A.  217,  151). — 

4.  Alkaline   KMn04  oxidises    them    to   oxalic, 
acetic,  formic,  carbonic,  and  other  acids  (Ber- 
thelot,  C.  R.  64,  35).— 5.  Many  olefines  may  be 
oxidised  by  Cr03  to  aldehydes  or  ketones  (Ber- 
thelot,  C.  R.  68,  334).— 6.  HC10  unites  forming 
chlorhydrins  of  dihydric  alcohols  or  glycols.     A 
very  simple  method  of  preparing  hypochlorous 
acid  for  employment  in  the  preparation  of  or- 
ganic chlorhydrins  consists  in  acidifying  a  solu- 
tion of  bleaching  powder  with  boric  acid.     The 
theoretical  quantity  of  the  unsaturated  organic  j 
compound  is  then  added,  allowed  to  stand  for  \ 
some  time  in  the  dark,  and  the  chlorhydrin  ex- 
tracted with  ether  (Lauch,  B.  18,  2287).— 7.  The 
olefines  are  prone  to  polymerisation  especially 
in  presence  of  ZnCl2  or  H2S04. 

Acetylene  series  CnH2n_2.  The  hydrocar- 
bons CnH^.-j  may  be  divided"  into  (a)  acetylenes 
proper  :  B.CiCH  ;  (6)  dialkyl  -  acetylenes : 
RCrCB'  ;  (c)  di  -  ethylenic  hydrocarbons  : 
BCH:CH.CH:CHB'  ;  and  (d)  isoallylenes  : 
BB'C:C:CB"B'"  (cf.  Behal,  A.  Ch.  [6]  15,  268). 

Formation. — 1.  By  heating  bromo-olefines,  or 
the  dibromides  of  olefines  with  alcoholic  potash. 
Thus  they  may  readily  be  obtained  from  alde- 
hydes and  ketones  by  successive  treatment  with 
PC15  and  alcoholic  potash. — 2.  By  electrolysis  of 
the  sodium  salt  of  unsaturated  dibasic  acids. — 

3.  In   the    destructive    distillation    of   organic 
bodies,  and  in  the  incomplete  combustion  of 
coal-gas. 

Reactions. —  1.  The  hydrocarbons  RCiCH 
form  pps.  in  ammoniacal  solutions  of  cuprous 
chloride  and  of  silver  nitrate.  These  pps.  are 
decomposed  by  HC1  with  liberation  of  the  hy- 
drocarbon.—  2.  They  combine  with  either  one 
or  two  molecules  of  bromine,  HC1,  HBr,  HI,  and 
HOC1.— 3.  By  successive  treatment  with  H2S04 
and  water  they  can  be  hydrated;  acetylene 
changing  to  aldehyde,  and  allylene  to  acetone. — 

4.  The   hydrocarbons  RC':CH  give  pps.  in  an 
aqueous  solution  of  HgCl2 ;  when  the  product  is 
treated  with  acids  aldehydic  or  ketonic  products 
of  hydration  are  liberated  (Kutscheroff,  B.  17, 
13). — 5.  A  saturated  alcoholic  solution  of  AgN03 
gives  crystalline  pps.  with  acetylenic  hydrocar- 
bons ;  thus  heptinene  gives  C7HuAgAgN03  which 
deflagrates  when  heated  (Behal,  A.  Ch.  [6]  15, 
423).— 6.  KMn04  and  chromic  acid  attack  the 
hydrocarbons  at  the  unsaturated  point  ;    thus 
diallyl  gives    C02  and    succinic    acid.     Behal 
(A.  Ch.  [6]  16,  3C8)  thinks  that  no  hydrocarbon 
of  the  isoallylene  type  has  as  yet  been  isolated. 
Thus  by  heating  CH2Cl.CH:CHClindry  benzene 
with  sodium  he  failed  to  obtain  isoallylene.     He 
was  equally  unable  to  obtain  CH2:C;CH2  by  heat- 


ing CH2C1.CC1:CH2  with  sodium;  while  allyl 
iodide  heated  with  PbO  in  excess  only  gave 
propylene ;  and  by  heating  with  HgO,  CuO,  or 
Ag20  at  125°- 150°,  CO  is  formed,  but  no  iso- 
allylene. When  allyl  alcohol  is  dehydrated  by 
P205  no  trace  of  isoallylene  is  obtained,  the  pro- 
ducts being  ethylene  and  propylene.  Ethyl  allyl 
oxide  behaves  in  like  manner,  the  decomposition 
proceeding  with  greater  regularity  (Behal,  A.  Ch. 
[6]  16,  360).  According  to  Gustavson  (J.  pr.  [2] 
38,  203),  however,  isoallylene  can  be  obtained  by 
the  action  of  zinc-dust  on  di-bromo -propylene 
CH2Br.CBr:CH2  in  presence  of  alcohol.  He  de- 
scribes it  as  a  gas  which  unites  with  bromine 
forming  C3H4Br2,  and  which,  when  treated  with 
H2SO4  and  water  successively,  yields  acetone. 

Benzene  series  CnH2n_6.  The  hydrocarbons 
of  this  series  are  named  as  follows : — 

Benzene  C6H6 

Toluene  C7H8  or  C6Hr.CH3 

Xylene  C8H10  or  C6H4(CH3)2 
Mesitylene  and  ^-cumene  C9H12  or  C6H3(CH3)3. 

Durene  C10H14  or  CaH2(CH3)4. 
Propyl-benzene  is  called  cumene,  and  propyl- 
toluene  is  called  cymene,  the  other  members  being 
usually  named  as  substitution  derivatives  of 
benzene.  Their  constitution  is  discussed  under 
BENZENE  (q.  v.). 

Occurrence.— In.  coal-tar,  in  Galician  petro- 
leum, and  as  hydrides  in  Caucasian  petroleum. 

Formation. — 1.  By  distilling  their  carboxylic 
acids  with  lime. — 2.  By  adding  strips  of  sodium 
to  an  ethereal  solution  of  a  mixture  of  an  aroma- 
tic bromide  and  an  alkyl  iodide  (or  bromide) 
(Fittig's  reaction).  This  reaction  takes  place  the 
more  readily  the  higher  the  molecular  weight  of 
the  alkyl  iodide,  and  where  there  is  already  a 
side  chain  it  succeeds  best  when  this  is  in  the 
para-  position  (Krafft  a.  Gottig,  B.  21,  3184).— 
3.  By  adding  A1C13  to  a  mixture  of  an  aromatic 
hydrocarbon  with  an  alkyl  chloride,  HC1  being 
evolved  (Friedel  a.  Crafts,  A.  Ch.  [6]  1,  459  ;  14, 
457  ;  cf.  ALUMINIUM  CHLORIDE,  vol.  i.  p.  147). 
Friedel  a.  Crafts  consider  that  this  reaction 
takes  place  in  two  stages  : 

C6H6 + A12C16  =  C6H5A12C15  +  HC1 
C6H5  A12C15  +  BC1  =  C6H5B  +  A^Cl,, 
the  latter  reaction  being  analogous  to 
ZnEt2  +  2BC1  =  2EtB  +  ZnCl2. 
They  have,  however,  hitherto  failed  to  isolate 
the  hypothetical  intermediate  body  C6H3A12C13, 
but  they  have  equally  failed  to  obtain  the  com- 
pounds A1C13(C6H6)3  and  AlBr3(C6H6)3  described 
by  Gustavson  (/.  R.  1882,  354),  which  they  re- 
gard as  mixtures.  When  MeCl  acts  on  benzene 
(5  pts.)  containing  A1C13  (1  pt.)  there  is  formed 
s-durene.  MeCl  acting  on  toluene  in  presence 
of  A1C13  forms  o-,  m-,  and  p-  xylene,  ^-cumene, 
mesitylene  s-  and  u-  durene,  penta-methyl-benz- 
ene,  and  hexa-methyl-benzeue  (Ador  a.  Rilliet, 
B.  12,  329 ;  0.  Jacobsen,  B.  14,  2627).  MeCl  and 
A1C13  converts  the  three  xylenes  into  if-cumene, 
wi-xylene  giving  also  mesitylene.  The  higher 
homologues  of  benzene  are  more  readily  methyl- 
ated than  the  lower.  Ethylene  passed  through 
a  heated  mixture  of  benzene  and  A1C13  gives 
ethyl-,  di-ethyl-,  and  tri-ethyl-benzene  (Balsohn, 
Bl.  [2]  31,  539).  Isomeric  changes  often  occur 
in  these  syntheses.  Thus  isobutyl  bromide 
(300  g.)  acting  on  benzene  (900  g.)  and  A1C13 
(300  g.)  at  0°  forms  tert-butyl-benzene  (167°  at 
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736  mm.),  which  is  also  got  from  tert-butyl 
chloride  ;  while  n-butyl  chloride  gives  sec-butyl- 
benzene  (174°  at  735  mm.)  (Schramm,  M.  9,  613). 
In  like  manner  isoamyl  chloride  gives  an  amyl- 
benzene  (188°  at  737  mm.)  which  appears  to  be 
C6H5.CHMePr  or  C6Hs.CMe2Et.  rc-Propyl  brom- 
ide gives  isopropyl  derivatives,  since  PrBr  is 
changed  to  PrBr  in  presence  of  A1C13  (Kekule  a. 
Schrotter,  B.  12,  2280).  Schramm  supposes  the 
alkyl  chloride  to  be  split  up  into  HC1  and  olefine, 
the  latter  then  acting  like  ethylene  (v.  supra). 
By  the  action  of  A1C13  on  boiling  toluene  there  is 
formed  benzene,  ethyl-benzene,  and  the  three 
xylenes  (Friedel  a.  Crafts,  C.  R.  101,  1218).  In 
a  similar  manner  m-xylene  is  converted  by  A1C13 
into  benzene,  toluene,  mesitylene,  and  ^/-cumene ; 
while  ethyl-benzene  gives  benzene  and  di-ethyl- 
benzene  (Anschiitz  a.  Immendorff,  B.  17,  2816  ; 
18,  657).  The  transference  of  side  chains  may 
be  readily  effected  by  passing  HC1  through  the 
heated  mixture  of  A1C13  with  the  hydrocarbon, 
e.g. 

C6H3Me3  +  HC1  =  C6H4Me2  +  MeCl 
C6H3Me3  +  MeCl  =  C6H2Me4  +  HC1 

(Jacobsen,  B.  18,  343).— 4.  When  aromatic  hy- 
drocarbons are  heated  with  Mel  or  EtI  and 
iodine  in  sealed  tubes  at  high  temperature,  Me 
or  Et  can  be  introduced,  although  very  many 
other  products  are  formed  at  the  same  time.  In 
this  way  benzene  heated  with  Mel  gives  toluene, 
toluene  (with  Mel)  gives  xylenes,  and  hydrocar- 
bons C9H,?,  C10HH,  and  C,,H16;  while  pseudo- 
cumene  mixed  with  mesitylene  (with  EtI)  gives 
C6H3Me2Et  (here  Et  turns  out  Me)  (Eayman  a. 
Preis,  A.  223,  315).— 5.  By  heating  ketones  with 
H2S04;  thus  acetone  gives  mesitylene.— 6.  By  i 
heating  benzene  and  its  homologues  with  ZnCl2 
and  (the  higher)  fatty  alcohols,  water  being 
eliminated  (Goldschmidt,  B.  15,  1066).— 7.  By 
heating  diazo-  compounds  with  alcohol. — 8.  By 
boiling  hydrazines  with  CuS04  or  FeCl3. 

Reactions. — 1.  Fuming  nitric  acid  dissolves 
them,  and  on  adding  water  nitro-  derivatives  are  : 
ppd. — 2.  Fuming  sulphuric  acid  dissolves  them,  | 
forming  sulphonic  acids.    By  distilling  the  re-  ; 
suiting  sulphonic  acids  with  superheated  steam 
the  hydrocarbons  can  be  recovered,  and  thus 
separated  from  fatty  hydrocarbons,  and  even 
from  one  another  (Beilstein,  A.  133,  34;  Arm- 
strong a.  Miller,  C.  /.45,  148  ;  Kelbe,  B.  19,  93). 
3.    Halogens    form    products    by   substitution. 
Heat  and  direct  sunshine  both  cause  the  halo- 
gen to  enter  the  side  chain  instead  of  the  benz- 
ene nucleus  (Schramm,  B.  19,  212  ;  M.  8,  299). 
Yellow  light  has  the  maximum  effects.    Accord- 
ing to  Eadziszewski  (A.  218,  386)  the  halogens 
acting  upon  alkyl-benzenes  go  in  the  cold  into 
the  p-  position ;  as  the  heat  is  raised  they  go 
into  the  o-  position,  then  into  the  CH2  attached 
to  the  C6H3,  and  at  a  still  higher  temperature 
into  the  next  CH^,  and  so  on  .(v.  CHLORO-  COM- 
POUNDS,  and    BKOMO-  COMPOUNDS). — 4.  Chromic 
acid  mixture   oxidises   all  the   side  chains  to  j 
carboxyl,  while  nitric  acid  (S.G.  1-2)  frequently  > 
attacks  only  one  side  chain.    In  the  oxidation  by  I 
means  of  dilute  HN03of  the  di-alkylated  benzenes 
it  has  usually  been  assumed  that  the  longest  side  } 
chain  is  oxidised  first,  becoming  CO-jH.     This  is 
not  always  the  case,  for  ra-  and  #-iso-butyl- 
toluenes  give    isobutyl-benzoic  acids,  and  the 


oxidation  of  all  such  hydrocarbons  is  greatly 
modified  by  the  introduction  of  halogens  into  the 
ring,  thus  tetra-chloro-w-isocymene  can  only  be 
oxidised  with  very  great  difficulty,  and  then  is 
entirely  broken  up  (Kelbe  a.  Pfeiffer,  JB.  19, 
1723).  Propyl-isopropyl-benzene  is  oxidised  to 
w-propyl-benzoic  acid. — 5.  Chromyl  chloride 
forms  addition  compounds  CnH2n.6(Cr02Cl.2)2. 
These  compounds  give  off  HC1  at  200°,  becoming 
CnH2n_8(Cr02Cl)2.  If  they  contain  methyl  they 
are  converted  by  water  into  aldehydes.  In  the 
case  of  benzene,  water  produces  quinone  (fitard, 
A.  Ch.  [5]  22,  218  ;  C.  R.  87, 989).— 6.  By  heat- 
ing with  HIAq  the  hydrocarbons  CnH2n_6  can  be 
made  to  take  up  2,  4,  or  6  atoms  of  hydrogen. 
The  hydrides  CnH2n_6H6  occur  in  Caucasian 
petroleum  (Beilstein  a.  Kurbatoff,  B.  13,  1818) 
and  may  also  be  obtained  by  the  distillation  of 
colophony  (Eenard,  A.  Ch.  [6]  1,  227). 

Homologues  of  Anthracene  CnH2n_,8  may  be 
formed  as  follows :  1.  From  anthranols  by  ab- 
straction of  water  (Liebermann  a.  Tobias,  B.  14, 
795). — 2.  From  halogenated  hydrocarbons,  by 
heating  under  pressure  (Dorp,  A.  169,  210). — 
3.  From  halogenated  methanes,  aromatic  hydro- 
carbons, and  A1C13  (Anschiitz  a.  Eomig,  B.  18, 
664;  Elbs  a.  Wittich,  B.  18,  348).— 4.  From 
homologues  of  diphenylmethane  by  abstraction 
of  hydrogen  (Weiler,  B.  7,  1185 ;  Fischer,  B.  7, 
1195).— 5.  From  homologues  of  o-tolyl-phenyl 
ketone  by  abstraction  of  water  (Behr  a.  Dorp,  B. 
7,  17  ;  Elbs,  J.pr.  [2J  33,  186).— 6.  Phthalic  an- 
hydride, aromatic  hydrocarbons,  and  A1C13  give 
homologues  of  o-benzoyl-benzoic  acid,  whence 
by  cone.  H2SO4  homologues  of  anthraquinone 
may  be  obtained.  Thus  toluyl-benzoic  acid 
[2:l]CeH4(C02H)CO.C6H4(CH3)[l:4]fromphthalic 
anhydride  and  toluene  gives  (B.  2)-methyl-an- 
thraquinone  [175°],  while  w-xyloyl-o-benzoic  acid 
gives  a  dimethyl-anthraquinone  [162°]  (Elbs, 
J.  pr.  [2]  33,  318). 

Hydrocarbons  of  the  tri-phenyl -me  thane 
series  0BHaB.aa  (Elbs,  J.  pr.  [2]  33,  181)  may  be 
formed  as  follows:  1.  From  chloroform  or  chloro- 
picrin,  benzene  or  homologues  of  benzene,  and 
A1C13. — 2.  From  benzylidene  chloride,  benzene 
or  homologues  of  benzene,  and  zinc-dust. — 3. 
From  secondary  aromatic  alcohols,  aromatic 
hydrocarbons,  andP205  (best  method). — 4.  From 
aromatic  (/3)-pmacolins  and  alkalis  (Thorner  a. 
Zincke,  B.  10,  1475;  11,  65).— 5.  From  benzyl- 
idene chloride  (or  its  homologues)  and  Hg(C,;H5)2 
(or  its  homologues).— 6.  From  benzoic  aldehyde, 
benzene  or  its  homologues,  and  ZnCl2  at  250°. 

HYDROCARBOSTYRIL  v.  O-AMIDO-£.PHENYL- 

PEOPIONIC  ACID. 

DI-HYDRO-CARBOXYLIC  ACID  (so-called) 
v.  TETKA-OXY-QUINONE. 

Tri-hydro-carboxylic  acid  (so-called)  v. 
HEXA-OXY-BENZENE. 

HYDRO-CAROTINE  v.  CABROTIN. 

HYDROCHELIDONIC   ACID    v.   CHELIDONIC 

ACID. 

HYDRO-CHLORANILIC  ACID  v.  DI-CHLORO- 

TETRA-OXY-BENZENE. 

HYDROCHLORIC     ACID     v.     CHLORHYDRIO 

ACID,   p.  5. 

HYDROCHLOROCARVOL  v.  CARVOL  CHLORO- 

HYDRIDE. 

HYDROCHLOROCINCHONINE  v.  CINCHOMNE 

CHLOROHYDRIDE. 
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HYDROCHLOROCONQUININE  v.  CINCHONA 

BASES. 

HYDROCINCHONIDINE  v.  CINCHONA  BASES. 
HYDROCINCHONINE  v.  CINCHONA  BASES  and 

ClNCHONINE. 

HYDROCINNAMENYL-ACRYLIC     ACID    v. 

PHENYL-PENTENOIC  ACID. 

HYDROCINNAMIC    ACID    v.    PHENYL-PBO- 

PIONIC   ACID. 

HYDROCINNAMIDE  C27H24N2  i.e. 
N2(CH.CH:CHPh)3.       [106°].      White    needles. 
Formed  by  the  action  of  NH3  on  an  alcoholic  or 
ethereal  solution  of  cinnamic  aldehyde.     It  is 
very  stable  towards  HC1  at  a  high  temperature. 

Salts.— B'HC13aq:  flat  colourless  tables: 
[220°] ;  sol.  alcohol  and  chloroform,  insol.  water, 
ether,  benzene,  and  ligroin.  —  B^H-jCl-jPtC^ 
(Laurent,  Rev.  Sclent.  10,  119 ;  Peine,  B.  17, 
2110). 

HYDROCOLLIDINE  v.  TBI-METHYL-PYBIDINE 

HYDRIDE. 

HYDROCONQTJININE  v.  CINCHONA  BASES. 
HYDROCORNICULARIC   ACID   v.  COBNICU- 

LABIC   ACID. 

HYDROCOTARNINE  v.  NABCOTINE. 
HYDROCOTOIN  v.  GOTO  BABK. 
HYDROCOTONE  v.  GOTO  BABK. 
HYDRO-jp-COUMARIC     ACID     v.    #-OxY-0- 

PHENYL-PBOPIONIC  ACID. 

HYDROCOTJMARILIC   ACID   v.  COUMABILIC 

ACID. 

HYDROCOUMARIN  v.  Anhydride  of  OXY- 

PHENYL-PBOPIONIC  ACID. 

HYDROCROCONIC  ACID  v.  Hydride  of  CEO- 

CONIC  ACID. 

HYDROCUMINOIN  v.  CUMINOIN. 

HYDR04-CUMOQUINONE  C6HMe,(OH)z 
[1:2:5:3:6].  [169°].  Formed  by  reducing  $- 
cumoquinone  (Nolting  a.  Baumann,  B.  18, 
1152).  Needles  (from  water) ;  si.  sol.  cold,  v. 
sol.  hot,  water. 

HYDROCYANALDINE  v.  vol.  i.  p.  104. 

HYDROCYANIC  ACID  v.  CYANHYDBIC  ACID, 
p.  300. 

HYDROFERRICYANIDES  v.  FEBBICYANIDES, 
p.  337. 

HYDROFERROCYANIDES  v.  FEBBOCYANIDES, 
p.  333. 

HYDRO-FERULIC  ACID  v.  Methyl  derivative 

Of  Dl-OXY-PHENYL-PBOPIONIC   ACID. 

HYDROFLUOBORIC  ACID  v.  BOBOFLUOBHY- 
DEIC  ACID,  vol.  i.  p.  526. 

HYDROFLUORIC  ACID  v.  FLUOBHYDBIC  ACID, 
p.  558. 

HYDROFLUO  SILICATES  v.  FLUOSILICATES, 
under  SILICATES. 

HYDROGALLEIN  v.  GALLEI'N. 

HYDROQARDENIC  ACID  tr.  GABDENIN. 

HYDROGEN  H.  At.  w.  1.  Mol.  w.  2.  S.G. 
(air  =  1)  -06926  (Eegnault,  at  0°  and  760  mm.  At 
sea-level  latitude  of  Paris).  Katio  of  S.G.  of  H 
to  that  of  0  =  15-884  (Rayleigh,  N.  37,  418;  39, 
462).  S.G.  at  3,000  atmos.  (water  =  1)  = -0887 
(Amagat,  C.  R.  107,  522).  S.G.  liquid  at 
0°  =  -025,  at  -23°  =  -032  (Cailletet  a.  Haute- 
feuille,  C.  E.  92,  1086).  S.H.  2-411  referred  to 
equal  weight  of  water;  -99  referred  to  equal 
volume  of  air;  ratio  of  S.H.'s  at  constant  pres- 
sure and  constant  volume  1-3852  (Clausius, 
Mechan.  Warmetheorie,  1,  62).  C.E.  (0°  to  100°) 
•0036678  (constant  volume) ;  -0036613  (constant 


pressure)  (Begnault,  A.  Ch.  [3]  5,  52).  S. 
(0°  to  20°)  -0193  ;  S.  (alcohol  at  0°)  -06925  (Bun- 
sen,  Oasomet.  Methoden,  154). 

Compressibility-coefficient  1000-1500  atmos. 
•000408,  1500-2000  atmos.  -000272,  2000-2500 
atmos.  -000197,  2500-3000  atmos.  -000158  (Ama- 
gat, C.  R.  107,  522).  On  the  compressibility  of 
H  for  temperatures  from  - 183°  to  + 100°  and 
pressures  from  1  to  70  atmos.  v.  Wroblewski  (M. 
9,  1067;  or  Nature,  39,  583).  H.C.p.  [H2,O] 
=  68,360  at  c.  18°,  product  liquid  H./) ; 
[H2,0]  =  57,903  + 1-6  t,  elements  and  product 
gaseous  (Thomsen).  Chief  lines  in  emission- 
spectrum  Ha  6562-1,  H0  4860'7,  Hy  4339-3, 
H5  4101-2  (Angstrom,  Spectre  solaire,  Upsala, 
1868). 

The  recognition  of  H  as  an  individual  gas 
was  made  by  Cavendish  in  1766.  The  name 
hydrogen  was  given  by  Lavoisier. 

Occurrence. — In  small  quantities  in  the  gases 
from  volcanoes  and  fumaroles  (Bunsen,  P.  83, 
167).  In  the  gases  issuing  from  the  salt  beds  at 
Stassfurt  (Beichardt,  Ar.  Ph.  [2]  103,  347; 
Precht,  B.  13,  2326) ;  and  at  Wieliczka  (H.  Bose, 
P.  48,  353).  Also  condensed  in  certain  meteorites 
(Graham,  Pr.  15,  502 ;  Mallet,  Pr.  20,  365).  In 
the  intestines  of  several  animals,  produced  by 
decomposition  of  organic  material  (Tappeiner, 

B.  14,  2375).     Occurs  also  in  the  sun  and  many 
fixed  stars.     Compounds  of  H  occur  in  large 
quantities  ;  the  chief  compound  is  water  ;  H  is 
a  constituent  of  almost  all  organic  matter ;  com- 
pounds of  H  with  Cl,  S,  and  N  also  occur  in 
fairly  large  quantities. 

Formation. — 1.  By  electrolysis  of  acidulated 
water. — 2.  By  the  reaction  of  many  metals  with 
H20 ;  K,  Na,  and  other  alkali  metals  decompose 
cold  H20  rapidly,  forming  hydroxides  and  H ; 
Zn,  Fe,  Mg,  Al,  and  many  other  metals  decom- 
pose steam,  forming  oxides  and  H. — 3.  By  pass- 
ing steam  over  hot  C,  C02  is  also  formed. — 4.  By 
heating  CaO-JI,,  Ba02H2,  NaOH,  or  KOH,  with 
C;  C  +  CaO  +  2H20  =  CaCOj  +  2H2.— 5.  By  the 
reactions  of  many  metals  with  dilute  solutions 
of  acids,  especially  of  HC1  and  H,S04 ;  HN03 
cannot  be  used,  as  oxides  of  N  are  produced. 
6.  By  heating  KOHAq  with  Zn  and  Fe,  or  with 
Al,  or  Mg,  or  certain  other  metals. — 7.  By  de- 
composing NH4  salts  (not  NH4N02)  in  solution 
by  Zn ;  the  action  proceeds  at  c.  40°  (Lorin, 

C.  R.  60,  745).— 8.  By  heating  alkali  formates 
or  oxalates  with  KOH. 

Preparation. — 1.  Pure  granulated  zinc  is 
placed  in  a  capacious  flask,  and  a  cold  mixture  of 
about  1  vol.pure  H2S04  with  c.  8  vols.  H20  is  added. 
Addition  of  a  little  pure  CuS04Aq  prevents  evo- 
lution of  fl2S  (by  forming  CuS)  which  may  be 
produced  even  with  pure  acid  and  Zn  (Lowe, 

D.  P.  J.  211,  193).     The  contents  of  the  flask 
must  remain  quite  cold  during  the  process ;  if 
temperature  rises,  traces  of  H2S  and  S02  begin 
to  be  evolved.     The  gas  is  passed  through  (1) 
cone.  KMnO.Aq  to  remove  traces  of  AsH,,  SbH3, 
andPH3  (Schobig,  J.  pr.  [2]  14,^289);  (2)  a  U 
tube  containing  pumice  soaked  in  AgNO3Aq  or 
HgCLAq  to  remove  the  last  traces  of  H2S,AsH3, 
&c.,  the  pumice  should  be  first  moistened  with 
H2S04  and  strongly  heated  in  a  crucible,  to  re- 
move chlorides  ;  (3)  a  JJ  tube  containing  pumice 
or  glass  beads  moistened  with  cone.  KOHAq  to 
remove  any  acid  that  may  have  been  carried 
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over  from  the  generating  flask ;  (4)  a  series  of 
tubes  containing  (a)  dry  CaCl2  in  small  lumps, 
(b)  dehydrated,  white  CuS04,  (c)  a  considerable 
length  of  Po05.  If  the  H  is  not  required  to  be 
dry  the  last  "series  of  tubes  will  be  omitted.  If 
the  H  is  to  be  used  for  reducing  metallic  oxides, 
&c.,  Winkler  recommends  to  pass  it  through  a 
red-hot  tube  packed  with  iron-wire  gauze  rolled 
together  (B.  22,  896  note).— 2.  Pure  KOHAq  is 
heated  with  pieces  of  Al ;  the  gas  is  passed 
through  the  same  purifying  tubes  as  1,  omitting 
the  KOH  tube. — 3.  By  heating  a  mixture  of 
HC02K  and  KOH,  or  C204K,  and  KOH: 
2HC02K  +  2KOH  =  2K2C03  +  2H2:C204K2  +  2KOH 
=  2K2C03  +  H2(c/.  Pictet,  A.Ch.  [5]  13,216).— 
4.  By  electrolysing  10  p.c.  pure  H2S04Aq,  the 

Citive  electrode  being  immersed  in  a  mass  of 
^  lid  Zn-amalgam  (v.  ANALYSIS,  vol.  i.  p.  240). 
*  Properties. — A  colourless,  tasteless,  odourless, 
gas ;  liquefied  under  great  pressure  and  at  a  very 
low  temperature.  Olzewski  (C.  E.  98,  913  ;  99, 
133)  liquefied  H  by  surrounding  the  gas  with  N 
boiling  in  vacua,  the  temperature  of  the  N  was 
—  213°;  the  liquid  H  appeared  as  colourless 
drops  on  the  sides  of  the  tube.  According  to 
Olzewski  the  critical  temperature  of  H  is  lower 
than  -198°;  Sarrau  gives  -174-2°  as  the  cri- 
tical temperature  (C.  B.  94,  639;  718,  845). 
Wroblewski  (M.  9,  1067)  gives  critical  tempera- 
ture -240°  ;  critical  pressure  13-3  atmospheres; 
and  critical  volume  '00335.  If  these  results  are 
confirmed,  they  show  that  Pictet 's  statement 
that  H  is  liquefied  at  —149°  is  erroneous. 
Pictet  (C.  R.  86,  106)  subjected  H  at  c.  -140° 
to  a  pressure  of  360  atmospheres ;  on  opening 
the  stopcock  an  opaque  steel-blue  jet  issued; 
Pictet  describes  the  fall  of  this  jet  on  the  floor 
as  producing  a  sound  like  the  rattling  of  shot. 
Cailletet  obtained  liquid  H  by  suddenly  reducing 
the  pressure  on  the  gas  at  300  atmospheres 
(A.  Ch.  [5]  15,  132). 

H  is  the  lightest  known  substance ;  1  litre  at 
0°  and  760  mm.  at  the  latitude  of  45°  weighs 
•08952289  gram  (mean  of  results  of  Kegnault 
[Acad.  21, 158]  and  Jolly  [W.  6, 520]).  H  is  about 
14 1  times  lighter  than  an  equal  volume  of  air, 
11,160  times  lighter  than  water,  151,700  times 
lighter  than  Hg,  and  236,000  times  lighter  than 
Pt.  H  is  only  v.  si.  sol.  water.  It  diffuses  rapidly 
through  porous  membranes,  such  as  porcelain 
or  paper;  also  through  several  metals  at  red 
heat  (Graham,  Pr.  15,  223 ;  16,  429 ;  17,  212, 
500). 

Large  volumes  of  H  are  absorbed  by  Pd 
and  several  other  metals,  especially  when  the 
metal  is  made  the  negative  electrode  in  the  elec- 
trolysis of  H20.  Graham  (Pr.  15,  502 ;  16,  422) 
found  that  Pd  foil  which  had  been  heated  in 
vacua  occluded  376  vols.  H  at  the  ordinary  tem- 
perature, 643  vols.  at  90°-97°,  and  526  vols.  at 
245°.  A  Pd  wire  used  as  the  negative  electrode 
in  electrolysing  water  occluded  935  vols.  H,  and 
increased  in  length  from  609-14  mm.  to  618-91 
mm.  From  such  data  Graham  calculated  the 
S.G.  of  the  occluded  H  to  be  -733  ;  later  deter- 
minations by  Dewar  gave  -62  (P.  M.  [4]  47,  324). 
v.  infra  HYDROGENIUM.  According  to  Troost  a. 
Hautefeuille  (C.  R.  78,  968)  Pd  and  H  form  a 
definite  compound  PdaH ;  they  think  that  this 
compound  is  formed  when  H  is  occluded  by  Pd, 
and  the  compound  then  continues  to  occlude  or 


absorb  more  H.  T.  a.  H.  heated  the  Pd  which 
had  occluded  H  in  a  closed  space  in  connexion 
with  a  manometer,  a  portion  of  the  H  was  evolved 
without  establishment  of  any  definite  relation 
between  the  pressure  and  temperature,  but  when 
the  H  remaining  was  in  the  ratio  H:2Pd,  a  defi- 
nite relation  was  established  between  pressure 
and  temperature,  so  that  for  each  temperature 
there  was  a  certain  pressure  whereat  evolution 
of  H  ceased,  and  this  pressure  was  independent 
of  the  relative  masses  of  H  and  Pd.  According 
to  Favre  (C.  R.  77,  649  ;  78, 1257)  for  each  gram 
of  H  occluded  by  Pd,  about  9,000  gram-units  of 
heat  are  produced.  T.  a.  H.  found  that  K  and 
Na  also  occlude  H,  1  vol.  of  K  occluded  126  vols. 
H  at  c.  300°,  the  formula  K2H  requires  124-6 
vols.  H.  Na  also  seems  to  form  a  compound 
Na2H.  Li  at  500°  and  760  mm.  occluded  17 
times  its  volume  of  H;  Tl  only  3  times  its 
volume.  (For  the  dissociation-pressures  of  the 
compounds  Pd2H,  K2H,  and  Na2H  v.  DISSOCIATION, 
p.  398  ;  for  more  details  as  to  the  properties  of 
these  bodies  v.  PALLADIUM,  POTASSIUM,  SODIUM.) 
Thoma  has  carefully  investigated  the  absorp- 
tion of  H  by  metals  (Z.  P.  C,  3,  69).  He  finds 
that  Pd,  made  the  negative  electrode  during 
electrolysis  of  water,  takes  up  and  retains  a  defi- 
nite quantity  of  H ;  but  that  after  this  satura- 
tion-point is  reached  the  Pd  continues  to  absorb 
H,  which,  however,  it  readily  gives  up  again ;  the 
total  quantity  of  H  absorbed  depends  on  the 
strength  of  the  current ;  when  no  more  is  taken 
up,  it  is  very  probable  that  H  continues  to  be 
absorbed,  but  that  as  much  is  evolved  as  is  ab- 
sorbed in  a  given  time ;  the  increase  in  the 
volume  of  the  Pd,  for  a  given  quantity  of  H 
absorbed,  is  greater  when  the  saturation-point  is 
passed  than  before  it  is  reached,  hence  the  rela- 
tive density  of  what  may  be  called  the  occluded 
H  in  excess  is  less  than  that  of  the  H  absorbed 
up  to  the  saturation-point.  Thoma  has  shown 
that  Fe,  like  Pd,  may  be  supersaturated  with  H, 
provided  the  H  is  produced  in  contact  with  the 
Fe.  Plates  or  wires  of  Ni,  and  also  Al,  ppd.  Cu, 
Cu  wire,  Pt  black,  Pt  wire,  and  Ag  wire,  absorb 
H  showing  phenomena  similar  to  Fe  (Thoma, 
I.e. ;  Baoult,  C.  R.  1869.  826 ;  Bellati  a.  Lussana, 
Atti  del  R.  instituto  veneto  d.  Scienze,  lettere  ed 
arti,  6,  6  [1888]). 

H  is  a  reducer;  it  removes  0  and  most  other 
negative  elements  from  their  compounds.  Oc- 
cluded H  is  a  very  active  reducing  agent: 
KN03Aq  is  reduced  to  KNO^q  (Bottger,  B.  6, 
1396) ;  ferric  salts  are  reduced  to  ferrous, 
K3FeCy6Aq  is  reduced  to  K4FeCy6Aq  (Graham, 
Pr.  17,  500);  KC103Aq  is  reduced  to  KClAq; 
H2S03Aq  gives  H2S,  As ,03Aq  is  reduced  to  As 
(Gladstone  a.  Tribe,  C.  J.  Trans.  1878.  308  ;  cf. 
Berliner,  W.  35,  791 ;  also  Cooke,  C.  N.  58, 103). 

The  atomic  weight  of  H  is  taken  as  unity ; 
the  relation  between  the  atomic  weights  of  H  and 
0  is  very  important  as  so  many  atomic  weights 
are  determined  in  terms  of  that  of  0.  Various 
experiments  have  recently  been  made  to  deter- 
mine the  ratio  of  the  densities  of  H  and  0 
directly ;  if  this  is  known,  and  the  ratio  of  the 
combining  weights  of  these  elements  is  also 
known,  the  ratio  of  the  atomic  weights  of  H  and 
0  will  be  directly  determined.  The  most  accu- 
rate determinations  (which  cannot,  however,  be 
regarded  as  final)  give  the  ratio  S.G.  of  H:S.G, 
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of  0  -  1:15-881  (r.  Raylcigh,  N.  39,  402).  The 
atom  of  11  is  the  standard  monovalent  atom  in 
terms  of  which  the  valencies  of  the  other  atoms 
are  stated.  The  S.G.  of  gases  is  also  generally 
stated  in  terms  of  H. 

H  is  a  combustible  gas ;  it  may  be  burnt  in 
O,  Cl,  I,  S  vapour,  &c. ;  if  O  is  caused  to  flow 
from  a  narrow  orifice  into  a  quantity  of  H  which 
has  been  ignited  at  the  opening  of  the  contain- 
ing vessel,  combination  occurs  at  the  edges  of 
the  moving  stream,  and  hence  the  O  appears  to 
burn,  and  the  H  to  act  as  the  supporter  of  com- 
bustion. The  flame  of  H  is  almost  non-lumi- 
nous ;  the  temperature  is  very  high. 

Hydrogenium.  This  name  was  given  by 
Graham  to  hydrogen  when  it  is  occluded  by  Pd 
(Pr.  17,  212,  500).  The  experiments  of  Graham, 
Dewar,  Troost  a.  Hautefeuille,  and  Thoma,  have 
shown  that  when  H  is  occluded  by  Pd  it  is  very 
much  condensed  (for  references  v.  supra).  Gra- 
ham looked  on  H  as  a  metal,  and  Pd  charged 
with  H  he  regarded  as  an  alloy,  hence  to  H 
alloyed  with  Pd  he  gave  the  name  hydrogenium 
(names  of  metals  generally  end  in  um).  There 
seems  little  doubt  that  a  certain  definite  quan- 
tity of  H  is  held  by  Pd  in  firmer  union  than  the 
rest  of  the  H  which  it  is  able  to  occlude  (v. 
Thoma,  supra). 

Reactions. — 1.  H  is  burnt  to  H,0  by  mixing 
with  |  its  volume  of  oxygen,  and  applying  a  light 
or  passing  an  electric  spark  ;  the  process  is  ex- 
plosive. The  exact  ratio  of  the  volumes  of  H 
and  0  which  combine  cannot  yet  be  regarded  as 
settled ;  according  to  the  experiments  of  Scott 
(N.  37,  439)  the  most  probable  value  is  0:H 
=  1'997:1. — 2.  H  reduces  many  metallic  oxides, 
sulphides,  and  chlorides  at  high  temperatures  ; 
e.g.  CuO  and  Fe203  heated  in  H  are  reduced  to  Cu 
and  Fe  respectively ;  Sb2S3  is  reduced  to  Sb ; 
FeCl2  is  reduced  to  Fe.  PdO  is  reduced  at  the 
ordinary  temperature  (Wohler,  A.  174,  60).  Re- 
garding the  temperatures  at  which  various  ox- 
ides, sulphides,  and  chlorides  are  reduced  by  H 
v.  Muller  (Z.  [2]  5,  507  ;  also  Wright  a.  Luff, 
G.  J.  Trans.  1878. 1).  H  also  reduces  many  me- 
tallic salts  in  solution ;  e.g.  warm  solutions  of 
chlorides  of  Pt,  Pd,  Ir,  or  Rh,  are  reduced  with 
ppn.  of  the  metals ;  some  salts  in  solution  are 
reduced  only  under  considerable  pressure,  e.g. 
HgCLAq  is  reduced  at  100  atmos.  The  reduc- 
tion of  AgNO:!Aq  by  H  proceeds  very  slowly  at 
ordinary  temperature  (v.  Russell,  C.  J.  [2]  12,  3). 
As  already  stated  (supra]  Pd  or  Pt  charged  with 
H  is  a  very  energetic  reducing  agent.  (Regard- 
ing the  reaction  of  H  and  O  in  presence  of  CO 
v.  CAEBON,  vol.  i.  p.  690.) 

Combinations.  -l.H  combines  indirectly  with 
copper  to  form  Cu_,H2  (v.  COPPER  HYDRIDE)  ;  it 
probably  also  combines  with  palladium,  potas- 
sium, and  sodium  (v.  supra}.—  2.  H  combines 
with  all  the  non-metals ;  directly  with  C,  N,  O, 
S,  Se,  Te,  ?F,  Cl,  Br,  I ;  indirectly  with  P,  As, 
Sb,  Si,  ?B  (v.  the  various  elements). 

Nascent  hydrogen. — Certain  reductions  not 
brought  about  by  H  are  effected  when  a  chemical 
change  in  which  H  is  produced  is  carried  out  in 
presence  of  the  body  to  be  reduced ;  e.g.  KC103Aq 
is  not  reduced  by  passing  H  through  the  solu- 
tion, but  if  Zn  and  dilute  H_,SO4Aq  are  placed  in 
the  solution  KC1  is  formed  ;  so  C(iH-NO.>  is  not 
reduced  by  H  under  ordinary  conditions,  but  if 
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'  Fe  filings  an  1  dilute  acid  avo  brought  into  con 

i  tact  with  ^H^NO-j  aniline  (C.H.NH.,)  is  formed. 
It  is  customary  to  speak  of  such  reactions  as  these 
as  brought  about  by  nascent  hydrogen.  That 
the  reduction  of  KClO3Aq,  for  instance,  is 
not  to  be  wholly  traced  to  the  ST  produced  in 
contact  with  it  is  proved  by  the  fact  that  Na- 
amalgam  does  not  reduce  this  salt,  although  H 
is  plentifully  produced  when  Na-amalgam  is 
placed  in  the  solution  (Tommasi,  P.  B.  2,  205). 
Nascent  H  is  generally  regarded  as  synonymous 
with  atomic  H,  and  it  is  contrasted  with  ordi- 
nary or  molecular  H.  It  is  probable  that  H  con- 
sists for  the  most  part  of  atoms  at  the  moment 
of  its  production  from  a  compound,  and  that 
these  then  combine  to  form  molecules.  As 
energy  must  be  degraded  in  the  falling  together 

I  of  the  atoms  into  molecules  we  should  expect 
atoms  of  H  to  be  capable  of  bringing  about 
chemical  changes  that  could  not  be  accomplished 
by  molecules  of  H.  But  the  facts  cited  with  re- 
gard to  the  reduction  of  KC103,  and  there  are 
many  similar  facts,  show  that— granting  that  H 
is  produced  in  atoms  when  Zn  and  H_,S04Aq,  or 
Na-amalgam  and  water,  react— the  whole  of  the 
chemical  change  must  be  looked  to,  and  atten- 
tion must  not  be  concentrated  only  on  the 
H.  If  we  start  with  the  system  Zn,  H2S04Aq, 
KC103Aq,  we  may  pass  to  the  system  ZnS04Aq, 
H2,  KClO3Aq,  or  to  the  system  ZnS04Aq,  KClAq, 
ELO,  or  to  a  system  which  consists  of  all  these 
products  ;  more  energy  is  probably  degraded  in 
passing  to  the  third  system  than  to  any  of  the 

I  others  ;  this  system  is  produced.  But  this  view 
does  not  hinder  us  from  saying  that  when  the  Zn 

I  and  H2S04Aq  form  ZnS04Aq  and  hydrogen,  it  is 
atoms  of  H  that  are  formed,  and  that  some  of 
these  combine  to  form  molecules,  and  others  re- 
act with  the  KC1O3  to  form  KC1  and  H.O.  In 
the  case  of  Na-amalgam  and  KC10,,Aq  it  is  pro- 
bable that  much  more  energy  is  degraded  in 
passing  to  the  system  NaOH,  H2,  Hg,  KC103, 
than  to  the  system  NaOH,  Hg,  KC1,  H,O.  Pro- 
bably also  in  the  case  of  Zn  and  H2S"04Aq  the 
energy  produced  suffices  to  decompose  some  of 
the  KC103,  and  so  KC1  and  H2O  are  formed; 
whereas  the  energy  produced  in  the  reaction  of 
Na-amalgam  with  H.,0  is  not  (by  hypothesis) 
sufficient  to  decompose  any  KC103. 

Chemical  relations  of  hydrogen. —  H  stands 
apart  from  the  other  elements.  In  its  relations 
to  O,  Cl,  S,  and  other  negative  elements,  it  plays 
the  part  of  a  metal;  in  its  relations  to  the 
paraffins  CnH.Jn+2  and  paraffin  alcoholic  radicles 
CnH,n+,  it  exhibits  properties  not  at  all  charac- 
teristic of  metals.  H  is  a  constituent  of  all  acids, 
and  also  of  all  alkalis.  Some  of  the  binary  com- 
pounds of  H  are  powerful  acids,  some  are  alkalis, 
some  are  neutral  bodies.  In  the  periodic  ar- 
rangement of  the  elements  H  is  placed  as  the 
only  member  of  series  1.  The  difference  be- 
tween  the  atomic  weights  of  two  consecutive 
members  of  the  same  group,  in  odd  and  even 
series,  is  about  22  ;  the  difference  between  the 
atomic  weight  of  H  and  that  of  Li,  which  follows 
H  in  Group  I,  is  6. 

References  to  older  works  on  hydrogen. — 
Scheele,  Crell  Ann.  1785.  ii.  229,  291 ;  Caven- 
dish, Crell  Ann.  1785.  i.  32 1;  Watt,  Crell 
Ann.  1788.  i.  23,  36;  Meusnier  a.  Lavoisier, 
Crell  Ann.  1788.  i.  354,  441,  528  ;  Berzelius  a. 
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Dulong,  A.   Ch.   15,  386;    Dumas,  C.  R.  14, 
537. 

Hydrogen  antimonide.  Described  under  AN- 
TIMONY, vol.  i.  p.  288. 

Hydrogen  arsenides.  Described  under  AR- 
SENIC, vol.  i.  p.  310. 

Hydrogen  boride  v.  BORON  HYDRIDE,  vol.  i. 
p.  520. 

Hydrogen  bromide  v.  BROMHYDHIC  ACID, 
vol.  i.  p.  532. 

Hydrogen  carbides  v.  HYDROCARBONS,  this 
vol.  p.  715. 

Hydrogen  chloride  v.  CHLORHYDRIC  ACID,  this 
vol.  p.  5. 

Hydrogen  fluoride  v.  FLUORHYDRIC  ACID,  this 
vol.  p.  558. 

Hydrogen  iodide  v.  IODHYDRIC  ACID  invol.iii. 

Hydrogen  nitride  v.  AMMONIA,  vol.  i.  p.  196. 

Hydrogen  oxides.  Two  oxides  of  hydrogen 
are  known,  H2O  and  ELOo.  The  former  has 
been  gasified,  and  its  molecular  composition  is 
represented  by  the  formula  H20 ;  the  latter  is 
decomposed  by  heat,  the  gaseous  molecule  H202 
cannot  exist,  therefore  the  formula  H202  repre- 
sents the  composition  of  the  chemically  reacting 
atomic  aggregate  of  this  compound.  Water  is  a 
stable  compound ;  in  its  chemical  relations  it  is 
a  neutral  oxide  ;  its  typical  reaction  with  a  metal 
is  to  produce  an  oxide  and  H,  its  typical  reac- 
tion with  a  non-metal  is  to  produce  a  hydride 
and  0.  Hydrogen  peroxide  readily  parts  with 
|  of  its  0,  and  therefore  acts  generally  as  an 
oxidiser.  Water  combines  with  many  compounds 
and  with  some  elements  to  form  hydrates,  with 
other  compounds  and  elements  it  reacts  to  form 
hydroxides  (v.  HYDRATES  and  HYDROXIDES,  pp. 
703,  733) ;  hydrogen  peroxide  directly  combines 
with  but  few  other  bodies. 

HYDROGEN  MONOXIDE  or  WATER,  v.  WATER,  in 
vol.  iv. 

HYDROGEN  DIOXIDE  H202.  (Hydrogen peroxide. 
Oxygenated  water.  Sometimes  also  called  hy- 
droxyl,  but  this  term  is  now  almost  universally 
retained  for  the  radicle  OH.)  This  compound 
was  first  prepared  by  Thenard  in  1818.  (The- 
nard's  chief  memoirs  are  contained  in  A.  Ch.  8, 
306;  9,  51,  94,  314,  414  ;  10,  114,  335  ;  11,  85, 
205  ;  50,  80.)  H2O2  has  not  been  obtained  quite 
free  from  water. 

Occurrence. — In  rain-water  and  snow  (Struve, 
Z.  [2]  5,  274  ;  Houzeau,  C.  B.  70,  519 ;  cf.  AT- 
MOSPHERE, vol.  i.  p.  333).  Acording  to  Clermont 
(C.  R.  80,  1591)  H2O2  occurs  in  the  juices  of 
tobacco  plants,  vines,  and  lettuces  ;  Wurster  (B. 
19,  3195)  asserts  the  occurrence  of  H202in  many 
animal  and  vegetable  secretions ;  but  Bokorny 
(B.  21,  1100)  points  out  that  his  test  was  incon- 
clusive. 

Formation. — 1.  By  decomposing  various  per- 
oxides by  dilute  acids,  e.g.  Ba02  by  H2S04Aq, 
HClAq,  C02Aq,  or  H2SiF6Aq,  or  K2O4  by  tartaric 
acid  (v.  Thenard,  I.  c. ;  Duprey,  J.  pr.  88,  440  ; 
Schonbein,  J.  pr.  77,  263 ;  Osann,  C.  C.  1862. 
97  ;  C.  Hoffmann,  A.  136,  188).— 2.  By  shaking 
Zn  or  Fe  powder  with  water  in  presence  of  air 
(Schonbein,  J.  pr.  105,  219  ;  Hoppe-Seyler,  H. 
2, 25  ;  10,  36).-  3.  By  the  action  of  hydrogenised 
Pd  on  water  in  presence  of  O  (Traube,  B.  15, 
659,  2434,  2451 ;  16, 1201). -4.  During  the  elec- 
trolysis of  fairly  cone.  H,SO,Aq  ;  dilute  H.,SO, 
gives  little  or  no  H,02.  Ilicharz  (W.  31,  912) 


j  says  that  70p.c.  acid  is  the  best  concentration  to 
I  use.  Much  work  has  been  done  on  the  source  of 
H202  in  the  electrolysis  of  H.,S04Aq.  Kicharz 
(I.e.  and  W.  24,  183)  regards  the  H2O2  as  a  pro- 
duct of  the  reaction  of  H.,S.2OS  (formed  by  electro- 
lysis) and  H20;  when  68  p.c.  H,SO,Aq  is  used, 
the  amount  of  ELO.,  increases,  and  then  becomes 
constant,  but  the  H2S208  goes  on  increasing,  on 
stopping  the  current  H2O2  increases  for  a  time, 
and  H2S2O8  notably  decreases.  In  a  solution 
containing  H2S04  and  H,S208  the  latter  slowly 
disappears,  and  H202  is  produced.  Traube  holds 
that  the  H2O2  is  directly  produced  by  the  reaction 
of  ordinary  (molecular)  0  with  water  and  nascent 
H  (I.e.  and  B.  19,  1111 ;  20,  3345).  The  H202 
is  always  formed  at  the  negative  electrode. — 
5.  According  to  Berthelot  (C.  R.  86,  71)  H,O2  is 
formed  by  shaking  ozone  with  ether,  and  then 
adding  water. — 6.  By  the  oxidation  of  very 
dilute  NH3Aq  by  ozonised  0  [?2NH,Aq  +  202 
=  NH4NO2Aq  +  H202]  (Carius,  B.  7,  1481).— 

7.  By  placing  a  solution  of  pyrogallol  under  a 
bell  jar  (Struve,  W.  A.  B.  68  [2nd  part],  432).— 

8.  By  burning  H  in  air  (Struve,  J.  1870.  199, 
209). — 9.  By  shaking  various  essential  oils  con- 
taining terpenes  with  water  in  presence  of  air 
(Schonbein,  J.  pr.  99,  11 ;  Kadenowitsch,  B.  6, 
1208  ;  Kingzett,  C.  J.  [2]  13,  210).— 10.  During 
many  processes  of  oxidation  in  presence  of  water 
(v.  Schonbein,  J.  pr.  89,  14  ;  98,  257). 

Preparation. — By  decomposing  Ba02  by  dilute 
acids. — 1.  Thenard  prepared  BaO2  by  heating 
BaO  in  small  pieces  to  low  redness  in  a  stream 
of  0  free  from  CO2 ;  the  BaO  was  obtained  by 
strongly  heating  Ba(N03)2 ;  the  stream  of  0  was 
maintained  for  fifteen  minutes  after  0  had  ap- 
parently ceased  to  be  absorbed.  (For  method  of 
preparing  pure  Ba02  v.  vol.  i.  p.  443.)  The  Ba02 
was  allowed  to  cool  in  0,  and  then  placed  in  a 
stoppered  bottle.  200  grams  H20  were  then 
mixed  with  sufficient  HC1  to  neutralise  about 
15  grams  Ba02H2 ;  this  dilute  HClAq  was  placed 
in  a  Pt  vessel  surrounded  by  ice,  and  12  grams 
BaO2,  slightly  moistened  and  rubbed  to  powder 
in  an  agate  mortar,  were  added ;  the  Ba  was 
then  ppd.  by  H2S04Aq ;  12  grams  Ba02  were 
again  added,  and  the  Ba  was  again  removed; 
the  liquid' was  filtered,  and  addition  of  Ba02 
in  two  portions,  with  ppn.  by  H2S04Aq,  was 
repeated.  These  processes  were  repeated  until 
about  100  grams  Ba02  had  been  used.  Si02, 
Al,03,  Fe203,  &c.,  were  removed  by  adding  cone. 
H3P04Aq  and  excess  of  Ba02.  After  rapid  filtra- 
tion traces  of  HC1  were  separated  by  cautious 
addition  of  powdered  Ag2S04  to  the  liquid  sur- 
rounded by  ice.  After  another  rapid  filtration, 
H2S04Aq  was  removed  by  addition  either  of 
-jHj  suspended  in  water,  or  of  ppd.  BaCO3. 

2.  Pelouze  (v.  Berzelius'  Lehrbuch,  1,  411) 
decomposed  Ba02  by  H2SiFeAq,  the  liquid  being 
kept  cold,  and  filtered  from  BaSiF6. 

3.  Thomsen  (B.  7,  73)  dissolves  finely-pow- 
dered Ba02  in  dilute  HClAq  until  the  acid  is 
nearly  neutralised ;  after  filtration  the  liquid  is 
cooled,  and  BaOAq  is  added  sufficient  to  ppt. 
Si02,  A12O3,  and  other  oxides,  and  to  produce  a 
slight  pp.  of   Ba02.8H20;    the  liquid  is  again 
filtered  and  mixed  with  cone.  BaOAq,  whereby 
crystalline  Ba02.8H20  is  ppd. ;    this  moist   pp. 
may  be  kept  unchanged  in  a  stoppered  bottle. 
Thomsen  decomposes  the  moist  BaOz.8H20  by 
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adding  it  to  cold  dilute  H.,SO,Aq  (not  more  cone, 
than  1  part  by  weight  H,S04  to  5  parts  H,O) 
with  constant  stirring,  until  the  acid  is  nearly 
neutralised  ;  after  settling  and  filtering,  he  ppts. 
the  remaining  acid  by  cautious  addition  of  dilute 
BaOAq. 

4.  Mann  (Chcmilicr  Zcitung,  12,  857)  recom- 
mends to  add  a  |  p.c.  H;iPO.,Aq  to  commercial 
ILCX,  and  then,  while  stirring  vigorously,  to  add 
Ba()..H2  until  exactly  neutral  to  litmus  ;  then  to 
pour  the  clear  liquid  into  cold  cone.  BaOAq, 
to  wash  the  ppd.  BaO.^.BH^O,  and  to  decompose 
it  by  dropping  into  cold  dilute  ELSO4Aq  contain- 
ing 12  p.c.  H,S04,  removing  any  excess  of  acid 
by  dilute  BaOAq  (v.  also  Schone,  A.  192,  257). 

The  solution  of  H202  obtained  by  one  or 
other  of  these  methods  is  concentrated  in  vacuo 
over  H2S04,  with  agitation  from  time  to  time  ; 
if  Si02  separates  it  must  be  removed,  else  it 
will  decompose  some  of  the  H,02.  The  liquid 
begins  to  give  off  O  when  it  is  so  cone,  that  one 
volume  of  it  will  yield  about  250  vols.  O,  a  drop 
or  two  of  H2S04  is  then  added,  and  evaporation 
is  continued.  Nearly  pure  H2O2  is  thus  obtained. 
1  vol.  will  give  475  vols.  0.  It  is  kept  in  stop- 
pered glass  tubes  surrounded  by  ice  (Thenard). 
Haririott  (C.  E.  100,  172)  concentrates  H202Aq 
by  distillation  under  reduced  pressure  ;  a  solu- 
tion, 1  vol.  of  which  will  give  267  vols.  0,  can 
thus  be  obtained.  A  solution  so  cone,  that  1  vol. 
yields  c.  70  vols.  0  is  obtained  by  freezing  dilute 
H202Aq,  crystals  of  pure  H.,O  separate  (Hanriott, 
C.  E.  100,  57). 

Properties. — The  most  cone,  solution  of  H202 
obtained  as  described  under  Preparation  is  a 
syrupy  liquid  S.G.  =  1*453  ;  it  does  not  freeze  at 
—  30°;  in  vacuo  it  volatilises  unchanged  (The- 
nard). Has  a  harsh  bitter  taste;  corrodes  the 
cuticle.  Thomsen  gives  the  thermal  data : 
[H-',0-,Aq]  =  45,300 ;  [EPO,O,Aq]  =  -  23,060 ; 
[H-02Aq,H>>]  =  91,420  (Th.  2,  59) ;  Berthelot  gives 
[H20* - H-O  +  0]  =  21,480  (A.Ch. [5]  6,  209).  Ac- 
cording to  Hanriott  (Bl.  [2]  43,468)  cone.  H2O2Aq 
has  an  acid  reaction  towards  turmeric,  and  an 
odour  resembling  that  of  nitric  acid.  H20.jAq 
slowly  decomposes  ;  if  very  dilute  it  may  be  kept 
indefinitely  (Berthelot,  C.  R.  90,  897) ;  very  di- 
lute solutions  may  even  be  boiled  without  change 
(Hanriott,  C.  E.  100,  57).  Traces  of  impurities 
greatly  modify  the  stability  of  H20.,Aq;  acids 
increase,  alkalis  decrease,  the  stability.  Very 
cone.  HjO.^Aq  rapidly  evolves  O  at  20°  ;  heated 
quickly  to  100°  O  is  evolved  with  explosion ;  1 
vol.  of  the  most  cone,  solution  obtained  by 
Thenard  gave  475  vols:  0  at  0°  and  760  mm. 
It  is  customary  to  state  the  cone,  of  commercial 
H.XXAq  as  so  many  volumes,  e.g.  '  20  volumes ; ' 
this  means  that  20  volumes  0  are  obtainable 
from  1  vol.  of  the  solution.  H202  is  soluble  in 
all  proportions  in  water,  also  in  alcohol ;  but  it 
slowly  reacts  with  the  alcohol ;  si.  sol.  ether. 
On  shaking  this  solution  with  water  the  H2O2  all 
goes  into  solution  in  the  water  (Schonbein,  J.pr. 
78,  92).  An  acidified  solution  of  H,02  is  de- 
composed to  H  and  O  by  electrolysis.  Ac- 
cording to  Schone  (A.  197,  137),  the  H,O,  does 
not  undergo  electrolysis,  but  is  decomposed  by 
reacting  with  the  products  of  electrolysis  of  the 
dilute  acid  present,  probably  (i.)  H202  +  0 
=  H.,0  +  0.,,  (ii.)  S04  +  H,02  =  H.SO.,  +  0.,;  "(iii.) 
~ 


Eeactions.— H,02  contains  a  larger  per- 
centage of  0  (04-1  p.c.)  than  any  other  com 
pound;  it  readily  parts  with  £  of  its  O,  sui.l 
therefore  reacts  as  an  oxidiser ;  in  some  cases, 
however,  it  acts  as  a  reducer,  e.g.  Ag.,0  is  re- 
duced to  Ag  and  PbO,toPbO  (v.  infra). 

1.  Aluminium^  iron,  magnesium,  and  tlinl- 
lium  are  oxidised  to  the  hydrates  FeO.,H3t 
A103H,,  MgO.,H,  and  T10,H,,  according  to 
Weltzien  (.4.  138,  129).— 2.  Most  metals  except 
Au  and  the  Pt  metals  are  changed  to  oxides. 
3.  Several  non-metals  are  oxidised,  generally  to 
their  highest  oxides,  e.g.  Se  and  As.— 4.  Very 
many  oxides  and  oxyacids  are  converted  into 
more  oxidised  compounds,  e.g.  As,0.t  to  As.,0-, 
H3PO8  to  H3P04,  CaO,  SrO,  and  BaO  to  the  di- 
oxides MO.,,  ferrous  to  ferric  compounds,  PbS  to 
PbS04,  Tl^O  to  T12O3  (v.  Schone,  A.  196,  98), 
K4FeCy6  to  K,FeCy6  (Weltzien,  A.  138,  129). 
Several  metallic  salts  yield  peroxides  when 
treated  with  H,02  in  presence  of  ammonia,  e.g. 
Ce  salts,  Bi  salts,  Co  and  Ni  salts,  &c.— 5.  Sul- 
phuretted hydrogen  reacts  with  H/)2  to  give  H20 
and  S. — 6.  Hydrogen  iodide  forms  H2O  and  I. 

7.  A  solution  of  chromic  hydrate  in  potash  is 
oxidised  by  H202  to  K.,CrO4  (cf.  Reaction  11  infra). 

8.  Ammonia  in  solution  is  oxidised  to  NH,NO2 
[4NH3Aq  +  6H202  =  2NH4N02Aq  +  8H20]    (Weith 
a.  Weber,  B.  7,  17,  45).— 9.  According  to  Schone 
(A.  193, 241)  when  equivalent  quantities  of  H.,0% 
and  caustic  soda  in  solution  are  mixed,  and  alco- 
hol is  added,  the  unstable  compound  NaX)2.8H2O 
is  obtained.      Caustic   potash  reacts  somewhat 
differently,   giving    a    mixture    of    K,04    with 
KOH.o;H20  (Schone,  Z.c.). 

10.  H202  reduces  ozone,  forming  H20  and 
oxygen.  Brodie  (T.  1850.  759)  showed  that  £  of 
the  O  comes  from  the  ozone  and  ^  from  the 
H_,02 ;  this  result  was  confirmed  by  Schone  (A 
196,  £39)  ;  Schone  used  neutral  solutions  of 
H202,  Brodie  used  alkaline  solutions. — 11.  Seve- 
ral metallic  peroxides  are  reduced  by  H2O2  in 
presence  of  acid.  For  instance  Cr03  in  H2SO4 
solution  gives  a  blue  colour,  but  this  soon 
goes,  and  green  Cr23S04  is  produced  (cf.  Re- 
action 1  supra] ;  Berthelot  thinks  that  per- 
chromic  acid  HCr04  is  formed  and  then  reduced 
by  the  excess  of  H2O2 ;  Moissan  regards  the  blue 
body  as  CrO3.H2O2  (v.  Cr03  under  CHROMIUM,  p. 
166)  ;  Mn02  in  presence  of  an  acid  forms  a  salt 
of  MnO  and  evolves  0  ;  for  every  Mn02  used,  O2 
is  evolved  (cf.  Reaction  19  infra).  Brodie  showed 
that  in  such  cases  |  of  the  0  evolved  comes 
from  the  H  ,02  and  £  from  the  metallic  peroxide 
(C.  J.  4,  194 ;  7,304;  cf.  Aschoff,  J.pr.  81,  401). 
According  to  Lenssen  (J.  pr.  81,  278)  H,02 
oxidises  metallic  oxides  in  presence  of  alkalis 
when  the  alkali  can  combine  with  the  higher 
oxide  produced  by  the  H202,  to  form  a  salt — e.g. 
Cr2O3  to  CrO3  in  presence"  of  KOH— but  it  re- 
duces higher  to  lower  oxides  in  presence  of  acids 
when  the  acid  forms  a  stable  salt  with  the  lower 
oxide,  e.g.  Cr03  to  Cr203  in  presence  of  H2S04. 
12.  Potassium  dichromate  is  reduced  by  EL/), 
in  neutral  solutions  to  Cr02,  in  acid  solutions 
to  a  salt  of  Cr2O3  (Schonbein,  J.  pr.  70,  257  ; 
Aschoff,  J.  pr.  81,  401).— 13.  Potassium  per- 
manganate in  presence  of  H2SO4  is  reduced  to 
MnS04,  thus  2KMn04Aq  +  3H.SO,  +  5H,0, 
=  K2SO4Aq  +  2MnSO,Aq  +  8H,0  +  502.  In  this 
case  also  ^  the  0  comes  from  the  H.O.,  and  I- 
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from  the  K?.In04.  Am  ;-Jinq  to  P.  Tlienard  (C. 
It.  75,  177)  H,0_,  and  KMnO,Aq  react  when  kept 
at  a  low  temperature,  but  no  O  is  evolved ;  Ber- 
thelot  (C.  -R.  90,  65u)  confirms  this,  he  thinks 
an  oxide  H,0.,.xO  is  formed. — 14.  Silver  oxide, 
A«.0,  is  reduced  to  Ag  by  H20, ;  Ag,O  +  H,02 
=  H,0  +  O2+2Ag:  HgO  reacts  similarly.  Bcr- 
thelot  (C.  R.  90,  572)  thinks  that  an  oxide  Ag,Os 
is  produced. — 15.  According  to  Hanriott  (BL  [2] 
43,  468)  H.,02  reduces  Fehling's  solution. 

16.  H.,6.,  reacts  with  chlorine  to  form  HC1 
and  0;  ~H 202  +  C12  =  2HC1  +  0,.  Schone  (A. 
196,  254)  thinks  the  reactions  may  be 
H.O,  +  OH,  +  Cl,  =  H  .0  +  O2  +  2HC1.  - 17.  Iodine 
forms  HI  and  0,  by  reacting  with  dilute  H202Aq ; 
but  HI  decomposes  more  cone.  H202Aq  to  form 
H.O  and  I.  In  the  reaction  between  I  and 
H202,  an  oxyacld  of  I  may  be  produced  and  then 
decomposed ;  when  I  is  added  to  KOHAq  con- 
taining H2O2,  only  KI  is  formed  (no  KI03)  and 
0  is  evolved. 

H202  is  decomposed  to  H20  and  0  by  several 
substances  which  at  the  close  of  the  reaction 
remain  the  same  as  they  were  at  the  beginning. 

18.  Platinum,  gold,  silver,  and  charcoal, 
added  to  H202,  cause  evolution  of  0  and  forma- 
tion of  H2O.  Fibrin  and  some  other  organic 
substances  bring  about  the  same  change. 

19.  Manganese  dioxide  added  to  H202  produces 
O  and  H20,  and  the  same  quantity  of  MnO2 
remains  as  was  originally  added   (for    action 
when  an  acid  is  present  v.  Reaction  11  supra). 

20.  Potassium  iodide  with  pure  H2O.jAq  causes 
evolution  of  0,  but  no  I  is  liberated  (Kingzett, 
C.  /.  37,  805 ;   Schone,  A.  195,  228).     Schone 
supposes  that  a  series  of  changes  occurs,  pos- 
sibly the  K  salt  of  an  oxyacid  (?  hypoiodite) 
is  formed  and  then  reacts  with  more  H2O2  to 
give   KI,  H20,    and   0.     Ordinary  commercial 
H202Aq  liberates  I  from  KI.  — 21.  Potassium 
bromide  and  chloride  both  cause  evolution  of  0  ; 
KBr  more  slowly  than  KI,  and  KC1  more  slowly 
than  KBr ;  no  Br  or  Cl  is  liberated  (Schone,  Z.c.). 
22.  Certain  salts,  e.g.  Na2S04,  also  decompose 
HgOj,  but  the  salt  is  the  same  at  the  close  as  at 
the  beginning  of  the  reaction  (v.  Schone,  Z.c.). 

23.  The  caustic  alkalis  decompose  1J202 
with  formation  of  0  and  H20 ;  Schone  has  ex- 
amined these  reactions  ;  he  thinks  that  the  first 
products  are  H20  and  compounds  M2H466  (M 
=  alkali  metal),  these  compounds  have  been 
isolated  (v.  Combinations,  infra) ;  these  com- 
pounds then  decompose  to  alkali,  H,,0,  and 
O.  Schone  shows  that  the  rate  at  which  H2O2 
is  decomposed  by  alkalis  is  modified  by  tempera- 
ture, light,  concentration,  traces  of  impurities, 
and  the  condition  of  the  surfaces  of  the  contain- 
ing vessels. 

H202  is  a  representative  peroxide;  its  re- 
actions are  similar  to  those  of  Ba02,  Sr02, 
&c.,  and  the  organic  peroxides  such  as  acetyl 
peroxide  (G,H,O),O, ;  it  cannot  be  said  to  have 
distinctly  basic  or  acidic  properties,  but  on  the 
whole  it  is  more  acidic  than  basic,  e.g.  in  the  re- 
action BaO2H,.8H2O  +  H202  =  Ba02.8H,0  +  2H2O 
there  is  probably  an  exchange  of  the  H  of  H202 
for  the  metal  Ba. 

Combinations. — Schone  (A.  192,  257)  has 
obtained  bodies  which  are  probably  compounds 
of  H2O2  with  the  peroxides  of  the  alkali  and 
alkaline  earth  metals.  When  1  equiv.  KOH  in 


solution  was  added  to  about  3  equiv.  11,0,, 
the  liquid  was  evaporated  in  vacua  and  the 
residue  dried  at  - 10°,  a  white  solid  K2O2.2H,O2 
( =  K.JH  ,0(i)  was  obtained.  Using  about  the  same 
proportions  of  NaOH  and  H,O2,  the  compound 
Na,H106.4II20  (?  =  Na202.2HjO.,.4H20)  was  ob- 
tained. Both  these  compounds  are  easily  de- 
composed by  warming  with  evolution  of  0.  The 
compound  Ba02.H/)2  was  obtained  by  direct 
addition  of  its  constituents,  or  by  adding  a 
certain  quantity  of  NH.,Aq  to  a  Ba  salt  solution 
in  presence  of  H202 ;  this  compound  is  very  un- 
stable, it  easily  goes  to  Ba02,  H2O,  and  0  ;  if 
the  decomposition  is  effected  by  warming  under 
water,  crystals  of  Ba02.8H20  are  formed.  In- 
dications of  the  existence  of  compounds  of  H,O2 
with  Ca02  and  Sr02  were  obtained,  but  the 
compounds  could  not  be  isolated  on  account  of 
their  great  instability. 

Detection  and  Estimation. — H202Aq  produces 
a  blue  colour  in  a  dilute  solution  of  guaiacum 
mixed  with  an  infusion  of  malt.     Addition  of  a 
few  drops  of  Pb  acetate  solution,  followed  by 
KIAq  and  starch  and  a  little  acetic  acid,  pro- 
duces a  blue  colour  (Schonbein,  J.  pr.  86,  129  ; 
Struve,  Z.  1869.  274).     Eicharz  (W.  31,  912) 
says  the  best  reagent  for  detecting  H202,  espe- 
cially in  presence  of  S207,  is  a  solution  of  titanic 
|  acid  in  H2S04;  a  very  yellow  pp.  is  obtained; 
j  this   pp.   decolourises    the    same    quantity    of 
|  KMn04Aq   as   the   H202   in  the  solution  from 
I  which  the  pp.  was  obtained  (cf.  Schonn,  Fr.  9, 
'  41,  330  ;  D.  P.  J.  210,  317). 

According  to  Hanriott  (BL  [2]  43,  468)  H202 
is  best  estimated  by  measuring  the  amount  of 
O  liberated  by  reacting  with  Mn02.  It  may  also 
be  estimated  by  measuring  the  quantity  of 
KMn04  reduced,  or  the  0  liberated  by  reacting 
with  KMn04Aq ;  Kingzett  (C.  J.  37,  806)  says 
no  acid  should  be  present :  the  reaction  is 
2KMn04Aq  +  3H2S04  +  5H202 

=  K2S04Aq  +  2MnS04Aq  +  8H20  +  502. 
KIAq  may  be  brought  into  contact  with 
H202Aq,  and  the  I  estimated  by  dilute  standard 
Na2S203Aq ;  best  in  presence  of  much  dilute 
H.,S04Aq  (Kingzett,  I.e. ;  cf.  Schone,  B.  7, 
1696;  Hamel,  C.  R.  76,  1023). 

Hydrogen   phosphides    v.    PHOSPHOKUS,  HY- 

DKIDES   OF. 

Hydrogen  selenide  H2Se.  (Selenietted  or 
seleniuretted  hydrogen.  Selenhydric  acid.  Hy- 
droselenic  acid.  Selenion  hydride.)  Mol.  w.  80'8. 
This  compound  is  the  Se  analogue  of  SH2. 

Formation. —  1.  By  leading  H  over  Se  heated 
to  c.  400°-500°  (Corenwinder,  A.  Ch.  [3]  34,  77  ; 
Wdhler  a.  Uelsmann,  A.  116, 122) ;  or  by  heating 
H  and  Se  in  a  closed  tube  to  c.  440°  (Haute- 
feuille,  C.  R.  64,  608).  According  to  Ditte 
(C.  R.  74,  980)  combination  of  H  and  Se  begins 
at  c.  250°,  is  at  its  maximum  at  c.  520°,  and 
then  decreases  to  750°,  where  it  ceases. — 2.  By 
the  action  of  Se  on  HI  gas  at  the  ordinary 
temperature  (Hautefeuille,  BL  [2]  7,  198)  ;  in 
presence  of  water,  however,  SeH.(  and  I  give  Se 
and  HI.  According  to  Hautefeuille  (C.  R.  68, 
1554)  SeH2  and  I  are  produced  by  heating  Se 
with  fairly  cone.  HIAq  in  a  sealed  tube,  but  on 
cooling  Se  crystallises  and  HIAq  remains. — 
3.  By  the  action  of  water  on  Se  phosphide 
(P,Se5  +  6H2OAq  =  2HP03Aq  +  5H,Se).  Berzelius 
recommends  this  as  the  best  method  for  pre- 
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paring  H,Se  (Lehrbuch  [5th  ed.],  2,  211).-4.  By 
treating  FeSe  (obtained  by  strongly  heating  Fe 
with  Se)  with  fairly  diluted  HClAq  (v.  Divers  a. 
Shimidzu,  C.  J.  47,  441). 

Properties. — A  colourless  gas  with  most 
irritating  odour,  resembling  that  of  SH2  and  Cl 
combined.  Extremely  poisonous.  A  minute 
quantity  of  the  gas  inhaled  removes  the  sense  of 
smell  for  a  time,  and  produces  violent  headache. 
In  working  with  this  compound  great  precautions 
must  be  taken.  Berzelius  thus  describes  the 
effect  of  allowing  a  bubble  of  the  gas  to  pass 
into  his  nostrils :  '  Bei  meinem  ersten  Versuche, 
den  Geruch  dieses  Gases  kennen  zu  lernen, 
hatte  ich,  als  eine  Gasblase,  vielleicht  nicht 
grosser  als  eine  Erbse,  in  eines  der  Nasenlocher 
gelangt  war,  fiir  mehrere  Stunden  so  ganzlich 
den  Geruch  verloren,  dass  ich  ohne  das  geringste 
Gefiihl  das  stiirkste  Ammoniak  unter  die  Nase 
halten  konnte.  Der  Geruch  kam  nach  fiinf  bis 
sechs  Stunden  wieder,  aber  ein  sehr  heftiger  und 
beschwerlicher  Schnupfen  hielt  vierzehn  Tage 
lang  an  '  (Lehrbuch  [5th  ed.],  2,  213).  SeH,  is 
more  soluble  in  water  than  SH2;  the  solution 
reddens  litmus ;  it  quickly  decomposes  in  air 
with  ppn.  of  Se. 

Reactions. — 1.  Heat  decomposes  SeH.,  into 
Se  and  H.  Ditte  (C.  JR.  74,  980)  says  that  the 
change  begins  at  150°,  is  considerable  at  270°, 
but  then  decreases  until  it  reaches  a  minimum 
at  520°,  after  which  it  again  increases  ;  if  H  is 
passed  over  Se  heated  to  c.  500°  SeH2  is  formed, 
but  is  again  decomposed  on  coming  into  the 
colder  part  of  the  tube,  so  that  crystals  of  Se 
are  formed  on  those  parts  of  the  tube.  Ditte' s 
results  would  show  that  the  dissociation-pres- 
sure of  SeH2  does  not  increase  regularly  with 
increase  of  temperature  (v.  remarks  on  the 
action  of  heat  on  SeH2  under  DISSOCIATION,  p. 
398). — 2.  Moist  air  causes  decomposition  of 
SeH2  with  separation  of  Se. — 3.  Electric  sparks 
cause  separation  into  Se  and  H  (Berthelot,  Bl. 
[2]  26,  101).— 4.  Many  metals  decompose  SeH2 
when  heated  in  it ;  by  heating  with  Sn  a  volume 
of  SeH2  gives  its  own  volume  of  H. — 5.  Towards 
metallic  oxides  and  salts  SeH.,  acts  very  similarly 
to  SH2;  it  ppts.  selenides  from  solutions  of  many 
salts.— 6.  Dilute  sulphurous  acid  reacts  with  ex- 
cess of  H2Se  to  form  Se  and  a  little  SH.,;  the  re- 
actions probably  are  (1)  2SeH2+  ~H,S08Aq 
=  2Se  +  S  +  3H2OAq,  (2)  SeH.,Aq  +  S  =  SH,Aq  +  Se 
(Divers  a.  Shimidzu,  C.  J.  47,  441). "  When 
H.,Se  gas  is  passed  into  SO,Aq  a  pp.  is  formed 
containing  both  S  and  Se,  probably  a  seleno- 
thionic  acid  (D.  a.  S.,  I.e.}.— 7.  When  H^Se  is 
brought  into  contact  with  sulphur  H2S  and  Se 
are  at  once  produced  (D.  a.  S.,  I.e.). 

Hydrogen  silicide  SiH4  v.  SILICON  HYDRIDE 
in  vol.  iv. 

Hydrogen,  sulphides  of.  Two  sulphides  of 
H  are  known,  H2S  corresponding  with  H20,  and 
a  persulphide  H2S.;rS  probably  corresponding 
with  H202.  The  sulphide  H2S  in  solution  acts 
as  a  weak  acid;  the  persulphide  is  generally 
analogous  in  its  reactions  to  HXX. 

HYDROGEN  SULPHIDE  H,S.  (Hydrogen  mono- 
sulphide.  Sulphuretted  hydrogen.  Sulphydric 
acid.  Hydrosuiphuric  acid.  Hydrothionic  acid.) 
Mol.  w.  33-98.  [c.  -85-5°]  (Faraday,  T.  1845. 1, 
155).  (c.  -  61-8°  at  700  mm.)  (Eegnault,  Acad. 
20,  058).  V.D.  34.  S.G.  liquid  c.  -9.  S.H.p. 


•2423  (Croullebois,  A.  Ch.  [4]  20,  130).  S.  at  5° 
3  96,  at  15°  3-23,  at  20°  2-9,  at  25°  2-6,  at  :'03 
2-33,  at  40°  1-80  (Schonfield,  A.  93,  20;  95, 10). 

5.  in  alcohol  at  5°  14-78,  at  15°  9'54,  at  20°  7-41, 
at  25°  5-02  (Carius,  A.  94,  140).  H.F.  (from 
white  amorphous  S)  [H3,S]  =  4,740 ;  [H'.S.Aq] 

=  9,200 ;  [H-S,Aq]  =  4,560  (Th.  2,  63).  Vapour- 
pressures  of  condensed  H  ,S  in  atmos.  (Faraday, 
T.  1845.  1,  55) -70°  =  1-09,  -50°  =  2-0,  -40° 

=  2-86,  -  31°  =  3-95,  - 18-9°  =  5'96,  -  3-33°  =  6-36, 

+  8-9°  =  13-7, 11-1°  =  14-6. 

The  gas  was  known  in  the  16th  and  17th 
centuries;  it  was  first  accurately  examined  by 
Scheele,  who  regarded  it  as  a  compound  of  sul- 
phur, phlogiston,  and  heat. 

Occurrence. — In  gases  from  volcanoes  and 
;  fumaroles.  In  many  mineral  waters,  e.g.  the 
i  Harrogate  water.  Sometimes  in  small  quanti- 
!  ties  in  sea-water.  It  is  said  to  be  found  in  some 
I  new  wines,  probably  formed  by  the  acids  decoin- 
I  posing  sulphides  produced  by  the  reduction  of 
sulphates  during  fermentation. 

Formation. — 1,  By  the  decay  of  organic 
matter  containing  S  compounds,  or  of  organic 
matter  free  from  S  in  presence  of  gypsum. — 
2.  By  heating  various  organic  bodies,  e.g.  suet  or 
paraffin  (Eeinsh,  J.pr.  1838.  42  ;  Galletly,  C.  N. 
24,  162)  with  S.— 3.  By  the  dry  distillation  of 
S-containing  organic  material,  e.g.  gas-coal. — 

4.  By  reactions  between  various  acids  and  me- 
tallic sulphides. — 5.  By  the  reaction  of  cone, 
hot  H2SO4  with  Zn  and  some  other  metals. — 

6.  By  the  electrolysis  of  cone.  H,SO4.— 7.  By 
heating  S  with  very  cone.  HIAq. — 8.  The  direct 
union  of  H  and  S  occurs  when  H  and  S  vapour 
are  passed  over  pumice  at  c.  400°  (Corenwinder, 
A.  Ch.  [3]  34,  77),  or  when  H  is  passed  over 
boiling  S   or  is   burnt  in  S  vapour  (Cossa,  B. 
1,  117  ;  Merz  a.  Weith,  B.  2,  341 ;  cf.  Myers,  B. 

5,  259),  or  by  passing  electric  sparks  through  a 
mixture  of  H  and  S  vapour  (Chevrier,  C.  R.  69, 
136  ;  cf.  Boillot,  C.  R.  70,  97  ;  and  also  Grove, 
C.  J.  [2]  1,  263).— 9.  Boiling  water  is  said  not  to 
be  decomposed  by  S  (J.  de  Girard,  C.  R.  56,  797 ; 
Gelis,  C.  R.  56,  1014  ;    Geitner,  A.  129,  351 ; 
Cossa,  B.  1,  111),  but  the  experiments  of  Cross  a. 
Higgins  (C.  J.  35,  249)  make  it  very  probable 
that  when  S  is  boiled  with  water  small  quantities 
of  H2S  are  produced.    By  heating  H.,0  with  S  to 
200°  (Geitner,  A.  129,  351),  or  by  passing  steam 
and  S  vapour  through  a  glowing  glass  tube  (Myers, 
J.pr.  108,  123)  H2S  is  produced. 

Preparation. — 1.  Iron  sulphide,  FeS,  in  small 
pieces  is  placed  in  a  flask  connected  with  a 
washing  apparatus  containing  water,  and  dilute 
H2S04Aq,  or  HClAq,  about  3  to  4  parts  water  to 
1  part  cone,  acid,  is  added  little  by  little,  with 
shaking.  (The  FeS  may  be  conveniently  pre- 
pared by  heating  three  parts  Fe  filings  with  2 
parts  powdered  S.)  If  the  H  S  is  to  be  collected 
over  water,  hot  water  should  be  used ;  if  it  is 
necessary  to  store  it  in  a  gasholder  a  solution 
of  brine  should  be  employed  in  the  gasholder. 
The  gas  may  be  dried  by  passing  through  a  suc- 
cession of  CaCL,  tubes  (H.,SO4  must  not  be  used, 
as  it  decomposes  H,S).  The  H,S  thus  prepared 
usually  contains  H  (as  the  FeS  usually  contains 
Fe),  and  frequently  hydrides  of  AsandSb.  Various 
methods  have  been  suggested  to  get  rid  of  pos- 
sible traces  of  AsH, ;  0.  von  der  Pfordten  recom- 
mends to  pass  the  dried  gas  through  a  tube  con- 
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taining  commercial '  liver  of  sulphur '  heated  to 
350°-360°,  and  then  through  Na,C03Aq  (B.  17, 
2897).  Jacobsen  (B.  20,  1999)  says  that  every 
trace  of  As  may  be  removed  by  passing  the 
gas  through  2  or  3  grams  of  coarsely-powdered, 
air-dried  I,  interspersed  with  glass-wool,  placed 
in  a  tube  at  the  ordinary  temperature. — 2.  Pure 
Stibmte  Sb2S3  is  decomposed  by  dilute  HClAq  ; 
the  H2S  is  nearly  pure. —  3.  Fresenius  (Fr.  26, 
339)  recommends  the  use  of  calcium  sulphide. 
It  is  prepared  by  strongly  heating  a  mixture  of 
plaster  of  Paris  and  charcoal ;  the  sulphide  is 
mixed  with  one-fourth  its  weight  of  plaster  of 
Paris  and  enough  water  to  make  a  cream ;  the 
whole  is  poured  into  shallow  paper  trays  ;  after 
setting  the  block  is  cut  into  pieces,  which  are 
dried  at  a  gentle  heat.  By  placing  the  dried 
pieces  in  a  Kipp's  apparatus  and  adding  dilute 
HClAq,  a  stream  of  H2S  is  obtained  which  can 
be  readily  controlled. — 4.  According  to  Divers  a. 
Shimidzu  (C.  J.  45,  699)  an  aqueous  solution  of 
Mg  hydrosulphide  is  a  most  convenient  source  of 
H2S,  as  the  pure  gas  is  evolved  by  heating  this 
solution  to  c.  60 D.  The  solution  is  prepared  by 
passing  H2S  (made  from  ordinary  FeS)  into  a 
large  flask  about  half  full  of  water  containing 
magnesia  (preferably  freshly  calcined)  in  suspen- 
sion ;  not  more  than  about  1  part  commercial 
magnesia  should  be  used  to  10  parts  water; 
when  the  magnesia  has  all  dissolved  the  solution 
is  placed  in  a  flask  with  delivery  tube  and  warmed 
to  c.  60°  on  a  water-bath,  when  a  steady  evolu- 
tion of  pure  H2S  proceeds  ;  by  raising  the  tem- 
perature to  90°-100°  more  H2S  is  obtained.  The 
solution  of  Mg  hydrosulphide  may  be  kept  un- 
changed by  closing  the  flask  with  a  cork  covered 
with  paraffin.  When  the  solution  has  been  ex- 
hausted it  is  allowed  to  cool,  and  then  again 
charged  with  H2S,  when  it  is  ready  for  use  again. 

Many  pieces  of  apparatus  have  been  intro- 
duced for  the  preparation  and  use  of  H2S  in 
laboratories ;  they  are  described  in  Manuals  of 
Analytical  Chemistry. 

Properties. — H2S  is  a  colourless  gas  with  a 
most  offensive  odour ;  it  is  very  poisonous ;  sol. 
in  c.  ^  vol.  of  H2O,  more  sol.  in  alcohol  (v.  data 
at  beginning  of  art.).  H2S  is  liquefied  by  pres- 
sure and  cold.  The  most  convenient  method,  on 
the  small  scale,  is  to  place  some  H  persulphide 
(not  thoroughly  dried)  (v.  p.  727)  in  a  A  shaped 
tube ;  the  persulphide  is  gradually  decomposed 
by  the  moisture  into  H2S  and  S  ;  after  a  few 
weeks  the  other  limb  of  the  tube  is  placed  in  a 
freezing  mixture,  and  H2S  distils  into,  and 
liquefies  in,  this  limb.  Melsens  (C.  B.  77,  781) 
allows  charcoal  to  absorb  H2S,  places  the  char- 
coal in  one  limb  of  a  A  tube,  the  other  limb 
being  in  a  freezing  mixture,  and  distils.  If 
H2S  made  in  the  ordinary  way  is  to  be  liquefied  by 
pressure,  care  must  be  taken  that  the  gas  is  free 
from  H.  Liquid  H2S  is  a  very  mobile,  trans- 
parent, refractive  liquid ;  S.G.  c.  -9  ;  boils  at 

—  61-8°  at  760  mm.  pressure,  and  solidifies  at 

—  85-5°.     H2S  is  easily  burnt  in  air  to  H2O  and 
S02 ;  it  is  decomposed  by  passing  through  a  hot 
tube  at  c.  4003  (Myers,  A.  159,  124),  or  by  pass- 
ing electric  sparks  through  it.     H2SAq  decom- 
poses by  exposure  to  air  with  separation  of  S. 
For  an  examination  of  the  rate  of  decomposition 
of  H2SAq  under   different   conditions  v.  Eaab 
(N.  li.  P.  19,  10).     The  solution  keeps  best  in  a 


corked  bottle  inverted  under  water.  In  its 
chemical  relations  H2S  is  similar  to  H/),  but 
it  is  more  decidedly  acidic  ;  H2SAq  reacts  as  a 
monobasic  acid. 

Reactions. — 1.  H,S  is  easily  decomposed  ; 
when  heated  to  c.  400°  it  is  separated  into  its 
elements  (Myers,  A.  159,  124)  ;  it  is  also  decom- 
posed by  electric  sparks. — 2.  When  burnt  in  air 
S02  and  H2O  are  produced.— 3.  H,SAq  soon  de- 
composes, with  separation  of  S,  by  exposure 
to  the  air.— 4.  Moist  H2S  warmed  in  presence  of 
air  or  oxyyen  produces  H2SO4. — 5.  Most  oxi- 
dising agents  react  with  H,,SAq  to  form  H20,  S, 
and  SO^q  or  S03Aq ;  thus  HNO,Aqand  HN03Aq 
produce  H2O,  S,  and  NO;  HOClAq  produces 
H2O,  HC1,  and  S  ;  alkaline  ioclates  are  reduced 
to  iodides. — 6.  Ferric  salts  are  reduced  to  fer- 
rous salts,  with  separation  of  S.— 7.  When  H2S 
is  passed  into  S02Aq  until  the  latter  is  completely 
decomposed  the  solution  is  known  as  Wacken- 
roder's  solution ;  this  liquid  probably  contains  S 
in  suspension,  a  colloidal  form  of  S  in  solution, 
H2S04,  H2S3O6,  H2S406,  H2S5O6,  and  a  higher 
thionic  acid,  probably  H2S6O6 ;  if  the  passage  of 
H2S  is  continued  until  all  chemical  change 
ceases  the  final  products  are  S  and  H20,  thus 
2H2S  +  S02=  3S  +  2H,O  (Debus,  C.  J.  53,  282  ;  v. 
STILPHUB,  OXYACIDS  OF,  in  vol.  iv.).— 8.  H2S  or 
H2SAq  is  decomposed  by  chlorine  and  bromine 
to  HX  and  S  ;  H2SAq  is  similarly  decomposed 
by  iodine,  but  if  water  is  not  present  H.,8  does 
not  react  with  I. — 9.  Very  many  metals  decom- 
pose H2S  when  heated  with  it,  forming  sulphides 
and  H  ;  several  metals,  e.g.  Ag,  Cu,  Hg,  react  at 
ordinary  temperatures.  The  decomposition  of 
H2S  by  hot  Sn  or  Pt  has  been  employed  in  the 
analysis  of  the  compound ;  a  specified  volume 
of  the  gas  is  thus  found  to  give  its  own  volume 
of  H. — 10.  Many  metallic  oxides  and  salts  react 
with  H2S  to  form  sulphides,  and  water  or  acids. 
The  metallic  sulphide,  if  insoluble  in,  and  un- 
acted on  by,  the  acid  produced  in  the  reaction,  is 
ppd.  when  H2S  is  passed  into  a  solution  of  the 
metallic  salt ;  if  the  metallic  sulphide  is  decom- 
posed by  the  acid  produced  in  the  reaction,  or  if 
it  cannot  exist  in  presence  of  water,  no  pp.  is 
formed.  These  reactions  are  applied  in  the  sys- 
tematic qualitative  analysis  of  metallic  salts  (v. 
ANALYSIS,  vol.  i.  p.  220). 

11.  H2SAq  reacts  as  a  weak  monobasic  acid, 
e.g.  with  KOHAq  it  forms  KSHAq.  Thomson 
(Th.  1,  262)  gives  the  following  heats  of  neu- 
tralisation : 

[2NaOHAq,2H2SAq]  =  15,476 ; 

[4NaOHAq,2H2SAq]  =  15,604 ; 

[Ba02H2Aq,2H2SAq]  =  15,748 ; 
[2NH3Aq,2H2SAq]  =  12,390. 
Combinations. — By  compressing  H2S  in  pre- 
sence of  a  little  water  De  Forcrand  a.  Villard 
obtained  a  solid  hydrate  H.,S.7H20  (C.  E.  106, 
1402  ;  cf.  106,  849  a.  939)  ;  this  hydrate  is  easily 
decomposed  by  heat.  The  formation  of  the  hy- 
drate occurs  with  a  large  absorption  of  H.,8  gas 
by  the  water  ;  when  formed  at  0°,  the  pressure 
being  about  60mm.  above  the  ordinary,  1  c.c. 
water  absorbed  about  100  c.c.  H2S,  whereas  the 
solubility  of  H2S  in  water  at  0°  and  ordinary 
pressure  is  only  about  4  vols.  in  1  vol.  water. 
Wohler  (.4.  33,  125)  obtained  ice-like  crystals  by 
leading  H2S  into  alcohol  containing  water  at 
— 18°,  the  quantity  of  water  being  such  that  no 
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ice  was  formed  at  the  temperature  of  experiment ; 
these  crystals  may  have  been  a  solid  hydrate  of 
H2S. 

Detection  and  cstiination. — H2S  is  detected  by 
its  smell,  by  its  reaction  with  a  salt  of  Pb  or  Ag 
in  solution  to  give  brown-black  PbS  or  black 
Ag^S,  and  by  the  production  of  a  deep  purple-red 
colour  when  brought  into  contact  with  an  alka- 
line solution  of  Na  nitroprusside  (FeCy5(NO)NaJ. 
Finely  divided  Ag  shaken  with  water  containing 
H..S  forms  Ag^S  ;  it  does  not,  however,  decompose 
alkaline  sulphides  ;  these  reactions  may  be  ap- 
plied to  detect  alkaline  sulphides  in  presence  of 
H2S  ;  air  must  not  be  present,  else  salts  of  S 
oxyacids  may  be  formed.  H2S  in  aqueous  solu- 
tion may  be  determined  by  adding  a  standardised 
solution  of  I  in  KIAq  until  a  permanent  blue 
colour  is  produced  in  presence  of  starch.  The 
solution  of  H2S  must  be  so  dilute  that  not  more 
than  -04  p.c.  H2S  is  present. 

HYDKOGEN  PERSULPHIDE  ?H2S2  or  H2S5. 
When  an  acid  is  added  to  an  aqueous  solution  of 
an  alkaline  or  alkaline  earth  persulphide,  H_,S  is 
evolved  and  the  rest  of  the  S  is  ppd.  But  if  the 
alkaline  persulphide  solution  is  poured  into  the 
acid,  oily  drops  sink  to  the  bottom ;  the  oil  is  a 
compound  of  H  and  S  containing  relatively 
more  S  than  H2S  (Schoek,  Von  der  Luft  und 
dem  Fetter,  153 ;  Berzelius,  Lehrbuch,  2,  218  ; 
Thenard,  A.  Ch.  48,  79;  Liebig,  A.  2,  27;  18, 
170).  Analyses  of  the  oil  thus  obtained  have 
given  discordant  results ;  Eamsay's  analyses 
(C.  J.  [2]  12,  857)  showed  a  composition  vary- 
ing from  H.,S7  to  H,,S10.  According  to  Sabatier 
(C.  E.  100,  "1346),  if  the  oil  is  thoroughly  dried, 
it  may  be  distilled  at  60°-85°  under  a  pressure 
of  40  to  100  mm. ;  and  the  liquid  thus  obtained 
has  the  composition  H285.  The  analyses  of  Eebs 
(A.  246,  356)  also  point  to  this  formula :  he  de- 
composed Na2S.,,  Na_,S3,  Na2S4,  and  Na2S5,  sepa- 
rately with  cold  HClAq,  also  different  polysul- 
phides  of  Ca  and  Ba ;  in  each  case  he  got  an 
oil  the  composition  of  which  agreed  with  the 
formula  H2S5.  Sabatier  thinks  that  the  liquid 
obtained  by  him  contained  S  produced  by  the 
decomposition  of  part  of  the  persulphide  ;  he  is 
in  favour  of  the  formula  H2S2  for  the  persul- 
phide. 

Hofmann  (B.  1,  81)  by  the  reaction  between 
yellow  NH4  sulphide  and  strychnine  obtained  a 
well-crystallised  compound  C21H22N202.H,;S3 
which  was  decomposed  by  acids  with  separation 
of  H  persulphide ;  this  formula  was  confirmed 
by  Eamsay  (C.  J.  [2]  12,  857).  Schmidt  allowed 
H2S  to  react  with  strychnine  in  presence  of  air, 
and  obtained  crystals  of  3C21H_,2N2022H2S2 ; 
with  brucine  he  got  the  compounds 
C.23H2aN204.H2S.,2H2O  and  C,3H  ,i;N204.2H2S2 ; 
these  compounds  were  decomposed  by  acids 
giving  a  yellow  oil  which  had  the  properties  of 
H  persulphide. 

The  composition  of  H  persulphide  cannot  be 
regarded  as   settled;    possibly  more   than    one  j 
compound  H2SxS  exists. 

Preparation  of  II persulphide. — An  aqueous 
solution  of  an  alkaline  polysulphide  is  slowly 
poured  into  excess  of  a  solution  of  about  equal 
parts  of  cone,  hydrochloric  acid  and  water ; 
the  liquid  is  placed  in  a  filter  in  the  neck  of 
which  oily  drops  collect,  this  oil  is  run  off  and 
dried  over  CaCl2.  To  prepare  the  alkaline  poly- 


sulphide,  cone.  KOM.Vq  may  bo  boi'od  with  S  ; 
or  2  parts  K_,CO.t  may  be  fused  with   1  part  S, 
the  mass  dissolved  in  water,  boiled  with  excess 
of  S,  and  allowed  to  clear ;  or  1  part  Cat)  may 
be  made  into  a  thin  cream  with  water  and  boiled 
with  2  parts  S.   .As  solution  of  polysulphides 
prepared  as  described  may  contain  thiosulphates, 
Berthelot  (A.  Ch.  [3]  49,  450)  recommends  to 
saturate  KOHAq  with  H2S  out  of  contact  with 
air,  to  add  an  equal  volume  of  the  same  KOHAq, 
and  to  boil  with  S  ;  or  Na2SO4,  or  CaS04,  may 
be  strongly  heated  with  powdered  charcoal,  the 
mass   treated  with   water,  and   boiled  with    S. 
Sabatier  (C.  E.  100,  1346)  thoroughly  dries  the 
j  oil,  places  it  in  a  small  flask  with  short  neck 
[  connected  with  a  bulb-tube   surrounded  by  ice 
j  and  having  a  pump  attached  ;  when  the  pres- 
;  sure  is  reduced  to  40-100  mm.  he  heats  the 
flask  to  60°-80°  in  a  water-bath. 

Properties. — A   yellow,  mobile,  oily  liquid  ; 
S.G.  1-734  (Ramsay),  1-71  at  15°  (Rebs).  Odour  is 
|  very  irritating ;   taste  bitter-sweet ;    the  liquid 
;  raises  blisters  on  the  skin  ;  it  is  soluble  in  CTH _., 
|  CHC13,  and  CS2;  decomposed  by  alkalis,  alcohols, 
and  slowly  by  ether  ;  also  by  the  action  of  light; 
|  slowly  decomposed  by  KMn04Aq,  Br,  I,  HNO.  Aq 
i  (Sabatier,  C.  E.   100,  1585).     Hydrogen  persul- 
phide is  more  stable  when  the  liquid  contains 
some  S  or  H.S  (Sabatier).     When  quite  dry,  the 
liquid  may  be  preserved  unchanged  in  a  sealed 
tube  (Bunsen,  P.  46,  103) ;  if  the  liquid  is  not 
quite  dry,  it  slowly  decomposes  into  crystals  of 
S  and  liquid  H^S,  if  this  change  proceeds  the 
tube  may  be  broken  by  the  pressure  of  the  H,S. 
Hydrogen  persulphide  is  readily  inflammable. 

Eeactions. — Hydrogen  persulphide  resembles 
H202  in  its  reactions ;  it  is  decomposed  to  H_,S 
and  S  by  those  substances  which  change  H./)^ 
into  H20  and  0,  e.g.  Pt,  Au,  Ag  0,  charcoal 
powder,  &c. ;  it  acts  as  a  reducing  agent,  e.g.  it 
decolourises  indigo.  Water  decomposes  it  to 
H2S  and  S,  slowly  at  ordinary,  quickly  at  higher 
temperatures.  Ammonia  causes  a  ppn.  of  S ; 
ether  acts  slowly  producing  nacreous  S  ;  accord- 
ing to  Sabatier  (I.e.),  hydrochloric  acid,  dry  air, 
and  dry  hydrogen  have  no  action. 

Hydrogen  telluride  H2Te  (Telluretted  hydro- 
gen. Tellurhydric  acid.  Hydrotelluric  acid. 
Tellurium  hydride).  Mol.  w.  127.  This  com- 
pound, discovered  by  Davy  (G.A.  37,  48,  [1810]), 
resembles  H2S  and  H2Se.  It  is  formed  by 
direct  union  of  its  elements,  by  heating  Te  in  a 
stream  of  H  (Lowe,  W.  A.  B.  10,  727  ;  Becker, 
A.  180,  257) ;  also  by  decomposing  ZnTe  by 
dilute  HClAq.  Berthelot  a.  Fabre  (A.  Ch.  [6] 
14,  103)  recommend  the  use  of  MgTe,  prepared 
by  action  of  excess  of  Te  vapour  on  heated  Mg 
in  an  atmosphere  of  pure  H ;  they  decompose 
the  MgTe  in  an  atmosphere  of  pure  N  by  very 
dilute  HClAq.  TeH2  is  a  colourless  gas,  with 
disagreeable  smell,  which  is  different  from  that 
of  H.jSe  or  H2S ;  when  inhaled,  the  effects  are 
not  so  irritating  as  in  the  case  of  H2Se  (q.  v.) 
(B.  a.  F.,  I.e.).  TeH2  is  very  unstable ;  it  soon 
decomposes  over  dry  Hg,  even  in  the  dark ;  in 
presence  of  moist  air,  decomposition  is  instan- 
taneous (B.  a.  F.,  I.e.).  TeH.,  is  decomposed  by 
heat ;  according  to  Ditte  (C.  E.  74,  980)  this 
decomposition  is  less  complete  at  higher  than 
at  lower  temperatures  ;  the  behaviour  is  exactly 
similar  to  that  of  SeH,  (q.v.  p.  725).  TeH,  is 
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readily  combustible ;  it  is  fairly  soluble  in  water, 
the  solution  is  very  quickly  decomposed  if  ex- 
posed to  air.  Pure  TeH.2  is  rapidly  and  com- 
pletely absorbed  by  solutions  of  alkalis,  with 
production  of  alkali  tellurides,  if  a  trace  of  O 
is  present  the  solution  becomes  violet  or  purple, 
and  if  much  0  is  present  Te  is  ppd.  (B.  a.  F., 
I.e.).  TeH2  passed  into  solutions  of  metallic  salts 
ppts.  metallic  tellurides.  M.  M.  P.  M. 

HYDRO-HOMO-FERITLIC  ACID  v.  m-Methyl 
derivative  of  (4:3:l)-Di-oxY-PHENYL-iso-BUTYBic 

ACID. 

HYDBOIODO ANGELIC  ACID  v.  IODO-VALEBIC 


ACID. 

HYDROIODOCINNAMIC 


ACID      v.    IODO- 


PHENYL-PBOPIONIC   ACID. 

(a)-HYDROJUGLONEC10H803.Oxi/-(a)-7i^ro- 
naphthoquinone?  [170°].  S.  (at  25°)  =  -5.  Occurs, 
together  with  about  I  as  much  (/3) -hydro  juglone, 
in  the  leaves  and  unripe  green  shells  of  the 
walnut.  Formed  by  reduction  of  juglone  (Mylius, 
B.  17,  2411 ;  18,  475,  2567).  Colourless  plates 
or  needles.  V.  e.  sol.  alcohol,  ether,  and  acetic 
acid,  nearly  insol.  benzene  and  petroleum-ether, 
insol.  chloroform.  It  dissolves  in  aqueous  NaOH 
with  a  yellow  colour,  which  almost  instantly  be- 
comes violet  on  exposure  to  air  from  formation 
of  juglone.  It  is  odourless,  but  possesses  a  burn- 
ing taste,  and  is  poisonous ;  £  g.  killed  a  rabbit 
in  2  hours.  By  treatment  with  acid  anhydrides 
it  is  converted  into  the  alkoyl  derivatives  of  ($)- 
hydrojuglone.  On  heating  (a) -hydro juglone  above 
its  melting-point  it  is  converted  into  the  (B)- 
isomeride.  On  the  other  hand  the  inverse  change 
takes  place  if  (£)  -hydrojuglone  is  boiled  with 
dilute  HC1  for  a  long  time.  Potash-fusion  gives 
m-oxy-benzoic  acid,  together  with  phenol,  sali- 
cylic acid,  and  pyrocatechin.  Oxidising  agents 
very  readily  convert  it  into  juglone.  On  distilla- 
tion with  zinc -dust  it  gives  naphthalene. 

Tri-acetyl  derivative  C10H5(OAc)3 
[124°]. 

(0) -Hydrojuglone  CIOH803.  Tri-oxy -naphthal- 
ene? [97°].  S.  (at  25°)  =  -11.  Occurs,  together 
with  about  5  times  as  much  (o) -hydro juglone,  in 
the  unripe  shells  of  the  walnut  Silvery  six- 
sided  tables  or  flat  needles.  V.  sol.  chloroform 
and  benzene,  si.  sol.  cold  alcohol  and  ether. 
Volatile  with  steam.  Aromatic  smell  and  burn- 
ing taste.  Formed  by  heating  (a) -hydrojuglone 
above  its  melting-point.  Converted  into  the  (a)- 
hydrojuglone  by  long  boiling  with  dilute  HC1. 
Dissolves  in  alkalis  with  a  yellow  colour,  which 
becomes  red  on  exposure  to  the  air.  Fe2Cl?  gives 
a  blood-red  colouration.  It  is  not  oxidised  to 
juglone,  except  under  conditions  which  allow  of 
its  previous  conversion  into  (a) -hydrojuglone. 
Its  alkoyl  derivatives  are  formed  by  the  action 
of  anhydrides  upon  either  (a)-  or  (3) -hydro- 
juglone. 

Tri-acetyl  derivative  C10H5(OAc)3: 
[130°];  colourless  prisms  (from  alcohol). 

Tri-benzoyl  derivative  CIOH.(OBz)8 : 
[129°] ;  colourless  needles,  si.  sol.  alcohol  and 
acetic  acid,  insol.  water  (Mylius,  B.  18, 2567). 

HYDROLUTIDINE     v.     DL-hydride    of    DI- 

METHYL-PYBIDINE. 

HYDROMECONIC  ACID  v.  MECONIC  ACID. 
HYDROMELLITIC  ACID  v.  Hexahydride  of 
MELLITIC  ACID. 


HYDRO-METHYL-KETOLE  v.  METHYL-IN* 
DOLE  dihydride. 

HYDaO-METHYL-PYRIDINES  v.  Hydrides 
of  METHYL-PYBIDINES. 

DI-H*DRO-TRI-METHYL-PYRIDINE  DI- 
CARBOXYLIC  ETHER  v.  Di-hydride  of  Tiu- 

METHYL-PYBIDINE    DI-CAUBOXYLIC    ETHEB. 

HYDRO-METHYL-PY.BROLE  v.  Hydride  of 
METHYL-P  YEBOLE  . 

HYDRO-METHYL-QUINALDINES  v.  Hy- 
drides Of  Dl-METHYL-QUINOLINES. 

HYDRO-MUCONIC  ACID  C,HS04  i.e. 
(CO.H).CH:CH.CH,.CH,(CO,H).  [195°].  S.  -9  at 
16°.  Formed  by  partial  reduction  of  diacetylene- 
di-carboxylic  acid  with  sodium-amalgam.  Oa 
further  reduction  it  gives  adipic  acid  (Baeyer, 
B.  18,  680).  Formed  also  by  treating  dichloro- 
muconic  acid  CtiH4Cl2O4  with  sodium-amalgam 
(Bode,  A.  132,  98).  Colourless  prisms ;  v.  si.  sol. 
cold  water,  v.  sol.  hot  water  and  alcohol,  m.  sol. 
ether.  Eeduced  by  sodium-amalgam  to  adipic 
acid  (Limpricht,  A.  165,  263).  By  treatment 
with  bromine  it  may  be  converted  into  bromo- 
hydromuconic  acid  [183°],  di-,  tri-,  and  tetra-, 
bromo-adipic,  and  iso-di-bromo-adipic  acids. — 
ZnA".— Ag2A". 

Anhydride  C,H,0.r  Trimetric  crystals; 
a:6:c  = -206:1: -332  (Fo'ck,  Z.  K.  7,  48). 

HEXA-HYDRO-NAPHTHALENE  v.  NAPH- 
THALENE HEXAHYDBIDE. 

TETRA-HYDRO-NAPHTHALENE  DI-CAR- 
BOXYLIC  ACID  v.  Tetrahydride  of  NAPHTHALENE 

DI-CABBOXYLIC  ACID. 

'  DIHYDRONAPHTHOIC  ACID  '  so-called  v. 
METHYL-INDONAPHTHENE-CABBOXYLIC  ACID. 

(a)  -  HYDRO  -  N  APHTHOQUINONE    C10HS0., 

i.e.  C10H6(OH)2[1:4J.  [173°]  (P.) ;  [176°]  (G.): 
Formed  by  the  action  of  fuming  HIAq  on  (a)- 
naphthoquinone  (Groves,  A.  167, 359) ;  or,  better, 
from  (a)-naphthoquinone,  tin,  and  HClAq  (Plimp- 
ton, C.  J.  37,  635).  A  small  quantity  may  be 
obtained  by  heating  (a)-naphthoquinone  with 
aqueous  S02  at  150°  (Plimpton).  White  needles; 
m.  sol.  boiling  water,  v.  sol.  boiling  alcohol,  ether, 
and  HOAc,  si.  sol.  hot  benzene,  almost  insol. 
CS2  and  ligrom.  Oxidising  agents  convert  it 
into  (a)-naphthoquinone  ;  with  a  solution  of  (a)- 
naphthoquinone  it  forms  dark-purple  crystals 
of  the  quinhy drone  C20H1404. 

Di-acetyl  derivative  CH)H(i(OAc)2.  [c. 
130°].  Easily  soluble  tables  (from  alcohol) 
(Korn,  B.  17,  3025). 

(y3)-Hydro-naphthoquinone  C10HS(OH)2[1:2]. 
[c.  60°].  Formed  by  treating  (3) -naphthoquinone 
with  cold  cone.  S02Aq  (Liebermann  a.  P.  Jacob- 
son,  A.  211,  58).  Silvery  plates.  It  dissolves  in 
aqueous  alkalis  forming  yellow  solutions  which 
turn  deep  green  in  the  air.  Violently  inflames 
the  skin. 

Di-acetyl  derivative  C^H^OAc).,.  [c. 
106°].  Very  soluble  plates  (from  HOAc)  (Korn, 
B.  17,  3025). 

Isohydronaphthoqninone  ?  C10H802.  Formed 
by  the  action  of  water  (30  pts.)  on  the  compound 
C10HH(HOC1)2  (so-called  di-chloro-naphthydrene 
glycol)  at  150°  (Grimaux,  Bl.  [2]  19,  397).  Small 
needles ;  sol.  water  and  ether,  insol.  CHC1:)  and 
benzene.  Its  alkaline  solutions  turn  red  in 
the  air.  It  reduces  ammoniacal  AgN03.  FeCl, 
gives,  in  its  aqueous  solution,  a  brown  pp.  sol. 
alkalis. 


HYDRO-o-OXY-BENZ-AMIDE    v.    TRI-OXY- 

HYDUOBKN/AMIDK. 

HYDRO -OXY-CAMPHOBONIC     ACID     v. 

CAMPHOR. 

HYDRO-OXY-METHYL-QUINOLINE  v.  Hy- 
dride Of  OXY-METHYL-QUINOLINE. 

DI-HYDRO-OXY-QUINOLINE  v.  Hydro-car- 
bostyril  under  AMIDO-PHENYL-PROPIONIC  ACID  ;  v. 
also  Hydride  of  OXY-QUINOLINE. 

HYDKO-PHENOL-PHTHALIDIN  CHLORIDE 

V.  Dl-CHLORO-PHENYL-ANTHRANOL  DLHYDRIDE. 

HYDRO-PHENYL-ACRIDINE  v.  PHENYL- 
ACRIDINE  hydride. 

HYDRO .  PHENYL  -  CROTONIC  ACID  v. 
PHENYL-BUTYRIC  ACID. 

TETR  A -HYDRO -PHENYL-QUINOLINE  v. 
Tetra-liydride  of  PHENYL-QUINOLINE. 

HYDROPHLORONE  v.  HYDROXYLOQUINONE. 

HYDROPHTHALIC  ACIDS  v.  Hydrides  of 
PHTHALIC  ACID. 

HYDRO-PICOLINE  v.  Hydride  of  METHYL- 

PYRIDINE. 

HEXA-HYDRO-PICOLINIC  ACID  v.  Hexa- 
hydride  of  PYRIDINE  CARBOXYLIC  ACID. 


HYDRO-PIPERIC  ACIDS  Cj2H1204-  (a)  [78°].  | 
(j8)  [131°].  By  reduction  of  piperic  acid  by  so- 
dium-amalgam two  hydro-piperic  acids  are  got. 
They  may  be  separated  by  crystallisation  from 
alcohol,  when  the  (iS)-acid  separates  first.  The 
(a) -acid  is  the  chief  product  (Foster,  A.  124,  117 ; 
Fittig  a.  Mielck,  A.  152,  56).  The  (jS)-acid  forms 
thin  needles  (from  alcohol).  Its  ammonium  salt 
is  more  soluble  than  that  of  the  (a) -acid.  The 
(3) -acid  is  only  formed  when  the  liquid  becomes 
very  alkaline,  if  the  alkali  be  constantly  neutral- 
ised during  the  reduction  only  (a) -acid  is  got. 
The  (a) -acid  may  be  converted  into  the  (3)  -acid 
by  heating  with  (10  pts.  of)  dilute  (10  p.c.)  NaOH 
9  hours  at  100°  (Lorenz,  B.  14,  785  ;  Fittig  a. 
Buri,  A.  216,  171;  227,  31;  Weinstein,  A. 
227,  32).  Br  in  CS,  converts  the  (a) -acid  into 
its  dibromide,  di-bromo-piperhydronic  acid 
C12H12Br,O4  [137° -140°],  while  the  (jS)-acid  gives 
a  product  of  substitution,  bromo-hydro-piperic 
acid  [171°].  The  (/3)-acid  is  reduced  by  sodium 
amalgam  in  neutral  solution  to  piper-hydronic 
acid,  while  the  (a)-acid  is  not  reduced  thereby. 

(o)-Hydropiperic  acid 

CH2<^Q>C(iH3.CH2.CH:CH.CH2.C02H  ?     [78°]. 

Thin  needles  (from  hot  water) ;  si.  sol.  hot  water, 
v.  e.  sol.  alcohol  and  ether.  Oxidised  by  CrOato 
acetic  acid.  KMn04  gives  piperonal,  oxalic  acid, 
and  di-oxy-piperhydronic  acid  CH.,0.,CnH,.,04 
(Biegel,  B.  20,  415).  Not  attacked  by  AcCl  at 
100°.  Potash-fusion  gives  protocatechuic  acid 
and  HOAc. 

Salts.— NH4A':  small  laminae.  —  KHA'2 : 
amorphous,  formed  by  adding  K2C03  to  an  alco- 
holic solution  of  the  acid.  Decomposed  by  water. 
— AgA' :  crystalline  pp. 

()8)  -Hydro  -pip  eric  acid 

CH2<^>C6H3.CH2.CH2.CH:CH.C0.2H  ?     [131°]. 

Got  from  its  (a)-isomeride  by  heating  this  acid 
(1  pt.)  with  NaOH  (1  pt.)  and  water  (9  pts.)  at 
100°  for  some  days.  The  acid  is  separated  from 
imdecomposed  (a)-isomeride  by  crystallisation 
from  alcohol  (90  p.c.).  Thin  needles  (from  alco- 
hol) ;  less  soluble  than  its  isomeride  in  the 
usual  menstrua.  Bromine  forms  a  substitution, 


not  an  addition,  product.  K?.InO,  oxidises  it  to 
di-oxy-piperhydronic  acid  CH  O.C,,!!,  O,  and 
methyl-anhydro-caffeic  acid  CH,O2C  H  O... 

HYDROPYRENE^UINONE  'v. "PYKEXK. 

DIHYDROPYRIDINE  v.  PYRIDINE  DIHY- 
DUIDI:. 

HYDRO-PYRO-CINCHONIC     ACID    v.     Di- 

METHYL-SUCCINIC    ACID. 

HYDROPYROMELLITIC     ACID     v.     PYRO- 

MELLITIC    ACID. 

DIHYDHOPYRROLE     v.      PYRROLE      DIIIY- 

DKIDF,. 

TETRA-HYDR  )-QTTINAL7)INE    v.    (Py.   3)- 

METHYL-QUINOLINE  TETIUHYDI:!M-;. 

H  YD  itOQUINANISOL  v.  Methyl  ether  of  OXY- 

QUINOLINE-TETRA-HYDRIDE. 

HYDROQTJI N ICINE  v.  CINCHONA  BASES. 

HYDRO QUINIDINE  v.  CINCHONA  BASES. 

HYDROQUININE  v.  CINCHONA  BASES. 

HYDR03UJNOLINE  v.  QUINOLINE  HYDRIDE. 

TETRA-HYDRO-QUINOLINE  HYDEAZINE 
v.  AMIDO-TETRA-HYDRO-QUINOLINE. 

HYDROQUINONE  CriHH02^.  CdH,(OH)2[l:4]. 
p-Di-oxy -benzene.  QuinoL  Pyrogcntisic  'acid. 
Mol.  w.  110.  [169°]  (Hlasiwetz  a.  Habermann, 
B.  8,  684).  S.G.  1-326  (Schroder,  B.  12,  5013). 
H.F.  (from  diamond)  86,100  (Berthelot  a.  Lou- 
guinine,  A.  Ch.  [6]  13,  337  ;  C.  B.  104,  1576) ; 
100,880  (Stohmann,  J.  pr.  [2]  33,  471).  S.  6-21 
at  15°  ;  10-44  at  28-5°. 

Formation. — 1.  By  the  reduction  of  quinone, 
and  by  the  dry  distillation  of  quinic  acid  (Wohler, 
A.  51,  152). — 2.  From  arbutin  by  boiling  with 
dilute  H.,S04,  or  by  the  action  of  emulsin  (Kawa- 
lier,  A.  84,  358  ;  Strecker,  A.  107,  229).— 3.  By 
boiling  £>-diazo-phenol  sulphate  with  dilute  (12 
p.c.)  H2S04,  and  extracting  the  cooled  product 
with  ether.  The  yield  amounts  to  46  p.c.  (Wesel- 
sky  a.  Schuler,  B.  9,1159).  In  like  manner  hy- 
droquinone  may  be  obtained  by  the  action  of 
water  at  140°  on  [4:l]0-H,(OMe)JN:N.SO^BJ  de- 
rived from  the  methyl  ether  of  £>-nitro-phenol 
(H.  Salkowski,  B.  7, 1010).— 4.  By  gently  heating 
a  dilute  solution  of  nitroso-phenol  in  NaOHAq 
with  hydroxylamine  hydrochloride,  nitrogen 
being  given  off  (Hepp,  B.  10,  1654).— 5.  From 
bromo-salicylic  acid  [4:l:2]C6H3Br(OH)(CO,H)  by- 
fusion  with  NaOH,  and  heating  the  resulting  di- 
oxy-benzoic  acid  [197°]  in  a  bath  of  H,S04  at 
215°,  when  pure  hydroquinone  sublimes  (Kakow- 
ski  a.  Leppert,  B.  8,  788 ;  cf.  Demole,  B.  7, 1441 ; 
Hlasiwetz,  A.  175,  67).— 6.  By  passing  a  current 
of  air  for  3  hours  through  an  alkaline  solution  of 
succinylo-succinic  ether,  and  heating  the  result- 
ing di-oxy-terephthalic  acid  with  KOH  (Herr- 
mann, B.  10,  107).— 7.  A  product  of  the  distilla- 
tion of  succinates  (Von  Eichter,  J.pr.  [2]  20, 207). 

8.  By  passing  a  rapidly  alternately  electric  dis- 
charge through  a  solution  of  phenol  (q.  v.). — 

9.  From  p-iodo-phenol  by  potash-fusion  (Korner, 
Z.  1866,  662,  731).— 10.  Occurs  in  the  urine  of 
dogs  that  have  taken  benzene  (Baumann,  H.  6, 
190),  phenol  (Baumann  a.  Preusse,  B.  12,  706), 
or  arbutin  (Mering,  Ar.  PUysiol.  62,  276). 

Preparation. — Aniline  (1  pt.)  is  dissolved  in 
H,S04  (8  pts.)  diluted  with  water  (30  pts.),  and 
to  this  solution,  after  ooling,  powdered  K^Cr.,0, 
(3^  pts.)  is  gradually  added,  too  great  a  rise  of 
temperature  being  avoided.  The  thick  pu'py 
mass  of  aniline-black  produced  at  first  changes 
after  a  time  to  a  dirty-brown  solution,  which  is 
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then  treated  with  excess  of  SO.,  boiled  with 
animal  charcoal,  filtered,  and  shaken  with  ether. 
The  ethereal  extract  when  distilled  leaves  hydro- 
quinone  (Nietzki,  B.  10,  1934  ;  19, 1468  ;  A.  215, 
128;  Ekstrand,  B.  11,  713). 

Properties.  —  Dimorphous,  crystallising  by 
sublimation  in  monoclinic  plates ;  a:b:c 
=  2-605:1:1-558;  0  =  73°;  and  from  aqueous  so- 
lutions in  hexagonal  prisms;  a:c  =  \:  '659  (Leh- 
mann,  Z.  K.  1,  44  ;  Groth,  B.  3,  450).  Has  a 
slightly  sweet  taste.  V.  sol.  alcohol,  ether,  and 
hot  water,  v.  si.  sol.  cold  benzene,  may  be  dis- 
tilled. When  FeCl3  is  added  to  its  aqueous  so- 
lution there  is  formed  a  mass  of  lustrous  dark 
green  spangles  of  quinhydrone,  and  at  the  same 
time  the  odour  of  quinone  is  apparent.  A  further 
addition  of  FeCl3  converts  the  quinhydrone  into 
quinone,  the  crystals  redissolving.  Silver  nitrate 
gives  a  brownish-white  pp.,  and,  on  warming, 
reduction  to  black  metallic  silver  takes  place. 
Hydroquinone  reduces  a  boiling  acidulated  solu- 
tion of  KMn04,  1  molecule  of  hydroquinone 
requiring  10  atoms  of  oxygen.  Its  reducing 
power  is  intermediate  between  that  of  pyro- 
catechin  and  that  of  resorcin  (Dreyfus,  C.  R.  105, 
523).  Hydroquinone  reduces  Fehling's  solution, 
even  in  the  cold.  An  aqueous  solution  of  hydro- 
quinone slowly  turns  brown  when  exposed  to  the 
air,  losing  its  reducing  power.  An  alkaline  so- 
lution turns  brown  much  more  rapidly.  Lead 
acetate  gives  no  pp.  in  dilute  solutions,  but  if 
hydroquinone  be  dissolved  in  a  moderately  con- 
centrated warm  aqueous  solution  of  lead  acetate 
prisms  of  C6H6O2Pb(OAc)2l^aq  separate  on  cool- 
ing (Wohler,  A.  69,  299).  Hydroquinone  pre- 
vents the  alkaline  fermentation  of  urine  (An- 
draeff,  Vrach,  1887,  230). 

Reactions. — 1.  Oxidised  to  quinone  by  FeCl3, 
chlorine,  dilute  HN03,  and  chromic  acid. — 
2.  By  passing  through  a  red-hot  tube  it  is  split 
up  into  quinone  and  hydrogen  (Hesse,  A.  114, 
297).  —3.  Hydroxylamine  in  acid  solution  gives 
the  di-oxim  of  quinone. — 4.  Strong  nitric  acid 
decomposes  hydroquinone  in  the  cold,  forming 
oxalic  acid  and  HCy  (Nietzki,  A.  215,  138).— 
5.  Nitrous  acid  gas  passed  into  an  ethereal  so- 
lution of  hydroquinone  at  0°  forms  small  golden 
needles  of  di-nitro-di-oxy-quinone  (Nietzki,  B. 
10,  2147).— 6.  Not  affected  by  potash-fusion 
(Wolz,  A.  168, 91).  Soda-fusion  converts  it  into 
(l,2,4)-tri-oxy-benzene,  (S)-hexa-oxy-diphenyl, 
and  tetra-oxy-diphenyl  C12H10O4  (Barth  a.  Schre- 
der,  M.  4,  176 ;  5,  589).— 7.  When  heated  with 
PC13  it  appears  to  form  first  C6H4(OH)(OPC12) 
and  then  CdH4(OPCl2)2  (Scheid,  A.  218,  207). 
8.  H,S  passed  into  a  cold  saturated  solution  of 
hydroquinone  forms  colourless  rhombohedra 
(CjHgOJgHgS  decomposed  by  boiling  water  into 
its  components  (Wohler,  A.  69,  297).  H2S  passed 
into  a  solution  of  hydroquinone  saturated  at  40° 
forms  long  prisms  of  (Ci;H60,)  ,H,S.  -9.  S0.2 
passed  into  a  cold  saturated  solution  of  hydro- 
quinone forms  yellow  rhombohedra  (C6H802)3S02, 
which  quickly  decompose  (Clemm,  A.  110,  357  ; 
Hesse,  A.  114,  300).— 10.  Aldehyde  in  presence 
of  dilute  HC1  forms  a  resin  on  heating  (Michael 
a.  Ryder,  Am.  9,  133).— 11.  With  acetone  it  forms 
an  unstable  compound  CliHd0.iC.)HijO,  which 
forms  triclinic  crystals,  decomposed  into  its 
components  by  solution  in  alcohol,  acetone,  or 
hot  water,  and  even  by  exposure  to  air  (Haber- 


mann,  M.  5,  329).— 12.  HCy  forms  needles 
(CgHjOjjJjHCy  decomposed  by  heat  or  by  water 
into  its  components  (Mylius,  B.  19,  1008).— 
13.  Aniline  when  boiled  with  hydroquinone 
forms  CdHdO2(NH.jPh)2,  which  crystallises  in 
large  plates  [90°],  sol.  alcohol  and  hot  water.  Its 
solution  on  exposure  to  the  air  is  oxidised  to 
quinone  dianilide.  By  boiling  with  benzene  it 
is  resolved  into  hydroquinone  and  aniline  (Hebe- 
brand,  B.  15,  1973).  Hydroquinone  (1  mol.) 
heated  with  aniline  (4  mols.)  and  CaCl2  at  250° 
gives  CsH4(OH)(NHPh)  [70°]  (Calm,  B.  16,2786). 
In  like  manner  o-toluidine  and  CaCl2  at  245° 
give  CdH4(OH)(NHC7H7)  [90°].— 14.  p-Toluidine 
forms  CdHd02(C7H7NH2)2  [98°]  (Hebebrand,  B. 
15, 1974). — 15.  By  heating  wtihphenyl  cyanate  at 
100°  there  is  formed  CdH4(O.CO.NHPh) ,,  which 
crystallises  from  alcohol  in  prisms  [c.  207°].  It 
is  insol.  benzene.  At  its  melting-point  it  begins 
to  decompose  into  phenyl  cyanate  and  hydro- 
quinone (Snape,  C.  J.  47,  772). — 16.  Cliloro- 
formic  ether  ClC02Et  acting  on  sodium  hydro- 
quinone forms  ^>-phenylene  di-carbonic  ether 
CtiH4(O.C02Et)2.  This  crystallises  from  alcohol 
in  long  needles,  [100°],  (310°),  and  appears  to  be 
split  up  by  heat  into  C02  and  mono-ethyl  hydro- 
quinone (245°-250°)  (Bender,  B.  13,  696 ;  Wal- 
lach,  A.  226,  85).  — 17.  Chloro-formamide  gives 
CdH4(O.CONH2)2,  which  crystallises  from  alcohol 
in  small  needles  [236°].  -  18.  Heated  with  ZnCl2 
and  glacial  acetic  acid  it  gives  di-oxy-phenyl 
methyl  ketone  (Nencki  a.  W.  Schmid,  J.  pr.  [2] 
23,  546). — 19.  Di-chloro-di-ethyl  oxide  in  warm 
EtOAc forms  C6H3(OH)2.CH2.CH(08H3(OH),) ,,  an 
amorphous  substance,  sol.  alcohol,  acetone, 
HOAc,  and  alkalis,  and  forming  a  hexa-acetyl 
derivative.  FeCL,  converts  it  into  a  green  colour- 
ing matter  C20H1G06,  whence  bromine  forms 
C20H7BraOd.  When  an  excess  of  di-chloro-di- 
ethyl  oxide  acts  on  a  solution  of  hydroquinone 
in  EtOAc  there  is  formed  a  resin  and  a  soluble 
compound  CI6H13C104  (Wislicenus  a.  Siegfried, 

A.  243,  171).  — 20.  Formic  acid  forms  a  com- 
pound  (CtfHti02)4CH./X,    which    crystallises   in 
needles,  and  melts  at  60°,  giving  oft'  formic  acid. 
It  is  also  decomposed  into  its  constituents  by 
solution  in  water  (Mylius,  B.  19,  1003).     When 
hydroquinone  (1  pt.)  is  heated  with  crystallised 
formic  acid  (2  pts.)  for  4  hours  at  250°  there  is 
formed  a  crystalline  mixture  of  (CdHdO,)  ,CH.,O2 
and    an    anhydride    thereof.      The    anhydride 
(C(iH(i02)sC.,H2O3  crystallises  in  colourless  glassy 
needles,  split   up    by  water,  alcohol,  or  ether, 
into  CO,  formic  acid,  and  hydroquinone  (Mylius, 

B.  19,    999). —  21.    KHC03    (4    pts.)    heated 
in   a   digestor  with  hydroquinone   (1  pt.)  and 
water   (4   pts.)  forms   di-oxy-benzoic   acid,  the 
yield  being  about  20  p.c.  (Senhofer  a.  Sarlay,  M. 
2,  449).— 22.  Malic  acid  and  H2S04  form  oxy- 

CHCH.— CO.— CO 
coumarin  I  ||          |      [250°]  (Von  Pcch- 

C(OH):CH.C.CH:CH 

mann  a,  Welsh,  B.  17, 1646).— 23.  With  KOH  and 
K2S2O7  it  forms  potassium  oxy-phenyl  sulphate 
CjH4(OH)S04K  crystallising  in  trimetric  tables 
(Baumann,  B.  11,  1913). 

Acetyl  derivative  C,H4(OAc),.  [121°]. 
Formed,  slowly,  by  the  action  of  AcCl  on  hydro- 
quinone in  the  cold  (Nietzki,  B.  11, 470).  Formed 
also  by  heating  quinone  with  NaOAc  and  Ac  X) 
or  glacial  HOAc  at  100°  (Hesse,  A.  220,  305),  or 
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by  heating  quinone  with  Ac.,0  at  260°  (Sarauw, 
A.  209,  128).  Long  needles  (from  alcohol), 
plates,  or  tables.  V.  sol.  benzene.,  chloroform, 
and  ether,  m.  sol.  alcohol  and  hot  water.  May 
be  sublimed.  Split  up  by  long  boiling  with 
water  into  HOAc  and  hydroquinone.  If  it  be 
treated  with  PCI.  and  the  product  distilled  with 
steam,  white  needles  of  C^Cl^O.,  [66°]  are  got 
(Michael,  Am.  9,  211).  This  body,  which  may 
be  C,;H,(OH)(OCC1:CC1,),  is  si.  sol.  hot  water,  sol. 
cold  ether,  benzene,  and  alcohol.  It  dissolves  in 
alkalis  and  is  reppd.  by  acids.  With  AcCl  it 
gives  an  acetyl  derivative. 

Propionyl  derivative  C8H4(OCSH3O)2. 
[113°].  Large  plates  (from  alcohol)  ;  v.  sol. 
chloroform  and  ether,  si.  sol.  hot  water  (Hesse, 
A.  200,  246).  Gives  a  nitro-  derivative  [86°]. 

Benzoyl  derivative  C6H4(OBz)2.  [199°]. 
Silky  needles  (from  benzene) ;  v.  si.  sol.  boiling 
alcohol  (Doebner,  A.  210,  263). 

Methyl  ether  C6H4(OH)(OMe).  [53°]. 
(242°).  Formed,  together  with  hydroquinone, 
by  boiling  arbutin  with  dilute  H2S04  ;  formed 
also,  together  with  the  di-methyl  ether,  by  heat- 
ing hydroquinone  with  KOH  and  KMeS04  at 
170°  (Hlasiwetz  a.  Habermann,  A.  Ill,  338). 
Prepared  by  heating  hydroquinone  (2  pts.)  with 
KOH  (1  pt.),  Mel  (3  pts.),  and  some  MeOH  at 
110°  (Hesse,  A.  200,  254).  Flat  white  needles 
(Tiemann,  B.  14,  1989)  or  trimetric  plates.  Not 
volatile  with  steam  (difference  from  the  di- 
methyl ether).  V.  sol.  cold  benzene  (difference 
from  hydroquinone).  Sol.  boiling  water.  FeCl3 
converts  it  into  quinhydrone.  It  reduces  hot 
ammoniacal  AgN03.  Fuming  HNO3  dissolved 
in  ether  forms  a  mono-  and  a  di-nitro-  derivative, 
melting  at  83°  and  102°  respectively  (Weselsky  a. 
Benedikt,  Sitz.  W.  [2]  84, 258).— CdH4(OMe)(OK) : 
crystalline  powder;  insol.  ether  (Michael,  Am. 
5,177). 

Di-methyl  ether  C.H4(OMe),.  [56"]. 
H.F.p.  81,924  (C,O,  =  94,000  ;  H2,6  =  69,000) 
(Stohmann,  J.  pr.  [2]"  35,  28).  Formed  by  boil- 
ing hydroquinone  (78  g.)  under  960  mm.  pressure, 
with  KOH  (93  g.),  and  Mel  (234  g.)  dissolved  in 
MeOH  (Miihlhauser,  A.  207, 252).  Large  plates. 
Eeduces  hot  ammoniacal  AgN03.  FeCl3  forms 
quinhydrone. 

Mono-ethyl  e^er  CBH4(OEt)(OH).  [66°]. 
(247°).  From  the  ethyl  derivative  of  the  sulphate 
of  diazo-phenol  by  boiling  with  water  and  ex- 
tracting with  ether  (Hantzsch,  J.pr.  [2]  22,464). 
Also  from  hydroquinone,  KOH,  and  Mel  (Wichel- 
haus,  B.  12,  1501).  Thin  plates  (from  water). 
SI.  sol.  cold  water ;  v.  sol.  hot  water,  alcohol,  and 
ether.  Slightly  volatile  with  steam.  Boiled  with 
dilute  hydric  iodide  and  a  little  alcohol  it  forms 
hydroquinone.  Cone.  HI  at  high  temperatures 
carbonises  it.  Although  hydroquinone  forms  no 
aldehyde  by  Tiemann  a.  Eeimer's  method,  yet 
ethyl-hydroquinone  (14  g.)  with  NaOH  (20  g.) 
and  water  (35  g.)  at  60°  is  converted  into  a  di- 
oxy-benzoic  aldehyde  by  running  in  chloroform 

(15  g.)- 

Di -ethyl  ether  CtfH4(OEt)2.  [124°].  From 
hydroquinone,  NaOH,  and  EtI  (Nietzki,  A.  215, 
145).  Plates ;  volatile  with  steam.  V.  sol.  al- 
cohol, ether,  chloroform,  and  benzene. 

Methyl  ethyl  ether  CdH4(OMe)(OEt). 
[39°].  Prepared  by  heating  the  mono-methyl 
ether  with  KEtS04  and  KOH,  and  distilling  the 


product  (Fiala,  M.  5,  232).  (VourYss  crystal- 
line mass,  smelling  like  oil  of  fennel.  Insol. 
water,  sol.  benzene  and  ether. 

Methyl   propyl    ether    C  H,(OMe)(OPr). 
[24°].     From  the  mono-methyl  ether,  KOH,  and 
;  potassium    propyl   sulphate.      Puritied  by   fre- 
!  quent  distillation  with  steam  (F.).    Leaflets;  in- 
sol. water,  sol.  benzene,  ether,  and  alcohol. 

Ethyl  propyl  ether  C0H4(OEt)(OPr). 
[36°].  Pearly  plates  (from  HOAc). 

Methyl  isobutyl  ether 
C(iH4(OMe)(OCH2Pr).  (227°-230°).  From 
CoH,(OH)(OMe),  KOH,  and  potassium  isobutyl 
sulphate.  Purified  by  fractional  distillation. 
Heavy  oil,  with  aromatic  odour ;  sol.  benzene, 
ether,  and  alcohol  (F.). 

Ethyl    isobutyl    ether 
C6H,(OEt)(OCH2Pr).   [39°].    Lamina*  (Fiala,  M. 
6,  910). 

Propyl    isobutyl    ether 
CtiH4(OPr)(OCH2Pr).     (245°).    Oil. 

Di  -  isobutyl  ether  Ci(H4(OCH2Pr)2. 
(262°).  Formed  by  heating  hydroquinone  with 
KSO4CH,Pr  and  KOH  in  sealed  tubes  at  150% 
being  isolated  by  distilling  the  product  with 
steam  (Schubert,  M.  3,  680).  Leaflets;  insol. 
water,  sol.  alcohol  and  ether.  Chlorine  forms  a 
di-  and  a  tetra-chloro-  derivative,  together  with 
tetra-chloro-quinone.  Bromine  forms  a  di-bromo- 
derivative  as  well  as  tetra-bromo-quinone.  A 
mixture  of  HN03  and  H2S04  forms  a  tetra-nitro- 
derivative.  All  these  derivatives  are  crystalline, 
insol.  water,  and  sol.  alcohol  and  ether. 

Methyl    isoatnyl    ether 
CtfH4(OMe)(OCH.,.CH2Pr).       (234°-237c).       Oil 
(Fiala,  M.  6,  910). 

Ethyl    isoamyl    ether 
CtiH4(OEt)(OCH,.CH2Pr).     (252°).     Oil. 

Benzyl  derivative  CHH5CH,.O.CtiH4OH. 
[122-5°].  Formed  from  benzyl-arbutin  (v.  ARBU- 
TIN) by  boiling  dilute  H2S04  (Schiff  a.  Pellizzari, 
A.  221,  369).  Formed  also  from  hydroquinone, 
KOH,  alcohol,  and  benzyl  bromide.  Silvery 
scales  (from  water).  V.  si.  s  1.  cold  water ;  v. 
sol.  alcohol,  ether,  and  benzene.  Sol.  KOHAq. 
HN03  forms  a  di-nitro-  derivative  [137°]. 

Di-benzyl  derivative  C.,nH,HO2  i.e. 
C6H4(O.C7H7),.  [130°]  (S.  a.  P.) ;  [128°]  (Colson, 
Bl.  [3]  1,  347).  From  hydroquinone,  KOH, 
benzyl  bromide,  and  alcohol.  Tables  (from  alco- 
hol). Insol.  water  and  KOHAq  ;  sol.  benzene, 
ether,  and  chloroform.  Cone.  HNO3  dissolves 
it,  forming  a  nitro-  derivative  crystallising  in 
lemon-yellow  needles  C20Hr(N02)02.  [85  J  (S. 
a.  P.) ;  [78°j  (C.). 

Bromo-phenyl  ether ClfH,(OH)(OC0H  Bv). 
Formed  by  the  action  of  boiling  HBr  on  a  solu- 
tion of^?-diazo-phenol  sulphate: 

(i.)  C.H,(OH)N2S04H  +  HBr 

=  CJEI.fOHJBr  +  N2  +  H  SO, 

(ii.)  C«H,(OH)I3r  +  C0H4(OH)N  so  H 

=  C.H^OHJ.O.C.H^r  +  H.SO,  +  N,. 

A  pungent  oil.     Sol.  alkalis,  alcohol  and  ethrr. 

Its  constitution   is   somewhat  doubtful,  as    its 

vapour   density  has   not  been  taken   (iiolimer, 

J.pr.  [2]  24,473). 

References. — AMIDO-,  BROMO-,  CIILORO-,  IODO- 
and  NITRO-,  HYDROQUIXONE. 

Dihydroquinone  v.  TETRA-OXY-DIPHENYL. 
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Hydroquinone  di-carboxylic  acid  v.  DI-OXY- 

TEREPHTHALIC    ACID. 

Hydroquinone  tet-a-carboxylic  acid  C}lfltiOlo 
i.e.  CHH,(OH),(CO,H)4  [1:4:2:3:5:6].  Di-oxy- 
in/romellitic  acid.  Obtained  by  saponifying  the 
ether  with  KOHAq  (Nef.  A.  237,  32 ;  C.  J.  53, 
428).  Flat,  pale  yellow,  needles  (containing  1£ 
aq),  v.  sol.  hot  water,  the  yellow  solution  ex- 
hibiting  green  fluorescence.  FeCl3  colours  its 
solution  blue.  Nitric  acid  does  not  act  on  it  in 
the  cold,  but  on  warming  complete  decomposition 
occurs.  Chiomic  acid  behaves  in  like  manner. 
Na4Aiv:  characteristic  faint  yellow  prisms,  v.  si. 
sol.  NaOHAq. — Ag,Aiv:  lemon  yellow  flocculent 
pp.  The  lead  salt  is  a  light  yellow  granular 
pp.  The  barium  salt  is  a  pale  yellow  gianular 
pp. 

Ethyl  ether  Et4A".  [128°].  Formed  by 
treating  a  solution  of  quinone  tetra-carboxylic 
ether  in  HOAc  with  zinc-dust  (Nef).  Pale 
yellow  needles,  v.  sol.  alcohol,  ether,  and  HOAc, 
the  solutions  exhibiting  blue  fluorescence. 
Crystallises  in  two  forms,  both  monoclinic,  viz.: 
(i.)  a:b:c  =  2-388:1:3-000;  8  =  64°  36';  and  (ii.) 
a:b:c  =  1-790:1:3-321 ;  0  =  81°  53'  (Groth).  Its 
alcoholic  solution  is  coloured  bluish-green  by 
Fed,.  It  dissolves  in  dilute  NaOHAq.  NaOEt 
gives  a  red  colour.  Nitric  acid  (S.G.  1-4) 
oxidises  it  to  quinone  tetra-carboxylic  ether. 
Zinc  and  HC1  reduce  it  to  the  following  body. 

Dihydride  ol  hydroquinone  tetracarboxylic 
ether  C1SH24O1C  i.e.  C0H2(pR)^(C0.2Et)4.p-Diketo- 
methi/lene  "tetracarboxylic  acid.  [144°].  Formed 
by  adding  zinc-dust  (10  g.)  and  cone.  HC1  to  an 
alcoholic  solution  of  the  preceding  ether  (2g.) 
(Nef).  Colourless  needles  or  prisms  (containing 
o:aq).  In  the  hydrated  condition  it  is  v.  sol. 
alcohol  and  ether ;  in  the  anhydrous  condition  it 
is  but  slightly  soluble  in  these  liquids.  Its 
solutions  show  feeble  blue  fluorescence.  Its 
alcoholic  solution  is  coloured  cherry-red  by  FeCl3. 
Bromine  added  to  its  solution  in  CS2  forms 
hydroquinone  tetra-carboxylic  ether.  It  reacts 
with  phenyl-hydrazine  and  with  hydroxylamine ; 
and  on  this  account  its  formula  may  also  be 
written  C,;H402(C02Et)4  i.e.  tetra-hydride  of 
quinone  tetra-carboxylic  acid.  Hence  Nef  sug- 
gests that  one  of  the  two  crystalline  forms  in 
which  he  obtained  hydroquinone  tetra-carboxylic 
ether  may  be  the  di-hydride  of  quinone  tetra- 
carboxylic ether  C,,H20,(C02Et)4. 

HYDRGQTJINOtfE  CAKBOXYLIC  ALDE- 
HYDE V.  Dl-OXY-BENZOIC  ALDEHYDE. 

HYDROQUINONE-GLUCOSIDE  v.  ARBUTIN. 
HYDROQOINONE-PHTHALEIN  C20H,.,06  i.e. 

o.     Mol   w;  332 

[227°].  Formed,  together  with  quinizarin,  by 
heating  hydroquinone  (2  mols.)  with  phthalic 
anhydride  (1  mol.)  and  a  quantity  of  SnCl4  equal 
to  13  times  the  weight  of  the  mixture,  the  whole 
being  heated  at  125°  for  13  hours  (Grimm,  B. 
6,  506;  Ekstrand,  B.  11,  713).  Tables  (contain- 
ing aq  from  water)  or  needles  (from  ether) ;  si. 
sol.  hot  water,  v.  sol.  alcohol  and  ether.  Crys- 
tallises from  alcohol  in  needles  (containing 
HOEt).  Alkalis  turn  its  aqueous  solution  deep 
violet.  Bromine,  added  to  its  solution  in  HOAc, 
forms  penta-bromo-hydroquinone  phthalein 
CJOII,BrsOa  [above  300°],  a  colourless  crystalline 


powder,  insol.   all  ordinary  solvents.     It  gives 
colourless  solutions  with  alkalis. 

Di-acetylderivativeC,(,H.luA.c2Q5.  [210°]. 
Colourless  crystals  (from  MeOH). 

Hydroquinone  phthalin  C20HU0V  [203°  un- 
cor.].  Formed  by  heating  hydroquinone-phthal- 
ein  for  4  hours  with  zinc-dust  and  aqueous 
NaOH.  Crystallises  from  benzene  in  large  tables 
(containing  C,,H(j).  Its  alkaline  solutions  are 
colourless.  HaSO,  forms  a  red  liquid,  whence 
water  gives  an  olive-green  flocculent  pp.  of  hy- 
droquinone-phthalidin,  which  dissolves  in  ether 
with  green  fluorescence.  Hydroquinone-phthalin 
readily  yields  the  corresponding  phthalein  when 
treated  with  oxidising  agents. 

Di-acetyl  derivativcC.2nRlzA.c.flb.  [191°]. 
Colourless  prisms  (from  MeOH). 

HYDRO-QUINONE  SULPHONIC  ACID 
C0H8(OH)2SOSH.  Prepared  by  heating  hydro- 
quinone (1  pt.)  with  8  pts.  of  H.2S04  at  50°  for 
3  hours  (Seyda,  B.  16,  683).  Crystalline  solid. 
Gives  a  blue  colouration  with  Fe2Clti.  By  fusion 
with  NaOH  or  by  heating  to  180°  with  aqueous 
or  alcoholic  NH3  the  HSO3  group  is  eliminated 
as  sulphate  and  hydroquinone  regenerated. 

Salts.  —  A'K  :  long  monoclinic  crystals, 
a:b:c  =  -96:1:2-2256  ;  B  =  107°  23' ;  v.  sol.  water, 
si.  sol.  alcohol ;  reduces  AgNO3. — A'gBa  :  amor- 
phous powder,  sol.  water. — A'2Zn  4aq :  concentric 
needles,  v.  sol.  water  and  alcohol. 

Hydroquinone  disulphonic  acid 
CtiH2(OH)2(SO3H)2.  Formed  by  treating  quinic 
acid  with  fuming  H2S04  (Hesse,  A.  110,  195). 
Syrup ;  v.  sol.  water  and  alcohol,  insol.  ether. 
Solutions  of  its  alkaline  salts  give  a  deep  blue 
colour  with  FeCL,  and  reduce  AgN03.  Converted 
into  quinizarin  by  heating  with  phthalic  acid  and 
H2SO4.  —  K.jA"l|aq:  prisms.  —  CaA"3aq.  — 
BaA"  4aq :  monoclinic  prisms,  m.  sol.  cold  water. 
— A"(PbOH),. 

Hydroquinone-di-sulphonic  acid 
C,,H,(OH)2(SOSH)2.  Prepared  by  heating  hydro- 
quinone (1  pt.)  with  5  pts.  of  fuming  H.,SO4  for 
1  hour  at  100°-110°  (Seyda,  B.  16,  690).  Formed 
also  by  heating  potassium  thiochromate  with 
water  at  135°  (Graebe,  A.  146,  43).  Long  deli- 
quescent needles.  V.  sol.  alcohol,  v.  si.  sol. 
ether.  Gives  quinizarin  when  heated  with 
phthalic  acid  and  H2S04. 

Salts.— A"K24aq :  long  prisms,  sol.  hot 
water,  si.  sol.  cold  water,  insol.  alcohol.  FeCl3 
colours  its  aqueous  solution  blue.  It  reduces  a 
boiling  solution  of  AgNO;j.  —  A"Na/  :  white 
amorphous  powder,  sol.  water,  insol.  alcohol. — 
A'Ba3|aq:  glistening  needles  or  long  prisms, 
sol.  hot,  si.  sol.  cold,  water,  insol.  alcohol. — 
A"Zn  6aq :  concentric  needles  or  long  prisms, 
sol.  hot  water. 

Hydroquinone  di-sulphonic  acid 
CgHj/OHySO,!!)^  From  2>diazo-phenol  disul- 
phonic acid  (Wilsing,  A.  215,  239).  Does  not 
crystallise.  Gives  with  Fed.,  a  violet  colour. 
Eeduces  AgN03.  BaCl2  and  Pb(OAc)2  give  pps. 
sol.  HOAcAq. 

Salt.-— K,A"aq. 

Hydroquinone-disulphonic acid.  Di-metliyl 
derivative  CgH^OMeJ^HSO;).,.  Prepared  by 
sulphonating  the  di-methyl  ether  of  hydro- 
quinone (Kariof,  B.  13,  1673).  Colourless  deli- 
quescent needles.  V.  e.  sol.  water  and  alcohol, 
insol.  ether. 
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Salts. -A"K2:  large  colourless  tables,  sol. 
water.  Fed.,  colours  its  solution  deep  violet- 
blue. — A"(NH,)2 :  colourless  soluble  prisms. — 
A"Ba  :  white  amorphous  powder,  v.  sol.  water, 
insol.  alcohol.  — A"Zn  :  felted  needles. 

HYDRORETENEQUINONE  v.  UETEXE. 

HYDROSOdBIC  ACID  v.  HEXENOIC  ACID. 

HYDROSULPHIDES.  (Sulplioliydratcs.) 

Compounds  of  an  element  or  radicle  with  hydro- 
gen and  sulphur.  The  name  is  sometimes  re- 
stricted to  those  compounds  which  on  account 
of  their  reactions  probably  contain  the  group 
SH.  The  hydrosulphides  are  the  sulphur  ana- 
logues of  the  hydroxides.  The  name  sulplio- 
hydrates,  sometimes  given  to  these  compounds, 
is  badly  chosen,  as  it  suggests  a  compound  of 
water  with  a  sulphur-containing  substance.  The 
hydrosulphides  are  not  numerous.  Many  non- 
metallic  sulphides  combine  with  more  positive 
sulphides  to  form  salts  the  negative  radicle  of 
which  is  the  non-metallic  sulphide ;  such  salts 
may  be  regarded  as  derivatives  of  acidic  hydro- 
sulphides  ;  but  very  few  of  these  hypothetical 
acidic  hydrosulphides  have  been  isolated.  As2Sw, 
for  instance,  combines  with  many  metallic  sul- 
phides to  form  salts  of  the  three  classes 
As.S^.M^S,  As^s-SM^S,  and  As2S?.2M"S ;  the 
hydrosulphides  of  As  corresponding  to  these 
salts  would  be  As2S4H.>  or  AsS.SH,  As.^H,.  or 
As(SH)3,  and  As,S3H4"or  As,S(SH)4;  but  none 
of  these  hydrosulphides  has  been  isolated.  The 
compounds  H.SH  and  CS(SH),  are  acidic  hydro- 
sulphides.  The  metallic  hydrosulphides  which 
have  been  isolated,  e.g.  CaS2H2,  BaS^H,,,  are  few 
in  number  and  on  the  whole  unstable  ;  the  pro- 
duction of  a  hydrosulphide  seems  to  be  fairly 
characteristic  of  a  markedly  positive  metal. 

M.  M.  P.  M. 

HYDROSULPHOCYANIC    ACID    v.    CYANIC 

(SULPHO)  ACID,  p.  303. 

HYDRO-TEREPHTHALIC  ACID  v.  Hydrides 
of  TEREPHTHALIC  ACID. 

HYDROTHYMOQUINONE  CI(IH140.,  i.e. 
CiHjMefCjH^OH),.  [140°].  (290°).  Formed 
by  reducing  thymoquinone  with  S02  (Carstan- 
jen, J.  pr.  [2]  3,  54 ;  Lallemand,  A.  101,  121 ; 
102,  121).  V.  si.  sol.  cold,  m.  sol.  hot,  water  ; 
v.  sol.  alcohol  and  ether.  May  be  sublimed. 
Gives  thymoquinone  on  oxidation.  Its  methyl 
ether  constitutes  80  p.c.  of  the  essential  oil  de- 
rived from  the  roots  of  Arnica  montana  (Sigel, 
A.  170,  363). 

Sulphonic  acid  C0HMe(C3H7)(OH)2.S03H. 
Potassium  salt  KA'.  Formed  by  warming 
thymoquinone  with  aqueous  K2SK)3  (Carstanjen, 
J.pr.  [2]  15,  478).  Crystalline.  FeCl3  colours 
its  aqueous  solutions  emerald  green,  the  colour 
changing  to  yellow.  It  reduces  silver  solution 
forming  a  mirror.  Decomposed  by  boiling 
HClAq  into  H.,S04  and  hydrothymoquinone. 

HYDROTIGLIC  ACID  v.  VALERIC  ACID. 

HYDROTIC  ACID  CJi.NO..  A  syrupy  acid 
occurring  in  perspiration  (Favre,  J.  pr.  58,  365). 
Sol.  alcohol.— AgA' :  v.  si.  sol.  alcohol. 

HEXA-HYDRO-TOLUENE  v.  TOLUENE  HEXA- 

HYDIUDE. 

HYDROTOLUQTJINONE  C  H,Me(OH)2[l:2:5]. 
[124°].  (N.) ;  [126°]  (Riedel,  B.  13,  126).  _ 

Formation. —  1.  By  reducing  toluquinone 
with  SO,  (Nietzki,  A.  215,  159).— 2.  By  oxidising 
o-toluidine  with  chromic  acid  mixture  (Nietzki, 


B.  10, 1935).  -  3.  By  treating  amido-o-crcsol  with 
nitrous  acid  (Nevile  a.  Winther,  C.  J.  41,  415; 
B.  15,  2979).  Pearly  plates.  May  be  sublimed. 
V.  e.  sol.  water,  alcohol  and  ether,  m.  sol.  benz- 
ene. Oxidised  readily  to  toluquinone.  In 
aqueous  NaOH  it  forms  a  bluish-green  solution, 
turning  dark  brown.  Its  ammoniacal  solution 
turns  brown  in  air.  Fed.,  gives  a  brownish-red 
colour.  Bleaching  powder  gives  a  bluish-green 
colouration,  turning  brown.  It  combines  with 
aniline,  forming  C.H^OH^NH.^Ph).,,  which  crys- 
tallises in  small  white  plates  L85Q],  sol.  water 
(Hebebrand,  B.  15, 1974).  With  p-toluidine  it 
forms  in  like  manner  C;Hd(OH)2(C7H7NH.,),, 
crystallising  in  pearly  plates  [90°]. 

Di-acetyl  derivative  C7Hri(OAc)2.    [52°]. 

Mono-methyl  ether  C7H..(OH)(OMe). 
[72°].  (240°-245°).  Formed,  together  with  the 
di-methyl  ether,  by  heating  hydrotoluquinone 
(12  pts.)  with  NaOH  (8  pts.),  Mel  (30  pts.)  and 
MeOH  (100  pts.)  at  100°.  Plates.  Sol. 
NaOHAq. 

Di-methyl  ether  C7H,(OMe)2.  [15°]. 
(214°-218°).  Differs  from  the  preceding  ether 
in  being  volatile  with  steam  and  insol.  alkalis. 
Oxidised  by  chromic  acid  to  a  compound 
C1BHI60,,  crystallising  from  alcohol  in  thin, 
almost  black,  needles  [153°],  which  may  be  re- 
duced by  aqueous  ammonium  sulphide  to 
C1(iH1(j04,  which  separates  from  benzene  in  slen- 
der needles  [173°].  The  compound  C16H1804  is 
converted  by  heating  with  cone.  HClAq  at  100° 
into  MeCl  and  C)4H,,O3  [232°],  which  separates 
from  alcohol  in  plates  (containing  aq). 

Isohydrotoluquinone  C7H80,.  [204°]. 
Formed  by  allowing  toluquinone  (2  pts.)  to  stand 
for  24  hours  with  a  mixture  of  H,S04  (5  pts.)  and 
water  (5  pts.)  and  reducing  the  resulting  isotolu- 
quinone  with  S02  (Spica,  G.  12,  225).  Pearly 
needles,  sol.  benzene,  v.  e.  sol.  alcohol  and  ether. 
Keoxidised  by  moist  air  to  isotoluquinone.  As 
only  one  toluquinone  is  indicated  by  theory,  this 
body  is  perhaps  a  polymeride  thereof. 

HYDROXAMIC    ACIDS    v.    HYDBOXYLAMIXE 

DERIVATIVES. 

HYDPvOXIDES.  Compounds  of  an  element 
or  radicle  with  oxygen  and  hydrogen,  not  with 
water.  The  term  is  restricted  by  some  chemists 
to  compounds  whose  reactions  indicate  the  pre- 
sence of  the  group  OH  (v.  HYDRATES).  If  an 
hydroxide  is  defined  to  be  a  compound  of  an 
element  or  radicle  with  the  group  OH,  a  classifi- 
cation of  hydroxides  may  be  made,  on  the  basis 
of  composition,  into  mono-,  di-,.  .  .  .n  hydroxyl 
compounds.  Hydroxides  vary  much  in  pro- 
perties; some  are  alkaline,  e.g.  KOH  and  NaOH; 
some  are  acids,  e.g.  NO2.OH  and  SOa(OH)2 ;  some 
are  neutral,  e.g.  H.OH  (cf.  HYDRATES). 

M.  M.  P.  M. 

HYDBOXONIO-  ACID  CsH,0NtiO;.  An  acid 
produced  by  the  action  of  sodium-amalgam  on 
acid  potassium  allantoxanate  C4H.2N.,O4K  (Pono- 
maroff,  J.  B.  11,56).  Heavy  crystalline  powder, 
si.  sol.  boiling  water.  Not  affected  by  boiling 
HClAq  or  HN03.  HClAq  at  150°  forms  CO2, 
ammonia,  and  a  little  CO.  Boiling  bromine 
water  gives  biuret,  CO,  and  C02.  Alkaline 
KMn04  oxidises  it  to  allantoxanic  acid.  — 
(NHJ-jA" :  small  needles,  si.  sol.  cold  water. — 
K..A"  :  small  prisms.  S.1'5.— Na,A".~  BaA"2aq  : 
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crystalline  pp.  —  MgA"4aq.  —  PbA"l*aq.  — 
Ag.,A"  3aq  :  crystalline  pp. 

"HYDKOXY-  COMPOUNDS  v.  OXY-  COM- 
POUNDS. 

HYDE  OX  YL.  The  radicle  OH.  This  group 
occurs  in  alcohols  and  in  most  acids.  Its  pre- 
sence in  organic  compounds  is  shown  by  the 
following  reactions  :  1.  Sodium  gives  off  hydro- 
gen. —  2.  Zinc  ethyl  gives  off  ethane  (Japp, 

C.  J.  37,  665).— 3.  PC15  gives  off  HCL— 4.  AcCl 
and  BzCl   react,  giving   off  HC1,  and  forming 
acetyl  and  benzoyl  derivatives  of  the  substance. 
5.  Ac.,0  and  Bz.,0  also  form  acetyl  and  benzoyl 
derivatives.     The  number  of  hydroxyls  present 
may   be  determined   by  saponifying  the  acetyl 
derivative  with  standard  alkali,  and  titrating  the 
product  with  standard  acid  (Schiff,  B.  12,  1532). 
Jackson  a.  Eolfe  (Am.  9,  82)  prefer  to  prepare 
the  £>-bromo-benzoyl  derivative  by  means  of  p- 
bromo-benzoyl  chloride  or  anhydride,  and  then 
to  determine  by  analysis  the  percentage  of  brom- 
ine in  the  product. — 6.  According  to  Landwehr 
(B.  19,  2726)  if  a  substance  is  added  in  excess  to 
15  c.c.  of  a  very  dilute  solution  of  ferric  chloride 
(prepared  by  adding  2  drops  of  a  10  p.c.  solution 
of  FeCl3  to  60  c.c.  of  water),  the  production  of  a 
sulphur-yellow  colour  denotes  the  presence  of 
hydroxyl. 

Hydrogen  dioxide  has  sometimes  been  termed 
hydroxyl. 

HXDROXYLAMINE  NH,OH.  (Oxy am- 
monia). This  base  was  prepared  by  Lossen  in 
1865  by  reducing  C2H5N03  by  the  action  of  Sn 
and  HClAq.  It  is  a  product  of  the  reduction  of 
nitroparaffins  and  nitrolic  acids,  of  HNO3,  HN02, 
some  nitrates  and  nitrites,  and  is  also  produced 
by  the  union  of  H  with  NO.  NH,OH  has  not 
been  isolated ;  it  is  known  only  in  aqueous  solu- 
tion. 

Formation. — 1.  By  the  partial  reduction  of 
HN03,  by  Sn  and  certain  other  metals  with 
HClAq  or  H2S04Aq,  or  by  an  acidified  solution 
of  SnCl2.  Divers  (C.  J.  43,  443)  and  Divers  a. 
Shimidzu  (C.  J.  47,  597)  have  examined  the 
reaction  of  Sn,  Zn,  and  some  other  metals  on 
HN03Aq  in  presence  of  HC1  or  H,S04.  They 
conclude  that  NH2OH  is  a  product  of  the  inter- 
action of  both  acids  and  the  metal,  and  that  it 
is  not  produced  by  the  reducing  action,  on  the 
HN03,  of  hydrogen  formed  by  the  reaction  be- 
tween the  metal  and  the  HC1  or  H2S04  present. 
NH3  is  formed  along  with  NH2OH  ;  according  to 

D.  a.  S.  the  NH,  is  a  product  of  the  reaction  be- 
tween the  metal  and  HNO3.  Von  Dumreicher  (M. 
1, 724)  found  that  SnCL,  in  presence  of  HC1  reduces 
HN03  to  NH,OH ;  Divers  a.  Haga  (C.  J.  47, 623) 
find  that  if  sufficient  water  is  present  to  prevent 
any  reaction  between  the  HC1  and  HN03  no 
NH2OH  is  produced  ;  the  SnCl2  thus  appears  to 
react  with  a  product  of  the  interaction  of  the 
two  acids. — 2.  By  reducing  NH4N03  by  Sn  and 
HClAq  (Maumene,  C.  B.  70,  147) ;  or  NaN03  by 
the  same  reagents  (Donath,  W.  A.  B.  [2nd  part] 
75,  566). — 3.  By  reducing  NO  by  passing  it  into 
Sn  and  HClAq,  or  by  reaction  with  SnCL,  and 
HClAq  (Von  Dumreicher,  M.  I,  724 ;  Dive'rs  a. 
Haga,  C.  J.  47,  623).     According  to  D.  a.  H. 
there  is  no  action   between   NO  and   acidified 
SnCL,  solution  at  100°.— 4.  By  the  action  of  Sn 
and  HC1,  or  SnCl2in  HClAq,  on  C,H  NO,  (Lossen, 
Z.  [2]   1,  551). — 5.  By  reducing  various  nitro- 


paraffins, e.g.  CHJSIO,  or  C(CH,),(N02)2,  by  Sn 
and  HC1  (Meyer  a.  Locher,  B.  8, 215) ;  also  by  the 
reaction  of  the  nitroparatfins  with  cone.  H.,S04 
or  HClAq  (Preibisch,  J.  pr.  [2]  7,  480  ;  8,  316 ; 
M.  a.  L.,  I.e.}.-—  6.  By  reducing  certain  nitrites  by 
K  or  Na  (Divers,  C.  J.  43,  454).— 7.  By  reducing 
AgNO,,  H-NO  ,  or  Cu(N02)2  by  H2S  (Divers  a. 
Shimidzu,  C.  J.  51,  48). 

Preparation. — 1.  A  mixture  of  120  grams 
C2H5NO3,  400  grams  granulated  tin,  and  800- 
1,000  c.c.  HClAq  S.G.  1-19,  to  which  are  added 
about  2,500-3,000  c.c.  water,  is  placed  in  several 
large  flasks ;  action  proceeds  without  heating ; 
the  flasks  are  shaken  from  time  to  time  ;  when 
the  action  ceases  the  contents  of  the  flasks  are 
mixed,  at  least  an  equal  volume  of  water  is 
added,  and  the  Sn  is  ppd.  by  passing  in  H_,S ; 
the  filtrate  from  SnS  is  concentrated,  at  first 
over  a  flame,  then  on  the  water-bath ;  NH,C1 
separates  out,  then  a  compound  of  NH,C1  with 
SnCl2 ;  these  crystals  are  removed,  and  the 
mother-liquor  is  evaporated  to  a  small  bulk, 
when  crystals  of  NH.OH.HCl  mixed  with  NH4C1 
separate  (the  mother-liquor  contains  various 
compounds  of  C,  and  chlorides  of  Fe,  &c.,  de- 
rived from  the  HC1  or  the  Sn  used).  The  crystals 
are  shaken  with  a  very  little  cold  absolute  alco- 
hol, the  liquid  is  poured  off ;  a  few  drops  more 
absolute  alcohol  are  added,  and  again  poured  off; 
the  crystals  are  now  kept  in  contact  with  boiling 
absolute  alcohol  until  they  are  dissolved,  the 
liquid  is  filtered  hot,  and  (while  still  hot)  enough 
PtCl4  in  alcohol  is  added  to  ppt.  the  NH,C1  as 
2NH4Cl.PtCl4;  the  filtered  liquid  yields  crystals  of 
pure  NH2OH.HC1  on  cooling ;  by  evaporating  the 
mother-liquid  a  further  yield  of  crystals  is  ob- 
tained ;  these  should  be  recrystallised  from  hot 
absolute  alcohol.  About  47  grams  NHo.OH  are 
obtainable  by  this  process  from  120  grams 
C.,H,NO3  (Lossen,  A.  Suppl.  6,  220).  To  pre- 
pare the  C2H5N03for  making  NH,OH,  400  grams 
HN03Aq  S.G.  1-4,  which  have  be'en  boiled  for  a 
few  minutes  with  about  7  grams  urea  nitrate 
and  allowed  to  cool,  are  mixed  with  300  grams 
commercial  absolute  alcohol ;  300  grams  urea 
nitrate  are  added,  and  the  whole  is  distilled  from 
a  tubulated  retort  until  from  ^  to  f  have  distilled 
over,  when  a  funnel  with  glass  stopcock  is  placed 
in  the  tubulus  of  the  retort,  and  a  freshly  pre- 
pared mixture  of  400  g.  HNO?Aq  with  300  g. 
alcohol  is  allowed  to  flow  into  the  retort, 
drop  by  drop,  while  distillation  proceeds.  The 
C2H5N03  thus  obtained  is  washed  with  water, 
and  then  used  as  already  described.  —  2.  Von 
Dumreicher  (Sitz.  W.  82,  560)  recommends 
j  the  reduction  of  C2H..N03  by  a  solution  of 
SnCL  in  HClAq ;  about  90  p.c.  of  the  theoretical 
yield'of  NH,.OH  is  thus  obtained.  C,H,NO:t  is 
mixed  with  a  solution  of  SnCl2  in  cone.  HClAq 
in  the  ratio  shown  by  the  equation 

C,H-N03  +  3SnCL,  +  6HC1 
-  NH..OH  +  C,HbO  +  3SnCl ,  +  H,0  ; 
alcohol  is  ad'ded  so  as  to  make  a  homogeneous 
liquid,  and  after  a  little  the  whole  is  gently 
warmed  until  a  little  of  the  liquid  gives  a  clear 
yellow  pp.  with  H2S.  The  Sn  is  removed  by  ppn. 
with  H.S,  the  filtrate  is  evaporated  and  treated 
as  directed  in  1.  Instead  of  the  tedious  process 
of  ppg-  Sn  by  H.,S,  and  the  long-continued  eva- 
poration of  the  filtrate,  V.  Meyer  (B.  15,  2789)  re- 
commends to  concentrate  the  liquid  considerably, 
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and  when  cold  to  add  excess  of  Na2CO:1,  to  filter 
from  the  pp.  which  contains  Sn,  and  also  Fe,  Ca, 
&c.,  present  as  impurities,  to  carefully  acidify 
with  HC1,  and  evaporate  on  the  water-bath  ;  by 
treating  the  residue  with  hot  absolute  alcohol, 
filtering  from  NaCl  and  NH,C1,  and  cooling, 
crystals  of  NH2OH.HC1  containing  only  about 
10  p.c.  NH4C1  are  obtained.  These  crystals  are 
sufficiently  pure  for  most  purposes  for  which 
NH..OH  is  used.— 3.  Ludwig  a.  Hein  (B.  2,  071) 
pass  NO  (made  from  HNO3,  H,S04,  and  FeS04, 
and  stored  in  a  gasholder)  through  a  series  of 
bottles  containing  Sn  and  cone.  HClAq  to  which 
a  little  PtCl4  has  been  added ;  the  dissolved  Sn 
is  removed  by  ppn.  as  SnS  ;  the  rest  of  the  pro- 
cess is  as  described  in  1.  In  this  reaction  some 
N  is  always  produced,  but  N.2O  is  not  formed 
(Divers  a.  Hager,  C.  J.  47,  623).  If  air  is  ex- 
cluded no  NH3  is  produced  according  to  D.  a.  H. ; 
but  Von  Dumreicher  (M.  1,  724)  says  that  NH3 
is  formed  by  reduction  of  NH2OH  by  the  SnCl2. 
4.  NH2OH  is  not  economically  prepared  by  the 
reduction  of  HN03.  In  one  case,  however,  Divers 
obtained  fully  80  p.c.  of  the  HN03  as  NH,OH 
(C.  J.  43,  445)  ;  in  this  experiment  58  c.c.  cone. 
HClAq  were  mixed  with  5  c.c.  HN03Aq  S.G.  1-42, 
and  the  mixture  was  at  once  poured  on  to  35  g. 
granulated  tin  in  an  atmosphere  of  C02,  the 
flask  being  placed  in  cold  water.  If  this  method 
is  employed  the  liquid  must  be  kept  very  de- 
cidedly acid  throughout  the  reaction ;  about  5-6  g. 
H2S04  (supposing  that  acid  to  be  used)  should 
be  present  in  every  100  c.c.  liquid,  the  amount 
of  HN03  in  100  c.c.  not  exceeding  -7g.  (Divers  a. 
Shimidzu,  C.  J.  47,  597).  Divers  (C.  J.  43, 
453)  has  examined  the  action  of  various  metals 
on  a  mixture  of  HNO?  and  HC1  or  H2SO4. 

NH2OHAq  is  obtained  from  one  of  the  salts 
prepared  as  described,  (i.)  by  forming  the  sul- 
phate, by  evaporating  the  other  salt  with  an 
equivalent  quantity  of  H2S04,  and  crystallising 
from  alcohol,  and  (ii.)  by  decomposing  the  sul- 
phate in  aqueous  solution  by  an  equivalent 
quantity  of  Ba02H2  in  solution,  and  filtering 
from  BaS04. 

Properties. — NH2OH  has  not  been  isolated. 
When  NH2OHAq  is  distilled  NH3  and  water 
pass  over,  the  distillate  also  contains  some 
NH2OH.  NH2OHAq  is  colourless  and  odourless  ; 
it  has  an  alkaline  reaction,  and  acts  as  an  ener- 
getic reducer.  An  alcoholic  solution  of  NH2OH, 
obtainedbydecomposingconc.  2NH,OH.H2S04Aq 
by  KOH  in  alcohol,  reddens  and  inflames  the 
skin.  NH2OHAq  produces  pps.,  insol.  excess, 
in  solutions  of  ZnS04,  NiS04,  FeCl3,  alum,  Cr- 
alum,  and  Pb  acetate ;  pps.  are  not  produced 
from  salts  of  Mg,  Ca,  Sr,  Ba.  NH.OHAq 
is  unstable,  it  is  decomposed  by  KOHAq. 
NH2OHAq  is  distinctly  basic;  in  its  reactions 
with  acids  it  resembles  NH3Aq,  both  combine 
with  the  acids  to  form  salts  M.HC1,  M2.H2S04, 
&c.,  when  M  =  NH2OH  or  NH3.  The  heat  of 
neutralisation  of  NH.,OHAq  is  considerably  less 
than  that  of  NH3Aq  ;  Thomsen  (Th.  1,  405)  gives 
these  numbers :  [2NH>'OHAq,2HClAq]  =  18,520 ; 
[2NH-OHAq,H-S04Aq]  =  21,580;  the  values  for 
NH3  are  24,540  and  28,150  respectively.  The 
introduction  of  the  acidic  group  OH  in  place  of 
H  considerably  decreases  the  basic  character  of 
the  molecule.  More  heat  is  produced  in  the 
formation,  from  the  elements,  *of  an  aqueous 


solution  of  NII2OH  than  of  NH3 ;  Thomson's 
numbers  are  [N,H:i,O,Aq]  -  24,290  ;  [N,H:!,Aq] 
=  20,320 ;  similarly  with  the  hydrochlorides 
[N,H',0,C1]  =76,510  ;  [N,H',C1]  =  75,790  (Th.  2, 
84). 

As  NH2.OH  cannot  be  gasified  its  molecular 
weight  is  unknown.  Lessen  has  shown  that 
there  are  three  isomerides  of  the  form  NRR.OR, 
and  three  of  the  form  NRiRj.OR,  where  R  is  one 
monovalent  radicle  and  Rz  is  another  monova- 
lent  radicle.  It  appears  then  as  if  each  H  in 
NH.OH  were  differently  related  to  the  rest  of 
the  molecule  from  the  other  H  atom:  the 
formula  NHrOH,  however,  shows  two  H  atoms 
similarly  related  to  the  rest  of  the  molecule. 
This  formula  is  confirmed  by  the  production  of 
hydroxylamine  by  reducing  nitrites  (NO2.OH), 
and  by  the  general  reactions  and  combinations 
of  the  body.  If  the  molecule  of  hydroxylamine 
is  represented  by  the  formula  HO.H2N— NH2.OH, 
the  existence  of  all  the  observed  isomeric  deriva- 
tives is  accounted  for  (v.  HYDROXYLAMINE  DERI- 
VATIVES). 

Detection  and  Estimation.— Traces  of  salts 
of  NH.OH  ppt.  Cu2O  from  fairly  cone.  KOHAq 
or  Na'OHAq  to  which  a  little  CuS04Aq 
has  been  added  (Lossen)  [2NH30  +  4CuO 
=  N20  +  2Cu2O  +  3H.,0].  NH2OH  may  be  esti- 
mated by  titration  with  standard  I,  in  presence 
of  MgO  added  to  neutralise  HI  [2NH30  +  2I2 
=  N2O  +  H20  +  4HI] ;  or  by  warming  with  solu- 
tion of  Fe2(S04)3  to  80°-90°,  and  determining  the 
ferrous  iron  by  standard  KMn04Aq 

[2Fe2(S04)3  +  2NH30 
=  4FeSO4  +  2H2S04  +  N2O  +  H20] 
(v.  Meyeringh,  B.  10,  1940). 

Reactions. — 1.  NH2OHAq  reduces  many  me- 
tallic salts  in  solution  ;  CuS04Aq  gives  a  grass- 
green  pp.,  becoming  reddish,  on  boiling  Cu2O 
ppts. ;  the  pp.  in  the  cold  is  sol.  in  excess  of 
NH2OHAq,  access  of  air  to  the  solution  causes 
a  brown-green  pp.  sol.  on  gently  warming ;  am- 
moniacal  CuSO4Aq  is  decolourised  by  NH2OHAq, 
CuS04  with  excess  of  KOH  is  reduced  to  Cu20 ; 
HgCl2Aq  is  reduced  to  HgCl ;  AgN03  gives  Ag 
with  evolution  of  gas  (N20  and  N)  ;  salts  of 
Au  and  Pt  are  reduced  to  metal,  the  latter  on 
warming  (Fremy,  C.  E.  70,  61,  1207  ;  Lossen, 
B.  8,  357) ;  K2Cr04Aq  is  reduced,  but  only  on 
warming,  addition  of  a  little  H2S04  causes  rapid 
evolution  of  gas  and  formation  of  a  brown  pp. 
(Lossen,  A.  Suppl.  6,  235).  In  these  reactions 
the  NH2OH  is  generally  completely  decomposed 
to  H.,0,  N.,0,  and  N ;  according  to  Meyeringh 
(B.  10, 1940)  and  Donath  (W.  A.  B.  75  [2nd  part], 
566),  only  N2O  is  evolved. — 2.  According  to  Von 
Dumreicher  (M.  1,  724)  acidified  stannous  chlor- 
ide reduces  NH./)H  to  NH3  at  100°  ;  but  Divers 
a.  Haga  (C.  J.  4~7,  623)  assert  that  no  NH,  is  pro- 
duced if  access  of  air  is  prevented. — 3.  Tin  and 
hydrochloric  acid  slowly  reduce  NH/)H  to  NH3 
(Lossen) ;  according  to  Divers  a.  Haga  (I.e.)  Sn 
and  hot  cone.  HClAq  have  hardly  any  action  on 
NH2OH.HC1 ;  Divers  a.  Shimidzu  (C.  J.  47,  597) 
say  that  Zn  and  H.,S04Aq  likewise  have  practi- 
cally no  action  on  2NH,OH.H,S04.— 4.  NH,OHAq 
and  salts  of  NH2OH  are  decomposed  by  potash 
with  evolution  of  N,  NH3,  and  a  little  N./). — 

5.  Iodine  quickly  decomposes  NH2OH  and  its 
salts  to  N20  and  H20  with  formation  of  HI. — 

6.  Ferric  sulphate  is  reduced  by  NH.OH  and  its 
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salts  to  FeS04,  with  evolution  of  N,O.— 7,  Con-  | 
tact  with  zinc,  in  absence  of  acid,  decomposes  t 
NH,OH  and  its  salts  (Divers  a.  Shiniidzu,  G.  J.  I 
47,  597). — 8.  Sodium  nitrate  causes  evolution  of  | 
N..O  from  2NH..OH.H  SO.Aq ;  dilute  solutions  ' 
of"  KNO,  and  2NH,OH.H,S04  only  react  when 
boiled  (V.  Meyer,  C~.  C.  1876.  620). 

Combinations. — NH^OHAq  combines  with 
many  acids  to  form  salts.  In  these  reactions 
NH,OH  behaves  similarly  to  NH3 ;  the  acid  and 
base  combine,  and  the  salt  is  the  only  product 
of  the  interaction.  The  salts  of  NH2OH  have 
the  composition  BAr  B->An  B;4Ain,  where  B 
=  NH,OH,  A!  =  monobasic  acid,  An  =  dibasic 
acid,  Am  =  tribasic  acid.  The  salts  of  NH2OH 
crystallise  without  water ;  they  are  easily  de- 
composed by  heat,  generally  with  evolution  of 
N  and  N2O.  The  chief  salts  are  acetate 
NH.OH.C  H402,  crystallises  from  warm  absolute 
alcohol ;  hydrochloride  NH2OH.HC1,  crystallises 
from  alcohol  or  water,  melts  at  100°,  and  then 
decomposes  violently  to  N,  HC1,  H.,0,  and  NH4C1.  ! 
V.  Meyer  (B.  15,  2789)  says  that  the  presence  of 
10-15  p.c.  NH4C1  in  NH.OH.HCl  is  not  objec-  ! 
tionable  for  most  purposes  for  which  the  salt  is 
used,  and  that  the  salt  is  perfectly  stable  when  ' 
it  is  mixed  with  some  NH4CL  If,  however,  it 
should  contain  any  HC1  or  FeCl3  the  whole  of 
the  NHZOH.HC1  is  slowly  changed  to  NH.C1. 
Nitrate  NH.OH.HNO,,  easily  sol.  in  absolute 
alcohol ;  phosphate,  NH,OH.H3P04,  separates  in 
small  crystals  on  mixing  dilute  solutions  of 
Na,HP04,  and  an  easily  sol.  salt  of  NH2OH ; 
sulphate  2NH/)H.H,S04,  very  sol.  in  water,  ppd. 
by  alcohol.  Meyeringh  (B.  10,  1946)  describes 
some  double  salts:  hydroxylamine  alum 
(2NH.OH.H  S04).A1.,(S04)3.24H,0,  and  a  chrome- 
alum'  (2NH.,OH.H;S04).Cr2(S04)3.24H/),  and 
iron  alum  "(2NH2OH.H2S04).Fe,(S04)3.24H,0. 
These  double  salts"  are  formed  in  octahedral 
crystals  by  mixing  cone,  solutions  of  their  consti- 
tuent salts  and  allowing  to  crystallise ;  the  double 
salt  (2NH2OH.H2S01).MgS04.6H20  was  obtained 
by  mixing  solutions  of  the  constituent  salts. 

M.  M.  P.  M. 

HYDEQXYLAMINE  DERIVATIVES.  Hy- 
droxylamine is  a  very  important  reagent  in  or- 
ganic chemistry,  since  it  reacts  with  aldehydes 
and  ketones  with  elimination  of  water,  forming  • 
the  oxims  (V.  Meyer  a.  Janny,  B.  15,  2783  ;  16, 
167) 

B.CHO  -f-  H  ,NOH  =  ECNOH  +  H20 
B.CO.R'  +  H2NOH  =  RR'CNOH  +  H20. 
The  oxims  are  also  called  isonitroso-  compounds, 
and  are  frequently  interchangeable  with  nitroso- 
compounds.  Thus,  nitroso-phenol  is  identical  with  | 
the  mono-oxim  of  quinone ;  and  the  oxim  of  pyr-  j 
uvic  acid  is  identical  with  /8-nitroso-propionic  | 
acid.  The  reaction  of  hydroxylamine  on  ketones 
sometimes  does  not  take  place  when  there  are  no 
hydrogen  atoms  attached  to  the  carbon  united 
with   the   carbonyl   (Herzig   a.   Zeisel,   B.    21, 
3493). 

Thioaldehydes  react  upon  hydroxylamine  in 
the  same  manner  as  aldehydes,  producing  the 
same  compounds. 

Alkoyl  derivatives  of  hydroxylamine 
Benzoyl    derivative   BzNH.OH.          Benz- 
hydroxamic   acid.      [125°].     S.    2-2   at    6°.     If  j 
hydroxylamine  hydrochloride  (1  pt.)  be  dissolved  j 
in  water  (9  pts.)  and  the  solution,  after  ncutvali-  ; 


sation  with  NaOH,  be  mixed  with  benzoyl 
chloride  (3  pts.)  in  the  cold,  di-benzoyl-hydroxyl- 
amine  separates  while  the  benzoyl  hydroxyl- 
amine which  remains  in  solution  may  be  ppd. 
as  Ba  salt  by  baryta,  and  then  liberated  by 
H,S04  (Lossen,  A.  161,  347).  Trimetric  plates 
(from  alcohol);  a:b:c  =  -356:1:  -322  (Klein,  A. 
166,  ISO).  M.  sol.  water,  v.  e.  sol.  alcohol,  si. 
sol.  ether  and  CS2,  insol.  benzene.  Decomposed 
somewhat  violently  by  heat.  Aeicl  in  reaction. 
Boiling  dilute  HC1  or  H,SO4  split  it  up  into 
hydroxylamine  and  benzoic  acid. 

Salts.  —  BzNH.OK(BzNH.OH)  :  trimetric 
prisms  or  plates,  m.  sol.  warm  water,  si.  sol. 
alcohol.  Crystallises  from  an  alcoholic  solution 
even  in  presence  of  excess  of  caustic  potasa 
(Bz"NH.ONa) (BzNH.OH)  3aq:  plates.  Effloresces 
in  dry  air.  Its  aqueous  solution  gives  white 
pps.  with  solutions  of  CaS04,  alum,  MnCL,  and 
lead  nitrate ;  a  nearly  white  pp.  with  CuSO4 ;  a 
green  pp.  with  chrome  alum ;  a  whitish-green 
pp.  with  NiS04 ;  a  peach-coloured  pp.  with  co- 
balt nitrate  ;  and  a  yellow  pp.  with  mercuric 
chloride.  All  these  pps.  dissolve  in  excess. 
Silver  nitrate  gives  a  white  pp.,  insol.  excess, 
and  rapidly  blackening.  FeCl3  gives  a  dark-red 
pp.  dissolving  in  excess  with  formation  of  an 
intense  red  solution.  This  characteristic  coloura- 
tion is  destroyed  by  cone.  HClAq  but  reappears 
on  dilution. — Ba(O.NHBz)2:  minute  needles, 
formed  by  neutralising  the  acid  potassium  salt 
with  ammonia  and  ppg.  with  barium  chloride. 
— Ba(ONHBz),(HONHBz)2:  crystallises  in  small 
prisms,  together  with  free  benzoyl-hydroxyl- 
amine,  when  the  neutral  Ba  salt  is  decomposed 
by  an  insufficient  quantity  of  H2S04  and  the 
filtrate  is  allowed  to  evaporate.  V.  si.  sol. 
water  and  alcohol. — Ca(ONHBz)2 :  amorphous 
pp. — Zn(ONHBz)2  :  crystalline  pp. 

Ethyl  ether  v.  Ethyl-hydroxylamine 
(infra). 

Di-benzoyl  derivative  Bz2NOH.  Di- 
benzhydroxamic  acid.  [153°]  (Steiner,  A.  178, 
226 ;  cf.  Heintz,  Z.  [2]  5,  733).  Formed  by  the 
action  of  BzCl  on  hydroxylamine  or  on  benzoyl- 
hydroxylamine  (Lossen).  Formed  also  by  treat- 
ing nitro-ethane  with  BzCl  and  extracting  the 
product  with  boiling  benzene  (Kessel,  BL  [2]  38, 
171).  Needles  or  prisms.  SI.  sol.  water,  cold 
alcohol,  ether,  and  CS2,  m.  sol.  hot  alcohol, 
almost  insol.  benzene.  Acid  to  litmus.  Decom- 
poses violently  when  heated  above  its  melting- 
point,  forming  benzanilide  phenyl  cyanate, 
HOBz,  and  CO2  (Pieschel,  A.  175,  305).  Boiling 
dilute  acids  split  it  up  into  hydroxylamine  and 
benzoic  acid.  Boiling  baryta-water  forms  benzoic 
acid  and  benzoyl-hydroxylamine.  FeCl3  does 
not  colour  solutions  of  di-benzoyl-hydroxylamine, 
but  in  neutral  solutions  it  gives  a  reddish-yellow 
pp.  A  solution  of  the  K  salt  gives  white  pps. 
with  nitrate  of  Pb,  Ag,  and  Co,  with  MnCL,  with 
ZnS04  and  with  CdS04;  a  bluish -green  pp.  with 
chrome  alum;  and  an  apple-green  pp.  with 
NiS04.  Unlike  mono-benzoyl-hydroxylamine  it 
gives  no  pp.  with  salts  of  the  alkaline  earths. — 
Bz2NOK :  thin  pearly  plates  (from  alcohol)  or 
minute  six-sided  tables ;  decomposed  by  hot 
water  into  potassium  benzoate,  di-phenyl-urea, 
and  C02 ;  and  by  NaOH  into  benzoyl-hydroxyl- 
amine and  NaOBz.  -  Bz.NONa.— (Bz,NO)2Pb.— 
Bz.,NOAg. 
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Tri  -  bensoyl  derivative  Bz.2NOBz. 
Found  among  the  products  of  the  action  of 
benzoyl  chloride  dissolved  in  toluene  on  dry 
hydroxylamine  hydrochloride.  It  is  also  formed 
by  heating  B?jNOK  with  BzCl  at  100°,  after- 
wards removing  excess  of  BzCl  with  ether,  and 
KC1  with  water,  and  crystallising  the  residue 
from  alcohol  (Lessen,  A.  161,  360;  175,  282, 
299;  186,3,34;  Steiner,  A.  178,  225).  It  occurs 
in  three  modifications,  and  is  best  prepared  by 
drenching  10  pts.  of  silver  di-benzoyl-hydroxyl- 
amine  with  30  pts.  of  dry  benzene  and  adding 
4  pts.  of  benzoyl  chloride  diluted  with  8  pts.  of 
benzene.  The  mixture  gradually  separates  into 
a  pp.  and  a  liquid ;  the  pp.  is  washed  with  ether 
which  takes  up  chiefly  the  (a) -modification,  and 
then  with  boiling  alcohol  which  dissolves  the 
(/3)-and  (7) -modifications,  together  with  di- 
benzoyl-hydroxylamine.  The  alcoholic  solution, 
treated  with  a  solution  of  Na.2C03,  yields  a  pp. 
consisting  of  the  (j8)-  and  ^-modifications,  which 
may  be  purified  by  recrystallisation  from  ether  or 
alcohol,  when  the  many-faced  prisms  or  needles 
of  the  ()8) -compound  must  be  separated  by  hand- 
picking  from  the  short  thick  rhombohedra  of 
the  (7)-isomeride.  All  three  modifications  are 
split  up  by  dry  distillation  into  phenyl  cyanate 
and  benzoic  anhydride ;  and  are  converted  by 
alcoholic  KOH  into  KOBz  and  the  di-benzoyl 
derivative. 

(a)-Tri-benzoyl-hydroxylamine  [100°]. 
Monoclinic  crystals;  a:b:c  =  1'856:1:1'142  ;  0  = 
81°  42'  (Lehmann,  Z.  K.  1,  627  ;  Klein  a.  Trech- 
mann,  A.  186,  76;  Z.  K.  1,  637).  V.  e.  sol, 
ether  and  boiling  alcohol,  v.  sol,  boiling  benzene. 
Boiling  HClAq  (S.G.  1*05)  in  one  hour  completely 
splits  it  up  into  benzoic  acid  and  di-benzoyl- 
hydroxylamine. 

(^)-Tri-benzoyl-hydroxylamine  [142°]. 
Monoclinic  crystals ;  a:b:c  =  "897:1:  '300  ;  0  =  83° 
21'.  Less  sol.  benzene  than  the  preceding. 
Insol.  ether,  m.  sol.  boiling  alcohol.  Not  affected 
by  boiling  dilute  HClAq ;  but  at  150°  it  is  split 
up  by  cone.  HClAq  into  HOBz,  hydroxylamine, 
and  Bz.2NOH.  Unlike  the  (a)-isomeride  it  dis- 
solves in  aqueous  Na2C03. 

(7)-Tri-benzoyl-hydroxylamine  [112°]. 
Short  monoclinic  prisms;  a:b:c  =  '926:1:?  ;  0 
=  65°  55'.  Converted  by  hot  dilute  HClAq  into 
the  (yS)-isomeride.  Alcoholic  KOH  forms  EtOBz 
and  Bz2NOEt. 

Anisyl  derivative  CtiH4(OMe).NH.OH. 
p-Methoxy-benzoyl  derivative.  [157°].  When 
anisyl  chloride  is  added  to  a  solution  of  hydroxyl- 
amine hydrochloride  in  ten  times  its  weight 
of  water,  together  with  enough  Na2C03  to  make 
the  liquid  alkaline,  there  separates  anisic  acid, 
anisyl-hydroxylamine,  and  di-anisyl-hydroxyl- 
amine.  The  pp.  is  boiled  several  times  with 
water,  when  anisic  acid  and  anisyl-hydroxylamine 
are  dissolved,  and  may  subsequently  be  separated 
by  their  barium  salts,  that  of  the  latter  being 
insoluble.  The  di-anisyl  derivative  which  re- 
mains undissolved  in  the  boiling  water  is  freed 
from  anisic  acid  by  cold  aqueous  Na.£!03  (Los- 
sen,  A.  175,  284).  Lamin;e,  v.  sol.  alcohol  and 
boiling  water,  si.  sol.  cold  water,  v.  si.  sol.  ether, 
insol.  benzene.  FeCl3  colours  its  solutions  deep 
violet.  —  CljH4(OMe)NHOK,CtjH4(OMe)NH.OH  : 
long  flat  needles,  moderately  soluble  in  cold 
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water.  —  CtiH4(OMe)NH.O.PbOAc  :  pulverulent 
pp.  (Hodges,  A.  182,  218). 

Di-anisyl  derivative 
(C(;Hl(OMe)CO).,NOH  or 

C.H.jOMeJ.CONH.O.C^H^OMeJ.CO.  [143°]. 

Needles,  v.  si.  sol.  ether,  insol.  benzene.  Split 
up  by  boiling  baryta-water  into  anisic  acid  and 
anisyl-hydroxylamine. 

Benzoyl-anisyl  derivative 
BzNH.O.CO.C(iH4.OMe.       [132°].      Formed    by 
treating     benzoyl-hydroxylamine    with     anisyl 
chloride.      Needles   or    prisms    (from   alcohol). 
Split  up  by  heating  with  baryta-water  into  anisic 
j  acid  and   benzoyl-hydroxylamine.     The   potas- 
j  sium  salt  is  split  up  by  boiling  water  into  anisic 
j  acid,  s-di-phenyl-urea,  and  C02.    Benzoyl-anisyl- 
hydroxylamine  is  resolved  by  distillation  into 
anisic  acid  and  anisyl -anilide. 

Anisyl-benzoyl  derivative 
GtiH4(OMe).CO.NH.OBz.  [148°].  Formed  by 
treating  anisyl-hydroxylamine  with  benzoyl 
chloride.  Needles  or  prisms.  Split  up  by  heat- 
ing with  baryta-water  into  benzoic  acid  and 
anisyl-hydroxj  lamine.  The  potassium  salt  is 
split  up  by  boiling  with  water  into  benzoic  acid, 
s-di-jo-methoxy-di-phenyl-urea,  and  CO2.  Anisyl- 
benzoyl-hydroxylamine  is  split  up  by  distillation 
into  benzoic  acid,  benzoyl-anisidine,  C02,  and 
methoxyphenyl  cyanate. 

Benzoyl -anisyl -benzoyl  derivative 
BzN(CO.C6H4.OMe).OBz  ?  Formed,  in  three 
modifications,  by  the  action  of  BzCl  on  the 
silver  salt  of  benzoyl-anisyl-hydroxylamine.  In 
one  preparation  35  pts.  of  (a),  6  pts.  of  (j8),  and 
5  pts.  of  the  (7)  variety  were  got. 

(a)-M edification  [114°].  Short  triclinio 
prisms.  This  is  the  modification  formed  in 
largest  quantity.  When  heated  with  dilute  HC1 
it  is  split  up  into  benzoic  acid  and  benzoyl- 
anisyl-hydroxylamine  ;  while  cone.  HClAq  gives 
hydroxylamine,  benzoic  acid,  and  anisic  acid. 
Alcoholic  KOH  forms  benzoic  ether  and  benzoyl- 
anisyl-hydroxylamine  ;  aqueous  KOH  forma 
chiefly  benzoic  acid  and  benzoyl-anisyl-hydroxyl- 
amine, but  produces  also  a  small  quantity  of 
anisic  acid  and  di-benzoyl-hydroxylamine.  On 
dry  distillation  the  (a) -modification  is  decomposed 
with  slight  carbonisation  into  phenyl  cyanate 
and  benzoyl-anisic  anhydride,  a  small  quantity 
of  p-methoxy-phenyl  cyanate  and  Bz20  being 
also  produced. 

(^-Modification  [125°].  Trimetric prisms ; 
chiefly  found  in  the  alcoholic  mother-liquor  of 
the  first  crystallisation  of  the  crude  product  of 
|  the  action  of  BzCl  on  benzoyl-anisyl-hydroxyl- 
amine.    Not  affected   by  boiling   for  one   hour 
with  9  pts.  of  dilute  HClAq  (S.G.  1-05) ;  fuming 
HClAq  converts  it  into  benzoic  acid,  anisic  acid, 
and    hydroxylamine,    a    little     benzoyl-anisyl- 
|  hydroxylamine  being  likewise  formed.    Alcoholic 
I  KOH  converts  it  into  EtOBz  and  benzoyl-anisyl- 
hydroxylamine. 

(7)-Modification  [110°]?  Monoclinio 
tables ;  separated  from  the  crystals  of  the  (a)- 
variety  by  hand-picking.  After  fusion  it  takes  a 
long  time  to  solidify,  and  then  melts  at  120°, 
having  perhaps  been  converted  into  the  (^-mo- 
dification. Boiling  dilute  HC1  (S.G.  1-05)  forms 
benzoic  acid,  benzoyl-anisyl-hydroxylamine,  and 
a  quantity  (40  p.c.)  of  the  (#) -modification  of 
benzoyl-anisyl-benzoyl-hydroxylamine. 

3  B 
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Di-benzoyl-flnisyl  derivative 
Bz,N.O.CO.C6H4.OMe.     Formed,  in  two  modifi- 
cations, by  the  action  of  anisyl  chloride  on  di- 
benzoyl-hydroxylamine  (Lossen,  A.  186,  21). 

(a) -Modi  fie  at  ion  [110°].  Monoclinic 
needles  or  prisms.  Boiling  dilute  HC1  (S.G. 
1-05)  easily  splits  it  up  into  anisic  acid  and  di- 
benzoyl-hydroxylamine.  Alcoholic  KOH  gives, 
on  the  contrary,  benzoic  acid  and  benzoyl-anisyl- 
hydroxylamine.  Split  up  by  heat  into  phenyl 
cyanate  and  benzoic  anisic  anhydride,  together 
with  smaller  quantities  of  ^-methoxy-phenyl 
cyanate  and  Bz2O. 

(0) -Modification  [110°].  Rosettes  of 
small  crystals,  occurring  in  the  last  crop  of  crys- 
tals of  its  (o)-isomeride.  It  is  scarcely  attacked 
by  boiling  dilute  HC1  (S.G.  1-05) ;  while  pro- 
longed heating  with  acid  of  S.G.  1-14  forms  di- 
benzoyl-hydroxylamine,  most  of  the  substance 
being,  however,  converted  into  hydroxylamine, 
benzoic  acid  and  anisic  acid. 

Anisyl-di-benzoyl  derivative 
MeO.C6H4.CO.NBz.OBz  ?     Two  modifications  of 
this  body  are  formed  by  the  action  of  benzoyl 
chloride  on  silver  anisyl-benzoyl-hydroxylamine 
(Lossen,  A.  186,  25). 

(o) -Modi  fie  at  ion  [137°].  Monoclinic 
tables.  Slowly  decomposed  by  dilute  HC1  (S.G. 
1-05),  more  readily  by  stronger  HC1  (S.G.  1-14), 
into  benzoic  acid  and  anisyl-benzoyl-hydroxyl- 
amine. Alcoholic  KOH  also  gives  benzoic  acid 
and  anisyl-benzoyl-hydroxylamine.  When  heated 
alone  it  yields  _p-methoxy-phenyl  cyanate  and 
Bz2O,  together  with  small  quantities  of  phenyl 
cyanate  and  benzo-anisic  anhydride. 

(0)  -  M  o  d  i  f  i  c  a  t  i  o  n  [110°].  Small  rosettes. 
Not  decomposed  by  HC1  of  S.G.  1-05,  and  only 
partially  attacked  by  acid  of  S.G.  1-14.  Alco- 
holic KOH  forms  anisyl  -  benzoyl  -  hydroxyl- 
amine. 

Anisyl -benzoyl -anisyl  derivative 
C6H4(OMe).CO.NBz.O.CO.C6H4(OMe).      Formed, 
in  two  modifications,  by  the  action  of  anisyl 
chloride  on  the  silver  salt  of  anisyl-benzoyl-hy- 
droxylamine. 

(a) -Modification  [153°].  Very  small 
monoclinic  tables  (from ether) ;  a:b:c  =  -866:1:-380 ; 
0  =  75°  22'.  Dilute  HC1  (S.G.  1;05)  easily  de- 
composes it,  forming  anisic  acid  and  anisyl- 
benzoyl-hydroxylamine.  Alcoholic  KOH  forms, 
on  the  contrary,  benzoic  acid  and  di-anisyl-hy- 
droxylamine. 

(^-Modification  [149°].  Only  1  pt.  of 
this  modification  is  formed  to  34  pts.  of  the  pre- 
ceding. It  crystallises  in  monoclinic  tables; 
a:b:c  =  1-002:1:  -789 ;  0  =  89°  51'. 

Di-anisyl-benzoyl  derivative 
(CHH4(OMe).CO)2NOBz  ?  [148°].  Formed,  in 
only  one  modification,  by  the  action  of  BzCl  on 
silver  di-anisyl-hydroxylamine.  Monoclinic  crys- 
tals. Slowly  attacked  by  HC1  of  S.G.  1-05, 
more  rapidly  by  stronger  acid,  forming  benzoic 
acid  and  di-anisyl-hydroxylamine  only.  Alco- 
holic KOH  reacts  in  like  manner,  but  forms  also 
a  little  anisic  acid  and  anisyl-benzoyl-hydroxyl- 
amine. 

Benzoyl-di-anisyl  derivative 
BzN(CO.C6H4.OMe).OBz  ?        Formed,     in    two 
modifications,  from  the  silver  derivative  of  benz- 
oyl-anisyl-hydroTylamine  and  anisyl  chloride. 

(a) -Modification  [138°].  Triclinic prisms ; 


o:6:c  = -803:1: -955;  a  =  99°  45';  0  =  115°  58'; 
7  =  74°  43'.  Easily  decomposed  by  HC1  of  S.G. 
1-05  into  anisic  acid  and  benzoyl-anisyl- 
hydroxylamine.  Alcoholic  KOH  acts  in  like 
manner. 

(/8) -Modification  [138°].  Triclinic  tables ; 
a:b:c  =  -428:1:1-400  ;  o  =  103°  7' ;  0  =  96°  16' ; 
7  =  89°  25'.  Behaves  like  the  (o) -modification 
when  treated  with  HC1  or  KOH. 

Cinnatnoyl  derivative 
C8H4.CH:CH.C'O.NH.OH.   [110°].  Formed,  toge- 
ther with  the  di-cinnamoyl  derivative  and  cin- 
namic  acid,  by  the  action  of  cinnamoyl  chloride 
on  hydroxylamine  in  aqueous  solution  (Eostoski, 

A.  178,  213).     Crystalline;  si.  sol.  cold,  m.  sol. 
hot,  water ;  v.  sol.  alcohol  and  ether,  insoluble 
in   benzene.    Ferric  chloride  colours   its  solu- 
tion deep  violet.—  (C6H5.CH:CH.CO.NH.O)2HK  : 
very    easily    decomposable    yellow    crystals. — 
(C6H5.CH:CH.CO.NH.O)2HNa:    yellow  plates.— 
(CflH7O.NH.O)2Ba  :  sparingly  soluble  yellow  crys- 
talline powder  which,  when  heated,  gives  off 
C0?    and  NH3.— (C9H7O.NHO)2Pb :     yellowish- 
white  pp. 

Di-cinnamoyl  derivative 
(CaH5.CH:CH.CO)2N.OH.  [152°].  Formed  as 
above.  Prisms  or  laminae ;  si.  sol.  ether,  insol. 
water  and  baryta-water,  v.  sol.  hot  alcohol.  Its 
salts  when  once  separated  from  the  aqueous  solu- 
tion are  no  longer  soluble  in  water.  The  K  salt 
is  decomposed  by  boiling  with  water  and  con- 
verted for  the  most  part  into  cinnamate.  When 
the  compound  is  heated  to  incipient  carbonisa- 
tion a  resin  is  formed,  from  which  small  quan- 
tities of  a  crystalline  powder  C17H,,N304  may  be 
extracted. —  (C9H70)2NOK  :  yellow  powder.— 
((C9H7O)2NO)2Pb  :  amorphous  yellowish  pp. — 
(C9H7O)2NOAg :  white  pp. 

o-Amido-benzoyl  derivative 
NH2.C6H4.CO.NH.OH.     [82°].     From  anthranil 
p-carboxylic  acid  and  hydroxylamine.   Glittering 
plates  (from  water)  (E.  von  Meyer  a.  Bellmann, 
J.pr.  [2]  33,  20). 

(a)  - Naphthoyl  derivative 
C10H7.CO.NH.OH.  [187°].  From  hydroxylamine 
and  (o)-naphthoyl  chloride  (Ekstrand,  J3.  20, 
1353).  Glistening  scales,  sol.  boiling  water, 
almost  insol.  alcohol.  Its  potassium  salt  decom- 
poses very  readily  with  formation  of  (a)-naphthyl- 
amine. 

(0)-Naphthoyl  derivative 
C10H7.CO.NH.OH.   [168°].  From  hydroxylamine 
(1  mol.)  and  (j8) -naphthoyl  chloride  (Ekstrand, 

B.  20,   1353).     Small   dimetric   scales,   v.  sol. 
alcohol. 

Di  •  (a)  -napht  hoy  I  derivative 
(C]0H7.CO)2N.OH.  [150°].  Formed,  together 
with  the  mono- (a) -naphthoyl  derivative  (v.  supra), 
by  the  action  of  (a) -naphthoyl  chloride  on  hy- 
droxylamine. Needles,  sol.  boiling  alcohol.  Its 
K  salt  crystallises  in  needles,  sol.  alcohol. 

Di-(&) -naphthoyl  derivative 
\  (C10H7CO),NOH.     [171°].     Formed  like  the  pre- 
,  ceding.     Small  needles.    Forms   a   crystalline 
•  potassium  salt. 

(a!3)-Di-naphthoyl  derivative 
(CInH7CO)2NOH.     [160°].     From  (j3)-naphthoyl- 
hydroxylamine   and    (a)-naphthoyl   chloride   at 
100°.     Needles  (from  alcohol). 

Phthaly  I -derivative  C0H.,:C.,02:NOH. 
[230°].  Formed  by  the  action  of  phthalyl 
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chloride  or  of  phthalic  anhydride  on  hydroxyl- 
amine (Cohn,  A.  205,  295;  Lach,  B.  16,  1781). 
Needles  or  plates  (from  alcohol) ;  v.  si.  sol. 
water,  v.  sol.  boiling  alcohol,  insol.  ether  and 
benzene.  KOHAq  dissolves  it,  forming  a  red 
solution.  When  boiled  with  KOH  (1  mol.)  dis- 
solved in  alcohol  it  is  split  up  into  C02  and  o- 
amido-benzoic  acid.  When  boiled  with  a  larger 
quantity  of  KOH  (2  mols.)  in  alcohol  it  gives  the 
phthaloxyl  derivative— CuH4:C2O2:NONa:  red 
amorphous  powder. — C(iH4:C202:NOK  :  red  pp., 
obtained  by  adding  caustic  potash  (1  mol.)  to  an 
alcoholic  solution.  Eeadily  decomposed  by  treat- 
ment with  water.— BaCl24(C6H4:C2O2:NO).,Ba.— 
(C(iH(C,0.,NO)3Pb2(OH)  3aq :  light-red  "pp.— 
C6H4:C~02:NOAg :  dark-red  pp. 

Ph'thaloxyl  derivative 
C02H.C6HrCO.NH.OH.  Formed  from  the 
phthalyl  derivative  by  warming  with  alcoholic 
KOH.  Its  solution  is  acid  in  reaction,  and  gives 
a  violet  colour  with  FeCl3,  but  it  quickly  decom- 
poses with  separation  of  its  anhydride,  the 
phthalyl  derivative. — KC8H6N04 :  yellowish 
crystals  (from  water) ;  v.  e.  sol.  cold  water. — 
PbC8H5N04 :  white  pp. 

ALKYL  DEBIVATIVES  OF  HYDBOXYLAMINE. 

Methyl-hydroxylamine  H2N(OMe).  The  hy- 
drochloride forms  pearly  scales  (148°  uneor.) ; 
does  not  reduce  alkaline  solutions  of  copper.  It 
is  formed  by  boiling  the  methyl  ether  of  the  oxim 
of  benzoic  aldehyde  with  HC1  (Petraczek,  B.  16, 
827).— B'-JIjPtCljj :  orange-red  tables  or  prisms 
(Waldstein). 

Benzoyl  derivative  BzMeN.OH.  [65°]. 
From  di-benzoyl-methyl-hydroxylamine by  warm- 
ing with  cone.  KOHAq  and  passing  CO2  into  the 
product  (Lossen  a  Zanni,  A.  182,  226).  Eect- 
angular  tables  (from  ether-benzene).  Decom- 
posed by  HC1  into  hydroxylamine  and  methyl 
benzoate. 

Di-benzoyl  derivative  BzMeNOBz. 
[c.  —15°].  Formed  by  the  action  of  Mel  on  an 
ethereal  solution  of  potassium  di-benzoyl-hy- 
droxylamine.  Oil. 

Ethylene-di-hydroxylamme. 

Di-benzoyl  derivative  (NBz20)2C2H4. 
[148°].  Formed  by  boiling  silver  di-benzoyl- 
hydroxylamine  with  an  alcoholic  solution  of 
ethylene  bromide  (Eiseler,  A.  175,  342).  Prisms, 
si.  sol.  cold  ether  and  alcohol ;  moderately  stable 
towards  KOHAq. 

Ethyl-hydroxylamine  NH2.OEt  or  EtHN.OH. 
(68°).  S.G.  ™  -883.  Formed  by  decomposing 
ethyl-benzoyl-ethyl-hydroxylamine  with  HC1, 
and  liberated  from  its  hydrochloride  by  cone. 
KOHAq  (Lossen  a.  Zanni,  A.  182,  223 ;  Giirke, 
A.  205,  274).  Combustible  liquid,  with  powerful 
odour ;  miscible  with  water,  alcohol,  and  ether. 
Alkaline  in  reaction.  Gives  a  white  pp.  with 
silver  nitrate,  and  on  boiling  reduction  takes 
place  with  evolution  of  gas.  When  added  in 
excess  to  cupric  sulphate  solution  it  forms  a  deep 
blue  liquid,  whence  an  apple-green  pp.  is  formed 
on  boiling,  reduction  not  taking  place.  With 
HgCl2  it  gives  a  golden  floeculent  pp. — B'HCl. 
[128°].  Scales ;  obtained  by  heating  ethyl  - 
benzoyl-ethyl-hydroxylamine  with  HC1  in  ether. 
Volatile.  HClA.i  (S.G.  1-14)  at  150°  decomposes 
it  into  EtCl  and  hydroxylamine.  —  B'2H2PtCl,. : 
prisms  ;  v.  sol.  water  and  alcohol. — B'H,S04 :  v.  ! 


e.  sol.  water  and  alcohol.— B'H2C204 :  colourless 
powder. 

Benzoyl- ethyl -hydroxylamine 
NHBz.OEt.  [65°].  Formed  by  the  action  of 
EtI  on  potassium  benzoyl-hydroxylamine  (Wald- 
stein, A.  181,  385) ;  the  proportions  being : 
benzoyl-hydroxylamine  (1  mol.),  cone,  alcoholic 
KOH  (2  mols.),  and  EtI  (1  mol.);  after  being 
left  for  24  hours,  with  frequent  agitation,  the 
solution  is  filtered  from  KI,  freed  from  alcohol 
by  evaporation,  dissolved  in  water,  and  subjected 
to  a  stream  of  C02,  and  the  NHBz(OEt)  ex- 
tracted with  ether.  The  same  compound  is  also 
formed  by  treating  ethyl-hydroxylamine  with 
benzoyl  chloride  (Giirke,  A.  205,  278 ;  Bertram, 
A.  217,  16) ;  and  by  treating  benzoic  ether  with 
hydroxylamine  (Tiemann  a.  Kruger,  B.  18, 
740). 

Properties. — Triclinic  crystals  (from  alco- 
hol) ;  a:6:c  =  -610:l:-852;  «=109°31';  /8 
=  85°  32';  7=100°  31'.  V.  e.  sol.  ether  and 
alcohol ;  m.  sol.  water.  Soluble  in  aqueous 
KOH  (1  mol.)  forming  a  solution  from  which  it 
is  reppd.  by  C02  and  by  acids,  and  which  gives 
pps.  with  salts  of  Ag,  Hg,  and  Pb.  Hot  cone. 
HClAq  in  sealed  tubes  splits  it  up  into  benzoic 
acid  and  ethyl-hydroxylamine  hydrochloride. 
By  heating  alone  to  190°  it  is  converted  into 
phenyl  cyanate,  benzamide,  aldehyde,  and  alco- 
hol. PCl5gives  benzoyl-ethoxim  chloride 
Ph.CChN.OEt.  (230°).— BzAgN.OEt :  white  pp. 

Ethyl -benzoyl-hydroxylamine 
EtNBz.OH. 

(o)-Modification  [54°].  S.G.  1-208.  S. 
(ligroin  of  S.G.  -65)  1-3.  Formed,  together  with 
KOBz,  by  heating  (o)-di-benzoyl-ethyl-hydroxyl- 
amine  with  cone.  KOHAq.  Formed  also,  to- 
gether with  the  (0)-isomeride,  by  treating  benz- 
imido-ethyl  ether  with  cone,  hydroxylamine 
hydrochloride  (Lossen,  B.  17, 1587).  Monoclinic 
tables  or  prisms  (from  benzene-ether) ;  a:b:c 
=  1-49:1:1'53 ;  inclination  of  optical  axes  =  117°. 
V.  sol.  alcohol  and  ether,  m.  sol.  water.  Sol. 
KOHAq,  forming  a  solution  which  is  ppd.  by 
metallic  salts.  On  heating  with  HClAq  it  is 
resolved  into  hydroxylamine  and  benzoic  ether. 
Decomposes  at  180°  into  benzonitrile,  BzOEt, 
alcohol,  water,  and  nitrogen,  with  smaller  quan- 
tities of  benzamide,  benzoic  acid,  and  CO2. 

(^-Modification  [68°].  S.G.  1-185.  S. 
(ligroin  of  S.G.  -652)  2-21.  Formed  as  above, 
and  by  the  action  of  boiling  KOH  (1  pt.)  dis- 
solved in  water  (1  pt.)  upon  (j8)-di-benzoyl-ethyl- 
hydroxylamine  (Giirke,  A.  205,  286),  and  upon 
ethyl-benzoyl-anisyl-hydroxylamine  (Pieper,  A. 
217,5).  Monoclinic  crystals  ;  a:b:c  =  1-24:1:1-40  ; 
inclination  of  optical  axes  =  72-5°  (Tenne,  A. 
217,  5).  Less  soluble  in  alkalis  than  the  (a)- 
modification.  Decomposed  by  HC1,  and  by  dis- 
tillation, into  the  same  products  as  the  (a)-iso- 
meride. 

Anisy  I-  ethyl  -hydroxylamine 
(C8H7O2)EtNOH.  [84°].  From  ethyl-hydroxyl- 
amine and  anisyl  chloride  (Pieper,  A.  217,  16). 
Monoclinic  tables  (from  ether).  Forms  with 
KOH  a  salt.  Cone.  HC1  gives  anisic  acid  and 
ethyl  hydroxylamine. 

Ethyl -anisyl- hydroxylamine 
CsH702NH.OEt.      [32°].      Formed  by  treating 
anisyl-benzoyl-ethyl-hydroxylamine   with  cone. 
KOHAq,  and  ppg.  by  C02  (Eiseler,  A.  175,  338). 
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Crystals  ;  v.  e.  sol.  alcohol  and  ether.     Split  up 
by  HC1  into  anisic  ether  and  hydroxylamine. 

Di-benzoyl-ethyl-hydroxylamine 
Bz2N.OEt.  Two,  or  possibly  three,  modifica- 
tions of  this  compound  are  formed  in  the  reac- 
tion between  silver  di-benzoyl-hydroxylamine 
and  EtI ;  the  (a)-variety  is  formed  in  the  greater 
quantity,  and  crystallises  out  first ;  only  2  or 
3  p.c.  of  the  (#)-modification  is  formed ;  there  is 
perhaps  also  an  oily  variety  (Giirke,  A.  205, 
280). 

(a)-Modification  [58°].  S.G.  ]™  1-243. 
Trimetric  crystals;  a:b:c=- -697:1: -591.  V.  sol. 
ether  and  alcohol,  insol.  benzene.  Decomposes 
at  180°  into  benzoic  acid,  benzonitrile,  and  alde- 
hyde. Cone.  KOHAq  converts  it  into  benzoic 
acid  and(a)-ethyl-benzoyl-hydroxylamine.  Cone. 
HClAq  gives  benzoic  acid,  benzoic  ether,  and 
hydroxylamine  (Eiseler,  A.  175,  330). 

(^-Modification  [63°].  S.G.  ia  1-239. 
Formed  as  above.  It  is  also  the  chief  product 
of  the  action  of  BzCl  on  (a)  or  (&)  ethyl-benzoyl- 
hydroxylamine.  Triclinic  crystals ;  a:b:c 
=  •556:1: -714;  o  =  118°  25';  0  =  102°  37';  7 
=  90°  52'.  More  soluble  in  alcohol  and  ether 
than  the  (a) -modification ;  insol.  ligroi'n.  When 
heated  it  yields  the  same  products  as  its  iso- 
meride,  but  requires  a  temperature  of  225°. 
Cone.  HClAq  also  acts  upon  it  in  the  same  way 
as  upon  the  (a) -variety.  KOHAq  acts  upon  it 
with  more  difficulty  than  upon  its  isomeride, 
and  produces  (j8)-ethyl-benzoyl-hydroxylamine. 

Benzoyl -  ethyl  -  benzoyl  hydroxyl- 
amine [49°].  From  NBzEtAgO  and  BzCl 
(Lossen,  B.  10,  2223) ;  or  from  NBzEtHO,  BzCl, 
and  KOHAq  (Pieper,  A.  217,  8).  Trimetric 
crystals,  a:b:c  =  -624:1:2-587.  V.  sol.  alcohol  or 
ether,  insol.  water  or  petroleum.  Split  up  by 
HC1  into  benzoic  acid  and  hydroxylamine. 

Benzoyl-anisyl-ethyl-hydroxylamine 
BzN(C8H702).OEt.  Formed,  in  two  modifications, 
by  the  action  of  EtI  on  silver  benzoyl-anisyl- 
hydroxylamine  (Eiseler,  A.  175,  326 ;  Pieper,  A. 
217,  2). 

(a)-Modification  [74°]  (P.);  [69°]  (E.). 
Monoclinic  tables  (from  ether-benzene) ;  a:b:c 
=  1-518:1:  -666.  Decomposed  by  alcoholic  KOH 
into  potassium  anisate  and  (o)-ethyl-benzoyl- 
hydroxylamine  [54°].  HC1  forms  benzoic  ether, 
anisic  acid,  and  hydroxylamine. 

(^-Modification.     Oil. 

Ethyl-benzoyl-anisyl-hydroxylamine 
EtNBz.OC8H702.  [89°].  Formed  by  treating 
ethyl-benzoyl-hydroxylamine  with  anisyl  chlor- 
ide and  aqueous  KOH  (Pieper,  A.  217,  4).  Mono- 
clinic  crystals  (from  ether);  a:b:c  =  -748:1:  -803. 
With  cone.  KOHAq  it  gives  (^-ethyl-benzoyl- 
hydroxylamine  [68C]  and  potassium  anisate.  On 
distillation  it  gives  benzonitrile,  anisic  acid,  and 
aldehyde. 

Anisyl-benzoyl-ethyl-hydroxylamine 
BzN(C8H,02).OEt.  [79°].  Formed  .together  with 
an  oily  isomeride,  by  treating  silver  anisyl- 
benzoyl-hydroxylamine  with  EtI  (Eiseler).  Tri- 
clinic prisms.  Decomposed  by  KOH  into  ethyl- 
anisyl-hydroxylamine  and  KOBz.  HC1  gives 
hydroxylamine,  anisic  ether,  and  benzoic  acid. 

Benzoyl-ethyl-anisyl-hydroxylamine 
BzNEt.OCJLO,.  [64°].  From  silver  benzoyl- 
ethyl-hydroxylamine  and  anisyl  chloride  (Pieper, 
A.  217,  10).  Triclinic  crystals  (from  ether); 


a:6:c  = -773:1: '855.  M.  sol.  alcohol  and  ether, 
insol.  water  and  ligroin.  Not  attacked  by  a  so- 
lution of  2  pts.  of  KOH  in  3  pts.  of  water;  but  a 
solution  of  equal  weights  of  potash  and  water 
forms  potassium  anisate  and  benzoyl-ethyl-hy- 
clroxylamine  [67°].  Dilute  HC1  at  100°  forms 
benzoic  acid,  anisic  acid,  and  ethyl-hydroxyl- 
amine  ;  a  still  more  dilute  acid  gives  anisic  acid 
and  benzoyl-ethyl-hydroxylamine  [67°].  On  dis- 
tillation it  is  split  up  into  anisic  ether  and  phenyl 
cyanate. 

Anisyl-ethyl-bertzoyl-hydroxylamine 
CBH702NEt.OBz.  [94°].  From  anisyl-ethyl- 
hydroxylamine,  BzCl,  and  the  calculated  quantity 
of  aqueous  KOH  (Pieper,  A.  217,  18).  Monoclinic 
crystals  (from  ether).  SI.  sol.  alcohol  or  ether, 
insol.  water  or  light  petroleum.  Hot  cone.  KOHAq 
gives  anisyl-ethyl -hydroxylamine  [84°]  and  benz- 
oic acid.  HC1  at  100°  acts  similarly,  the  anisyl- 
ethyl-hydroxylamtne  being  subsequently  broken 
up  into  anisic  acid  and  ethyl-hydroxylamine.  On 
distillation  it  is  decomposed,  but  not  neatly. 

Phthaly  I -ethyl -hydroxylamine 
C6H4:C202:NOEt.  [104°].  (c.  270°).  From  sil- 
ver phthalyl-hydroxylamine  and  EtI  (Cohn,  A. 
205,  295).  Trimetric  needles,  sol.  ether  and 
petroleum,  insol.  Na^COaAq.  When  heated  with 
potash  it  yields  ethyl-amido-benzoic  acid.  It 
resembles  the  nitrolie  acids  in  giving  a  red 
colouration  with  alkalis. 

Methyl-ethyl-hydroxylamine. 

Methyl-ethyl-benzoyl-hydroxylamine 
MeNEt.OBz.  Prepared  by  the  action  of  EtI  on 
methyl-benzoyl-hydroxylamine  dissolved  in  al- 
coholic KOH.  Oil,  with  pleasant  odour.  De- 
composed by  dilute  HC1  into  methyl  benzoate 
and  ethyl-hydroxylamine. 

Benzoyl-methyl-ethyl-hydroxylamine 
BzNMe.OEt.  From  silver  benzoyl-ethyl-hydroxyl- 
amine (1  mol.)  and  Mel  (1  mol.)  in  ether  (Wald- 
stein,  A.  181,  393).  Oil ;  miscible  with  alcohol 
and  ether.  Decomposed  by  hot  dilute  HC1. 

Elhyl-benzoyl-methyl-hydroxylamine 
EtNBzOMe.  Formed  by  the  action  of  Mel  on 
(o) -ethyl-benzoyl-hydroxylamine  dissolved  in 
alcoholic  KOH.  Oil.  Decomposed  by  HC1  into 
methyl-hydroxylamine  and  benzoic  ether. 

Di-ethyl-hydroxylamine  NEt2.OH  or 
NEtH.OEt.  Formed,  together  with  hydroxyl- 
amine, by  reducing  nitric  ether  with  tin  and  HC1 
(Lossen,  A.  Suppl.  6,  238).  Its  hydrochloride 
remains  in  the  mother-liquor,  from  which  hy- 
droxylamine hydrochloride  has  crystallised.  The 
free  base,  separated  from  its  salts  by  KOH 
and  extracted  by  ether,  is  a  strongly  alkaline 
syrup,  v.  sol.  water,  not  easily  volatile  with  steam. 
Its  aqueous  solution  forms  with  FeCl3  chrome- 
alum,  cobalt  nitrate,  and  lead  nitrate,  pps.  in- 
soluble in  excess  and  with  CuSO4  a  bluish-white 
pp.,  dissolving  in  excess  to  a  violet-brown  solu- 
tion. It  reduces  silver  oxide  on  heating.  It  also 
reduces  boiling  aqueous  HgCl2. 

Salts.— B'HCl :  syrup.— B'2H,PtCl6 :  orange- 
red  crystals  (from  alcohol).  —  B'2HaSO4 :  minute 
laminae  ;  ppd.  by  ether  from  its  solution  in  alco- 
hol.— B'.,H.,P04 :  prisms  (from  water)  or  hair- 
like  needles  (from  alcohol).— B'H,C,04:  stellate 
groups  of  prisms  (from  water)  or  minute  needles 
(from  boiling  alcohol). — B'2H.iCi;04:  prisms  (from 
water) ;  insol.  alcohol. 
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Benzoyl  derivative  Et.NOBz  or 
EtNBz.OEt.  (244°  i.V.).  S.G.  12  1-026.  Formed 
by  the  action  of  EtI  on  ethyl-benzoyl-hydroxyl- 
amine  dissolved  in  alcoholic  KOH.  Yellowish 
aromatic  oil ;  v.  sol.  alcohol  and  ether.  Kesolved 
by  heating  with  HClAq  into  benzoic  ether  and 
ethyl-hydroxylamine. 

Tri-ethyl-hydroxylamine  NEt2OEt.  S.G. 
fi  '8935.  Formed  by  mixing  ZnEt2  with  nitro- 
ethane  and  ether  in  an  atmosphere  of  CO.2,  and 
after  a  fortnight  decomposing  the  product  with 
water  (Bevad,  J.  R.  20,  125).  Oil;  v.  si.  sol. 
water,  miscible  with  alcohol,  ether,  and  benzene. 
Its  salts  are  very  hygroscopic,  and  reduce  silver, 
cupric,  and  mercuric  salts. — B'2H2C204. 

Benzyl-hydroxylamine 

(a)  -  modification  NH2.OCH2Ph.  Formed 
by  warming  the  benzyl  derivative  of  the  oxim 
of  acetone  with  aqueous  HC1 ;  thus : 

Me2C:NOC7H7  +  OH2  =  Me.CO  +  H,NOC;H7 
(Janny,  B.  16,  175).  Formed  also  in  like  manner 
by  treating  the  (a)-benzyl  derivative  of  benz- 
aldoxim  ((a)-benzylidene-benzyl-hydroxylamine) 
with  cone.  HClAq  (Beekmann,  B.  22,  515). 
Hydrochloride  B'HCl.  Soft,  silvery  plates, 
si.  sol.  water,  v.  si.  sol,  cold,  v.  sol.  hot,  alcohol. 
Acid  in  reaction.  Sublimes  between  230°  and 
260°  without  previous  fusion.  Eeadily  con- 
denses with  benzoic  aldehyde.  Boiling  HI  con- 
verts it  into  iodo-benzene  and  NH3.  Ureide 
NH.2.CO.NH.OC7Hr  [139°]  (Behrend  a.  Leuchs, 
B.  22,  385). 

(^-modification  C7H7.NH.OH.  [58°].  Ob- 
tained from  the  (/3)-benzyl  ether  of  benzaldoxim 
by  the  action  of  cone.  HClAq  at  a  high  tempera- 
ture (Beekmann,  B.  22,  514).  Formed  also  by 
heating  (0) -di-benzyl-hydroxylamine  with  cone. 
HClAq  at  130°  (Behrend  a.  Leuchs,  B.  22,  615). 
Needles  (from  petroleum-ether).— B'HCl  [110°]. 
Broad  needles,  v.  sol.  cold  alcohol,  v.  e.  sol. 
water.  Eeduces  Fehling's  solution  in  the  cold. 

Di-benzyl-hydroxylamine  (C6H5.CH.,),N.OH 
[123°]  uncor.  Prepared  by  heating  for  two 
hours  on  the  water-bath  a  solution  of  30  g. 
hydroxylamine  hydrochloride,  60  g.  Na.,C03  lOaq 
and  30  g.  benzyl  chloride  in  water  and  sufficient 
alcohol  to  just  dissolve  the  benzyl  chloride ;  on 
cooling  the  product  crystallises  out  (yield :  14  g.) 
(Schrarnm,  B.  16,  2184 ;  Walder,  B.  19,  1626). 
It  is  perhaps  accompanied  by  a  more  strongly 
basic  isomeride  (Behrend,  B.  22,  385).  Long 
white  needles.  V.  sol.  alcohol,  ether,  benzene, 
si.  sol.  ligroin,  CS2,  HOAc,  and  hot  water.  Dis- 
solves in  HC1  but  not  in  NaOH  or  NH3.  Not 
decomposed  by  cone.  HClAq  at  130°.  By  long 
boiling  with  acetic  acid  saturated  with  HC1  it  is 
split  up  into  benzaldehyde  and  benzylamine ; 
acetyl  chloride  has  the  same  effect.  Boiled  with 
alcoholic  benzyl  chloride  it  yields  tri-benzyl- 
hydroxylamine  (Ph.CH,)2N.OCH2.Ph.  By  the 
action  of  PC13  and  treatment  with  water  di- 
benzyl-amine  is  formed,  the  reaction  probably 
being : 

(C.H7)2N.OH  +  PC13  =  (C7H.),N.O.PC12  +  HC1  and 
(C7H7)2N.O.PC12+3H,O 

=  (C7H7),NH  +  P04H3  +  2HC1. 
Mel  and  NaOEt  gives  a  compound  (C;H7)4N2OHI 
which  appears  to  be  the  hydriodide  of  the  an- 
hydride (C7H.)2N.O.N(C;H7)2.  Heated  with  ethyl 
iodide  and  alcoholic  sodium  ethylate  it  gives 
di-benzyl-ethyl-amine  (c.  300°)  and  a  base 


C,,H,,N  which  forms  felted  crystals  [84°].  Pro- 
pyl  iodide  and  a  solution  of  sodium  in  propyl 
alcohol  give  benzyl-amine,  propyl  ether,  and 
a  small  quantity  of  benzyl-benzoate.  With  a 
very  dilute  colourless  solution  of  Fe.2Cl6  it  gives 
a  yellow  colour  on  standing.  By  the  action  of 
nitrous  acid  without  cooling,  di-benzyl-nitros- 
amine  is  formed;  when  kept  cold  the  product 
is  the  nitrous  ether  (CHH,.CH2)2N.O.NO : 
[84°J  which  crystallises  from  dilute  alcohol  in 
flat  white  needles ;  v.  sol.  alcohol  and  ether,  si. 
sol.  ligroin,  insol.  water  (Walder,  B.  19,  3287). 

Salts.— B'HCl:  pearly  plates.- B'^PtClgC 
sparingly  soluble  brownish  -  red  crystals.  — 
B'HCl,  HgCl2 :  white  plates,  sol.  warm  alcohol, 
nearly  insol.  water.— Pier  ate  B'C6H2(NO2)3OH  : 
[151°  cor.];  glistening  yellow  plates,  v.  sol. 
alcohol  and  ether,  insol.  water  (Walder,  B.  20, 
1751). 

Anhydride?  {(C7H.)2N}2O.  The  hydro- 
iodide  (B"HI)  [148°],  erroneously  called  '  tetra- 
benzyl-oxy-ammonium  iodide,'  is  formed  by 
heating  di-benzyl-hydroxylamine  with  methyl 

j  iodide ;  from  this  salt  the  base  is  obtained  by 
the  action  of  Ag,0.  Strongly  alkaline  colourless, 

I  very  deliquescent  crystals.  V.  e.  sol.  water,  si. 
sol.  ether.  Distils  at  a  high  temperature. — 
B"H2C12 :  pearly  prisms,  m.  sol.  water,  insol. 
ether.  — B"HI:  see  above.  —  B'T^Lj :  [27°]; 

!  white  crystals.— B"(HN03)2 :  [159°] ;  white  flat 
needles,  si.  sol.  water.  — B"H2SO4 :  [152°] ;  soluble 
prisms.— B"H,Cl2PtCl4:  [152°];  small  yellow 
needles,  si.  sol.  hot  water,  insol.  cold  water 
(Walder,  B.  19,  3289). 

Acetyl  derivative  (C7H7)2N.OAc.  [173°]. 
From  di-benzyl-hydroxylamine  (1  mol.)  and 
AcCl  (1  mol.).  Feathery  crystals  (from  dilute 
alcohol) ;  m.  sol.  water,  v.  sol.  alcohol. 

Benzoyl  derivative  (C7H7)2NOBz.  [97°]. 
From  di-benzyl-hydroxylamine  and  BzCl  (Beh- 
rend a.  Leuchs,  J3.  22,  385),  Needles  (from 

i  alcohol).  Converted  by  boiling  alcoholic  KOH 
into  di-benzyl-hydroxylamine  and  benzoic  acid. 

(^-modification  C6H5.CH,NH.O.CH2C6H5. 
An  oil,  which  accompanies  the  preceding.  Cone. 
HClAq  at  130°  splits  it  up  into  benzyl  chloride 
and  the  (#) -modification  of  benzyl-hydro  xyl- 
amine  (Behrend  a.  Leuchs,  B.  22,  615). 

Tri-benzyl-hydroxylamine 

(CtjH5.CH,),N.O.CH2.C6H5.  [119°].  Formed  by 
boiling  di-benzyl-hydroxylamine  for  a  long  time 
with  an  alcoholic  solution  of  benzyl  chloride 
(Walder).  Behrend  and  Leuchs  (B.  22,  613) 

i  could  only  obtain  by  this  method  an  oily  tri- 

i  benzyl-hydroxylamine  of  basic  character,  mixed 
with  an  indifferent,  probably  isomeric,  oil. 
Short  white  prisms,  v.  sol.  alcohol  and  ether, 
insol.  water. 

Salts.— B'HCl:  [172°];  white  crystals, 
si.  sol.  water,  insol.  ether.— B'^JIoClaPtC^:  [c. 
150°] ;  small  reddish-yellow  crystals,  si.  sol. 
alcohol  (Walder,  B.  19,  1631 ;  cf.  Behrend,  B. 
22,  385). 

Tri-benzyl-hydroxylamine 

(CBHi.CH2)2N.O.CH,C(jH5.  Formed,  together  with 
di-benzyl-hydroxylamine,  by  the  action  of  an 
alcoholic  solution  of  benzyl  chloride  (3  mols.)  on 
benzyl-hydroxylamine  hydrochloride  in  presence 
of  Na.2CO3.  Dilute  HClAq  dissolves  the  di- 

'  benzyl-hydroxylamine,  but   not   the  tri-benzyl- 

\  hydroxylamine,  since  the  hydrochloride  of  this 
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body  is  decomposed  by  water.  The  tri-benzyl 
derivative  is  then  extracted  with  ether  (Behrend 
a.  Leuchs,  B.  22,  614).  Oil.  With  cone.  HClAq 
at  160°  it  gives  di-benzyl-hydroxylamine  [123°]. 

Salts.— B'HCl:  [91°];  needles.— B'2H2PtCl6: 
[157°] ;  prisms,  v.  si.  sol.  cold  alcohol.  — 
Pic  rate  :  [132°] ;  v.  si.  sol.  water. 

Tri-nitro-phenyl-hydroxylamine 
C6H,(NO,)3NH.OH.  [100°].  Formed  by  the 
action  of  picric  ether  C6H2(NO2)3OEt  on  hy- 
droxylamine  (Michael  a.  Browne,  J.  pr.  [2]  35, 
358).  Silky  needles.  Its  solution  is  turned 
brown  by  the  least  trace  of  ammonia. 

Hexa-nitro-di-phenyl-hydroxylamine 
{ C6H2(NO,)3}  2NOH.  Di-picryl-liydroxylamine. 
[170°].  Formed  by  adding  picryl  chloride 
C6H2(N02)3C1  in  alcoholic  solution  to  an  aqueous 
solution  of  hydroxylamine  (M.  a.  B.).  Yellow 
crystals,  which  may  be  sublimed. 

Benzylidene-hydroxylamine  C6H3.CH:NOH  is 
described  as  BENZALDOXIM,  v.  vol.  i.  p.  447.  Ac- 
cording to  very  recent  researches  of  Beckmann 
(B.  22,  432),  when  HC1  is  passed  into  an  ethe- 
real solution  of  benzaldoxim  there  is  obtained  an 
isomeride.  This  (£) -benzaldoxim  yields  the  same 
products  on  treatment  with  HC1  as  the  ordinary 
or  (a) -benzaldoxim,  and  both  their  ethyl  ethers 
are  oily  and  are  split  up  by  HC1  into  EtCl,' 
NH4C1,  and  benzoic  acid.  The  benzyl  ethers 
of  the  two  oxims,  however,  are  different. 

(a)-Benzylidene-benzyl-hydroxylamine 
C6H5.CH:NOC7H7.  Formed,  at  ordinary  tem- 
peratures, by  the  action  of  benzyl  chloride  on  an 
alcoholic  solution  of  (a) -benzaldoxim.  Oil.  In- 
sol.  water,  sol.  alcohol,  and  ether.  Split  up  by 
HC1  into  benzyl  chloride,  benzoic  acid,  and 
NH4C1;  but  under  certain  conditions  it  yields 
benzoic  aldehyde  and  (a)-benzyl-hydroxyl- 
amine. 

(j3)-Benzylidene-benzyl-liydroxylamine 

C6H5.CH:NOC7H7  or  C6H5.CH<°-->.    [82°]. 

Formed  by  the  action  of  benzyl  chloride  upon 
(£)  -benzaldoxim  dissolved  in  alcohol  containing 
NaOEt.  Formed  also  from  (jS)-benzyl-hydroxyl- 
amine  and  benzoic  aldehyde.  Slender  needles 
(from  ether).  It  forms  a  crystalline  hydro- 
chloride  [148°].  On  treatment  with  HC1  it 
yields  benzoic  aldehyde  and  (/3)-benzyl-hydroxyl- 
amine. 

Other  derivatives  of. hydroxylamine  are  de- 
scribed as  oxims  of  aldehydes,  ketones,  and  ke- 
tonic  compounds    generally,   and    as    nitroso-, 
isonitroso-,  or  oximido-  compounds. 
.    HEXA-HYDEO-XYLENE  v.    XYLENE  HEXA- 

HYDRIDE. 

HYDBO-o-XYLOQUINONE 

C6H2Me2(OH)2[l:2:3:6].  [221°].  Formed  by  re- 
ducing o-xyloquinone  with  S02  (Nolting  a.  Forel, 
B.  18,  2673).  Separates  from  water  in  crusts. 
Partially  decomposed  on  melting. 

Hydro-ra-xyloqumone 

C6H2Me2(OH)2[l:3:2:5].  [151°].  Obtained  by 
reducing  w-xyloquinone  (Nolting  a.  Th.  Bau- 
mann,  B.  18,  1151). 

Hydro-p-xyloquinone  C  H2Me.,(OH)2[l:4:2:5]. 
Hydrophlorone.  [212°]  (N.) ;  [218°]  (Carstan- 
jen,  J.  pr.  [2]  23,  421).  Obtained  by  passing 
SO2  into  a  saturated  aqueous  solution  of 
p-xyloquinone  (phlorone)  (Von  Had,  A.  151, 
164;  Nietzki,  Ji.  13,472).  Colourless  pearly 


plates  (from  water).  May  be  sublimed.  SI. 
sol.  cold,  m.  sol.  hot  water  ;  v.  sol.  alcohol  and 
ether  ;  m.  sol.  boiling  benzene.  FeCl3  and  other 
oxidising  agents  readily  re-convert  it  into 
£>-xyloquinone.  Ammonia  turns  its  solutions 
brown.  It  reduces  boiling  cupric  acetate  solu- 
tion with  ppn.  of  Cu2O.  It  reduces  silver 
nitrate. 

Di-  ethyl  ether  C(iH4Me2(OEt)2  :  [106°]; 
glittering  plates  (from  alcohol)  (Staedel  a.  Holz, 
B.  18,  2919). 

HYDKUVIC  ACID  u.  PYRUVIC  ACID. 

HYDURILIC  ACID  CSHBN4O6  i.e. 


Formation.  —  1.  Discovered  by  Schlieper  (A. 
56,  11)  among  the  products  of  the  action  of 
dilute  nitric  acid  on  uric  acid,  being  found  on 
one  occasion  in  the  mother-liquor  from  which 
alloxan  had  crystallised.  He  was,  however, 
unable  to  repeat  the  experiment.  —  2.  By  heating 
dialuric  acid  with  glycerin  (which  acts  merely  as 
a  solvent)  at  160°,  the  products  being  acid  am- 
monium, hydurilate,  formic  acid,  and  C02,  thus  : 

5C4H4N2O4  =  2C8Ha(NH4)N406  +  H2C02  +  3C02 
(Baeyer,  A.  127,  11).—  3.  By  heating  air-dried 
alloxan  at  170°,  the  products  being  hydurilic 
acid,  formic  acid,  CO2,  ammonia,  and  CO  (Mur- 
doch a.  Doebner,  B.  9,  1102).  The  same  pro- 
ducts are  obtained  by  heating  air-dried  alloxantin 
for  three  or  four  hours  in  a  sealed  tube  at  170°. 
4.  Among  the  products  obtained  by  passing  H2S 
for  several  hours  through  a  boiling  solution  of 
alloxantin.  —  5.  By  heating  uric  acid  with  H2S04 
at  130°,  glycocoll  being  also  formed,  while  CO2 
is  given  off  (Schultzen  a.  Filehne,  B.  1,  150).  — 
6.  By  treating  di-bromo-barbituric  acid  with  a 
small  quantity  of  HI  (Baeyer,  A.  130,  133). 

Preparation.  —  9  pts,  of  perfectly  dry  dialuric 
acid  are  mixed  in  a  capacious  flask  with  5  pts. 
of  glycerin,  and  heated  in  an  oil-bath  to  140°- 
150°.  A  brisk  and  regular  evolution  of  carbonic 
anhydride  then  takes  place,  and  as  soon  as  this 
ceases,  and  the  contents  of  the  flask  have  be- 
come solid,  the  temperature  is  raised  for  a  short 
time  to  160°,  and  the  glycerin,  after  cooling,  is 
removed  by  washing.  A  yellowish-  white  granular 
powder  is  then  left,  consisting  of  acid  hydurilate 
of  ammonium.  To  obtain  the  free  acid  the  crude 
ammonium-salt  is  dissolved  in  boiling  water, 
ammonia  is  added  in  slight  excess,  and  solution 
of  cupric  sulphate  is  added  to  the  filtrate.  The 
liquid  then  assumes  a  dark-green  colour,  and,  if 
hot,  deposits  on  cooling  red  warty  crystals  of 
neutral  hydurilate  of  copper.  This  salt  is  then 
decomposed  by  hot  hydrochloric  acid,  and  the 
hydurilic  acid  which  crystallises  out  is  washed 
with  dilute  hydrochloric  acid  and  dried  over  the 
water-bath. 

Properties.  —  Crystallises  from  water  in  small 
four-sided  prisms  (containing  2aq).  From  a  hot 
concentrated  solution  in  HClAq,  or  from  an  am- 
moniacal  solution  by  ppn.  by  HC1,  it  separates  as 
a  crystalline  powder  composed  of  small  tablets 
(containing  aq).  V.  si.  sol.  cold,  m.  sol.  hot, 
water  ;  v.  si.  sol.  alcohol.  Dissolves  in  cone. 
H2SO4,  and  is  reppd.  unaltered  on  adding  water. 
Scarcely  sol.  aqueous  HC1.  Not  attacked  by  re- 
ducing agents.  Not  attacked  by  aqueous  alkalis  ; 
melting  potash  slowly  forms  oxalic  acid.  Gives 
a  dark  -green  colour  with  FeCl3.  This  colour  is 
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also  given  by  its  soluble  salts,  but  is  destroyed 
by  strong  acids  and  alkalis ;  heat  also  destroys 
it,  changing  it  to  red. 

Reactions, — 1.  When  heated  with  ferric 
chloride  it  yields  oxy-hydurilic  acid,  cha- 
racterised by  producing  a  blood-red  colour  with 
ferric  salts.— 2.  HC1  mixed  with  KC1O3  forms 
di-chloro-hydurilic  acid. — 3.  Fuming  nitric  acid 
gives  only  alloxan  ;  nitric  acid  of  S.G.  1-4  gives 
alloxan,  violuric  acid  (nitroso-barbituric  acid), 
violantin,  and  dilituric  acid,  the  last  named 
being  the  ultimate  product  when  heat  is  em- 
ployed. 

Salts. — Hydurilic  acid  is  dibasic.  It  is  a 
strong  acid,  and  can  decompose,  metallic  chlor- 
ides, expelling  HC1  and  forming  acid  salts.  It 
dissolves  readily  in  aqueous  alkalis,  and  the 
solutions  give  pps.  with  metallic  salts ;  the  pps. 
are,  however,  acid  salts.  The  neutral  salts  must 
be  prepared  from  the  free  acid.  HC1  added  to 
solutions  of  salts  of  hydurilic  acid  ppts.  the  acid 
as  a  chalk-white  'amorphous  powder,  which, 
when  placed  in  hot  water  or  hot  HClAq,  becomes 
crystalline. — NH4HA" :  small  octahedra  (by  ppn. 
of  an  ammoniacal  solution  by  acetic  acid).  M. 
sol.  boiling  water,  separating  as  granules  and 
crusts  on  cooling. — (NH4)2A"aq:  needles,  sepa- 
rating on  rapidly  cooling  a  hot  saturated  solu- 
tion. Obtained  in  the  same  form  by  ppn.  with 
ammonium  sulphide,  in  which  it  is  insoluble. — 
(NH4)2A"  2aq  :  large  shining  monoclinic  efflores- 
cent prisms,  obtained  by  slow  evaporation ;  m. 
sol.  water,  v.  sol.  aqueous  NH3,  but  reppd.  by 
alcohol. — Na2A"  4aq :  small  prisms ;  obtained 
by  dissolving  the  acid  in  NaOHAq,  acidulating 
with  acetic  acid,  and  ppg.  with  alcohol. — 
BaA''  aq :  amorphous  pp.,  soon  becoming  crys- 
talline, got  by  adding  a  hot  solution  of  hydurilie 
acid  to  barium  acetate. — CaH2A"2  8aq :  small 
shining  prisms,  which  separate  when  hydurilic 
acid  is  added  to  a  solution  of  CaCl2.— CaA"  3aq : 
amorphous  pp.,  soon  becoming  crystalline,  ob- 
tained by  decomposing  calcium  acetate  by  hydu- 
rilic acid. — CuH2A"  8aq.  Obtained  by  mixing 
the  acid  with  cuprie  acetate  or  with  cupric  sul- 
phate. Separates  from  concentrated  solutions 
in  green  needles,  from  more  dilute  solutions  in 
yellow  prisms.  When  heated  the  anhydrous 
salt  is  left  as  a  red  powder,  which  may  also  be 
obtained  by  ppn.  from  hot  solutions.— CuA"  4aq. 
Obtained  by  adding  the  acid  to  excess  of  cupric 
acetate,  or  by  mixing  the  neutral  ammonium 
salt  with  cupric  sulphate.  From  cold  solutions 
it  is  ppd.  in  short  red  needles  of  the  hydrated 
salt ;  from  warm  concentrated  solutions  as  a 
brownish-red  pp.  of  the  anhydrous  salt. — 
ZnH2A"2 :  feathery  groups  of  lustrous  needles, 
which  separate  when  a  solution  of  ZnCl.2  is 
mixed  with  hydurilic  acid. — ZnA"  2aq:  white 
amorphous  pp.,  soon  becoming  crystalline. 

Di-chloro-hydurilic  acid  C8H4C12N4OG.  Pre- 
pared by  adding  KC1O3  in  small  portions  to  a 
pasty  mixture  of  hydurilic  in  cone.  HClAq. 
Snow-white  powder ;  v.  si.  sol.  water.  Purified 
by  dissolving  in  H2S04  and  reppg.  by  water, 
when  it  separates  as  small  trimetric  crystals 
(containing  2aq).  Warm  nitric  acid  slowly 
converts  it  into  dilituric  acid. — K2A"  2aq :  small 
six-sided  tables  (from  water) :  si.  sol.  cold  water. 

HYGRINE.  A  volatile  alkaloid  said  to  accom- 
pany cocaine  in  coca  leaves  (Wohler  a.  Lessen,  A. 


121, 374).  The  leaves  are  exhausted  with  distilled 
water  at  70°,  the  extract  ppd.  with  lead  acetate, 
freed  from  lead  by  ppn.  with  aqueous  Na2SO4, 
rendered  slightly  alkaline  by  Na2C03,  and  ex- 
tracted with  ether.  The  ether  extracts  cocaine, 
and  if  the  residual  solution  be  now  rendered 
strongly  alkaline  by  Na^COg,  ether  will  extract 
hygrine  together  with  a  neutral  oil.  These 
may  be  partially  separated  by  distillation  in  a 
current  of  hydrogen,  the  greater  part  passing 
over  below  140°  (Lossen).  Thick  yellow  oil, 
with  strong  alkaline  reaction,  burning  taste,  and 
characteristic  smell  resembling  tri-methylamine. 
Fumes  with  HC1.  Slightly  volatile  with  steam. 
M.  sol.  water,  sol.  alcohol  and  ether.  Its  aqueous 
solution  gives  a  white  pp.  with  SnCl4,  and  a 
light  blue  pp.  with  CuS04,  not  reduced  on  boil- 
ing. It  also  ppts.  HgCl2  and  AgN03.  It  forms 
a  deliquescent  hydrochloride,  the  aqueous  solu- 
tion of  which  gives  a  brown  pp.  with  iodine  in 
KI ;  a  white  pp.  with  HgCl2 ;  yellowish  flakes 
with  PtCl4 ;  a  yellow  powder  with  picric  acid ; 
and  a  white  pp.  with  tannin.  The  platino- 
chloride  is  decomposed  by  boiling  water  (0.  de 
Coninek,  Bl.  [2]  45,  131).  The  above  are  the 
properties  of  the  hygrine  described  by  Lossen, 
who  states  that  it  is  not  poisonous.  Stockman 
(Ph.  [3]  18,  701)  found  in  dried  coca  leaves  a 
very  minute  amount  of  an  oily  alkaloid  with 
burning  taste  and  strong  odour,  which,  however, 
was  very  poisonous.  W.  C.  Howard  (Ph.  [3J  18, 
71)  obtained,  by  adding  PtCl4  to  a  solution  of 
crude  cocaine,  a  semi-crystalline  pp.  insoluble 
in  water  at  80° ;  this  platinochloride  contained 
18-5  p.c.  Pt  and  yielded  a  base  that  gave  no 
crystallisable  chloride,  did  not  smell  of  trimethyl- 
amine,  and  had  a  bitter  taste.  Hesse  (Pharm. 
Zeit.  1887,  669)  came  to  the  conclusion  that 
hygrine  was  tri-methyl-quinolme,  but  he  worked 
with  only  a  few  grammes  of  the  substance. 
According  to  Liebermann  (JB.  22,  675)  the  so- 
called  hygrine  is  a  mixture  of  oxygenated  bases. 
He  found  that  crude  hygrine,  a  very  dark  liquid 
smelling  like  piperidine  and  nicotine,  was 
strongly  alkaline,  and  almost  entirely  soluble  in 
water.  After  dissolving  in  ether,  drying  with 
sticks  of  KOH,  and  fractionally  distilling  under 
50  mm.  pressure,  two  colourless  liquids  are  ob- 
tained, boiling  under  50  mm.  pressure  at  128°- 
131°  and  215°  respectively,  and  having  the  con- 
stitution C8H1VNO  and  C14H24N2O. 

Base  C8H]5NO.  (c.  130°  at  50  mm.);  (194° 
cor.  at  760  mm.).  S.G.  if  -940.  V.D.  (H  =  l) 
68.  This  base,  which  is  isomeric  with  tropine, 
may  be  distilled  in  a  current  of  nitrogen. — 
B'C6H2(N02)3OH :  [148°];  yellow  needles,  m.  sol. 
cold  water. 

Base  C)4H21N,0.  (215°  at  50  mm.).  S.G. 
if  '982.  Decomposed  by  distillation  under  atmo- 
spheric pressure. — Salts. — B"H2C12  (dried  at 
100°) :  white  crystalline  powder. — B"H2Au2Cl8 : 
egg-yellow  pp.  —  B"(CdH2(N02)3OH)2 :  crystals 
(from  boiling  water) ;  v.  si.  sol.  cold  water. — 
Methylo-iodide  B"Me2I2 :  white  crystalline 
powder. 

HYMENODICTYONINE  C23H10N2.  An  alka- 
loid contained  in  the  bark  of  Hymenodictyon, 
excelsum  from  which  it  may  be  obtained  by 
mixing  with  lime  and  extracting  with  chloro- 
form (Naylor,  Ph.  [3]  13,  817;  15,  195).  By 
extremely  slow  evaporation  of  its  ethereal  solu- 
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tion  it  may  be  obtained  in  a  crystalline  form, 
but  otherwise  it  is  an  amorphous  deliquescent 
mass.  Its  solutions  are  alkaline  in  reaction, 
have  a  persistent  bitter  taste,  and  are  optically 
inactive.  Its  hydrochloride  gives  pps.  with  the 
usual  alkaloidal  reagents.  Cone.  H.,SO,  gives 
a  lemon-yellow  colour  changing  to  wine-red  with 
bronzy  lustre. — B"H2PtCl6 :  yellow  amorphous 
powder.— B"H2C12. 

Ethyloio'dide  B"Et2I2:  rosettes  of  needles 
(from  alcohol). 

HYOCAFFEINE  v.  CAFFEINE. 

HYOCHOLIC  ACID  C23H,0O4.  An  acid  ob- 
tained together  with  glycocoll,  by  boiling  hyo- 
glycocholic  acid  with  aqueous  KOH  (Strecker, 
A.  70,  191).  Granules  (from  ether).  Scarcely 
sol.  water,  v.  sol.  alcohol  and  ether.  The  solu- 
tion of  its  ammonium  salts  is  ppd.  by  solutions 
of  metallic  salts.— BaA'2  (dried  at  180°).  SI. 
sol.  water,  sol.  alcohol. 

j8-Hyocholic  acid  C23H40Or  An  acid  obtained 
in  like  manner  from  (/8)-hyoglycocholic  acid 
(Jolin,  H.  13,  205).  It  differs  from  the  preceding 
chiefly  in  requiring  a  larger  amount  of  Na2SO4 
or  NaCl  to  ppt.  its  sodium  salt  from  aqueous 
solution. 

HYODYSLYSIN  C25Hg803.  An  amorphous 
substance,  homologous  with  dyslysin,  produced 
by  the  continued  action  of  boiling  hydrochloric 
acid  on  hyoglycocholic  acid  (Strecker,  A.  70, 189). 
Insol.  water,  KOHAq,  and  aqueous  NH3,  si.  sol. 
boiling  alcohol,  rr>.  .sol.  ether. 

HYOGLYCOCHOLIC  ACID  C2;H43N05.  Occurs 
as  sodium  salt,  together  with  a  smaller  quantity 
of  hyotaurocholic  acid,  in  pigs'  bile  (Strecker  a. 
Gundelach,  A.  62,  205). 

Preparation. — Fresh  pigs'  bile  is  completely 
saturated  with  Na2SO4;  the  mixture  is  heated 
for  some  hours,  and  then  left  to  cool.  The  re- 
sulting pp.  is  washed  with  a  cone,  solution  of 
Na2SO,,  dried  at  110°,  and  treated  with  absolute 
alcohol.  The  alcoholic  solution  of  sodium  hyo- 
glycocholate  is  decolourised  with  animal  charcoal, 
and  the  salt  ppd.  by  ether.  The  aqueous  solu- 
tion of  the  sodium  salt  is  ppd.  by  H2SO4,  and 
the  pp.  dissolved  in  alcohol  and  thrown  down 
a^ain  with  water.  The  acid  separates  in  trans- 
parent drops. 

According  to  Jolin  (H.  11,  417)  hyoglycocho- 
lic acid  is  accompanied  by  a  smaller  quantity 
of  a  (S)-isomeride,  the  sodium  salt  of  which  is 
less  readily  ppd.  by  Na2S04.  A  solution  of 
Na2S04  saturated  at  0°  ppts.  Strecker's  acid 
only. 

Properties. — White  resin,  si.  sol.  water,  im- 
parting an  acid  reaction ;  v.  sol.  alcohol,  insol. 
( fier.  It  melts  under  hot  water,  and  then  has  a 
silky  appearance.  Dissolves  readily  in  alkalis 
and  alkaline  carbonates.  Dextrorotatory, 
[a]  =  2°;  the  sodium  salt  is  optically  inactive 
(Hoppe,  C.  C.  1859,  65).  It  differs  from  glyco- 
cholic  acid  by  its  sparing  solubility  in  water,  and 
by  forming  pps.  insol.  water  with  baryta  and 
lime.  A  solution  of  its  sodium  salt  is  ppd.  by 
metallic  salts,  even  by  NaCl,  KC1,  and  NH4C1. 
It  gives  Pettenkofer's  test  for  bile. 

Reactions. — 1.  Dilute  sulphuric  acid  has  no 
action  ;  cone.  H2S04  blackens  it  with  evolution 
of  S02.— 2.  Cone.  HN03  gives  off  nitrous  fumes, 
and  leaves  a  yellowish  mass,  chiefly  consisting 
of  oxalic  acid  and  cholesteric  acid  C12HIa07. — 


3.  Boiling  cone.  HClAq  forms  hyodyslysin  and 
glycocoll.  Boiling  aqueous  potash  acts  in  like 
manner. 

Salt  s. — NH4A'.  Ppd.  by  adding  ammonium 
chloride,  carbonate,  or  sulphide,  to  fresh  pig's 
bile,  or  to  a  solution  of  the  sodium  salt.  Crys- 
talline powder ;  v.  sol.  water,  v.  si.  sol.  cone, 
solutions  of  ammonium  salts.  Decomposed  by 
boiling  with  water. — NaA'  ^aq :  white  non-deli- 
quescent, powder.  Its  alcoholic  solution  yields, 
on  evaporation,  a  transparent  varnish.  It  has  a 
persistent  bitter  taste.— KA'^aq :  white  amor- 
phous mass ;  ppd.  by  adding  KC1  to  a  solution 
of  the  Na  salt.  Melts  under  water  or  alcohol, 
but  when  quite  dry  it  does  not  melt,  even  at 
120°.— BaA'22aq:  si.  sol.  water,  v.  sol.  alcohol, 
— CaA'22aq. — AgA' :  gelatinous  pp.  which  be- 
comes flocculent  on  boiling. 

(j8)-Hyoglycocholic  acid  C27H43N05?  Ee- 
mains  in  the  mother-liquor  when  the  ordinary 
or  (a)-hyoglycocholate  of  sodium  is  ppd.  by  ice- 
cold  saturated  Na^SO,  (Jolin,  H.  11,  417;  12, 
512  ;  13,  205).  When  this  mother-liquor  is  eva- 
porated sodium  )8-hyoglycocholate  sepa- 
rates in  dark  brown  oily  drops,  which  solidify  to 
a  sticky  mass.  This  is  washed  with  ether,  and 
then  presents  a  white  curdy  appearance.  It  is 
v.  sol.  alcohol  and  water.  The  free  acid  and  its 
salts  greatly  resemble  their  (a)-isomerides,  but 
the  salts  of  the  (#)-acid  melt,  as  a  rule,  more 
easily,  and  have  a  less  bitter  taste.  ()8) -hyoglyco- 
cholic acid  gives  Pettenkofer's  reaction.  The 
(a)-acid  is  ppd.  by  dilute  acids  more  readily  than 
the  (0)-acid.  The  alkaline  salts  of  the  (jS)-acid 
are  more  soluble  in  water  than  those  of  the  (a)- 
acid.  The  Ba,  Ca,  and  Mg  salts  of  the  (jS)-acid 
differ  from  those  of  the  (a)-acid  in  dissolving  in 
excess  of  the  sodium  salt.  The  sodium  salt  of 
the  (|8)-acid  is  dextrorotatory. 

HYOSCINE.  This  name  was  first  used  to 
denote  the  base,  subsequently  proved  to  be  tro- 
pine,  obtained  by  saponifying  hyoscyamine.  It 
was  then  given  to  a  base  that  accompanies 
hyoscyamine  (q.v.). 

HYOSCINIC  ACID  is  identical  with  TROPIC 

ACID. 

HYOSCYAMINE  C17H23N03.  Duboisine. 
Daturine.  [109°].  An  isomeride  of  atropine 
occurring  in  henbane  (Hyoscyamus  niger)  and 
in  other  species  of  Hyoscyamus  (Geiger  a.  Hesse, 
A.  7,  270  ;  Hohn  a.  Reichardt,  A.  157,  98).  It 
occurs  both  in  the  seeds  and  in  the  juice  of  these 
plants,  and  is  accompanied  by  hyoscine  (Laden- 
burg,  A.  206,  282).  It  accompanies  atropine  in 
the  seeds  of  the  deadly  nightshade  (Atropa 
Belladonna) ;  indeed  Ladenburg  (B.  21,  3065)  is 
of  opinion  that  atropine  is  an  optically  inactive 
base  standing  to  hyoscyamine  in  the  relation  of 
racemic  acid  to  Isevotartaric  acid.  From  20  g. 
of  commercially  pure  atropine  aurochloride 
Ladenburg  isolated  by  recrystallisation  1  g.  of 
hyoscyamine  aurochloride,  and  to  this  he  attri 
butes  the  statement  that  atropine  can  be  con- 
verted into  hyoscyamine.  Hyoscyamine  occurs, 
mixed  with  atropine,  in  the  seeds  of  Datura 
Stramonium  (Pesci,  G.  12,  39 ;  Ladenburg,  C.  R. 
90,  874 ;  E.  Schmidt,  A.  208,  196),  and  in  the 
leaves  and  twigs  of  Duboisia  myoporoidcs  (F.  v. 
Miiller  a.  Eummel,  C.  J.  35, 32 ;  Gerrard,  Ph.  [3]  8, 
787 ;  Ladenburg  a.  Petersen,  B.  20, 1661).  Hyos- 
cyamine mixed  with  hyoscine  occurs  in  the  root 
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of  Scopolia  japonica ;  hyoscyamine  also  occurs 
in  the  root  of  Scopolia  Hlardnackiana  (E. 
Schmidt  a.  Henschke,  Ar.  Ph.  [3]  26,  185,  214). 

Preparation. — Henbane  seeds  are  extracted 
with  boiling  alcohol  (90  p.c.)  acidulated  with 
tartaric  acid,  and  when  the  alcohol  is  distilled 
oil  the  residue  separates  into  two  layers.  The 
upper  layer  is  a  green  oil,  which  is  shaken  with 
dilute  H2S04,  and  the  acid  liquid,  after  nearly 
neutralising  with  K.,CO3,  is  filtered  and  evapo- 
rated to  a  syrup.  When  alcohol  is  added  to  this 
syrup  K2SO4  separates,  and  the  alcoholic  solu- 
tion must  be  freed  from  alcohol  by  distillation, 
mixed  with  a  little  water,  and  shaken  with 
K2C03  and  chloroform.  The  alkaloid  is  ex- 
tracted from  the  chloroform  by  dilute  H2S04, 
and  the  acid  solution,  decolourised  by  animal 
charcoal,  evaporated,  and  allowed  to  stand  in 
contact  with  CaC03.  The  liquid  is  finally 
mixed  with  sand,  evaporated  over  H2S04,  and 
the  alkaloid  extracted  by  chloroform,  from  which 
it  crystallises  in  long  prisms  (Duquesnel,  J.  Ph. 
[5]  5,  131). 

Properties. — Needles  (from  dilute  alcohol),  or 
prisms  (from  CHC13).  More  soluble  in  water 
and  dilute  alcohol  than  atropine.  Lcevorotatory : 
[a]D  =  —21°.  It  enlarges  the  pupil  of  the  eye  in 
the  same  way  as  atropine.  It  will  not  sublime 
(Blyth). 

Reactions. — 1.  Converted  into  atropine  by 
heating  for  5  or  6  hours  above  its  melting-point 
(E.  Schmidt,  B.  21,  1829).  The  optical  activity 
of  hyoscyamine  may  likewise  be  diminished  by 
allowing  its  alcoholic  solution  to  stand  in  the 
cold  after  a  slight  addition  of  one  of  the  follow- 
ing bases:  NaOH,  KOH,  NH3,  NMe.2H,  and 
NMe,OH  (Will,  B.  21,  1717;  Will  a.  Bredig,  B. 
21,  2777).  The  optical  activity  cannot  be  re- 
duced below  [o]D=  — 1-89°  by  this  method,  so 
that  if  Ladenburg  is  correct  in  holding  atropine 
to  be  optically  inactive,  the  conversion  of  hyos- 
cyamine into  atropine  is  incomplete. — 2.  Split 
up  by  boiling  dilute  HC1  into  the  same  products 
as  atropine,  viz. :  tropine  and  tropic  acid 
(Ladenburg,  B.  13,  607).  Baryta-water  gives  the 
same  products. 

Salts.-B'HAuCl4:  [159°]  (L.) ;  [162°] 
(Will) ;  golden  leaflets  with  brilliant  lustre 
(Ladenburg,  B.  13,  109).  The  corresponding 
aurochloride  of  atropine  melts  at  137°  and  has 
no  lustre.  The  atropine  aurochloride  melts 
under  water,  that  of  hyoscyamine  does  not. 
Hyoscyamine  aurochloride  is  less  soluble  in 
water  at  60°  than  atropine  aurochloride. — 
B',H2S04  (dried  at  100°).  Slender  needles. 
[206°]. — Cadmioiodide  :  needles  (from  alco- 
hol); almost  insol.  water. — Hydro  bromide  : 
compact  prisms  (from  water). — Pi  crate  :  yellow 
oily  pp.  quickly  changing  to  rectangular  plates. 
— Platinochloride:  triclinic  (Fock,  B.  21, 
1720). 

HyoscineC,7H2.,N03.  Amorphous  hyoscyam- 
ine. Colourless  syrupy  fluid.  Occurs  in  the 
mother-liquor  from  which  hyoscyamine  has  crys- 
tallised. It  closely  resembles  hyoscyamine,  both 
in  its  mydriatic  action  on  the  pupil  of  the  eye 
and  in  other  respects.  Boiled  with  water  it  splits 
up  into  tropic  acid  and  pseudotropine.  S  )lution 
of  hyoscine  hydrochloride  is  precipitated  by 
HgCl2,  HgK.J4,  and  K,FeCyfi. 

Salts.— B'HAuCl4:    [198°];   yellow  prisms. 


— B'HI^aq:  (dried  at  100°)  ;  small  monoclinic 
prisms  ;"  a:b:c  =  '938:1:1-357.  M.  sol.  water. — 
B'HBr3}aq:trimetricprisms;a:Z>:c  = '601:1: -411; 
v.  e.  sol",  water.— B'2H2PtCl6 :  octahedral  crys- 
tals, sol.  water  and  ether-alcohol. — Picrate 
B'C1JH2(NO,),OH:  prisms  (Ladenburg,  B.  13, 
154'.);  14,  1870). 

HYOTAUROCHOLIC  ACID  C27H,.NSOtf  (?). 
Occurs  in  very  small  quantity  in  pigs'  bile 
(Strecker,  A.  70,  180).  Apparently  split  up  by 
boiling  with  HC1  into  taurine  and  hyocholio 
acid. 

HYPO-.  Use  of  this  prefix  applied  to  inorganic 
compounds  :  for  hypo-  compounds  v.  the  element 
the  hypo-  compound  of  which  is  sought  for,  or 
the  salts  to  the  name  of  which  hypo-  is  prefixed. 
Thus  hypo-bismuthic  oxide  will  be  found  under 
BISMUTH,  OXIDES  OF  ;  hypo-bromous  acid  and 
hypo-bromites  will  be  found  under  BROMINE,  OXY- 
ACIDS  OF  ;  hypo-phosphites  will  be  found  under 
PHOSPHORUS,  OXY-ACIDS  OF. 

HYPOG^IC  ACID.  This  name  was  given 
by  Gossmann  a.  Scheven  (A.  94,  230)  to  an  acid 
of  the  oleic  series  C16H30O2,  melting  at  33°,  sup- 
posed to  exist  in  earth-nut  oil  (cf.  Schroder,  A. 
143,  22;  Caldwell  a.  Gossmann,  A.  99,  310). 
According  to  Schon  (A.  244,  253),  however,  no 
such  acid  can  be  obtained  from  the  oil,  which 
contains  olei'n  and  not  its  lower  homologue. 

HYPOQTJEBRACHINE  C,,H26N202.  [80°]. 
An  alkaloid  occurring  in  quebracho  bark  (Hesse, 
A.  211,  264).  It  is  a  strong  base  with  bitter 
taste,  v.  sol.  alcohol,  ether,  and  chloroform. 
Forms  yellow  amorphous  salts. — B'2H.,PtCL  4aq. 

HYPOXANTHINE  C,H4N40.  Sarcine.  Sar- 
Jcine.  S.  -33  in  the  cold  ;  1-28  at  100°.  S.  (al- 
cohol) '11  at  73°.  Occurs  in  the  spleen  of  men 
and  oxen  (Scherer,  A.  73,  328),  in  the  bone- 
marrow  of  men  and  calves  (Heymann,  Pf.  6, 
194).  Occurs  also  in  the  muscular  tissue  of 
horses,  oxen,  and  hares  (Strecker,  A.  108,  137), 
and  in  the  blood  of  corpses  (Salomon,  H.  2,  94). 
It  is  a  product  of  the  reduction  of  uric  acid 
C5H4N4O3  by  sodium-amalgam  (Strecker  a. 
Rheineck,  A.  131, 121).  It  is  formed  from  blood- 
fibrin  by  the  action  of  pancreas-ferment,  and  in 
much  smaller  quantity  by  the  simple  decay  of 
blood-fibrin  (Krause  a.  Salomon,  B.  11,  574 ; 
12,  95  ;  13,  1160) ;  in  both  cases  its  formation 
may  be  due  to  the  presence  of  nuclein  in  the 
blood-fibrin,  since  it  is  not  formed  from  purified 
fibrin  (Kossel,  H.  5,  156;  Chittenden,  J.  Tk. 
1879,  61).  Formed,  together  with  xanthine, 
leucine,  tyrosine,  guanine,  and  carnine,  in  the 
decomposition  of  the  proteid  constituents  of  yeast 
(Schiitzenberger,  Bl.  [2]  21,  204 ;  Kossel,  H.  3, 
291).  Hypoxanthine  is  also  formed  by  the  action 
of  chlorine-water  on  carnine  C7H8N4O3  (Weidel,  A. 
158,  362).  Hypoxanthine  accompanies  caffeine 
and  xanthine  in  tea  (Baginsky,  H.  8,  395). 

Preparation. — Extract  of  meat  is  dissolved 
in  water  and  ppd.  with  lead  subacetate.  The 
filtrate  is  freed  from  lead  by  H.S,  concentrated, 
and  ppd.  with  ammonia  and  AgN03.  The  pp.  is 
dissolved  in  the  smallest  possible  quantity  of 
dilute  HC1  (S.G-.  1-1).  The  compound  of  hypo- 
xanthine  and  AgN03  separates  on  cooling,  and  is 
subsequently  decomposed  by  H,S  (Neubauer,  Fr. 
6,  41). 

Properties. — Minute  crystals,  si.  sol.  water, 
v.  si.  sol.  alcohol.  Eeadily  soluble  in  acids  and 
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alkalis.  Ppd.  by  CO.,  from  its  solution  in  aque- 
ous KOH.  Neutral  "to  litmus.  Fpd.  by  phos- 
phomolybdic  acid  in  acid  solution.  According 
to  Kossel  (H.  6,  428)  it  cannot  be  oxidised  to 
xanthine  as  formerly  supposed. 

Salt  s.— C5H4N4OHC1  aq :  tables.— 
(C5H4N4O).,H2PtClfi :  yellow  crystals,  si.  sol.  cold, 
very   soluble   in   hot,   water.  —  C5H4N4OHBr.— 
C4H4N4OHN03;     (at    100°):   large    crystals.— 


C3H4N4OBa02H2 :  crystals.— C5H.2Ag2N40  £aq  : 
gelatinous  pp. — C3H,N4OAgNO3 :  flocculent"  pp. 
Crystallises  from  boiling  HNO3  in  small  scales. 
Dissolves  in  4,960  pts.  of  cold  dilute  HNO3  (S.G. 
1-1).  The  ppn.  of  hypoxanthine  by  AgNO,  is 
prevented  by  the  presence  of  gelatin  in  the  solu- 
tion (Salkowski,  Pf.  6,  91). 

HYSTAZABINE  v.  DI-OXY-ANTHRAQUINONE. 


IBOTIN.  A  glucoside  said  to  occur  in  the 
aqueous  extract  of  the  seeds  of  Ligustrum  Ibotu 
(Martin,  Ar.  Ph.  [3]  13,  338).  The  solution  is 
ppd.  with  lead  acetate,  and  the  pp.  decomposed 
by  H,S  and  exhausted  with  alcohol.  It  is  a 
yellowish-white  powder.  Cone.  H2S04  dissolves 
it,  forming  a  red  solution,  which  loses  its  colour 
on  addition  of  water. 

ICACIN  C45H74O  or  (C5H8)9H20  (Fliickiger) ; 
C46H-0O  (Stenhouse  a.  Groves,  A.  180,  255 ;  C.  J. 
29,  175) ;  C47H77(OH)  (Hesse,  A.  192,  181).  The 
last  formula  represents  it  as  amyrin  in  which 
one  hydroxyl  has  been  displaced  by  hydrogen. 
Icacin  is  the  crystalline  resin  of  conima  or  In- 
cense resin  (Scribe,  A.  Ch.  [3]  13,  166).  Steam- 
distillation  expels  an  essential  oil,  conimene 
(q.  v.),  the  remaining  resin  being  almost  entirely 
soluble  in  alcohol,  from  which  it  is  deposited  in 
silky  needles  on  cooling.  It  may  be  purified  by 
recrystallisation  from  ligroin.  It  crystallises  in 
needles  [175°].  Insol.  water,  m.  sol.  boiling 
alcohol  and  petroleum,  v.  sol.  ether,  CS2,  and  hot 
benzene.  Hot  cone.  H2S04  blackens  it. 

n-ICOSANE  C20H42.  [36°].  (205°  at  15  mm.). 
S.G.  3?7  -778 ;  85°  -749  ;  i£2  -736.  Formed  by  reduc- 
tion of  the  dichloride  of  heptyl  tridecyl  ketone 
with  HI  and  P.  Produced  by  treating  n-decjl 
iodide  with  slices  of  sodium ;  the  reaction  which 
begins  in  the  cold  is  finished  by  heating  to  150°, 
and  the  product  is  mixed  with  alcohol,  water 
being  then  added,  and  the  hydrocarbon  rectified 
and  finally  crystallised  from  ether-alcohol.  Ob- 
tained also  by  fractionating  paraffin  from  brown 
coal  (Kraff,  B.  15,  1717 ;  19,  2220  ;  21,  2262). 

ICOSINENE  C20H38.  Eicosylene.  (315°). 
g.G.  2*  -sis.  Prepared  from  ozokerit,  or  the 
solid  paraffin  [37°]  from  brown  coal  by  heating 
with  PC15  at  170°  and  distilling  the  resulting 
C^H^Cl-j  (Lippmann  a.  Hawliczek,  B.  12,  69). 
Combines  with  Br  and  Cl  forming  oily  C,0H.JSBr2 
and  C20H38C12  (v.  DI-CHLORO-  and  DI-BROMO- 
ICOSTLENE). 


C20H3 


Didecene.       (330°- 


ICOSONENE 

335°).  S.G.  i2  -936.  [a] D=  -2°.  Obtained 
from  the  fraction  (330°-340°)  of  the  product  of 
the  distillation  of  colophony,  by  removing  other 
unsaturated  hydrocarbons  by  treatment  with 
H2SO4  or  HN03  (Renard,  G.  R.  106,  1086).  Co- 
lourless, non-fluorescent,  oil.  Does  not  alter 
when  exposed  to  air,  and  is  not  affected  by 
by  HN03,  by  11C1,  or  by  bromine  in  the 


cold.  Occurs  to  the  extent  of  10  p.c.  in  the 
resin  oil. 

IDRIALIN  C80H5402.  The  essential  consti- 
tuent of  idrialite,  a  mineral  found  mixed  with 
cinnabar  in  the  mercury  mine  of  Idria  (Dumas, 
A.  5,  16  ;  Schrotter,  A.  24,  336 ;  Laurent,  A.  Ch. 
[2]  66,  143;  Bodeker,  A.  52,  100;  Goldschmiedt, 
J".  1879,  365  ;  B.  11,  1579).  Extracted  by  boil- 
ing idrialite  with  xylene.  Glittering  plates.  May 
be  distilled  in  a  current  of  C02.  Almost  insol. 
alcohol  and  ether,  v.  sol.  boiling  oil  of  turpen- 
tine, v.  e.  sol.  CS2.  Fuming  H2S04  forms  a  sul- 
phonic  acid.  It  gives  no  acetyl  derivative. 
Oxidised  by  chromic  acid  to  palmitic  and  stearic 
acids  and  oxyidrialin  C80H46O10,  a  red  substance 
which  forms  a  deep-violet  solution  in  H2SO4. 
Oxyidrialin  may  be  reduced  to  idrialin  by  distil- 
lation with  zinc-dust,  but  it  gives  stearic  acid 
when  distilled  in  a  current  of  hydrogen. 

Bromine-water  converts  idrialin  into 
C80H36Br,802.  Br  in  HO  Ac  forms  C80H42Br,2O2, 
a  reddish-yellow  powder,  v.  sol.  hot  chloroform 
and  benzene.  Boiling  cone.  HN03  forms 
C80H43(NO2)UO2.  Fuming  HN03  produces 

C80H34(N02)I602- 

IDRYL  is  identical  with  FLUOBANTHENE  (q.v.). 

IGASTJRINE  is  impure  BRUCINE  (Shenstone, 
C.  J.  39,  457). 

ILICYL  ALCOHOL  C25H440  (Personne,  C.  R. 
98,  1585  ;  Bl.  [2]  42,  150) ;  C^H^O  (Divers  a. 
Kawakita,  C.  J.  53,  274).  [175°]  (P.) ;  [172°] 
(D.  a.  K.).  (above  350°).  Birdlime,  obtained 
by  fermentation  of  the  inner  bark  of  the  holly 
Ilex  Aquifolitim,  is  a  greenish  tenacious  sub- 
stance, which  when  dried  at  100°  and  extracted 
by  chloroform  or  ligroin  leaves  an  ash  mainly 
composed  of  calcium  phosphate.  The  evaporated 
extract  contains  a  compound  ether,  which  may 
be  saponified  by  alcoholic  KOH.  An  elastic  sub- 
stance resembling  caoutchouc  separates,  and 
when  the  liquid  portion  is  poured  into  water  a 
gelatinous  pp.  is  obtained,  which  can  be  purified 
by  repeated  crystallisation  from  alcohol.  Needles 
(from  alcohol  or  by  sublimation) ;  insol.  cold 
water,  m.  sol.  alcohol,  miscible  with  boiling  light 
petroleum,  ether,  and  chloroform.  On  heating 
with  palmitic  acid  a  substance  resembling  bird- 
lime is  formed. 

Acetyl  derivative[2Q6°\. 

ILIXANTHINC17H,2On.  [198°].  Occurs  in 
the  leaves  of  the  holly  (Ilex  Aquifolium).  Ob- 
tained from  the  leaves  gathered  in  August  by 
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extracting  them  with  dilute  (80  p.c.)  alcohol,  re- 
moving the  greater  part  of  the  alcohol  by  distil- 
lation, washing  with  ether  the  granules  which 
separate  in  a  few  days,  and  recrystallising  from 
alcohol  and  hot  water  (Moldenhauer,  A.  102, 
34(5).  Minute  straw-yellow  needles.  Decomposes 
with  ebullition  at  215°.  Nearly  insol.  cold 
water,  v.  sol.  hot  water,  forming  a  yellow  solu- 
tion ;  sol.  alcohol,  insol.  ether.  It  does  not  re- 
duce boiling  Fehling's  solution.  Dissolves  in 
HClAq.  Alkalis  and  alkaline  carbonates  turn 
its  aqueous  solution  orange-yellow.  FeCl3  colours 
its  solution  green.  Lead  acetate  and  subacetate 
give  a  splendid  yellow  pp.,  soluble  without  colour 
in  acetic  acid.  Ilixanthin  dyes  cloth,  mordanted 
with  iron  or  alumina,  yellow.  A  yellow  crystal- 
line substance,  C^H^O,,,  which  may  be  extracted 
from  the  leaves  of  buckwheat  (Polygonum  Fago- 
pyrum),  differs  from  ilixanthin  only  in  giving  an 
olive-brown  colouration  with  FeCl3  (Schunck, 
Chem.  Gaz.  1859,  201). 

IMABENZIL  v.  vol.  i.  p.  467. 

IMIDES.  Compounds  containing  the  diva- 
lent group  imidogen  NH  united  to  a  divalent 
acid  radicle.  They  are  for  the  most  part  described 
under  the  acids  which  may  be  obtained  from  them 
by  displacing  NH  by  (OH)2. 

IMIDO-DI-ACETIC  ACID  v.  DI-GLYCOLLAMIC 

ACID. 

DI-IMIDO-s-DI-AMIDO-BENZENE 

C6H,(NH2)2(NH)2  [1:4:2:5].  The  nitrate 
CtiH,(NH)2(NH2,HN03)2  is  obtained  as  a  pp.  of 
small  green  needles  by  adding  an  excess  of 
Fe2Cl,.  to  a  solution  of  s-tetra-amido-benzene 
hydrochloride  (1  pt.)  and  ordinary  HN03  (2  pts.) 
in  water  (15  pts.).  By  solution  in  cone.  H2S04  it 
is  converted  into  s-di-nitro-di-amido-quinone 
Cfi(N02)2(NH2)2O2  [1:4:2:5:3:6]  (Nietzki,  B.  20, 
2115). 

IMIDO  -  AMIDO  -  ETHENYL-o-AMIDO  -PHE- 
NYL-MERCAPTAN  C8H7N3S  probably 

C6H4<g^>C.C(NH2):NH.     [150°].     Obtained  by 

dissolving  o-amido-phenyl  mercaptan  in  an  ex- 
cess of  alcoholic  cyanogen.  Colourless  needles 
(from  alcohol)  or  plates  (from  benzene).  Weak 
base.  By  heating  with  aniline  it  is  converted 
into  the  mono-  and  di-  phenyl  derivatives 

C6H4<J^C.C(NHPh):NH  and 

CfiH4<g^>C.C(NHPh):NPh,  with    evolution  of 

NH3.  Warmed  with  an  alcoholic  solution  of  o- 
amido-phenyl  mercaptan  it  is  converted  into  the 
anhydro-oxalyl  derivative  of  the  latter 

ammonia  being 
evolved.  Cold  alcoholic  KOH  splits  off  NH3, 
giving  the  acid  C.H4<f>C.CO«H.  Salts.— 

B'H,Cl2PtCl4.— B'HClAuCl3  (Hofmann,  B.  20, 
2252") 

DI-IMIDO-AMIDO-ORCIN  v.  AMIDO-DI-IMIDO- 

OBCIN. 

IMIDO-AMIDO-DI-PHENYL   SULPHIDE  v. 

AMIDO-IMIDO-DI-PHENYL  SULPHIDE. 

DI-IMIDO-AMIDO-RESORCIN   v.   AMIDO-DI- 

IMIDO-EESOKCIN. 

IMIDO-BEHZYL  ISOAMYL  SULPHIDE 

C,,H17NS  i.e.  C.H-.qNHJ.S.C.H,,.  Formed  by 
passing  HC1  into  a  mixture  of  isoamyl  mercaptan 


and  benzonitrile,  and  decomposing  the  resulting 
crystalline  hydrochloride  B'HCl  with  aqueous 
NaOH  (Pinner  a.  Klein,  B.  11,  1825).  Oil. 

IMIDO -BENZYL  ETHYL  SULPHIDE 
C0H,,NS  i.e.  C6H5.C(NH).S.Et.  From  benzoni- 
trile, mercaptan,  and  HC1.  Also  from  thiobenz- 
amide  and  EtI  (Bernthsen,  A.  197,  348).  Oil. 
Keadily  splits  up  into  benzonitrile  and  mercap- 
tan. Its  alcoholic  solution  gives  pps.  with 
CuS04  and  HgCl2.— B'HCl :  [188°] ;  short  thick 
prisms,  v.  e.  sol.  water  and  alcohol.— B'-^ 
needles.— B'HI :  [142°] ;  monoclinic  prisms. 

IMIDO-DI-BENZYL  SULPHIDE 
C6H.C(NH).S.CH2.C6H5.  The  hydrochloride 
B'HCl  [181°]  is  formed  by  heating  thiobenzamide 
with  benzyl  chloride,  or  by  passing  HC1  into  a 
mixture  of  benzonitrile  and  benzyl  mercaptan 
(Bernthsen,  A.  197,  350). 

IMIDO-BUTYRIC    ETHER   v.   ACETO-ACETIC 

ETHER  IMIDE,  Vol.  i.  p.  19. 

IMIDO-CARBAMINE-THIO-BUTYRIC  ACID 

V.  THIO-UBAMIDO-BUTYBIC  ACID. 

IMIDO-CARBONIC  ETHERS.  These  com- 
pounds, having  the  formula  NH:C(OE)2,  are  more 
properly  described  as  ethers  of  imido-formic 
orthaldehyde  (q.v.). 

IMIDO-COUMARIN  v.  COUMABIN. 

IMIDO-DIETHAXE     DISULPHONIC     ACID 

V.  Dl-ETHYL-AMINE    DI-SULPHONIC   ACID. 

IMIDO-ETHERS.  Compounds  containing 
the  group  C(OEt)(NH)  (Pinner,  B.  17,  182,  184, 
2002,  2007).  The  hydrochlorides  of  the  imido- 
ethers  are  formed  by  the  action  of  dry  HC1  on  a 
mixture  of  a  nitrile  and  an  alcohol,  dissolved  in 
dry  ether.  The  hydrochloride  of  a  chloro-amido- 
ether  RCCl(NH,)(OEt)  is  first  formed,  but  this 
rapidly  splits  up  into  HC1  and  EC(NH)(OEt). 
The  hydrochlorides  of  the  imido-ethers  react 
with  alcohols,  forming  orthoformic  ethers : 
BC(NH)(OEt)  +  2E'OH  =  EC(OR')2(OEt)  +  NH,. 
Alcoholic  NH3  turns  imido-ethers  into  amidines  : 

EC(NH)(OE')  +  NH3  =  EC(NH)(NH2)  +  HOE'. 
Primary  amines  act  like  ammonia,  but  potash 
and  tertiary  amines  do  not  act  upon  free  imido- 
ethers. 

IMIDO-FORMIC  ORTHALDEHYDE 
HN:C(OH).,.     Imido-carbonic  acid. 

Methyl  ether  HN:C(OMe)2.  Obtained  like 
the  ethyl  ether  by  reduction  of  its  chloro-  deriva- 
tive ClN:C(OMe)2  (chlorimido-carbonic-methyl- 
ether)  with  potassium  arsenite.  Very  volatile. 

Ethyl  ether  HN:C(OEt)2.  Prepared  by 
shaking  15  pts.  of  '  chlorimido-carbonic  ether  ' 
(ClN:C(OEt)2)  with  a  solution  of  11  pts.  of  As,O3 
and  30  pts.  of  KOH  in  120  pts.  of  water,  not 
allowing  the  temperature  to  exceed  50°.  Alka- 
line liquid  with  odour  resembling  trimethylamine. 
Miscible  with  water  but  separated  by  addition  of 
Na  or  OHKOH.  On  distillation  a  large  part  de- 
composes. By  acids  it  is  decomposed  into  NH, 
and  carbonic  ether.  By  hypochlorites  it  is  con- 
verted into  'chlorimido-carbonic  ether'  (Sand- 
meyer,  B.  19,  864).  The  hydrochloride  formed 
by  passing  HC1,  in  the  dry  ethereal  solution,  is  a 
thick  liquid,  which  decomposes  on  heating  into 
urethane  and  ethyl  chloride. 

IMIDO-DI-FORMIC  ETHER  C^NO,  i.e. 
NH(CO,Et)2.  [50°].  (226°  at  760  mm.)  ;  (145° 
at  20  mm.).  One  of  the  products  of  the  action 
of  chloro-formic  acid  on  potassium  cyanate  in 
presence  of  ether  (Wurtz  a.  Henninger,  C.  R. 
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100,  1419;  Bl  [2]  44,26).  Long  prisms.  Forms 
biuret  when  heated  \\ith  aqueous  NH3.  — 
A"C.H10N04  :  cubes,  blackens  at  100°. 

0-IMIDO-GLUTAMIC  ETHER 
C02Et.CH,.C(NH).CH2.CONH2.  [86°].  Formed 
by  the  action  of  aqueous  ammonia  on  acetone- 
di-carboxylic  ether  CO(CH,.CO2Et).,  (Stokes  a. 
v.  Pechmann,  Am.  8,  377).  Long,  flat,  colourless, 
flexible  needles  ;  si.  sol.  cold  water  and  ether  ; 
sol.  hot  water  and  alcohol  ;  m.  sol.  hot  CHCL,. 
Heated  above  86°  gives  off  water  and  ammonia. 
Fe2Cl6  gives  deep  red  colouration.  Soon  de- 
composes in  aqueous  solution.  PtCl4  gives 
(NH4).,PtCl6.  NaN02  in  acid  solution  gives  a 
yellow"  pp.  [178°].  Boiled  with  Na,C03  it  gives 
di-oxy-amido-pyridine  (C5HeN  ./).,)  . 

IMIDO-HEXOIC  ACID.  Nitrile 
NH:CEt.CHMe.CN.  [48°J.  (258°).  Formed  by 
the  action  of  Na  on  propionitrile  dissolved  in 
ether,  the  product  being  decomposed  by  water 
(Meyer,  J.  pr.  [2]  38,  336).  Plates,  si.  sol.  water, 
v.  sol.  alcohol  and  ether.  Cold  cone.  HClAq 
converts  it  into  Et.CO.CHMe.CN.  Cone.  HClAq 
at  150°  forms  di  -ethyl  ketone,  NH3,  and  CG> 
Reduced  by  sodium  in  alcoholic  solution  to 
propylamine. 

Imido-di-isohexoic  acid.  Nitrile 
HN(C5H10.CN)2.  Imidoisocapro-nitrile.  Formed 
as  a  by-product  of  the  action  of  urea  upon 
valeric-aldehyde-cyanhydrin.  The  hydrochloride 
(B'HCl)  forms  white  silky  needles,  [159°],  v.  sol. 
alcohol,  insol.  ether  (Pinner  a.  Lifschutz,  B.  20, 
2356  ;  cf.  Erlenmeyer,  B.  14,  1868). 

IMIDO-IMIDO-DIPHENYL  SULPHIDE 


N 


C6H4\s.  Formed  by  treat- 


6H4\s. 
«H* 


C12HSN2S  i.e. 

ing  amido-imido-diphenyl  sulphide  hydrochloride 
with  FeCl3  (Bernthsen,  A.  230,  103).  Brown 
needles  (from  dilute  alcohol)  ;  v.  si.  sol.  water, 
m.  sol.  hot  alcohol.  Eeduced  by  alcoholic  am- 
monium sulphide  to  amido-imido-diphenyl  sul- 
phide. Its  salts  dye  silk  violet.  —  B'HCl  :  insol. 
ether,  v.  e.  sol.  water  and  alcohol.  —  B'2H2ZnCl4  : 
long,  dark-violet,  needles  ;  m.  sol.  water. 

IMIDO-DI-MALONIC  ACID.  Amide 
HN  ;  CH(CO.NH2)2}2.  Formed  by  heating  chloro- 
malonic  ether  with  alcoholic  NH3  at  140°  (Conrad 
a.  Guthzeit,  B.  15,  606).  Prisms;  sol.  hot 
water. 

IMIDO-METHYL    ALCOHOL  v.  FORMIMIDO- 

ETHEB. 

DI-IMIDO-NAPHTHOL    v.    AMIDO-NAPHTHO- 

QUINONE-IMIDE. 

IMIDO-DINAPHTHYL  C20H13N  i.e. 
C10H6X 

>NH.  Dinaphthylcarbazole.  [216°].  Formed 
CIOH6/ 

by  boiling  di-a-amido-dinaphthyl  (dinaphthyl- 
ine)  with  an  excess  of  HC1  or  other  acid,  NH3 
being  eliminated  (Nietzki  a.  Goll,  B.  18,  3259)'. 
Crystallises  in  long  colourless  needles  or  silvery 
plates.  Sublimes  in  colourless  needles.  It  dis- 
solves in  H2SO4  with  a  reddish-brown  colour,  a 
trace  of  nitric  acid  added  to  this  solution  pro- 
duces a  dark-green  colouration. 

Pier  ate  B'CftH,(NO,)3OH  :  [226°];  red 
needles  (from  benzene  or  alcohol)  ;  sublimable. 

Acetyl  derivative  CwHI2NAc  :  [above 
300°];  colourless  plates;  sol.  acetic  acid  and 
alcohol,  insol.  benzene. 


Nitrosamine  C,0H12N(NO)  :  [above  300°}; 
small  yellow  plates  ;  very  sparingly  sol.  ordinary 
solvents. 

Imido-(j8j8)-dinaphthyl  NH<£"'^>.   [170°]. 

Obtained  by  heating  (j8)-imido-dinaphthyl  sul- 
phide with  powdered  copper  in  a  current  of  CO2 
(Bis,  B.  19,  2240).  Almost  colourless  needles  ; 
si.  sol.  alcohol,  v.  sol.  ether,  v.  e.  sol.  benzene. 
Its  solution  shows  intense  bluish-violet  fluor- 
escence. 

Pi  crate  B'C6H.,(NO.,)3OH.     [221°]. 

Acetyl  derivative  C^H^NAc.  [143°]. 
Long  yellowish  needles  (from  benzene)  ;  si.  sol. 
ether,  and  alcohol. 

1M1DO-DI-NAPHTHYL  OXIDE  C20H13NO  i.e. 

NH<^10^>0.    Oxy-di-naphthylamine.  [301°]. 

Formed  by  heating  imido-di-naphthyl  sulphide 
with  cupric  oxide  at  270°,  and  extracting  with 
boiling  benzene  (Bis,  B.  19,  2244).  Lemon-yellow 
crystalline  powder  (from  benzene).  Cannot  be 
distilled.  SI.  sol.  alcohol,  ether,  HOAc,  and 
boiling  benzene  ;  v.  sol.  H2SO,. 

Acetyl  derivative  C20H,2AcNO.  [235°]. 
Almost  insol.  alcohol  and  ligroin,  m.  sol.  ether 
and  benzene. 

IMIDO-DI-NAPHTHYL  SULPHIDE 


C20H13NS  i.e. 


5.      Thiodinaphthyl- 


dmine.  [236°].  Formed  by  heating  di-(0)- 
naphthylamine  (10  pts.)  with  sulphur  (2-4  pts,) 
for  10  hours,  the  temperature  being  slowly  raised 
to  250°  (Bis,  B.  19,  2241).  The  product  is  ex- 
tracted with  hot  benzene,  and  boiled  with  copper 
powder.  Pale  yellowish-green  needles.  Sol. 
ether  and  HOAc,  v.  sol.  boiling  benzene.  Cone. 
H2SO4  forms  a  violet  solution.  Distillation  over 
reduced  copper  forms  imido-di-naphthyl.  Dis- 
tillation over  CuO  at  270°  gives  imido-di- 
naphthyl  oxide. 

Pi  crate  B'(C6H2(N02)3OH)2.  [c.  256°]. 
Dark  plates  or  yellow  needles;  almost  insol. 
alcohol,  ether,  and  benzene. 

IMIDO-DI-OCTOIC  ACID  C16H,,N04  i.e. 
NH(CH(CbH13).CO.,H)2.  Imido-caprylic  acid. 
[210°-215°].  Formed,"together  with  formic  acid, 
HCy,  and  heptoic  aldehyde,  by  boiling  its  nitrile 
(1  pt.)  with  HClAq  (15  pts.)  for  an  hour  (Erlen- 
meyer a.  Sigel,  A.  177,  136).  When  the  nitrile 
is  heated  with  fuming  HClAq  at  100°  it  yields 
the  acid  and  the  imide,  from  which  mixture  the 
acid  may  be  extracted  by  Na2CO3Aq.  White 
tasteless  powder,  which  becomes  pasty  at  180°. 
Almost  insol.  cold  water  and  alcohol.  Dissolves 
unaltered  in  boiling  dilute  (20  p.c.)  HC1,  brilliant 
needles  of  its  hydrochloride  separating  again  on 
cooling.  Strong  (40  p.c.)  HClAq  at  180°  resolves 
it  into  amido-octoic  acid  and  heptoic  aldehyde, 
CaHoA"2  :  cryptocrystalline  pp. 

Imide  C)HH30N.2O2  i.e. 


above.  Needles,  insol.  cold,  nearly  insol.  boil- 
ing, water  ;  v.  sol.  alcohol  and  ether.  B'HCl  : 
minute  needles,  formed  by  passing  HC1  into  its 
ethereal  solution.  Boiling  water  splits  it  up  into 
HC1  and  the  imide.  Boiling  cone.  KOHAq  con- 
verts it  into  the  acid. 

Nitrile  CI8Ha,N,.     [c.  6°].     From  heptoi 
aldehyde  (ccnanthol)  by  combining  it  with  N] 
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and  treating  the  resulting  oenanthol-ammonia 
with  HCy.  Dilute  HC1  then  dissolves  out  the 
nitrile  of  amido-octoic  acid,  leaving  the  nitrile  of 
imido-di-octoic  acid  undissolved.  Thick  oil ;  v. 
sol.  alcohol  and  ether,  v.  si.  sol.  water  and  dilute 
HClAq.  Split  up  by  boiling  with  AgNO3  giving 
heptoic  aldehyde  and  AgCy.  B'HCl :  crystals, 
sol.  alcohol ;  decomposed  by  water  into  HC1  and 
the  nitrile. 

IMIDO-OXY-   v.  OXY-IMIDO-  . 

DI-IMIDO-DI-PHENYL-ACETYLENE  (?) 


C14H1002  i.e.  C^p«p4^AJ->NH(?).  Hydrazido- 

v/.V^JJ.,! 

di-phenyl-acetylene.  Di-imido-tolane.  [c.  380°]. 
Formed  by  treating  an  alcoholic  solution  of  iso- 
di-nitro-benzil  with  tin  and  HC1  (Golubeff,  J.R. 
16,  577).  Thin  tables.  Sublimes  at  250°.  V.  si. 
sol.  boiling  alcohol,  forming  a  solution  exhibiting 
violet  fluorescence.  HN03  (S.G.  1'3)  converts  it 
into  an  amorphous  indigo-blue  compound.  It 
does  not  combine  with  acids. 

Benzoyl  derivative  C14H8Bz2N202. 
[240°].  Pale  yellowish  needles  (from  toluene- 
alcohol),  m.  sol.  boiling  benzene,  from  which  it 
crystallises  as  C14H8Bz2N202C6Hti  on  addition  of 
a  little  alcohol. 

IMIDO-PHENYL-BENZGLYCOCYAMIDINE 
v.  vol.  i.  p.  462. 

IMIDO-PHENYL-PROPIONIC  ACID 
CoH5.CH.CH.CO.jH.   Imido-cinnamic  acid. 

Y* 

Benzoyl  derivative  C,tiH13N03  i.e. 
Ph.CH.CH.C02H.    A  body  which  probably  has 

NBz 

this  constitution  is  obtained  by  saponification  of 
its  anhydride  which  is  prepared  by  heating 
hippuric  acid  with  benzoic  aldehyde  and  acetic 
anhydride.  The  acid  forms  monoclinic  needles. 
[225°].  Sol.  alcohol  and  ether,  nearly  insol. 
water.  Heated  with  aqueous  HC1  or  NaOH  it 
yields  an  acid  C9H803  which  is  probably  the 
true  phenyl-glycidic  acid  CeHs.CH.CH.CO.jH 

O 

(Plochl,  B.  16,  2815). 

Benzoyl  derivative  of  the  anhydride 
C32H2405N2.  [165°].  Yellow  needles,  sol.  hot 
alcohol,  si.  sol.  ether,  insol.  water.  Formed  as 
above. 

a-IMIDO-DI-PHENYL-DI-PROPIONITRILE 
C18H17N3  i.e.  (Ph.CH,.CH(CN))2NH.  Formed  to- 
gether with  a-amido-phenyl-propionitrile  by  the 
action  of  NH3  on  the  compound  of  HCN  and 
phenyl-acetic  aldehyde  (Erlenmeyer  a.  Lipp,  A. 
219,  191).  White  crystalline  powder  [87°]  or 
small  needles  (from  water).  SI.  sol.  alcohol  or 
ether,  insol.  petroleum,  v.  si.  sol.  water,  m.  sol. 
benzene.  From  ether  it  forms  six-sided  prisms 
[106°]  or  rhombic  tables  [109°],  both  belonging 
to  the  monoclinic  system.  They  are  perhaps 
polymerides. 

Salt.— B'HCl :  insol.  ether. 

IMIDO-DI-PHENYL-SULPHIDE      C12H9NS 

i.(?.NH«^p(ijTt'^>S.      Thiodiphenylamine.      Di- 

phenyl-thiazine,.  [180°].  (c.  371°  uncor.) ; 
(2JO°  at  40  mm.). 

Formation. — 1.  By  heating  diphenylamine 
with  sulphur  or  bodies  that  give  off  sulphur,  such 


as  S2C12  (Bernthsen,  A  230,  75).—  2.  By  the  action 
of  SC12  on  diphenylamine  dissolved  in  benzene 
(Holzrnann,  £.21,  2064).—  3.  In  small  quantity 
by  heating  o-amido-phenyl  mercaptan  with  pyro- 
catechin  for  30  hours  at  230°  (Bernthsen,  B.  19, 
3255). 

Preparation.  —  By  boiling  diphenylamine 
(1,500  g.)  with  sulphur  (580  g.)  for  8  hours.  The 
product  is  distilled  in  small  portions  (250  g.) 
and  the  distillate  (60  g.)  fractionated  (Bernthsen, 
A.  230,  77  ;  B.  16,  2897). 

Properties.  —  Slightly  yellowish  plates  (from 
alcohol  or  benzene).  Sol.  hot  alcohol,  HOAc, 
benzene  and  ether,  si.  sol.  ligroi'n.  May  be  sub- 
limed in  plates.  Has  no  basic  properties,  being 
insol.  dilute  HC1.  It  oxidises  readily,  the  alco- 
holic solution  turning  red  in  air.  FeCL,  colours 
its  alcoholic  solution  dark  green.  Bromine  va- 
pour does  the  same.  The  green  colour  is  de- 
stroyed by  alkalis.  HNO3  colours  the  solution 
in  HOAc  green.  Cold  cone.  H.2S04  gives  off  CO2 
and  forms  a  greenish-brown  solution  which  in 
thin  layers  appears  rose-red.  Hot  cone.  H,SO4 
forms  a  bluish-violet  liquid.  HNO3  forms  nitro- 
derivatives  which  are  reduced  by  SnCl2  toaleuco- 
base,  which  on  addition  of  FeCl3  forms  a  violet 
dye.  Cold  alcoholic  solutions  of  imido-diphenyl 
sulphide  give  :  (a)  with  aqueous  AgNO3  a  green 
colour  and  a  black  pp.  ;  (6)  with  PtCl,  a  green 
pp.  ;  (c)  with  CuS04,  HgCl2,  and  Pb(OAc)2,  no 
pps. 

Reactions.  —  1.  Distillation  over  red-hot  zinc- 
dust  gives  some  diphenylamine.  —  2.  By  boiling 
with  copper  powder  it  gives  CuS  and  carbazole. 
3.  By  heating  with  benzoic  acid  and  ZnCl2  there 
is  formed  phenyl-acridine.  —  4.  EtBr  gives  ethyl- 


imido-di-phenyl  sulphide  NEt<g4>S  [102°] 

which  crystallises  in  long  thin  white  plates.  —  5. 
Mel  forms  the  corresponding  SCI2H8NMe  [100°]. 

Acetyl  derivative  C12H,AcNS.  [197°]. 
Prisms.  V.  si.  sol.  hot  HOAc,  alcohol,  and  benz- 
ene. Its  alcoholic  solution  is  not  turned  green 
by  FeCl3. 

Benzoyl  derivative  C12H8BzNS.  [171°]. 
Plates  (from  alcohol)  ;  m.  sol.  hot  alcohol  (Fra'n- 
kel,  B.  18,  1844). 

Constitution.  —  The  imide  group  is  shown  by 
the  ready  formation  of  the  acetyl  and  methyl 
derivatives.  The  sulphide  character  of  the  sul- 
phur is  shown  by  the  .oxidation  of  the  methyl 
derivative  to  a  sulphone.  The  imido-di-phenyl 
sulphide  itself  cannot  be  oxidised  to  a  sul- 
phone because  the  imidogen  is  first  attacked. 
The  body  does  not  combine  with  Mel,  but  neither 
does  Ph.,S,  although  Me2S  does.  The  S  is  not  in 
p-  position,  because  that  is  still  unoccupied. 
Probably  the  formula  is 

CH      NH      CH 


CH       S          CH 
which  would  also  be  indicated  by  its  formation 
from  o-amido-phenyl-mercaptan. 

References.  —  AMIDO-,  NITKO-,  METHYL-  AMIDO-, 
and  OXY-  IMIDO-DIPHENYL  SULPHIDE. 


Imido-di-plienyl    disulphide 
j  [60°].     Formed  by  the  action  of   SaCla  on  di- 
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phenylamine  dissolved  in  petroleum  ether  (Holz- 
rnann,  B.  21,  2063).  Small  yellow  needles, 
insol.  water,  v.  si.  sol.  cold  alcohol,  ether,  and 
benzene. 

a-IMIDO-DI-PROPIONIC  ACID  C6HnN04  i.e. 
NH(CHMe.CO2H)2.  •  Diethylidenelactamic  acid.1 
Didenlactamic  acid.  Dilactamic  acid.  Formed, 
together  with  alanine,  by  treating  aldehyde- 
ammonia  with  HC1  and  HCy  successively  | 
(Heintz,  A.  160,  35 ;  165,  44 ;  202,  375).  The 
product  is  boiled  with  lead  hydrate,  filtered,  freed 
from  lead  by  H2S,  concentrated,  and  mixed  with 
alcohol.  Alanine  then  separates,  and  the  mother- 
liquor  is  mixed  with  ZnC03  and  evaporated  to 
dryness.  The  residue  of  zinc  imido-dipropion- 
ate  is  washed  with  water,  and  decomposed  by 
H2S.  Minute  slender  needles,  v.  sol.  water, 
insol.  alcohol. 

Salts. — NH4HA":  rectangular  tables  (from 
alcohol)  or  needles  (from  alcohol-ether).  V.  sol. 
water,  si.  sol.  alcohol,  insol.  ether. — ZnA": 
minute  dimetric  tables,  v.  si.  sol.  water,  v.  sol. 
HClAq. — CdA"aq  :  minute  needles  (from  water), 
v.  sol.  cold  water,  but  can  exist  also  in  a  less 
soluble  form.— PbA" :  crystalline  crusts  (ppd.  by 
adding  alcohol  to  the  aqueous  solution). — 
CuA"3aq:  blue  grains,  v.  si.  sol.  water  and 
alcohol. — Ag.jA"  :  white  pp. ;  explodes  slightly 
when  heated.  May  be  crystallised  from  boiling 
water. — HA'HCl :  extremely  soluble  crystals. 

Nitrosamine  NO.N(CHMe.C02H)2.  The 
calcium  salt  of  this  acid  is  formed  by  treating 
the  acid,  dissolved  in  HN03,  with  calcium  nitrite, 
neutralising  with  lime,  evaporating,  and  mixing 
with  alcohol  and  ether.  The  free  acid,  obtained 
from  this  salt  by  treatment  with  oxalic  acid, 
forms  flat  colourless  needles,  v.  sol.  water  and 
alcohol,  sol.  ether. 

Nitrile  C6H9N3  i.e.  NH(CMe.CN)2.  [68°]. 
When  aldehyde-ammonia  (1  mol.)  is  dissolved  in 
dilute  (30  p.c.)  HCy  (1  mol.),  and  HC1  or  H2S04 
is  added  to  acid  reaction,  a-amido-propionitrile 
separates  as  an  oil.  If,  after  removing  this  oil, 
the  mixture  be  allowed  to  stand  for  several  days, 
needles  of  imido-dipropionitrile  separate  ;  after 
some  time  these  are  followed  by  crystals  of  hy- 
drocyanaldine  and  finally  of  para-hydrocyan- 
aldine  (Erlenmeyer,  A.  200,  120 ;  cf.  Urech,  B.  6, 
1115).  It  is  perhaps  one  of  the  products  formed 
by  passing  a  mixture  of  ammonia  and  alcohol- 
vapour  over  red-hot  iron  (Monari,  C.  E.98, 105). 
Monoclinic  needles  (from  ether) ;  a:b:c 
=  1-086:1:1-247  ;  j8  =  70°  21' ;  m.  sol.  alcohol  and 
ether,  si.  sol.  water.  Eeadily  sublimes.  When 
heated  with  dilute  HC1  it  yields  a-imido-dipro- 
pionic  acid.  With  AgN03  it  gives  on  warming  a 
pp.  of  AgCy.  Aqueous  KOH  has  no  action  in 
the  cold,  on  warming  it  gives  NH3  and  aldehyde. 
B'HCl :  white  crystalline  powder,  insol.  ether, 
decomposed  by  water  into  HC1  and  the  free 
nitrile.  Nitrosamine  NO.N(CHMe.CN)2  : 
pale  yellow  oil,  heavier  than  water,  sol.  alcohol 
and  ether. 

0-Imido-dipropionic  acid  NH(CH,.CH2.C02H)2. 
Obtained,  together  with  j8-amido-propionic  acid, 
by  boiling  j3-iodopropionic  acid  with  NH3(Heintz, 
A.  156,  40 ;  cf.  Mulder,  B.  9,  1904,  who  could  not 
obtain  it).  Syrup,  which  slowly  crystallises. 
— PbH2A"0:  very  slender  tables. — Ag.>A":  pp. — 
AgHA"AgN03:  soluble  crystals. 


/NH 
DI  -  IMIDO  -  RESORCIN     CCH2(OH)  /  |     . 

Formed  by  oxidation  of  di-amido-resorcin  with 
Fe^Cl,;,  K2Cr2O7  or  exposure  of  the  alkaline  solu- 
tion to  the  air  (Typke,  B.  16,  556).  Small 
spangles.  Insol.  water.  Dissolves  in  aqueous 
HC1  to  a  magenta-red  solution,  in  strong  H2SO4 
to  a  violet  solution.  By  tin  and  HC1  it  is  re- 
duced again  to  di-amido-resorcin. 

DI-IMIDO-TEREPHTHALIC  ACID.    Tetra- 

/C(NH).CH(C02H)\ 
hydride.    CH(  )CH.  This 

\CH(C02H).C(NH)/ 

acid  is  obtained  by  saponifying  its  ether  with 
alcoholic  KOH  and  ppg.  with  HO  Ac  (Boninger, 
B.  21,  1765  ;  cf.  Baeyer,  B.  19,  429).  It  crystal- 
lises in  greenish-yellow  prisms,  almost  insol. 
ordinary  solvents.  It  forms  a  colourless  hydro- 
chloride  B'H2C12,  crystallising  in  plates.  In  its 
colourless  derivatives  the  acid  has  become  the 
desmotropic  di-amido-terephthalic  acid 


2 
co-IMIDO-DI-ra-TOLUIC  ACID 

[1:3]  C6H4(C02H).CH2.NH.CH2.CaH4(C02H)  [1:3]. 
[above  300°].  Formed  by  reduction  of  the  acid 
C6H4(CO2H).C(NH).S.C(NH).C6H4(C02H)  (from 
w-cyano-benzoic  acid  and  H2S)  with  zinc  and 
HC1.  Crystalline.  V.  sol.  alcohol,  ether,  benz- 
ene, and  CS2  ;  si.  sol.  hot  water.  Sublimable. 
Its  characteristic  zinc-salt  is  v.  sol.  water,  alco- 
hol, ether,  benzene,  and  CS2  (Bromme,  B.  20, 
529). 

IMIDO-DI-ISO-VALERONITRILE  CIOH,,N, 
i.e.  NH(CHPr.CN)2.  [52°].  Formed,  together 
with  a-amido-isovaleronitrile  and  oxy-isovalero- 
nitrile  by  treating  isobutyric  aldehyde  -ammonia 
(25  g.)  with  (30  g.  of)  a  30  p.c.  solution  of  HCy 
in  the  cold.  The  product  is  shaken  with  dilute 
(5  p.c.)  HClAq  (200  g.)  and  ether.  The  ethereal 
solution  is  dried  over  calcium  chloride,  and 
saturated  with  HC1,  whereupon  the  hydro- 
chloride  of  imido-di-isovaleronitrile  separates 
(Lipp,  A.  205,  1;  B.  13,  905).  The  hydro- 
chloride  is  decomposed  by  NH3Aq,  and  the  free 
nitrile  extracted  by  ether,  which  leaves  it  on 
evaporation  as  an  oil,  slowly  crystallising  over 
H2S04.  Monoclinic  prisms  ;  v.  si.  sol.  water,  v. 
sol.  alcohol  and  ether.  —  B'HCl.  Insol.  water, 
which  removes  its  HC1. 

IMINES.  Compounds  of  divalent  hydrocar- 
bon radicles  with  imidogen,  e.g.  ethylene-imine 

<cl:>NH- 

IMPERATORIN  C16H1604  i.e. 
CH3.O.C6H4.O.C6H4.O.CH,.O.CH3  ?  Peucedanin. 
[76°]  (Heut).  Occurs  in  the  root  of  masterwort 
(Imperatoria  Ostruthium)  ,  together  with  terpenes 
(170°-220°)  (Wackenroder  a.  Wagner,  J.  1854, 
638)  ;  and  also  in  the  root  of  Peucedanum 
officinale  (Schlatter,  A.  5,  201  ;  Bothe,  J.pr.  46, 
371;  Heut,  A.  176,  71).  May  be  extracted  from 
the  root  of  Peucedanum  by  90  p.c.  alcohol,  and 
recrystallised  from  ether-ligrom.  Small  trimetric 
six-sided  prisms.  According  to  Hlasiwetz  a. 
Weidel  (A.  174,  69)  it  melts  for  the  first  time  at 
82°,  and  afterwards  at  75°.  Insol.  water  ;  v.  si. 
sol.  cold,  v.  sol.  hot,  alcohol  ;  sol.  ether.  Has  no 
taste.  HN03  gives  nitro-imperatorin,  oxalic 
acid,  and  tri-nitro-resorcin.  Decomposed  by 
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heating  with  HClAq  into  MeCl  and  oroselone 
CnHI2O4.  Boiling  alcoholic  KOH  gives  formic 
acid  and  oroselone. 

Nitro  -  imperatorin,  so-called.  C12H,,N05? 
[above  100°].  Plates  (from  alcohol).  Converted 
by  heating  in  gaseous  NH3  into  C,2H12N2O4, 
which  crystallises  from  alcohol  in  trimetric 
prisms,  reconverted  by  acids  into  '  nitro-impera- 
torin.' 

IMPEKIALINE  C35HB1N04?  [254°].  [a]D  = 
—  35-4°  (in  chloroform).  Occurs  in  the  bulbs 
of  Fritillaria  imperialis.  Extracted  from  the 
bulbs  by  rubbing  up  with  lime,  drying  at  100°, 
and  exhausting  with  hot  chloroform.  The  ex- 
tract is  shaken  with  water  acidified  with  tartaric 
acid,  the  alkaloid  ppd.  from  the  concentrated 
aqueous  solution  by  Na2CO3,  washed,  and  re- 
crystallised  from  alcohol  (Fragner,  B.  21,  3284). 
The  yield  is  *1  p.c.  Short  colourless  needles, 
turning  yellow  at  240°.  V.  e.  sol.  chloroform  ; 
m.  sol.  hot  alcohol ;  si.  sol.  ether,  benzene,  light 
petroleum,  and  isoamyl  alcohol ;  v.  si.  sol.  water. 
Its  solutions  have  a  bitter  taste,  and  are  lasvo- 
rotatory.  Solutions  of  its  salts  are  ppd.  by  the 
usual  reagents  for  alkaloids.  Cone.  H2S04  turns 
it  pale-yellow.  A  mixture  of  the  base  with  sugar 
is  turned  by  H2S04  yellowish-green,  pale-green, 
flesh-colour,  cherry-red,  and  dark  violet  succes- 
sively. H2S04  and  KN03  give  an  orange-yellow 
colour.  A  solution  of  the  base  in  HClAq  is 
fluorescent,  and  becomes  brownish-green  when 
warmed. — B'HCl :  large  crystals  (from  alcoholic 
HC1);  v.  sol.  water  and  alcohol.— B'2H,PtCl6 : 
yellowish-red  crystals  (from  hot  dilute  HClAq). — 
B'HAuCl4  :  yellow  crystals.  The  aurochloride 
and  platinochloride  are  both  ppd.  in  oily  drops 
when  ether  is  added  to  their  hot  alcoholic  solu- 
tions, but  after  washing  with  ether  they  may  be 
crystallised  from  hot  dilute  HC1.  The  sulphate 
is  very  hygroscopic.  The  ox al ate  crystallises 
only  from  very  concentrated  solutions. 

INACTOSE.  According  to  Maumene  (Bl.  [2] 
32,  652 ;  48,  773)  this  inactive  sugar  may  be 
formed  by  dissolving  silver  nitrate  (20  g.)  in  a 
solution  of  cane-sugar  (20  g.)  in  water  (100  c.c.) ; 
after  24  hours  the  solution  becomes  dark-brown, 
and  it  is  then  heated  to  100°,  filtered,  and  evapo- 
rated on  a  water-bath.  The  residue  is  heated  to 
140°,  dissolved  in  water,  and  filtered.  To  free 
the  solution  from  silver  it  is  treated  with  a  little 
CaCl2,  and  filtered ;  the  sugar  is  then  ppd.  by 
alcohol.  Inactive  syrup.  Its  solution  readily 
dissolves  lime. 

INCENSE    v.  CONIMENE,  ICACIN,  and   OLI- 

BANUM. 

INDAMINES.  Colouring  matters,  the  chromo- 
gen  of  which  has  the  general  formula 

R"<^NR,^>,  where  R"  is  an  aromatic  nucleus, 

the  nitrogen  atoms  occupying  the  para-  position 
to  one  another,  and  K'  a  hydrocarbon  radicle 
(usually  aromatic).  The  colouring  matters  them- 
selves are  derived  by  the  introduction  of  a 
basylous  or  chlorous  group  into  one  of  the  hydro- 
carbon radicles  (usually  B').  The  indamines  may 
therefore  be  represented  as  derived  from  the  (un- 
known) di-imide  of  quinone  CuH^tr-rT^X  which 

is  probably  the  true  chromogen.  In  the  ind- 
amines proper  the  chromophor  is  amidogen  or 
alkylated  amidogen,  the  corresponding  com- 


pounds in  which  the  chromophor  is  hydroxyl 
being  termed  indophenols. 

Indamines  are  formed  by  the  oxidation  of  a 
mixture  of  a  p-diamine  with  an  amine  in  which 
the  position  para-  to  an  amidogen  is  occupied  by 
hydrogen.  Thus  a  mixture  of  tolylene-jp-diamine 
and  o-toluidine  reacts  thus  : 

CaH3Me(NH,),+  C0H4Me(NH2)  +  O2 

=  CaH3Me/|  +  2H20 

\N.C6H3Me(NH2) 

(Nietzki,  B.  10,  1157  ;  Nietzki  a.  Otto,  B.  21, 
1736).  In  this  reaction  we  may  suppose  that 
the  tolylene-^-diamine  is  first  oxidised  to  tolu- 

,NH 
quinone  di-imide  CuH3Me<^  |      ,,  and  that  this 

\NH 

unstable  substance  then  reacts  upon  the  o- 
toluidine. 

The  indamine  hydrochloride 

/NH2C1 
CeH/| 

\N.CaH4NMe2 

obtained  by  the  oxidation  of  a  mixture  of  p- 
phenylene-diamine  with  di-methyl-aniline  is 
different  from  the  indamine  hydrochloride 


|  obtained  by  oxidising  a  mix- 

N.CtiH4NH2 

ture    of    di-methyl-p-phenylene    diamine    with 
aniline. 

The  red  dye  obtained  by  oxidising  di-methyl- 
j?-phenylene-diamine  with  bromine  in  HOAc 
(Wurster,  B.  12,  2072)  is  also  a  derivative  of 


quinone  di-imide  : 


,  and  reacts 


with    amines    forming    indamines,    and    with 
phenols  forming  indophenol. 

Nitroso-di-methyl-aniline  and  quinone  chlor- 
imide  also  react  with  amines  and  phenols  forming 
indamines  and  indophenols  respectively;  thus, 
nitroso-dimethylaniline  hydrochloride  acts  upon 
w-tolylene  diamine,  forming  tolylene-blue  (Witt, 


+  H20,     while     with 


B.  12,   933):    C6 
,NMe2Cl 

6    4\N.C6H2Me(NH2)2 
gallic  acid  it  forms  gallocyanine  : 

XTTVTp   fini 

^M01  +  C6H2(OH)3C02H 

,NMe,Cl 

+  H,0  +  2H2. 


.C0H(OH),.C02H 
0 ' 


In  the  last  reaction  the  hydrogen  represented 
as  liberated  is  in  reality  employed  in  reducing 
another  portion  of  the  nitroso-di-methyl-aniline 
(Nietzki  a.  Otto,  B.  21,  1740).  The  (0)-naphthol 
violet  obtained  by  Meldola  (C.  J.  39,  37)  by  the 
action  of  nitroso-di-methyl-aniline  upon  (0)-naph- 
thol  may  also  be  represented  as  an  indophenol 


. 

4<^  | 
\N 


,   or    perhaps   as   containing 
.C10H...OH 

xNMe2Cl 
two  atoms   of  hydrogen  less:   C6H3<    | 

I       XN.C10H5 
1  _  O-  -' 
A  similar  violet  dye  may  be  obtained  by  the 
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action  of  quinone  di-chlorimide  upon  an  alco- 
holic solution  of  (£)-naphthol: 
NCI 


0  -  1 


^-Amido-phenyl-piperidine 


reacts     like    p- 

amido-di-methyl-aniline  in  the  formation  of  ind- 
amines  (Lellmann  a.  Geller,  B.  21,  2287). 
Thus,  if  to  a  cold  neutral  solution  of  ^-amido- 
phenyl-piperidine  hydrochloride  and  ra-phenyl- 
ene-diamine  hydrochloride  there  be  added  the 
calculated  quantity  of  a  solution  of  K2Cr207, 
there  is  formed  a  deep-blue  solution,  from  which 
the  colouring  matter  may  be  ppd.  by  zinc  chloride 
as  a  brown  powder. 

The  derivatives  of  imido-di-phenyl  sulphide 
may  be  represented  as  indaniines  ;  thus,  in 

,NH 

Lauth's  violet,  C6H3<   |  ,   the  tincto- 

I     '  \N.C6H3.NH2 
!  _  S  __  ' 

rial  properties  need  not  be  connected  with  the 
presence  of  sulphur.  The  sulphur  in  Lauth's 
violet  is  represented  by  oxygen  in  gallocyanine 
and  in  (jS)-naphthol  violet. 

yC 

INDAZINE    C7H602    i.e.    CtiH4<J 

Indazole.    [146-5°].    (270°)  at  743  mm.   Formed 

by   heating  hydrazido-cinnamic   acid,  when   it 

splits    up    into    acetic     acid     and     indazine 

CtiH4(NH.NHJ.CH:CH.C02H 

=  CtfH4<§H>NH  +  CH3C02H 

(Fischer  a.  Kuzel,  A.  221,  280).  Formed  also  by 
heating  sulpho-o-hydrazido-cinnamic  acid  with 
cone.  HClAq  at  100°  (Fischer  a.  Tafel,  A.  227, 
309).  Slender  needles.  May  be  sublimed  or 
distilled.  SI.  sol.  cold  water  or  alkalis,  v.  sol.  hot 
water,  alcohol,  and  ether.  Sol.  dilute  HC1.  Gives 
off,  when  hot,  an  odour  resembling  resorcin. 

With  HC1  and  NaN02  in  the  cold  it  forms 
yellow  crystals  of  a  nitrosamine,  which  gives 
Liebermann's  reaction.  It  does  not  reduce  boil- 
ing Fehling's  solution.  It  ppts.  several  metallic 
salts.  Its  hydrochloride  separates  from  alco- 
hol-ether in  brownish  crystals.  Its  sulphate 
forms  colourless  nodules.  The  pic  rate  crys- 
tallises in  yellow  needles.  Indazine  is  a  much 

stronger    base    than     indole    C6 

and  resists  oxidation  more  powerfully. 

CH 
Nitrosamine     C6H4<  I    >N.NO.     [74°]. 

N    ' 
Small  yellow  needles  (from  benzene). 

Bromo-indazine  C6H3Br<§H>NH.    [124°]. 

Obtained  by  heating  bromo-indazine  carboxylic 
acid  with  a  large  quantity  of  water  at  200°. 
Colourless  needles,  si.  sol.  cold,  m.  sol.  hot, 
water. 

Di-bromo-indazine  C7H,Br2N2.  [240°].  Ob- 
tained by  saturating  the  warm  aqueous  solution 
of  bromo-indazine  with  bromine.  Formed  also 
by  brominating  indazine  or  indazine  hydrochlor- 
ide in  aqueous  solution,  and  by  treating  bromo- 
iudaaine  carboxylic  acid  with  bromine-water. 


Colourless  needles,  v.  sol.  alcohol,  ether,  and  hot 
aqueous  NaOH.  In  alkaline  solution  it  may  be 
reduced  to  indazine  by  sodium-amalgam. 

Bromo-indazine-carboxylic  acid  C8HaBrN202 
O.H 


i.e.  CtiH3Br(   j    >NH    .    Formed  by  dissolving 


bromo-indazyl-acetic  acid  in  glacial  HOAc,  di- 
luting somewhat,  and  boiling  with  gradual  addi- 
tion of  chromic  acid  (Fischer  a.  Tafel,  A.  227, 
303).  Small  yellowish  needles,  v.  sol.  alkalis 
and  alkaline  carbonates,  almost  insol.  water  and 
HClAq. 

References.  —  ETHYL-,  METHYL-ETHYL-,  and 
ETHYL-INDAZINE. 

Iso-indazine.     This  term  is  given  by  Fischer 


and  Tafel  to  CtiH4<^>N,  some  of  the  alkyl 

derivatives   of    which   have   been  prepared    (v. 
ETHYL-^-INDAZYL-ACETIC    ACID,    DI-METHYL-\|/-IN- 
DAZINE,  and  METHYL-ETHYL-IJ/-INDAZINE). 
INDAZYL-ACETIC  ACID  C9H6N202  i.e. 
H2.C02H 


/ 
CtiH4<J 


NH 


[170°].       Formed    by 


warming  sodium-»'-sulpho-diazo-cinnamic  acid 
(which  may  be  called  diazo-cinnamic  acid 
sodium  sulphite)  C6H4(N:N.S03Na).CH:CH.CO.,H 
with  HC1  (Fischer  a.  Tafel,  A.  227,  303).  Pre- 
pared by  dissolving  o-hydrazido-cinnamic  acid 
C,iH4(NH.NH2).CH:CH.C02H  in  alkalis,  and 
shaking  with  air  until  it  no  longer  reduces 
Fehling's  solution.  The  acid  is  then  ppd.  by 
HC1. 

Properties.  —  Slender,  yellowish  needles,  v.  e. 
sol.  alcohol,  acetic  acid,  acetone,  and  hot  water, 
m.  sol.  ether,  v.  si.  sol.  chloroform,  benzene,  and 
ligroin.  Dissolves  in  alkalis  and  in  mineral 
acids.  On  distillation  it  is  split  up  into  CO2 
and  methyl-indazine.  It  is  completely  decom- 
posed by  oxidising  agents. 

Salt.  —  CuA'2  2aq  :  pale  green  slimy  pp.,  in- 
sol. hot  water.  Crystallises  from  hot  alcohol  in 
slender  green  needles. 


/ 


CH2.C02H 
[.NO 


Nitrosamine 


Formed  by  adding  a  4  p.c.  solution  of  sodium 
nitrite  to  a  very  dilute  solution  of  indazyl-acetic 
acid  in  aqueous  H.,S04  in  the  cold.  Golden- 
yellow  needles.  Insol.  water  and  ligroin,  v.  e. 
sol.  ether,  chloroform,  alcohol,  HOAc,  alkalis, 
and  warm  EtOAc.  Keduced  by  zinc-dust  and 
HOAc  to  indazyl-acetic  acid.  It  appears  to  exist 
in  two  modifications,  one  of  which  decomposes 
at  90°  with  evolution  of  gas,  but  without  melting, 
while  the  other,  which  is  obtained  by  crystallisa- 
tion from  HOAc,  melts  at  123°. 

Bromo-indazyl-acetic    acid   CaH7BrN202  i.e. 
/CH2.C02H 

/C\ 
C6HaBr/  |  \NH  .      [200°].     Formed  by 

adding  bromine-water  to  a  solution  of  indazyl- 
acetic  acid  in  dilute  HClAq.  Nearly  colourless 
needles  (from  HOAc),  v.  sol.  alcohol  and  HOAc, 
si.  sol.  hot  water. 

INDENE  v.  INDONAPHTHENE, 


INDIGO. 


7f>3 


INDIA  RUBBER  v.  CAOUTCHOUC, 
INDICAN  v.  INDIGO. 
INDIFULVIN  v.  INDIGO. 
INDIFUSCIN  v.  INDIGO. 
INDIGLUCIN  v.  INDIGO. 
INDIGO  CIBH10N,0,  probably 


digotine.  M.  w.  262.  V.D.  9'45  (for  9'06)  (Sora- 
maruga).  A  blue  colouring  matter  occurring  as 
a  colourless  glucoside  (Indican)  in  various  species 
of  Indigofcra,  i.e.  Indigofera  Anil,  Indigofcra 
tinctoria,  and  in  other  plants,  i.e.  Polygonum 
tinctorium,  Isatis  tinctoria,  Ac.  Commercial 
indigo,  obtained  from  the  juice  of  the  indigofera 
by  fermentation,  forms  coppery  blue  lumps,  and 
contains  about  50  p.c.  of  pure  indigo,  together 
with  indirubin,  indifulvin,  indirectin,  indiglucin, 
&c. 

History.  —  Indigo  was  probably  one  of  the 
earliest  known  colouring  matters,  for  its  employ- 
ment dates  back  to  the  most  ancient  times.  The 
Egyptian  mummy  cases  were  certainly  dyed  with 
indigo,  and  it  has  been  employed  in  India  for 
many  thousands  of  years  (Gerardin,  Journ.  de 
Chim.  Med.  1838,  224).  It  was  well  known  to  the 
Greeks  and  Eomaiis,  who  imported  it  from  India, 
and  hence  called  it  lv$iK6v  or  indicium.  Pliny 
mentions  it,  and  gives  as  a  test  for  its  genuine- 
ness that  it  should  burn  with  a  purple  flame 
when  thrown  on  to  glowing  charcoal.  In  the 
Middle  Ages  indigo  was  used  for  dyeing  and  paint- 
ing, but  only  to  a  small  extent,  and  so  little  was 
known  about  it  that  it  was  generally  believed  to 
be  a  mineral.  From  the  commencement  of  the 
sixteenth  century  the  employment  of  indigo  (from 
Indigofera)  for  dyeing  began  to  rapidly  increase. 
Prior  to  this  time  woad  (Isatis  tinctoria)  was 
grown  in  great  quantities  in  various  parts  of 
Europe,  especially  in  Thiiringen,  and  largely 
employed  for  blue  dyeing  (called  Persian  blue), 
The  importation  of  indigo  from  India,  which 
from  the  sixteenth  century  rapidly  increased,  in 
spite  of  much  protective  legislation  soon  re- 
placed the  woad  indigo,  until  at  the  present  time 
woad  is  only  used  as  an  adjunct  to  the  indigo 
vat  in  order  to  start  the  fermentation.  The  pre- 
sent annual  production  of  indigo  is  estimated  as 
about  8,200  tons  (value  4,000,OOOZ.)  of  which 
6,100  tons  are  produced  in  India,  1,100  tons  in 
America,  and  1,000  tons  in  China  and  other 
countries. 

Manufacture  of  commercial  indigo.  —  1  .  F  r  o  m 
Indigofera.  As  carried  out  in  India  the  pro- 
cess is  performed  as  follows  :  the  cut  plants 
|  are  first  steeped  in  water,  where  they  ferment 
with  evolution  of  CO.2,  the  yellow  liquor  is  then 
run  off  into  another  vat,  where  it  is  vigorously 
mixed  with  air  by  means  of  long  stirrers.  By 
this  means  the  leucindigo  (indigo-white)  con- 
tained in  the  solution  is  oxidised,  and  the  indigo 
separates  out  as  a  blue  scum  which  finally  settles 
to  the  bottom.  The  supernatant  liquor  is  then 
run  away,  and  the  indigo  is  boiled  with  water  for 
several  hours,  pressed,  and  dried.  The  forma- 
tion of  leucindigo  from  the  glucoside  indican, 
which  is  present  in  the  plant,  is  effected  by  a 
special  bacillus,  which  is  strongly  pathogenic 
and  closely  resembles  the  bacilli  of  pneumonia 
and  rhinoscleroma  (E.  Alvarez,  C.  R.  105,  286). 
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2.  From  woad.  The  leaves  are  crushed,  the 
mash  is  fermented,  formed  into  balls  and  dried. 

Preparation  of  pure  indigo. — 1.  From  com- 
mercial indigo:  (a)  Finely  powdered  indigo 
(125  g.)  and  glucose  (125  g.)  are  covered  with 
hot  75  p.c.  spirit  in  a  flask  of  6  litres  capacity. 
After  adding  200  g.  of  saturated  alcoholic  NaOH 
the  flask  is  filled  up  with  hot  spirit  and  left 
to  stand.  The  clear  liquor  is  then  decanted  off 
and  left  exposed  to  the  air,  when  the  leucindigo 
(indigo-white)  it  contains  is  reoxidised  to  indigo- 
blue,  which  separates  in  small  glistening  needles. 
This  is  washed  with  alcohol,  water,  and  finally 
with  HC1,  and  is  then  sublimed  under  30-40  mm. 
pressure  (Fritzsche,  A.  44,  290  ;  Sommaruga,  A. 
195,  305).— (b)  Boiling  water  (150  pts.)  is  poured 
on  a  mixture  of  finely-powdered  crude  indigo 
(1  pt.)  and  slacked  lime  (2  pts.).  Ferrous  sul- 
phate (1£  pts.)  is  then  added,  and  the  mixture 
is  kept  warm  for  several  hours  with  exclusion  of 
air.  The  alkaline  solution  of  leucindigo  is  run 
into  diluted  HC1,  by  which  it  is  precipitated,  and 
by  exposure  to  air  is  oxidised  to  indigo. —  (c)  In 
place  of  glucose  or  ferrous  sulphate  the  reduc- 
tion can  be  conveniently  effected  with  alcohol 
and  sodium  stannite  (SnCl2  and  excess  of  NaOH) 
(Schunck,  Z.  1865,  671). 

2.  Synthetically:  (a)  Together  with  indi- 
rubin by  reduction  of  isatin  chloride  (from  isatin 
and  PC15)  with  ammonium  sulphide  or  with  HI  or 
zinc-dust  and  acetic  acid.  The  indirubin  is  removed 
by  extraction  with  alcohol  (Baeyer,  B.  11, 1297  ; 
12,  456).— (6)  Cinnamic  acid  CtiH5.CH:CH.C02H 
is  converted  into  its  ether  by  means  of  alcohol 
and  sulphuric  acid.  This  is  nitrated  at  a  low  tem- 
perature with  the  theoretical  quantity  of  HNO., 
mixed  with  H2S04.  The  product  is  a  mixture  of 
about  equal  quantities  of  o  and  ^-nitro-cinnamic 
ethers  Ct,H4(NO,)CH:CH.C02Et  from  which  the 
ortho-  ether  is  separated  by  means  of  its  greater 
solubility  in  alcohol.  The  ortho-  ether  is  then 
converted  into  the  acid  by  warming  with  cone. 
HoSO4,  dried  and  converted  into  the  dibromide 
CdH4(N02).CHBr.CHBr.CO,H  [1:2]  by  treatment 
with  an  equivalent  quantity  of  bromine.  By 
leaving  the  dibromide  in  contact  with  cone. 
NaOH  the  sodium  salt  of  o-nitro-phenyl-propiolic 
acid  CeH4(N02).C:C.C02H  is  formed  from  which 
the  free  acid  is  precipitated  by  the  addition  of 
H2S04,  and  is  filtered  off  and  washed.  The 
o-nitro-phenyl-propiolic  acid  (2  pts.)  suspended 
in  cold  water  (1  pt.)  is  neutralised  with  potas- 
sium carbonate  (1  pt.),  and  then  carefully  mixed 
with  potassium  xanthate  (3  pts.).  On  allowing 
the  mixture  to  dry  at  the  ordinary  temperature 
indigo  is  slowly  formed  (Baeyer,  B.  13,  2260 ; 
E.P.  1880,  1177;  C.  C.  1882,366).  The  o-nitro- 
phenyl-propiolic  acid  can  also  be  converted  into 
indigo  by  boiling  its  solution  with  glucose  and 
sodium  carbonate  (Baeyer)  or  with  glucose  and 
potassium  cyanide  (Michael,  J.pr.  [2]  35,  254). 
(c)  By  adding  NaOH  (3  pts.)  dissolved  in  cold 
water  (130  pts.)  to  a  solution  of  o-nitro-benzalde- 
hyde  (10  pts.)  in  acetone  (15  pts.).  The  separa- 
tion of  the  indigo  is  complete  in  two  or  three  days. 
A  better  yield  is  obtained  by  previously  pre- 
paring the  aldol-like  intermediate  compound 
CtiH4(N02).CH(OH)CH2.CO.CH3  by  slowly  drop- 
ping a  1  p.c.  solution  of  NaOH  (about  5  pts.) 
into  a  cold  solution  of  o-nitro-benzaldehyde  (2 
pts.)  in  pure  acetone  (14  pts.)  diluted  with  an 
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equal  volume  of  water.  The  NaOH  solution  is 
added  until  the  mixture  is  slightly  alkaline  and 
a  trace  of  indigo  begins  to  be  formed  ;  the  ace- 
tone is  then  distilled  off  and  the  condensation 
product  is  left.  The  latter  is  converted  into  indigo 
by  dissolving  it  without  purification  in  about 
250  pts.  of  boiling  water,  cooling,  and  adding 
NaOH.  The  yield  upon  the  o-nitro-benzalde- 
hyde  is  76  p.c.  of  the  theoretical  (Baeyer  a. 
Drewsen,  B.  15,  2856;  Eng.  Pat.  1882,  1266). 
Syntheses.  —  1.  By  warming  isatin 

CtiH4<^(^)^>C(OH)  with  PC13,  phosphorus,  and 

some  acetyl  chloride  at  70°-80°  (Baeyer  a.  Em- 
merling,  B.  3,  515).  Isatin  (q.  v.)  is  formed 
synthetically  by  oxidation  of  amido-oxindole 

CriH4<CH^H2)>CO  (Baeyer,  B.  11,  1228),  by 

reduction  of  o-nitro-phenyl-glyoxylic  acid  from 
o-nitro-benzoic  acid  (Claisen  a.  Shadwell,  B.  12, 
350),  or  by  boiling  a  solution  of  o-nitro-phenyl- 
propiolic  acid  with  alkalis  (Baeyer,  B.  13,  2259). 

2.  Together  with  indirubin,  by  adding  zinc- 
dust  or  HI  to  an  acetic  acid  solution  of  isatin 

PO 
chloride  C6H4<^  ,,  ^>CC1,   formed    from   isatin 

and  PC15  (Baeyer,  B.  11,  1297  ;  12,  457). 

3.  By  the  action  of  ammonium  sulphide  upon 
isatin  chloride,  upon  ^-isatoxim 

CdH4<^£>C(NOH),  or  upon  isatin  ethyl  ether 

C0H4<C£>C(OEt)  (Baeyer,  B.   15,   2093;   16, 

2203). 

4.  By  the  action  of  air  or  FeCl3  upon  indoxyl 

,   or   upon  indoxyl-sulphuric 


(Baumann    a.   Tie- 

mann,  B.  12,  1098). 

5.  In  small  quantity  by  oxidation  of  indole 

C6H4<<^^>CH  with  ozone  (Nencki,  B.  8,  727). 

6.  By  the  action  of  reducing  agents  such  as 
glucose,  lactose,   sulphides  or   xanthates   upon 
o-nitro-phenyl-propiolic  acid  in  alkaline  solution, 
the  yield  being  about  40  p.c.  of  the  '  prop-olic 
acid  '  : 

C6H4(NO.,)C;C.CO.,H  +  2H9 

=  C16H10N.2O2  +  2CO,  +  2H.O  (v.  supra  ;   Baeyer, 

B.  13,  2260). 

7.  In    small   quantity  by    heating    o-nitro- 
phenyl-oxyacrylic  acid 

CHH4(NO,).C(OH):CH.CO,H    by  itself,   or  with 
phenol  or  acetic  acid  (Baeyer,  B.  13,  2263). 

8.  Indoxyl     C0H4<C^CH,      indoxylic 


9.  By  warming  a  mixture  of  indoxyl  or  ind- 
oxylic  acid   with  o-nitro-phenyl-propiolic    acid 
and  Na.CO.,  (Baeyer,  B.  14,  1743). 

10.  Diisatogen  O—  O    O—  O 

C  .  C  .  C  .  Cv 


acid  C(JH4<C^^C.CO.iH,  or  ethyl-indoxylic 

acid  CuH4<C^t^C.CO,H  readily  give  indigo 

on  oxidation  with  FeCl3,  CuCL,  &c.  or  by  atmo- 
spheric oxidation  of  the  alkaline  solution.  Indox- 
ylic acid  is  obtained  from  its  ethyl  ether,  which 
is  formed  by  the  action  of  alkaline  reducing  agents 
Q-Q 

.C-C.CO.jEt 
upon  isatogenic  ether  C  II.  <    V  .    Ind- 

\  N 

oxyl   is    obtained    by    heating   indoxylic    acid 
(liaeyer,  B.  14,  1743;  German  Patent  17,056). 


formed  from  the  isomeric  di-o-nitro-di-phenyl-di- 
acetylene  CJl^NOJ.CiC.CiC.C.HXNOJ  by  treat- 
ment  with  fuming  H2SO,,  is  readily  converted  into 
indigo  by  reduction  with  ammonium  sulphide, 
zinc-dust  and  alkalis,  glucose  and  alkalis,  &c. 
With  ammonium  sulphide  in  the  cold  the  reduc- 
tion takes  place  quantitatively.  The  di-o-nitro-di- 
phenyl-diacetylene  is  obtained  by  oxidation  with 
potassium  ferricyanide  of  the  cuprous  compound 
of  o-nitro-phenyl-acetylene  C0H4(NO.2).CiCH 
which  is  formed  byboiling  an  aqueous  solution  of  o- 
nitro-phenyl-propiolic  acid  CdH4(N02).C:C.C02H 
(Baeyer  a.  Landsberg,  B.  15,  53  ;  G.  P.  19,266). 

11.  By  the  action  of  dilute  alkalis  upon  a 
mixture  of  o-nitro-benzaldehyde  CbH4(NO.JCHO 
with  acetone,  pyruvic  acid,  aldehyde,  or  aceto- 
phenone.     Acetone  and  pyruvic  acid  give  the 
best  yields.     In  these  reactions  aldol-like  con- 
densation products  are  first  formed  and  are  con- 
verted into  indigo  by  the  further  action  of  the 
alkali.     Thus   under  the  influence  of  a  small 
quantity  of  alkali,  o-nitrobenzaldehyde  with  acet- 
one   gives    o-nitro-j8-phenyl-j8-oxy-ethyl-methyl 
ketone  CoH4(N02).CH(OH).CH2.CO.CH:j  ;   whilst 
with  aldehyde  o-nitro-benzoic  aldehyde  appears  to 
form  o-nitro-£-phenyl-j8-oxy-propionic  aldehyde 
C6H4(N02).CH(OH).CH2.CHO,  with  pyruvic  acid 
o-nitro-)8-phenyl-/3  oxy-promonyl-formic        acid 
CaH4(N02).CH(OH).CH2.CO~.C02H.       By    treat- 
ment with  a  further  quantity  of  an  alkali  all 
these     condensation    products     yield     indigo, 
whilst  acetic,  formic,  or  oxalic  acid  is  split  off, 
thus  :    2C6H4(N02).CH(OH).CH.,.CO.CH3  +  2H.,O 
=  C16H10N202  +  2CH3.C02H-f  2H20     (Baeyer    "a. 
Drewsen,  B.  15,  2856  ;  E.  P.  1882,  1266). 

12.  By  the  action  of  aqueous  alkalis  upon 
o-nitro-cinnamoyl-formic     acid     (o-nitro-styryl- 
glyoxylic  acid)  CtiH4(N02).CH:CH.CO.C02H,  ob- 
tained by  saturating  a  mixture  of  o-nitro-benz- 
aldehyde and  pyruvic  acid  with  gaseous  hydric 
chloride  at  10°:  2CdH4(NO.,).CH:CH.CO.CO.,H  = 
C1UH10N202  +  2CH3.C02H   (Baeyer    a.    Drewsen, 
B.  15,  2862). 

13.  o-Nitro-benzylidene-acetone 
CtiH4(N02).CH:CH.CO.CH3    which    is    obtained 
by  nitration  of  benzylidene-acetone,  or  by  heat- 
ing o-nitro-j8-phenyl-£-oxy-ethyl  methyl  ketone 
C(iH4(N02).CH(OH).CH,.CO.CH3  with  acetic  an- 
hydride, gives  indigo  by  treatment  with  alcoholic 
KOH,  precipitating  with  an  acid,  and  then  boil- 
ing with  water  or  aqueous  alkalis.     The  yield 
is  small  (Meister,  Lucius,  a.  Briining,  E.  P.  1882, 
1453;  Baeyer  a.  Drewsen,  B.  15,  2858). 

14.  By  heating  the  lactone  of  o-nitro-^-phenyl- 
£-oxy-propionic  acid  with  water  or  acetic  acid 
(Einhorn,  B.  16,  2212). 

15.  By  bromination  or  chlorination  of  acetyl- 
o-amido-acetophenone   CtiH,(NHAc).CO.CH3,  or 
of  acetyl-o-amido-phenyl-acetylene 
C(jH4(NHAc).C:CH,     eso-bromo-     and     chloro- 
derivatives  are  obtained.     These  are  converted 
by  cone.  H2S04  (10  to  20  pts.)  into  intermediate 
products,  which  give   indigo  on  dissolving   in 
aqueous  alkalis  and  exposure  to  air.     Indoxyl 
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is  probably  an  intermediate  product  in  thfs  re- 
action (Baeyer  a.  Bloem,  B.  17,  (JG3  ;  German 
Patent  21,502). 

16.  By  the   action  of   ammonium  sulphide 
upon  the  eso-mono-  or  di-chioro-  (or  bromo-)  nitro- 
acetophenone  (e.g.  C,,HXNO,).CO.CJ1CL),  formed 
by  chlorination  or  bromination  of  o-nitro-aceto- 
phenone  (Gevekoht,  13.  15,  2084  ;  A.  221,  331 ; 
G.  P.  23,785). 

17.  By  heating  indoin  C32H,0N.,03. 

Formation.- -In  addition  to  the  above  syn- 
thetical methods  indigo  is  produced :  1.  From  its 
glucoside  indican  by  the  action  of  acids  and  air, 
by  FeCl3,  or  by  fermentation  under  the  influence 
of  a  special  microbe  (Schunck,  J.  1855,  6.iO; 
1857,  564  ;  1858,  465  ;  C.  N.  37,  223  ;  39,  129  ; 
Schunck  a.  Romer,  B.  12,  2311).— 2.  The  potas- 
sium salt  of  indoxyl  sulphuric  acid,  incorrectly 
called  '  Indican,'  is  a  normal  constituent  of  the 
urine  of  animals,  being  formed  in  the  organism 

by  the  oxidation  of  indole  CtiH4<^^CH, 

which  is  a  decomposition  product  of  proteids. 
Indoxyl-sulphuric  acid  is  readily  oxidised  to 
indigo  by  Fed.,,  &c.,  and  under  certain  condi- 
tions is  converted  into  indigo  in  the  urine 
(Schunck  a.  Hoppe-Seyler,  Arch.  Patliol.  Anat. 
27,  388 ;  Baumann,  Pf.  13,  291 ;  Baumann  a. 
Ui-ieger,  H.  3,  254 ;  Jaffe,  Pf.  3,  448  ;  Baumann 
a.  Tiemann,  B.  12, 1098,  1192  ;  13,408  ;  Michai- 
lo\v,  B.  20,  605  ;  /.  R.  1887,  328  ;  Weber,  B.  12, 
271  ;  Baeyer,  B.  12,  1600). -3.  By  oxidation  of 
leucindigo  (indigo-white)  by  air,  &c.  This  re- 
action performed  upon  the  fibre  forms  the  usual 
method  of  dyeing  indigo. 

Properties.— fume  indigo  begins  to  sublime 
at  170°  (Schunck,  C.  J.  37,  617),  forming  a 
purple-red  vapour  and  condensing  to  dichroic 
plates  belonging  to  the  rhombic  system,  a:b:c 
=  •7883:1: -7265,  a  =70°  30',  0  =  108°.  Under 
60-  80  mm.  pressure  it  sublimes  without  any 
decomposition,  and  the  vapour  density  has  been 
taken  under  these  conditions  by  Sommaruga 
(.1.  195,  312),  and  found  to  correspond  to  the 
formula  CltiH10N..O2.  Insol.  water,  alcohol,  ether; 
dilute  acids  or  alkalis.  V.  si.  sol.  hot  alcohol, 
amyl  alcohol,  acetone,  or  turpentine.  SI.  sol. 
chloroform  or  acetic  acid.  V.  sol.  hot  aniline, 
nitrobenzene,  or  phenol ;  from  the  latter  sol- 
vents it  crystallises  on  cooling  (Stokvis,  J.  1868, 
7S9  ;  Wartha,  B.  4,  334  ;  Jacobsen  a.  Mehu,  J. 
1872,  682).  Sol.  cone.  H,S04  without  alteration 
to  a  yellowish -green  solution,  which  exhibits  a 
characteristic  absorption  spectrum  between  the 
D  and  d  lines  (Vogel,  £.11,  1364).  The  H,S04 
solution  by  long  standing  or  on  warming  becomes 
blue  from  formation  of  indigo-sulphonic  acids. 

Reactions. — 1.  Distilled  with  KOH  it  yields 
aniline  (Fritzsche,  A.  39,  76). 

2.  It  dissolves  in  boiling  aqueous  KOH  (S.G. 
1-45)   to  a  yellow  solution   of    isatic  acid  and 
leucindigo    (indigo-white):    3CltH10N.,0.,  +  4H.,O 
=,  2CSH7NOS  +  2C1(iHl,N20,- 

3.  By   fusion   with    KOH    anthranilic   acid 
C.H,(NH.))CO.,H  [1:2]  is  formed  (Bottinger,  B. 
10,  269)  ;"by  heating  with  KOH  at  300°  Cahours 
(.1.  Ch.  [3]  13,  113)  obtained  salicylic  acid. 

4.  By  boiling  with  KOH  and  MnO._,  it  yields 
anthranilic  and  formic  acids  (Bottinger). 

5.  Oxidising  agents,  such  as  chlorine,  oxides 


of  chlorine,  HNO.t,  ferric  salts,  &c.,  convert  it 
into  isatin  CUH  . 


6.  By  damp   chlorine   it   is   converted   into 
chlorisatin,    dichlorisatin,    trichloraniline,    and 
trichlorophenol.     Bromine  acts  in  the  same  way 
(Erdmann,  /.  pr.  19,  330). 

7.  With  HNO:(  it  yields  in  succession  isatin, 
nitrosalicylic  acid,  and  finally  picric  acid. 

8.  Alkaline  reducing  agents,  such  as  FeSO, 
and  NaOH,  glucose  andNaOH,  SnCIL.ind  NaOlL, 
convert      it      into     leucindigo      (indigo-white) 
ClriH,NA. 

9.  By  heating  with  aqueous  sodium  hydro- 
sulphite  Na,SO._,  and  excess  of  NaOH  at  180  \ 

indoline  CoH<°HCH'cH>C'<H<  is  formed  (Gi- 
raud,  B.  12,  2155).  This  body  is  also  obtained 
by  heating  leucindigo  (indigo-white)  with  zinc- 
dust  and  aqueous  barium  hydrate  at  180°. 

10.  By  heating  with  an  excess  of  saturated 
HI,  hydrocarbons  and  NH3  are  produced  (Uer- 
thelot,  Bl.  [2]  9,  189). 

11.  Unaltered   by  long    boiling    with   cone. 
aqueous  NH3  (Liubawin,  J.  R.  15,  17). 

12.  By  digestion  of  indigo  with  cone.  IT,  SO, 
or  with  slightly  fuming  H2SO4  a  mono  -sul  phonic 
acid      C^H^SLO^SO..^    "(phumicme-suJphnric 
acid)  and  a  di-sulphonic  acid  CI(JH8NaO.,(SOaH).j 
(sulphindigotic  acid)  are  formed. 

13.  By  reduction  to  leucindigo  (indigo-white) 
and  distillation  with  zinc-dust  it  gives  a  mixture 


of  indole  CBH, 


and  scatole 


(Baeyer,  B.  13,  2339). 

Detection  of  indigo  on  fabrics. 
(W.  Lenz,  Fr.  26,  535;  Prior,  Rep.  d.  Anal. 
diem.  13,  193,  1884.) 

1.  A  drop  of  nitric  acid  gives  a  bright-yellow 
spot. 

2.  When  indigo  alone  is  present  the  following 
reactions  should  be  given  :  alcohol  extracts  no 
colour  even  on  gentle  warming.     Cold  saturated 
oxalic  acid  and  borax  solutions,  10  p.c.  alum  so- 
lution, and  33  p.c.  ammonium  molybdate  solution, 
removes  no  colour  even  on  boiling.   Stannous  and 
ferric  chloride  destroy  the  colour  on  warming. 
Glacial  acetic  acid  dissolves  all  the  colour  on  re- 
peated boiling,  and  after  mixing  the  solution  with 
ether  and  water  the  aqueous  layer  is  colourless  and 
not  coloured  by  strong  hydrochloric  acid.     When 
the  indigo  may  be  accompanied  by  other  colours 
the  following  methods  of  testing  may  be  adopted. 

3.  The  stuff  is  warmed  with  an  acidified  10 
p.c.  solution  of  SnCL.     Prussian  blue  remains 
unchanged.     Indigo  (vat-blue),  indigo-carmine, 
and    aniline-blue    (tri-phenyl-rosaniline-tri-sal- 
phonate)  are  completely  removed  from  the  libre, 
and  yield  pale-yellow  solutions.   Logwood  is  also 
removed,  but  gives  a  rose-red  solution.     On  add- 
ing a  large  excess  of  hydrogen  peroxide  to  tht^e 
solutions  the  rose-red  of  logwood  is  destroyed, 
aniline-blue  gives  a  blue  solution,  whilst  indigo 
is  not  regenerated. 

4.  Glacial  acetic  acid  dissolves  indigo  from  a 
fabric.     In  presence  of  logwood  the  cold  acid  ac- 
quires a  rose-red  colour,  which  on  heating  passes 
into  yellowish-red,  and  is  soon  obscured  by  the 
dissolving   indigo.     Prussian  blue   and  indigo- 
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carmine  are  not  dissolved.  On  mixing  the  acetic 
acid  solution  with  ether,  and  then  adding  water 
until  the  ether  separates,  the  indigo  is  removed 
from  the  aqueous  layer,  which  then  in  the  pre- 
sence of  logwood  shows  a  feeble  reddish-yellow 
tint.  If  now  a  few  drops  of  cone.  HC1  are  added, 
the  smallest  trace  of  logwood  is  revealed  by  the 
production  of  a  rich  red  colour  in  the  aqueous 
layer.  Aniline-blue  obscures  this  reaction. 

Estimation.— In  fabrics:  The  dyed  stuff 
(10  g.)  is  treated  in  a  flask  with  200  c.c.  of  a  so- 
lution made  by  adding  2  litres  of  water  and  100 
c.c.  of  milk  of  lime  to  100  c.c.  of  a  solution  of 
Na.,SO.j  prepared  from  a  solution  of  sodium  bi- 
sulphite of  35°  B.  The  mixture  is  heated  at 
60°-70°,  a  stream  of  coal  gas  being  passed 
through  the  flask  during  the  reduction.  When 
all  the  colour  has  disappeared,  a  portion  of  the 
solution  is  decanted,  cooled,  its  volume  measured, 
the  indigo  precipitated  by  HC1,  and  after  12 
hours'  standing  collected  on  a  filter,  washed,  and 
dried.  It  is  then  dissolved  with  the  filter-paper 
in  about  10  c.c.  of  fuming  H^SO^,  and  the  solu- 
tion titrated  by  the  hydrosulphite  (Miiller's) 
method  (v.  infra)  (Eenard,  Bl.  47,  41). 

In  commercial  indigo:  1.  The  indigo  is 
reduced  to  leucindigo  (indigo-white)  by  glucose 
and  NaOH  in  an  aqueous  alcoholic  solution  ;  the 
clear  solution  is  separated  from  the  insoluble 
impurities,  and  by  oxidation  with  a  stream  of 
air  the  indigo  is  precipitated  and  weighed  (Eau, 
Am.  C.  J.  7,  16;  Manley,  CJiem.  Centr.  1887, 
005  ;  Romen's  Journal,  1887,  16).  This  gives 
the  value  in  indigo-blue  only,  as  the  indirubin 
remains  in  the  alcoholic  solution  (Eawson, 
S.  C.  I.  1885,  491). 

2.  By  reduction  with  FeS04  and  NaOH  and 
subsequent  oxidation  (Grace-Calvert). 

3.  By  reduction  with  sodium  hydrosulphite 
Na.2S02  and  subsequent  oxidation  by  air.     The 
finely  powdered  indigo  (1  g.)  is  made  into  a  paste 
with  water  and  placed  in  a  flask  with  500-600 
c.c.  of  lime  water  ;  the  flask  is  closed  with  an 
indiarubber  stopper  bored  with  four  holes,  one 
carrying  a  syphon,  another  a  tap-funnel,  the  re- 
maining two  serve  for  the  entrance  and  exit  of  a 
current  of  coal  gas.     The  whole  is  heated  at  80°, 
and  100-150  c.c.  of  sodium  hydrosulphite  (equi- 
valent to  an  ammoniacal  copper  solution  con- 
taining 19'04  g.  of  CuS04  5aq  per  litre)  is  intro- 
duced and  kept  near  the  boiling-point  for  half 
an  hour.     After  allowing  to  settle  500  c.c.  of  the 
clear  liquid  are  siphoned  off,  oxidised  by  aspi- 
rating air  through  it  for  20  mins.,  an  excess  of 
HC1  added,  and  the  precipitate  of  indigo  and 
indirubin  washed  and  weighed.     The  liquid  re- 
maining in  the  flask  is  measured,  and  from  it  is 
calculated  the  combined  percentages  of  indigo 
and  indirubin.     If  the  proportion  of  indirubin  is 
required  the  filter  and  precipitate  are  extracted 
with    alcohol,   which   dissolves    the   indirubin. 
This  method  gives  very  good  results  (Eawson, 
C.  N.  57,  7,  19,  29,  34 ;  S.  C.  I.  1885,  489). 

4.  The  indigo  is  sulphonated  and  the  solution 
is  reduced  by  a  solution  of  sodium  hydrosulphite 
of  known  strength,  the  excess  of  which  is  then 
estimated  by  titration  with  ammoniacal  CuSO4 
(Miiller,  J.  1874,  1019;  Am.  Chemist,  5,  128; 
}'.<  rnthsen  a.  Drews,  B.  13,  2283 ;  Eawson,  S.  C.I. 
1885,  490). 


5.  By  sulphonation  and  subsequent  oxidation 
of  the  sulphonic  acid  by  means  of  potassium  f  er- 
ricyanide     (Allgren),     chlorine-water     (Bolley), 
K,Cr,O7  and  H,SO4  (Penny),  or  KMnO,  (Mohr). 
The  finely  powdered  indigo  (1  g.)  is  mixed  with 
an  equal  weight  of  ground  glass,  and  gradually 
added  to  20  c.c.  of  H2S04  (S.G.  1'845)  ;  it  is  then 
placed  for  1  hour  in  a  steam-bath  at  90°.     The 
sulphuric  acid  solution  is  diluted  to  1  litre,  and 
50  c.c.  of  the  filtered  solution  is  mixed  with  50 
c.c.  of  water  and  32  g.  of  NaCl.     Sodium  sulph- 
indigotate  being  almost  insoluble  in  strong  salt 
solution  separates,  and  after  two  hours  is  col- 
lected, washed  with  salt  solution  (S.G.  1-2),  dis- 
solved in  hot  water,  and  when  cool  acidified  with 
1  c.c.  of  H.SO,,  then  diluted  to  300  c.c.,  and  ti- 
trated with  KMn04  ('5  g.  per  litre).     A  small  cor- 
rection ( +  1-6  p.c.)  has  to  be  made  for  the  sulph- 
indigotate  which  remains  in  the  salt  solution  ; 
the  result  gives  the  combined  percentages  of  in- 
digo and  indirubin  (Eawson,  S.  C.  I.  1885,  489). 

6.  By  loss  of  weight  on  sublimation  (Lee, 
I  Am.  C.  J.  6,  185).    According  to  Eawson  (l.c.) 
|  this  method  is  not  accurate,  since  the  other  com- 
j  pounds  present  in  the  crude  indigo  affect  the  re- 
;  suit ;  with  inferior  qualities  the  result  is  often 
j  too  high,  whilst  in  superior  qualities  it  is  too 

low. 

7.  By  spectrum  analysis  :  -5  g.  of  the  sample 
is  sulphonated  and  diluted  to  a  litre.     This  so- 
lution is  then  further  diluted  according  to  its 
depth  of  colour,  and  is  examined  spectroscopically 
in  a  layer  of  1  c.c.  thickness.     The  coefficient  of 
extinction  is  directly  proportional  to  the  per- 
centage of  pure  indigo  present  (Vierordt ;  Wolff, 
Fr.  17,  310 ;  23,  29  •"  D.  P.  J.  253,  256). 

8.  By  sulphonation  and  quantitative  dyeing 
on  wool  or  silk  (Chevreul). 

Dyeing  methods.— Indigo-blue  is  used  for 
dyeing  silk,  wool,  and  cotton,  to  which  it  is  ap- 
plied by  the  following  methods  : 

1.  By  vat-dyeing,  i.e.  reduction  of  the  indigo 
to  leucindigo  (indigo-white)  by  means  of  some 
reducing  agent,  steeping  the  material  in  the 
colourless  solution  and  finally  exposing  it  to  the 
air,  by  which  the  leucindigo  is  oxidised  to  indigo, 
which  being  insoluble  remains  firmly  fixed  in  the 
fibre.  This  is  the  best  method  of  indigo  dyeing, 
and  gives  the  fastest  colours.  Various  reducing 
agents  are  employed  to  effect  the  reduction,  and 
of  these  different  '  vats '  the  following  are  the 
most  important : 

Cold  vats  (used  chiefly  for  cotton)  :  a.  Blue 
vat,  composed  of  indigo  (2  pts.),  ferrous  sulphate 
(3  to  4  pts.),  slaked  lime  (3  to  5  pts.),  and  water 
(200  pts.).  b.  Zinc-dust  vat,  composed  of  indigo 
(2  pts.),  zinc-dust  (1  pt.),  slaked  lime  (1  pt.), 
and  water  (200  pts.).  c.  Hydrosulphite  vat, 
composed  of  indigo  (1  pt.),  20  p.c.  of  lime-milk 
(1  to  1-3  pts.),  and  the  sodium  hydrosulphite 
solution  (Na2S02),  obtained  by  reducing  8-10 
kilos  of  sodium  bisulphite  solution  (S.G.  1-275) 
with  zinc-dust  or  zinc  foil,  the  whole  being  sub- 
sequently diluted  with  water,  d.  Tin  sa'.t  vat 
(SnCl2  and  an  alkali)  is  only  used  for  printing. 
e.  Arsenic  vat  (As./)3  and  an  alkali)  is  only  used 
for  printing  (English  Patent  1884,  421 ;  S.  C.  I. 
1885,  53).  /.  Sugar  vat  (glucose  and  an  alkali). 

Warm  or  fermentation  vats  (only  used 
for  wool  and  silk)  :  a.  Woad  vat,  composed  of 
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indigo  (15  pta.),  woad  (300  pts.),  bran  (10  pts.), 
madder  (2  to  15  pts.),  slaked  lime  (12  pts.),  and 
water  (4,000  pts.).  The  liquid  is  allowed  to 
ferment  for  about  two  days,  keeping  the  tempera- 
ture at  45°-50°,  and  the  vat  is  then  ready  for 
use.  b.  Potash  vat,  composed  of  indigo  (10  pts.), 
madder  (2  to  5  pts.),  bran  (2  to  5  pts.),  and 
K,C03  (10  to  15  pts.),  and  water  (4,000  pts.),  the 
whole  being  left  to  ferment  for  two  days.  c.  Soda 
vat,  composed  of  indigo  (10  pts.),  bran  (60  to 
100  pts.),  or  treacle  (10  to  15  pts.),  soda  crystals 
(Na,CO:,  lOaq)  (20  pts.),  slaked  lime  (5  pts.),  and 
water  (4,000  pts.),  fermented  for  two  or  three 
clays.  For  other  methods  of  preparing  vats  v. 
Goppelsroder,  D.  P.  J.  251,  465  ;  253,  245,  381  ; 
C.  S.  I.  1884,  518  ;  Collin  a.  Benoist,  German 
Patent  30,449  ;  S.  C.  1.  1885,  493  ;  Schmiickert, 
English  Patent  1887,  7,333. 

Indigo  is  also  applied  to  fabrics  : 

2.  By  printing  with  a  paste  of  reduced  indigo 
and  developing  the  indigo  by  exposure  to  air. 

3.  By   printing   with  a   paste  of   sodium  o- 
nitro-phenyl-propiolate,  sodium  or  zinc  xanthate, 
borax,  and  a  thickening  agent,  the  colour  being 
slowly  developed  by  leaving  the  material  at  the 
ordinary  temperature  for  two  days  (Bad.  Anil. 
u.  Soda-Fabrik,  E.  P.  1881,  466  ;  S.  C.  I.  1882, 
148,  360  ;  1885,  454).    The  blue  obtained  in  this 
way  surpasses  in  purity  of  shade  that  obtained 
with  natural  indigo,  and  also  has  the  advantage 
that  it  can  be  readily  employed  in  conjunction 
with   other    steam   colours,    alizarin,   &c.  ;    its 
high  price,  however,  has  hitherto  prevented  its 
extended  application. 

4.  By    dyeing    from    a    bath    of    indigo-di- 
sulphonic   acid  ('  sulphindigotic   acid,'  '  indigo- 
carmine,'  or  'indigo-extract').     This  method  is 
only  employed  for  wool  and  silk,  as  the  sulph- 
indigotic acid  has  no  affinity  for  cotton.     The 
colour  obtained  by  this  method,  called  '  Saxony 
blue,'  although  much  brighter  than  '  vat  blue  ' 
is  not  nearly  so  fast  either  to  soap  or  light. 

Constitution.  —  The  determination  of  the  con- 
stitution of  indigo  is  mostly  due  to  A.  Baeyer 
and  his  pupils.  The  molecular  formula 
C16H10N202  was  established  by  the  vapour  density 
determinations  of  Sommaruga.  Isatin  C8H5NO.,, 
which  is  obtained  from  indigo  by  oxidation,  gives 
on  treatment  with  reducing  agents  dioxindole 
CSH7NO2,  oxindole  CHH7NO,  and  finally  indole 
CSH:N  (Baeyer  a.  Knop,A  140,  1,295).  From  this 
Baeyer  concluded  at  that  time  that  indole  was 
the  parent  substance  of  the  dye-stuff,  and  repre- 

P  TT  f1  TTT*J  "1 
sented  the  latter  by  the  formula  c  H  C  HN  }  °r 

Soon  afterwards  Strecker  proposed  for  indigo  the 
formula 

CtiH/      ^CO     OC/       \38H4.    In  1869  Ke- 
\NH/  \NH/ 

kule  (B.  2,  748)  had  assigned  to  isatin  and  isatic 

acid  the  formula  C6H4<^°>CO  and 


I  that  dioxindole  and  oxindole  were  respectively 
j  the  inner  anhydrides  of  o-amido-manclelic  acid 
j  and  of  o-amido-phenyl-acetic  acid,  and  hence 


2,  thus    explaining  their  ready 

conversion  into  o-amido-benzoic  acid  and  sali- 
cylic acid,  and  this  view  was  subsequently  con- 
firmed by  the  investigations  of  Baeyer  a.  Suida 
(13.  11,  582,  1228)  and  of  Claiscn  a.  Shadwcll 
(B.  12,  350).  At  the  same  time  it  was  proved 


were    constituted    thus: 


(dioxindole),  CtiH4<(^^>CO  (oxindole).  In  1870 
Baeyer  a.  Emmerling  (B.  3,  517)  assigned  to 
indole  the  formula  CUH4<^^>CH[1:2].  In  the 

same  year  Emmerling  a.  Engler  (B.  3,  885  ;  c/. 
B.  9,  1106,  1422)  obtained  small  quantities  of 
indigo  by  distilling  nitro-acetophenone  with  zinc- 
dust  and  soda-lime,  from  which  they  concluded 
that  it  was  an  azo-  compound,  and  represented 

it  by  the  formula  CtiH4<gaCH:CH-Cg>C6H4, 
leucindigo  being  the  corresponding  hydrazo- 
compound  C6H4<°^CH:CH^0>CttH4.  In 

1878   Sommaruga  (A.   194,   107)   proposed  the 

formula  C6H4<°.CH  CH.°>CtiH4  ;      in     1879 

Baumann  a.  Tiemann  suggested  that  indigo 
might  be  a  derivative  of  diphenyl : 

Q     Q Q 

HC<^    J  \H,C6.CtfH8/    '^CH;  whilst  in  1882 

Ljubavin  (B.  15,  248,  728),  regarding  indigo  as  a 
substitution  product  of  indoline  C,8HMN2I  pro- 

/CtC.HN. 
posed  for  it  the  formula  :  CbH4^  MX  /()\  /CdH4. 

\NH.C  :(X 

Baeyer's  syntheses  of  indigo  in  1882  from 
indoxyl  and  diisatogen  (B.  15,  54)  led  him  to 
conclude  that  it  had  the  constitution 

/c^-o — o->Cv 

CtiH4/ I  NCH.HC/ I  >>CtiH4,  but  his  subse- 
quent researches  (B.  16,  2200 ;  17,  975)  caused 
him  to  modify  this  formula  to 


the  indogenide  of  ^-isatin  or  diindogen.  The 
latter  formula  which  is  now  tolerably  well  esta- 
blished is  based  upon  the  following  considera- 
tions: i.  Indigo  contains  an  NH  group,  ii. 
The  carbon  atoms  are  arranged  in  a  line 
C6H4.C.C.C.C.C6H4,  as  follows  from  its  formation 
from  di-phenyl-diacetylene.  iii.  It  can  only  be 
obtained  from  compounds  in  which  the  carbon 
atom  directly  united  to  the  benzene  nucleus  is 
also  united  to  0,  or  capable  of  becoming  so 
united,  iv.  Its  formation  and  properties  indi- 
cate a  close  relationship  to  the  |8-indogenide  of 

ethyl-^-isatin  C6H4<^°>C:C<CC°  >NEt,and 
to  indirubine,  which  is  proved  to  be  the  0-indo- 


genide  of  ^-isatin  C6H4 

The  two  latter  bodies  are  formed  by  direct  con- 

densation  of  indoxyl   C6H4<C{£g^CH  with 

ethyl-if-isatin  CCH4<^^>CO,   or  with  isatin 

C6H4<^(^)^>C(OH),  in  which  reactions  the  ind- 
oxyl is  probably  first  transformed  into  '|-indoxyl 
,  and  the  isatin  into  f  isatin 
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C  H  <^  95!^>CO.     Combination  then  takes  place 

0    4\]SH-/ 

between  the  a-carbon  atom  of  the  v//-indoxyl  and 
the    jS-carboii     atom    of     the    i^-isatin,    thus  : 


sequently  the  isomeric  o-indogenide  of  if'-isatin, 
though  it  cannot  be  formed  from  isatin  and 
indoxyl  owing  to  the  greater  tendency  to  reaction 
of  the  0-CO  group. 

Substitution  products.  Indigo-mono-sul- 
phonic  acid  C^eNjO^^SOgH).  Phceniclne-snl-  \ 
phuric  acid.  Formed"  by  allowing  to  stand  for  | 
some  time  a  mixture  of  indigo  (Ipt.)  with  or-  j 
dinary  sulphuric  acid  (20  pts.),' and  separates  j 
as  a  blue  powder  on  pouring  the  solution  into  I 
water.  It  is  easily  soluble  in  alcohol,  and  in  j 
water  free  from  acid,  forming  blue  solution?. 
Its  salts  are  sparingly  soluble  in  water.  In  the  j 
dry  state  they  are  red,  in  solution  blue. — A'Kaq :  ; 
purule  pp.  (Crum,  Berz.  J.  4,  189  ;  Berzelius,  j 
Bcrz.  J.  4,  190  ;  7,  262 ;  Dumas,  A.  48,  340 ;  ! 
Haeffely,  Gm.  6,  462). 

iDdigo-di-sulphonic  acid  C1BH8N202(S03H)2. 
Sulphindigotic  acid.  Cocruline-sulpliuric  acid. 
Indigo-extract.  Prepared  by  heating  indigo  with 
15-20  pts.  of  ordinary,  or  better  with  7-8  pts.  of 
fuming,  sulphuric  acid.  Amorphous  blue  solid. 
V.  sol.  water  and  alcohol.  Completely  removed 
from  solution  by  wool  or  charcoal.  The  aqueous 
solution  gives  a  continuous  absorption  spectrum 
(Vogel,  B.  11,  1365).  By  oxidising  agents  it  is  I 
converted  into  isatin  sulphonic  acid, 'by  reducing 
agents  into  leucindigo-sulphonic  acid.  Its  salts 
are  mostly  sparingly  sol.  water.  The  sodium 
salt  (A"Na2)  appears  in  commerce  under  the 
name  of  indigo-carmine  or  soluble-indigo  and  is 
used  for  dyeing  the  so-called  '  Saxony-blue  '  j 
upon  silk  and  wool. — A"K2:  amorphous  blue  j 
coppery  powder ;  S.  (at  15°)  =  P7. — A''Ba:  m.  sol.  | 
hot  water  (Crum,  Berz.  J.  4,  190;  Berzelius, 
Berz.  J.  7,  262  ;  Dumas,  A.  22,  72  ;  Joss,  Berz. 
J.  14,  316).  According  to  Berzelius  (Gm.  6, 
435)  there  is  formed,  together  with  the  di-sul- 
phonic  acid,  another  acid,  the  so-called  '  indigo- 
hyposulphuric  acid,1  which  differs  from  the  di- 
sulphonic  acid  in  its  ammonium  salt  being 
soluble  in  alcohol. 

Indigo-di-carboxylic    acid    C18H10N2O6    i.e. 


CtiH4Cl2<^>C:C<^>CdH2Cl,.       Obtained 

by  the  action  of  acetone  and  NaOH  upon  di- 
chloro-o-nitro-benzaklehyde  [138°]  (Bad.  Anil. 
u.  Soda-Fabrik,  G.  P.  32,238).  Resembles  indigo. 
Sublimes  in  violet-red  vapours,  condensing  to 
blue  coppery  needles.  Does  not  sulphonate  or 
form  a  '  vat  '  so  readily  as  ordinary  indigo  (Gnehm, 
B.  17,  753). 

Di-bromo-indigo  C1(jHsBr,N,02  i.e. 

C6H:jBr<;^>C:C<^>Ct;H3Br.    Formed  by 

adding  bromo-isatin  chloride  (from  bromo-isatin 
and  PC1-)  to  an  excess  of  an  8  p.c.  solution  of 
HI  in  acetic  acid  (Baeyer,  B.  12,  1315).  Also 
obtained  by  boiling  the  acetyl  derivative  of  tri- 
bromo  -  o  -  amido  -  acetophenone  with  Na.,CO3 
(Baeyer  a.  Bloem,  B.  17,  968).  Soluble  in  phenol, 
from  which  it  separates  on  adding  alcohol  in 
small  black  needles.  Nearly  insol.  alcohol,  ether, 
acetic  acid,  or  chloroform.  Dissolves  in  cone. 
H.,S04  with  a  green  colour.  Sublimes  in  purple 
vapours.  Forms  a  '  vat  '  like  indigo.  The  ab- 
sorption spectrum  is  the  same  as  that  of  indigo. 
Di-nitro-indigo  ClliHti(N02),N202  i.e. 


Formed  by  adding  nitro-isatin  chloride  (from 
nitro-isatin  and  PC15)  to  a  solution  of  HI  in 
acetic  acid.  Dark-red  powder.  Nearly  insol. 
alcohol,  ether,  acetic  acid,  and  chloroform  ;  v. 
sol.  phenol  and  hot  nitrobenzene.  The  absorption 
spectrum  is  analogous  to  that  of  indigo.  Dis- 
solves in  cone.  H.,SO4  with  a  violet-blue  colour 
(Baeyer,  B.  12,  1315). 

Di-amido-indigo  ClaH8N202(NH,)2  i.e. 


Prepared  by  warming  nitro-benzaldehyde-car- 
boxylic  acid  C?H3(CHO)(N02)C0.2H[1:2:4]  with 
acetone  and  dilute  NaOH.  Also  by  reduction 
of  o-nitro-phenyl-prop:olic-cirboxylic  acid 
C,jH3(NO.,)(CO.!H).CiC.CO.iH  with  glucose  and 
NaOH.  Coppery  blue  powder.  Insol.  water, 
alcohol,  ether,  and  chloroform.  Dissolves  in 
H-jSO.,  with  a  deep-blue  colour,  in  alkalis  with 
a  bluish-green  colour. — A"Ba.— CI8HJN200Ag4 : 
insoluble.  —  A"Et.2 :  sublimes  in  prismatic  tables, 
si.  sol.  chloroform  and  benzene,  nearly  insol. 
alcohol  and  ether  (Low,  B.  18,  950;  A.  231, 
865). 

Di-chloro-indieo  C1(JH,C1,N,0.  Obtained  by 
the  action  of  acetone  and  NaOH  upon  chlcro-o- 
nitro-benzaldehyde  (Miiller,  German  Patents 
30,329  and  33,064). 

Tetra-chloro-indigo  C1(,HUC1,N,O,  i.e. 


Formed  by  reduction  of  the  foregoing  nitro-  com- 
pound with  zinc-dust  and  acetic  acid.  Dark  -blue 
pp.  Nearly  insol.  alcohol,  ether,  and  chloro- 
form ;  v.  e.  sol.  acetic  acid  with  a  pure  blue 
colour.  Its  absorption  spectrum  is  like  that  of 
indigo.  It  dissolves  in  dilute  acids  with  a  blue 
colour.  It  forms  a  '  vat  '  like  indigo. 
Di-benzoyl-indigo  C30H18N204  i.e. 

C«H<NBz>C:C<NBz>C.H'  C108"]-  ^ormed 
by  heating  indigo  with  BzCl.  Brown  amorphous 
powder.  Insol.  water  and  acetic  acid,  si.  sol. 
alcohol,  m.  sol.  ether  (Schwartz,  J.  1863,  557). 

Di-methyl-iadigo  C,,.H8Me2N202  i.e. 
CJI3Me<£°  >C:C<°°  >C6H,Me.  Formed  by 

the  action  of  acetone  and  NaOH  upon  o-nitro-to- 
luic  aldehyde.  Blue  coppery  powder.  Sol.  alcohol. 
Resembles  ordinary  indigo  (Meister,  Lucius  a. 
Brlining,  G.  P.  21,683  ;  E.  P.  1882,  3,216). 
j/.Di-ethyl-indigo  C,0H18N202  i.e. 


ducing  the   di-ethyl   derivative   of 

oxim    C6H4<^^t^>C(NOEt)  with  alcoholic  am- 

monium sulphide,  and  then  passing  a  stream  of 
C02  through  the  solution.  Blue  felted  needles  ; 
v.  sol.  alcohol,  forming  a  deep-blue  solution,  the 
spectrum  of  which  closely  resembles  that  of  in- 
digo. Less  soluble  in  ether,  acetone,  CHC1.,,  CS.,, 
and  aniline.  It  sublimes  as  a  purple  vapour, 
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eondensing  to  blue  prisms.  It  dissolves  in  cone. 
H.2SO4  with  a  greenish  -blue  colour,  and  on  heat- 
ing is  sulphonated.  With  zinc-dust  and  alkalis 
it  gives  a  vat.  On  oxidation  it  gives  etbyl-»//- 
isatin  (Baeyer,  B.  16,  2201). 

Di-isopropyl-indigo  C22Ha,Na0.j  i.e. 


JPr.     Formed  by 

the  action  of  acetone  and  NaOH  upon  o-nitro- 
cuminic  aldehyde  CeH,Pr(N08)CHO  [4:2:1]  (Ein- 
horn  a.  Hess,  B.  17,  2019).  Also  in  small  quan- 
tity from  the  dibromide  of  o-nitro-cumyl-acrylic 
acid  CBH3Pr(N02).CHBr.CHBr.CO,H  by  heating 
with  dilute  NaOH  and  then  adding  glucose 
(Widman,  B.  19,  261).  Blue  crystals  with  cop- 
pery lustre.  Sol.  alcohol,  chloroform,  and  ether, 
insol.  water.  Shows  the  indigo  spectrum.  Sub- 
limes in  red  vapours.  Gives  a  '  vat.'  Dissolves 
in  cold  cone.  H2S04  with  a  brown  colour  which 
on  heating  becomes  green  and  finally  blue. 

Tetra  -  methoxy  -  indigo  -  di  -  carboxylic     acid 
C2aH18N2010  Le. 


Obtained  by  the  action  of  dilute  aqueous  NaOH 
and  acetone  upon  nitro-opianic  acid.  Bluish- 
green  solid.  Sol.  phenol  and  aniline  with  a 
green  colour,  insol.  alcohol,  benzene,  chloroform, 
and  acetone.  Dissolves  in  hot  dilute  NH.,  with 
a  blue  colour,  the  solution  showing  the  absorp- 
tion spectrum  of  indigo-di-sulphonic  acid.  The 
solution  of  the  NH.,  salt  is  precipitated  by  salts 
of  Ca  or  Ba.  It  dissolves  unaltered  in  cone. 
H_,SO4  with  a  violet-blue  colour.  On  heating  it 
evolves  violet  vapours  and  a  smell  of  vanillin 
(Liebermann,  B.  19,  352). 

Allied  compounds. 
Leucindigo  C1BH,.,N202  i.e. 


Indigo-white.  Formed  by  reduction  of  in- 
digo by  means  of  alkaline  reducing  agents  such 
as  FeS04  and  lime,  orpiment  and  NaOH,  glu- 
cose and  NaOH,  sodium  hydrosulphide,  &c.  In- 
digo (|  kilo.)  is  allowed  to  stand  for  one  or  two 
days  with  a  mixture  of  lime  and  FeSO4  in  a 
closed  vessel  of  100  litres'  capacity,  filled  with 
water.  The  clear  liquor  is  then  siphoned  off  into 
another  vessel,  filled  with  CO.,,  and  HC1  is  added. 
The  ppd.  leucindigo  is  then  dried  in  a  stream  of 
C02  or  H  (Dumas,  A.  48,  257  ;  Ullgren,  A.  136, 
96).  Greyish-white  silky  solid.  Sol.  alcohol  and 
ether,  insol.  water.  Dissolves  in  alkalis  and  be- 
haves like  a  weak  acid.  By  exposure  to  air  it 
is  quickly  oxidised  to  indigo.  By  heating  with 
zinc-dust  and  aqueous  Ba(OH).,  at  180°  it  yields 
indoline.  On  distilling  with  zinc-dust  it  gives 
indole  and  scatole  (Baeyer,  B.  15,  54). 

Leucindigo-sulphuric  acid.  Indigo-irliite- 
sulplmric  acid.  The  potassium  salt  is  obtained 
by  shaking  damp  pressed  leucindigo  (25  g.)  dis- 
solved in  25  g.  of  aqueous  KOH(1:2)  with  12-15  g. 
of  K2S,07.  The  solution  is  diluted  with  an 
equal  bulk  of  water,  exposed  to  the  air,  filtered 
from  indigo,  shaken  with  ether,  and  freed  from 
potassium  sulphate  by  mixing  with  six  times  its 
volume  of  absolute  alcohol  (Baeyer,  B.  12, 
1600  ;  Baumann  a.  Tiemann,  B.  13,  411).  By 
the  action  of  air  or  FeCl3  it  is  oxidised  to  indigo. 
The  solution  of  the  K  salt  is  resolved  by  dilute 
acids  into  leucindigo  and  H,,SO4.  This  com- 


|  pound  was  regarded  by  Baeyer  as  identical 
with  '  indoxyl-sulphuric  acid,'  but  according  to 
Baumann  and  Tiemann  this  is  not  the  case. 

Indican  C,BH3INOI7  (?).  Plant  indican. 
Glucoside  of  indigo  or  leucindigo.  Occurs  in 
the  Indlijo/era,  in  Isatis  tinctoria  (woad),  Poly- 
goninin  tinctorium,  Bletia  tanker  villice.Callanthi 
rrnttrifulia,  and  other  plants  (Schunck,  J.  1885, 
650  ;  1858,  465  ;  C.  N.  37,  223).  Prepared  by 
extracting  dried  and  powdered  woad  leaves  with 
cold  alcohol.  The  extract  treated  with  a  little 
water  is  evaporated  at  the  ordinary  temperature 
of  the  air,  the  aqueous  residue  shaken  with  CuO, 
filtered,  freed  from  copper  by  H2S,  filtered,  and 
again  evaporated  in  the  cold.  The  syrup  is 
taken  up  with  alcohol,  precipitated  with  twice 
its  volume  of  ether,  and  the  filtrate  evaporated 
at  the  ordinary  temperature.  Light-brown 
syrup.  Slightly  bitter  taste.  Sol.  water  and 
alcohol.  In  alcoholic  solution  it  gives  a  yellow 
pp.  with  lead  acetate.  Boiled  with  KOH  it 
evolves  NH3.  By  long  boiling  with  water  it  is 
decomposed.  It  is  decomposed  by  baryta  water 
in  the  cold  with  formation  of  a  syrupy  body 
called  indicanine  C,0H2:JN012  (?).  By  heating 
with  dilute  acids  it  is  resolved  into  indigo  and 
indiglucin  (a  sugar).  Simultaneously  are  formed 
indirubin  C16H10N202,  indiretin  C,8H,7NO5 
(dark-brown  resin,  sol.  alcohol),  indifulvin 
(reddish-yellow  resin,  insol.  alkalis),  indihumin 
C,0HaNO.j  (brown  powder,  insol.  water  and  al- 
cohol, sol.  alkalis),  indifuscin  C24HJON2Oy  (ana- 
logous to  inhumin),  acetic  acid,  formic  acid, 
and  CO,  (Schunck  a.  Eomer,  B.  12,  2311  ;  C.  N. 
39,  119).  When  fresh  indican  solution  is  mixed 
with  strong  acid  and  boiled,  only  indigo  and 
indiglucin  are  obtained,  but  if  the  indican  solu- 
tion is  previously  boiled  for  a  short  time  indi- 
rubin  is  also  formed  (Schunck,  C.  J.  35,  528). 

The  name  '  indican  '  has  also  been  erro- 
neously given  to  indoxyl-sulphuric  acid  which 
is  a  normal  constituent  of  the  urine  of  animals 
(Baumann  a.  Tiemann,  B.  12,  1098  ;  13,  411). 

Indirubin  C1(iH10N202  i.e. 


M-        Indipurpurin. 

Indigo-red.  ty-Isatine-a-indogenide.  Formed 
together  with  indigo  when  a  solution  of  indican, 
previously  boiled  for  a  short  time,  is  treated 
with  an  acid.  Also  together  with  indigo  by  the 
action  of  zinc-dust  and  acetic  acid  up6n  isatin 
chloride.  Obtained  synthetically  by  condensa- 
tion of  isatin  and  indoxyl  :  —  An  indoxyl  solu- 
tion prepared  by  boiling  1  pt.  of  indoxylic  acid 
in  100  pts.  of  water  for  a  short  time  is  filtered 
into  a  solution  of  $  pt.  of  isatin  in  200  pts.  of 
boiling  water.  Na_,CO.<  is  added  and  the  precipit- 
ated indirubin  is  filtered  off  and  washed.  Needles. 
Sol.  alcohol,  ether,  benzene,  and  acetic  acid  form- 
ing purple  solutions  ;  insol.  water.  Begins  to 
sublime  at  140°,  condensing  in  fine  reddish 
needles  (Schunck,  C.  J.  37,  617).  Gives  an  ab- 
sorption spectrum  which  is  different  from  that  of 
indigo.  Forms  a  '  vat.'  Is  more  stable  towards 
oxidising  agents  than  indigo.  By  zinc-dust  and 
acetic  acid  it  is  reduced  first  to  leucindirubin 
CltiH,.,N.,O.,  and  finally  to  indileucin  C1BH,.,N.O 
(Schunck,  B.  12,  1220  ;  C.  N.  39,  119  ;  Baeyer, 
B.  12,  157  ;  11,  1745  ;  15,  50  ;  16,  2200). 
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INDIGO. 


The  bromo-  derivative  C,,jHBBrN202  from 
iudoxyl  and  bromisatin  resembles  indirubin. 

The  di-bromo-  derivative  CltiHHBr.,N.X),  is  ob- 
tained in  very  small  quantity  together  with  di- 
bromoindigo  by  reduction  of  bromisatin  chlor- 
ide with  HI.  Needles :  sol.  alcohol  and  ether 
(Baeyer,  B.  12,  1315). 

The  di-nitro-  derivative  C1(iH8(NO,).,N202  is 
formed  in  small  quantity  together  with  nitro- 
indigo  by  reduction  of  nitroisatin  chloride  with 
HI.  Sol.  alcohol  with  a  red  colour. 

Ethyl-indirubin  C1SH,4N2O2  i.e. 

C6H4<°°>C:C<CC°  >NEt.    a-Indogenide  of 

ethyl-ty-isatin.  [198°].  Prepared  by  adding  a 
hot  aqueous  solution  of  indoxyl  to  a  hot  aqueous 
solution  of  ethyl-^-isatin  mixed  with  HC1 ; 
brownish-red  needles  of  the  product  separate  at 
once  (Baeyer,  B.  16,  2200).  Coppery  needles  : 
sol.  chloroform  to  a  red  solution,  si.  sol.  alcohol 
and  acetone.  Dissolves  in  cone.  H2S04  with  a 
brown  colour  which  becomes  violet  on  heating 
with  formation  of  a  sulphonic  acid.  It  gives  a 
'  vat'  with  zinc-dust  and  alkalis. 
Indileucin  CISHI2N20  i.e. 


I.      Obtained    by 

reduction  of  indirubin  with  zinc  dust  and  acetic 
acid  ;  the  yield  is  35  p.c.     Colourless  glistening 
needles ;  sol.  acetic  acid,  si.  sol.  alcohol,  ether, 
benzene,  and  chloroform.    Fe2Cl6  gives  an  in- 
tense   yellowish-green    colour.       Nitrous    acid 
colours  the  acetic  acid  solution  orange.  P  i  c  r  a  t  e 
C,6H12N2OCriH2(N02)3OH :        orange       crystals. 
Methyl  ether   C16HnN,(OMe) :  [192°];   large 
glistening     prisms ;     sol.    alcohol    and    ether. 
Triacetyl  derivative  CjgHgAc^O  :  [278°]; 
flat  yellow  needles  (Forrer,  B.  17,  977). 
Iso-indileucin  C)6HI2N2O  i.e. 
/C(C0H5).CH:NH(?) 
C6H..CO.C/J  .  [192°].  Formed 

by  shaking  a  benzene  solution  of  w-di-bromo- 
acetophenone  CHH3.CO.CHBr2  with  strong  aque- 
ous NH3.  Yellow  plates.  Sol.  hot  alcohol, 
insol.  water,  and  cold  benzene.  Weak  base.  It 
gives  a  splendid  red  colouration  on  the  addition 
of  phenol  to  its  H._,S04  solution.  By  reduction 
in  alcoholic  solution  with  tin  and  HC1  it  yields 
hydroisoindileucin.  Pic  rate 
C)(iH12N2OC,H2(NO,)3OH  aq  :  [150°]  ;  yellow 
needles  (Engler  a.  Hassenkamp,  B.  18,  2241). 
Hydro-iso-indileucin  ClfiH14N2O  i.e. 


C6H,CH(OH).C^ 


[160°] 


with  decomposition.  Formed  by  the  action  of 
tin  and  HC1  on  an  alcoholic  solution  of  isoindi- 
leucin.  Plates.  V.  sol.  alcohol,  ether,  and 
CHC13.  Sol.  H2S04  with  a  blue  colour.  Oxidised 
back  to  isoindileucin  by  treatment  with  Cr03. 

Methyl-iso-indileucin  GI8HuMeN8<X  [115°]. 
Formed  by  heating  isoindileucin  with  Mel,  and 
alcoholic  KOH  at  100°-110°.  Plates.  Sol.  alcohol 
and  ether.  No  colouration  with  H2S04  and 
phenol  (Engler  a.  Hassenkamp,  B.  18,  2242). 

Indoin  C32H,0N4O5.  Formed  by  adding  FeSO4 
to  a  solution  of  o-nitro-phenyl-propiolic  acid  in 
H2S04,  or  by  th'e  action  of  the  propiolic  acid  on 
an  H.,SO4  solution  of  indoxyl.  Also  by  action  of 
FeSOj  and  cone.  H.,SO4  upon  o-di-nitro-di- 
phenyl-diaoetyleneC4^4(NO^.G:C.C:C.CaH4(NO2) 
or  upon  the  isomeric  diisatogen  C16H8N2O4  ;  and 
by  treatment  of  isatogen-sulphurous  acid  with 
cone.  H2SO4.  Blue  dye-stuff,  resembling  indigo 
in  many  points.  Dissolves  in  cold  H2SO4  with  a 
blue  colour,  but  is  not  readily  sulphonated. 
Also  dissolves  to  a  blue  solution  in  cold  aniline 
or  aqueous  SO2.  Combines  with  S02.  Gives  a 
'  vat  '  (Baeyer,  B.  14,  1742;  15,  52,  57,  212). 

Indoline  Cl(iH14N2  i.e. 


Formed  by  heating  leucindigo  (indigo-white) 
(1  pt.)  with  barium  hydrate  (2  pts.),  zinc-dust 
(1|  pts.)  and  water  (180  pts.)  for  24  hours  at 
180°  (Schiitzenberger,  J.  1877,  511)  ;  the  product 
is  extracted  with  alcohol,  the  alcohol  evaporated, 
and  the  residue  heated  with  zinc-dust  when 
indoline  sublimes.  More  readily  obtained  by 
reduction  of  flavindine  dissolved  in  dilute  NaOH, 
with  3  p.c.  sodium  amalgam  (Giraud,  J.  1880, 
586).  Long  yellow  needles  by  sublimation.  Sol. 
alcohol  and  ether  with  a  blue  fluorescence,  insol. 
water.  Forms  salts  with  acids.  The  picrate 
C16H,,N2CIJH.,(N02)SOH  is  si.  sol.  alcohol. 

Di-chlo"ro-indolineC16H12Cl2N2.  Got  by 
passing  Cl  into  a  CHC13  solution  of  indoline. 

Di-nitro-indoline  C16H12(N02)2N2.  Got 
by  dissolving  indoline  in  warm  nitric  acid.  Crys- 
tallises from  alcohol  in  orange-yellow  crystals. 

Indoline-di-sulphonic  acid 
CI8HI2(S03H)2N2  is  formed  by  heating  indoline 
with  fuming  H2S04  at  180°.    Its  sodium  salt 
A"Na2  is  crystalline. 

Other  references.  —  Sommaruga,  B.  11,  1085; 
Einhorn,  B.  16,  2208  ;  Alexejew,  B.  17,  Kef.  172; 
Bl.  42,  320;  Miiller,  A.  212,  122  ;  Kolbe,  J.pr.  [2] 
30,84;  Eosenstiehl,  A.  Ch.  [5]  21,  286;  C.  J. 
40,  98.  V.  also  IKATIN,  ISATIC  ACID,  OXINDOLE, 
INDOXYL,  INDOXYLIC  ACID,  DIISATOGEN,  INDOGEN- 
IDES,  INDINE,  INDOLE,  NITRO-PHENYL-PROPIOLIC 

ACID,  Dl-NITRO-DI-PHENYL-DI-ACETYLENE,  ISATO- 
GENIC  ACID.  A.  G.  G. 
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